STC — the global first brand of 8051 MCU, the biggest design company of 8051 MCU in the world www.STCMCU.com  www.GXWMCU.com

STC15W4K3254 series MCU
Data Sheet

Website : www.STCMCU.com www.GXWMCU.com

Update Date: 2015/2/6

STC15W4K32S4 series MCU Manual ~ Temporary Technical Adviser : (86)13922829991 Tel of R&D: (86)13922805190 QQ of R&D: 800003751



CONTENTS

Chapter 1 General Overview of STC15W4K3254 series.............. 12
1.1 Introduction of STC15W4K32S4 series MCU ........cccovvviveieiinnnen, 12
1.2 Block diagram of STC15W4K32S54 series MCU .........cccooovvieiinnenn, 15
1.3 Pin Configurations of STC15W4K3254 series MCU ...................... 16
1.4 STC15W4K3254 series Selection and Price Table..........cccocoveivenen, 21
1.5 Naming rules of STC15W4K3254 series MCU .........cccevvevveiinennen, 22
1.6 Application Circuit Diagram for ISP of STC15W4K series.............. 23

1.6.1 Application Circuit Diagram for ISP using RS-232 Converter ................... 23
1.6.2 Application Circuit Diagram for ISP using USB to convert Serial Port ..... 24
1.6.3 Application Circuit Diagram for ISP directly using USB port.................... 25
——P3.0/P3.1 of STC15W4K series and IAP15W4K58S4 connect directly with D-/D+ of USB......25

1.7 Pin Descriptions of STC15W4K32S4 series MCU ............cccoevvvenien, 26
1.8 Package Dimension Drawings of STC15 series MCU ..................... 33
1.8.1 Dimension Drawings of DENS...........ccccooiiiiiiiiienee e 33
1.8.2 Dimension Drawings 0f SOP8 ...........ccccoceiiieiieie e 34
1.8.3 Dimension Drawings 0f DIP8 ..........ccccooiiiiiiiicce e 35
1.8.4 Dimension Drawings 0f SOPL6 .........cccccoviriiiiiiininesesees e 36
1.8.5 Dimension Drawings 0f DIPL6 ........ccccccoveiiiiiiice e 37
1.8.6 Dimension Drawings 0f SOP20 ..........cccooiiiiiiiiiiincseeee e 38
1.8.7 Dimension Drawings 0f TSSOP20.........ccccccviviiiiiieseeiese e 39
1.8.8 Dimension Drawings 0f LSSOP20........c.cccooviiiieiiie e 40
1.8.9 Dimension Drawings of DIP20 ..........ccceiiiiiiiiiiisseseee e 41
1.8.10 Dimension Drawings Of SOP28 ..........ccccoviviiieiieiie e sie e 42
1.8.11 Dimension Drawings of TSSOP28..........cccociiiiiiiiiiineeeee e 43
1.8.12 Dimension Drawings of SKDIP28...........c.cccciviiiiiiiiiiee e 44
1.8.13 Dimension Drawings of QFN28...........ccooiiiiiiiiiieee e 45
1.8.14 Dimension Drawings of LOQFP32..........ccccccviiiieie i 46
1.8.15 Dimension Drawings 0f SOP32 ........ccccieiiiiiiiiiieiic e sie e 47
1.8.16 Dimension Drawings 0f QFN32........ccccoviiiiiiiiiiineeee e 48
1.8.17 Dimension Drawings 0f PDIP40...........cccccovviiiii i 49
1.8.18 Dimension Drawings of LQFPA4............ccooiiiiiiiiiiicneee e 50

1.8.19 Dimension Drawings 0f PLCCA4..........ccoooiiiiieiece e 51



1.8.20 Dimension Drawings of PQFP44 ............ccooiiiiiiiiieiecs e 52

1.8.21 Dimension Drawings of LQFP48.............ccccovcieiiieiecccc e 53
1.8.22 Dimension Drawings of QFN48...........cccooiiiiiiiiiicee e 54
1.8.23 Dimension Drawings of LQFPBAS.............cccccoeiiie i 55
1.8.24 Dimension Drawings of LQFPGAL..........cccccciioiiiiiiieiiee e 56
1.8.25 Dimension Drawings 0f QFNB4...........cccooviiiiiiiiiieneeee e 57

1.9 Special Peripheral Function(CCP/SPI,UART1/2/3/4) Switch........... 58
1.9.1 Test Porgram that Switch CCP/PWM/PCA (C and ASM) ......c.ccoeevvevenenne. 60
1.9.2 Test Porgram that Switch PWM2/3/4/5/PWMFLT (C and ASM)................ 62
1.9.3 Test Porgram that Switch PWM6/PWM7 (C and ASM)......cccccvvvvvivenienne. 64
1.9.4 Test Porgram that Switch SPI (C and ASM) ..ot 66
1.9.5 Test Porgram that Switch UARTL (C and ASM) .....ccoeiiiiiiiiieiecr e 68
1.9.6 Test Porgram that Switch UART2 (C and ASM) ......cccoevivveicieieieeee, 70
1.9.7 Test Porgram that Switch UART3 (C and ASM) .......ceoviiiieineieceeee 72
1.9.8 Test Porgram that Switch UART4 (C and ASM) ......cccoevivveiciececeee, 74
1.10 Global Unique Identification Number (ID) .......c..ccoevvevveinecinennen, 76
Chapter 2 Clock, Reset and Power Management.................cccc...... 81
2.1 ClOCK ..t 81
2.1.1 On-Chip Configurable CIOCK ........c.ccciiiiiiiiiiiececccce e 81
2.1.2 Divider for SYStem CIOCK..........cccciiiiiiiiiiiie e 82
2.1.3 Programmable Clock Output (or as Frequency Divider) ........c.ccccovevennne. 83
2.1.3.1 Special Function Registers Related to Programmable Clock Output .................. 83

2.1.3.2 Master Clock Output and Demo Program(C and ASM) .......cccccevervevienereenanenn, 88

2.1.3.3 Timer 0 Programmable Clock Output and Demo Program(C and ASM) ............ 91

2.1.3.4 Timer 1 Programmable Clock Output and Demo Program(C and ASM) ............ 95

2.1.3.5 Timer 2 Programmable Clock Output and Demo Program (C and ASM) ........... 99

2.1.3.6 Timer 3 Programmable Clock Output and Demo Program (C and ASM) ......... 103

2.1.3.7 Timer 4 Programmable Clock Output and Demo Program (C and ASM) ......... 104

2.2 RESET SOUICES.....ciiiiiieiiiie ettt et 105
2.2.1 External RST PIN RESEL .....cciiiiiii ettt 105
2.2.2 Software Reset and Demo Program (C and ASM).......ccovvviiniiencnininnn 106
2.2.3 Power-Off / Power-On Reset (POR) ......cccoveiiviiiiiieccecece e 109
2.2.4 MAX810 Speical Circuit Reset (Power-Off/ Power-On Reset Delay) ..... 109
2.2.5 Internal Low Voltage Detection RESEL........c.ccvevveiiiverieieiice e 110
2.2.6 WatCh-Dog-Timer RESEL.......ccuiiiieeieeie et 113
2.2.7 Reset Caused by Program Accessing an Invalid Address ..........c.cccceeveuene. 117

2.2.8 Warm Boot and Cold BOOt RESEL .......vvvvieiiieieiiieeeee et e e e 118



2.3 Power Management MOES..........ccoreiieiiiinie e 119
2.3.1 Slow Down Mode and Demo Program (C and ASM)........cccccvvnvrveieennnn. 120
2.3.2 Idle Mode and Demo Program (C and ASM).........ccevevviveviesesesieeienins 123
2.2.3 Stop / Power Down (PD) Mode and Demo Program (C and ASM).......... 125

2.3.3.1 Demo Program Using Power-Down Wake-Up Timer to Wake Up Stop/PD Mode....127
2.3.3.2 Demo Program Using External Interrupt INTO to Wake Up Stop/PD Mode.....129
2.3.3.3 Demo Program Using External Interrupt INT1 to Wake Up Stop/PD Mode.....131
2.3.3.4 Demo Program Using External Interrupt INT2 to Wake Up Stop/PD Mode.....133
2.3.3.5 Demo Program Using External Interrupt INT3 to Wake Up Stop/PD Mode.....135
2.3.3.6 Demo Program Using External Interrupt INT4 to Wake Up Stop/PD Mode.....137
2.3.3.7 Program Using External Interrupt Extended by CCP/PCA to Wake Up PD Mode..139
2.3.3.8 Program Using the Level Change of RxD pin to Wake Up Stop/PD Mode....... 143
2.3.3.9 Program Using the Level Change of RxD2 pin to Wake Up Stop/PD Mode.....147
Chapter 3 Memory Organization and SFRS...........cccccoevvieiinennnn, 151

3.1 Program MEMOIY .......ccouiiiieiiiie et 151

3.2 Data Memory (SRAM) ....coveiiie e 152
3.2.1 On-chip Scratch-Pad RAM ..o 152
3.2.2 On-Chip Expanded RAM / XRAM /AUX-RAM.......cccccviviiiniiiinaieienns 154
3.2.3 External Expandable 64KB RAM (Off-Chip RAM)........ccccooeveviviiviienns 160

3.3 Special FuNction RegISTerS.........cocvveiieiiie e cee e 163
3.3.1 Special Function Registers Address Map........ccccocvvvveveveieeviese e 163
3.3.2 Special Function Registers Bits DesCription ............ccoccoevevviiinenenenienan. 164
3.3.3 Dual Data Pointer Register (DPTR) .......ccccoveviiviiiiiieie e 170

Chapter 4 Configurable I/O Ports of STC15 series MCU ........... 171

4.1 1/0 Ports ConfigurationS..........cccuevveiieiieniiesie e sie e esee e 171

4.2 Special Explanation of P1.7/XTAL1 and P1.6/XTAL2 pin............ 174

4.3 Special Explanation of RST PiN......cccccevviiieiie i 174

4.4 Special Explanation of RSTOUT_LOW pin .....cccocovvvvviiieiienicnnen, 174

4.5 SFRs related to 1/0O ports and Its Address Statement...................... 175

4.6 Demo Program of STC15 series PO/P1/P2/P3/P4/P5 ..................... 179

4.7 1O POrtS MOGES ..ottt 185
4.7.1 Quasi-Bidirectional IO ........c.coeiiiiiiiiiiic e 185
4.7.2 PUSh-PUIl QUIPUL ....ovviieecec ettt 185
4.7.3 Input-Only (High-Impedance)MOode ............ccooeieiiiiiieiiec e 186

4.7.4 Open-Drain OQUIPUL.......cc.oiiiiiiciceseee e 186



4.8 1/0O Port Application NOEES........ccvviiiiriiieie e, 186

4.9 Typical Transistor Control CIrCUIt .........ccoovvviiiiiiiiiiieee e, 187
4.10 Typical Diode Control CirCUit..........cccccveiieeeiieiiie e 187
4.11 How to Make I/O Port Low after MCU ResSet...........cccovervrrirnenn. 187
4.12 Keyboard Scanning Circuit using 1/0 ports..........cccevviveiennennn, 188
4.13 Pin Function and Logic Turth Table of 74HC595.............cccc.ee, 189
4.14 Circuit Expanding 1/0 ports using 74HC595...........cccccovevveiinennen, 190
4.15 Circuit Driving 8-segment Digitron using 74HC595.................... 191
4.16 Demo Program of Driving 8-Segment Digitron ............ccccevueeneen. 192
—— Using common 1/O ports to Control 74HC595.................. 192

4.17 Application Circuit using A/D Conversion to Scan Key ............. 199
4.18 Demo Program using I/O ports to Simulate I°C Interface............. 200
4.18.1 Master Mode using 1/0 ports to Simulate 1°C Interface by Software ..... 200
4.18.2 Slave Mode using 1/0O ports to Simulate 1°C Interface by Software........ 203
Chapter 5. InStruction SYStem.........ccccevviiiiiieiiieiie e 206
5.1 Addressing MOES..........ocviiiiiiiiienieie e 206
5.1.1 Immediate AdUreSSING ........coveiriiirieiieisiesiesie e 206
5.1.2 DireCt AQArESSING ....ccvveieiviiieerieiie sttt sttt sre et sta e sre e nre s 206
5.1.3 INAireCt AAAreSSING. ......coveveieiriiite e 206
5.1.4 RegiSter AQAreSSING.....ccvcivviveeieieseere st se ettt ta e sre e eenre s 207
5.1.5 Inherent AddreSSING........covoeeiereieeeee st 207
5.1.6 INAEX AQUIESSING ....cveviieieieiesie st 207
5.1.7 Bit AAAreSSING . .ouveveeieiiiiieieieesie ettt 207

5.2 INStruction Set SUMMAIY........cciveiieiiiniie e e sie e 208
5.3 Instruction Definitions of Traditional 8051 MCU ............cccccuenuee. 214
Chapter 6 Interrupt SYStem ........cooveiieiiie e 251
6.1 INErrUPL STIUCTUIE ......eeee et 252
6.2 Interrupt Vector Address/Priority/Request Flag Table.................... 255
6.3 How to Declare Interrupt Function in Keil C ..o, 256
6.4 INtEIrrUPL REQISIEIS. ..c.viiiiiiieie e 257
6.5 INLErruUPt PrIOKITIES.....vviiiie e 266
6.6 Interrupt Handling..........oooveiieiieie e 268

6.7 INTErrUPt NESTING ..ot 270



6.8 EXternal INterrupts ......ccooviiiiiiiiiecee e 270

6.9 Interrupt Demo Program (C and ASM) ......ccccoviiiinniieiie e, 271
6.9.1 External Interrupt O (INTO) Demo Program........cccccceevvevieevvesnesnenineninens 271
6.9.1.1 External Interupt INTO (rising + falling edge) Demo Program (C and ASM)...271

6.9.1.2 External Interrupt INTO (falling edge) Demo Program (C and ASM)............... 273

6.9.2 External Interrupt L(INT1) Demo Program........ccccceveveivciiescieseeiiennens 275
6.9.2.1 External Interrupt INT1 (rising + falling edge) Demo Program (C and ASM)..275

6.9.2.2 External Interrupt INT1 (falling edge) Demo Program (C and ASM)............... 277

6.9.3 External Interrupt 2 (INT2) (falling) Demo Program (C and ASM)......... 279
6.9.4 External Interrupt 3 (INT3) (falling) Demo Program (C and ASM)......... 281
6.9.5 External Interrupt 4 (INT4) (falling) Demo Program (C and ASM)......... 283

6.9.6 Demo Program using TO to expand External Interrupt (Falling) .............. 285
—— TO0 as Counter (C and ASM) .......coceiieieieie e 285

6.9.7 Demo Program using T1 to expand External Interrupt (Falling) .............. 287
——T1as Counter (Cand ASM)......ccccviieiiieie i 287

6.9.8 Demo Program using T2 to expand External Interrupt (Falling) .............. 289
—— T2 as Counter (Cand ASM) .......cccevveieieiiie e 289

6.9.9 Demo Program using CCP/PCA to expand External Interrupt ................. 292
Chapter 7 TIMEr/COUNTEN ......ccvveiie e 296
7.1 Special Function Registers about Timer/Counter .............cccccvenee.n. 297
7.2 TIMer/Counter 0 MOUES ........ocviiiiiiieiesieeee e 305
7.2.1 Mode 0 (16-Bit Auto-Relaod Timer/Counter) and Demo Program .......... 305
7.2.1.1 Demo Program of 16-bit Auto-Reload Timer/Counter 0 (C and ASM)............. 306

7.2.1.2 Demo Program of TO Programmable Clock Output (C and ASM)........ccccoevvee.. 309

—— TO0 as 16-bit Auto-Reload Timer/Counter.................... 309

7.2.1.3 Demo Program using 16-bit auto-reload Timer 0 to Simulate 10 or 16 bits PWM..312

7.2.1.4 Demo Program using TO to expand External Interrupt (Falling edge)............... 315

—— TO as 16-bit Auto-Relaod Counter (C and ASM)............... 315

7.2.2 Mode 1 (16-bit Timer/Counter) and Demo Program (C and ASM)........... 317
7.2.3 Mode 2 (8-bit Auto-Reload Timer/Counter) and Demo Program.............. 321
7.2.4 Mode 3 (16-bit Auto-Relaod Timer/Couter whose Interrupt can not be disabled)324

7.3 TIMer/Counter L MOUES ......cceeiieiieiie e 325
7.3.1 Mode 0 (16-Bit Auto-Relaod Timer/Counter) and Demo Program .......... 325
7.3.1.1 Demo Program of 16-bit Auto-Reload Timer/Counter 1 (C and ASM).............. 326

7.3.1.2 Demo Program of T1 Programmable Clock Output (C and ASM)........ccc....... 329

—— T1 as 16-bit Auto-Reload Timer/Counter...........cc.c...... 329

7.3.1.3 Demo Program using 16-bit auto-reload Timer 1 as UART1 baud-rate Generator..332



7.4

7.5

7.6
7.7

7.8

7.3.1.4 Demo Program using T1 to expand External Interrupt (Falling edge)............... 338

—— T1 as 16-bit Auto-Relaod Counter (C and ASM)............... 338

7.3.2 Mode 1 (16-bit Timer/Counter) and Demo Programs (C and ASM) ........ 340
7.3.3 Mode 2 (8-bit Auto-Reload Timer/Counter) and Demo Program.............. 344
7.3.3.1 Demo Program using 8-bit auto-reload Timer 1 as UART1 baud-rate Generator....345
7.3.3.2 Demo Program using T1 to expand External Interrupt (Falling edge)............... 350

—— T1 as 8-bit Auto-Relaod Counter (C and ASM)............... 350

TIMEI/COUNTEE 2. 352
7.4.1 Special Function Registers about Timer/Counter 2.........c.ccceeveveeveeiiennnns 352
7.4.2 Timer/Counter 2 as 16-Bit Auto-Reload Timer/Counter...........cc.cccevennne. 355
7.5.2.1 Demo Program of 16-bit Auto-Reload Timer/Counter 2 (C and ASM).............. 356
7.5.2.2 Demo Program using T2 to expand External Interrupt (Falling edge)............... 359

—— T2 as 16-bit Auto-Relaod Counter (C and ASM)............... 359

7.4.3 Timer/Counter 2 Programmable Clock Output and Demo Program......... 362
7.4.4 Timer/Counter 2 as Baud-Rate Generator of Serial Port (UART) ............ 366

7.5.4.1 Demo Program using Timer/Counter 2 as UART1 Baud-Rate Generator ......... 367
7.5.4.2 Demo Program using Timer/Counter 2 as UART2 Baud-Rate Generator ......... 373

Timer/Counter 3 and Timer/Counter 4..........cccoocevvevieniiesiiesiiesnenn, 379
7.5.1 Special Function Registers about Timer/Counter 3and 4...........ccccceeuenee. 379
7.5.2 TIMEICOUNTEN 3 ..ooiiiiieie ettt sttt ne e e 381

7.5.2.1 Timer/Counter 3 as 16-Bit Auto-Reload Timer/Counter...........c.ccccevcvrneinnnn 381

7.5.2.2 Timer/Counter 3 Programmable Clock OULPUL........cccovvrieeiiiiieice e 382

7.5.2.3 Timer/Counter 3 as Baud-Rate Generator of Serial Port 3 (UART3) ................ 383
7.5.3 TIMEITCOUNTEN 4 ...ttt 384

7.5.3.1 Timer/Counter 4 as 16-Bit Auto-Reload Timer/Counter...........ccoccerevrnrrennn. 384

7.5.3.2 Timer/Counter 4 Programmable Clock OULPUL........cccovvrieiiiiieicceseeeeen 385

7.5.3.3 Timer/Counter 4 as Baud-Rate Generator of Serial Port 4 (UART4) ................ 386
How to Increase TO/T1/T2/T3/T4 Speed by 12 times..........ccc........ 387
Programmable Clock Output (or as Frequency Divider)................ 389
7.7.1 Special Function Registers Related to Programmable Clock Output........ 389
7.7.2 Master Clock Output and Demo Program(C and ASM) ........ccccevevevennan 394
7.7.3 Timer 0 Programmable Clock Output and Demo Program............cccc.c..... 397
7.7.4 Timer 1 Programmable Clock Output and Demo Program............ccccc..... 401
7.7.5 Timer 2 Programmable Clock Output and Demo Program...........c.ccceeu.... 405
7.7.6 Timer 3 Programmable Clock Output and Demo Program..............c........ 409
7.7.7 Timer 4 Programmable Clock Output and Demo Program.............cccec..... 410
Power-Down Wake-Up Special Timer and Demo Program ............ 411

7.9 Application Notes for Timer in practiCe........ccccccvvvvvivveiiiesinesinesnenn, 416



Chapter 8 Serial Port (UART) Communication................cc........ 417

8.1 Special Function Registers about Serial Port 1 (UART1) .............. 418
8.2 UART1 Operation MOGES .........ccooeiiiiiiiiiieniisie e 423
8.2.1 Mode 0 : 8-Bit Shift REQISLEr ........cceiiiiiiriiiieiceee e 423
8.2.2 Mode 1: 8-Bit UART with Variable Baud Rate............c.cocervvivriiiriiinnnn. 425
8.2.3 Mode 2: 9-Bit UART with Fixed Baud Rate...........ccocvrurrrrrirrireireireirninns 428
8.2.4 Mode 3: 9-Bit UART with Variable Baud Rate............cccccovevevieiiviiieriennns 430
8.3 Buad Rates Setting of UART1 and Demo Program........................ 432
8.4 Demo Program of UARTL (C and ASM) ....cccccovvvieiiniieiie e, 434

8.4.1 Demo Program using T2 as UART1 Baud-Rate Generator (C&ASM) .... 434
8.4.2 Demo Program using T1 as UART1 Baud-Rate Generator(C&ASM) ..... 440
—— T1 in Mode 0 (16-bit Auto-Reload Timer/Counter)... 440
8.4.3 Demo Program using T1 as UART1 Baud-Rate Generator(C&ASM) ..... 446
—— T1 in Mode 2 (8-bit Auto-Reload Timer/Counter)..... 446

8.5 Frame Error DeteCtion .........coovveiieiiiii et 452
8.6 Multiprocessor CommuNICatIONS ........cccvvverieriieiienie e, 452
8.7 Automatic Address Recognition of UARTL .......ccoeevviiivecieecnnn, 453
8.7.1 Special Fucntion Registers about Automatic Address Recognition.......... 453
8.7.2 Instruction of Automatic Address Recognition ............ccccoeevvivrenercniennnn 455
8.7.3 Demo Program of Automatic Address Recognition (C and ASM) ........... 458

8.8 Special Function Registers about Serial Port 2 (UART?2) .............. 464
8.9 UART2 Operation MOGES ........ccccveiieieeiie e see e, 467
8.9.1 Mode 0: 8-bit UART2 with Variable Baud-Rate..........c..cccccovcvvviiveiennnns 467
8.9.2 Mode 3: 9-bit UART2 with Variable Baud-Rate............ccccooeviiviininnnnns 467
8.10 Demo Program of UART2 (C and ASM) ......cccevvviviiieiienieannn, 468
----- Using Timer 2 as UART2 Baud-Rate Generator................... 468

8.11 Special Function Registers about Serial Port 3 (UART3)............. 474
8.12 UART3 Operation MOES .........cccoeiieiiiiieienieeiene e 478
8.12.1 Mode 0 : 8-bit UART3 with Variable Baud-Rate...........c..ccccceveveveriennne 478
8.12.2 Mode 3: 9-bit UART3 with Variable Baud-Rate.............cccceovreiiniiinnnnn. 479
8.13 Special Function Registers about Serial Port 4 (UART4) ............ 480
8.14 UART4 Operation MOES..........cccveveeiieiieiie e, 484
8.14.1 Mode 0 : 8-bit UART4 with Variable Baud-Rate...........c.ccccoevrirrinnnnnn. 484

8.14.2 Mode 3: 9-bit UART4 with Variable Baud-Rate..........ccccccovevvvveeveeiieins 485



Chapter 9 IAP/EEPROM Function of STC15 Series .................. 486

9.1 IAP/ EEPROM Special Function Registers........ccccccvvvveivveiineannenn, 487
9.2 STC15W4K32S4 Series Internal EEPROM Allocation Table ....... 491
9.3 IAP/EEPROM Assembly Program Introduction ............cccccevennnen. 494
9.4 EEPROM Demo Program (C and ASM) .......ccccvvveiieeeiie e, 497
9.4.1 EEPROM Demo Program (not Transmit data by UART) .........cccccovevennene 497
9.4.2 EEPROM Demo Program (Transmit data by UART) (C and ASM) ........ 505
Chapter 10 Analog to Digital Converter...........cccceevvveiiieeeinnenn, 515
10.1 A/D CoNnVerter STTUCIUIE .......ccveeieeie et 515
10.2 RegiSters for ADC........ooviiieieeie et ssn et 517
10.3 ADC Typical Application CirCuit..........ccoccivoiiieninieiiieneseneseene 520
10.4 Application Circuit using A/D Conversion to Scan Key ............. 521
10.5 ADC Reference Voltage SOUICE........ccceeiveveeieeiieiie e see e, 522
10.6 ADC Demo Program (C and ASM) .......cccccvvieiieiiieiiie e, 523
10.6.1 Demo Program (Demonstrate in ADC Interrupt Mode)..........cccceervennnne. 523
10.6.2 Demo Program (Demonstrate in Polling Mode) ........cccccocevveivieienennnne. 529
10.7 Circuit Diagram using SPI to Extend 12-bit ADC(TLC2543)....... 537
Chapter 11 Application of CCP/PCA/PWM/DAC ........ccccouee. 538
11.1 Special Function Registers related with CCP/PCA/PWM............ 538
11.2 CCP/PCA/PWM SEUCLUIE......cccvveeeeiieiiee e ciee e cee e svee e iee e 544
11.3 CCP/PCA Modules Operation Mode ..........ccccceevvevieiieiiecieanen, 546
11.3.1 CCP/PCA Capture MOME........ceoviieiieiesieeie et 547
11.3.2 16-bit Software TIMer MOde ........ccooeiiiiiiie e 547
11.3.3 High Speed OUtPUt MOTE .........coiiiiiieieiieee s 548
11.3.4 Pulse Width Modulator Mode (PWM MOdE) ......covevvveiecicieiece e, 549
11.3.4.1 8-bit Pulse Width Modulator (PWM MOAE) .......cccevverieieiiiieieece e 549

11.3.4.2 7-bit Pulse Width Modulator (PWM MOE) ......ccoeuerereirirreiieeeriee e 550

11.3.4.3 6-bit Pulse Width Modulator (PWM mMOdEe) ........cccovvvrrivrniiieiieeceee e 552

11.4 Program using CCP/PCA to Extend External Interrupt................ 553
11.5 Demo Program for CCP/PCA acted as 16-bit Timer .................... 557

11.6 Demo Program using CCP/PCA to output High Speed Pulse ....... 562
11.7 Demo Program for CCP/PCA Outputing PWM (6+7+8 bit)........ 567
11.8 Program achieving 9~16 bit PWM Output by CCP/PCA............. 571



11.9 Demo Program of CCP/PCA 16-bit Capture Mode.............c....... 575
11.10 Demo Program using TO to Simulate 10 or 16 bits PWM.......... 581

——T0 as 16-bit Auto-Reload Timer/Counter .......... 581
11.11 Circuit Diagram using CCP/PCA to achieve 8~16 bit DAC ...... 584

Chapter 12 New 6 Channels of PWM of STC15W4K series......585
High-Precision PWM with Death Time Control....... 585

12.1 Special Function Registers of New PWM Generators................... 586
12.2 Interrupts of New Enhanced PWM Generators ...........c.ccccccveenen. 594
Chapter 13 Comparator of STC15W series MCU ..........c..ccuee.ee. 605
13.1 Comparator Demo Program using Interrupt(C and ASM)............. 608
13.2 Comparator Demo Program using Polling(C and ASM) ............... 612
Chapter 14 Capacitive Sensing Touch Key.........cccccvvevviiiniinennne. 616
—— Achieved by ADC of STC15W series............. 616

Chapter 15 Sysnchronous Serial Peripheral Interface ................. 637
15.1 Special Function Registers related with SPI..........c.ccccooiiiiinnnnn 637
15.2 SPISHIUCTUIE .. 640
15.3 SPI Data CommUNICAtION .........ccueevveeiieeiieiee e 641
15.3.1 SPI Data Communication MOGES ...........couririeririeiininieneieese e 642

15.3.2 SPI CONFIQUIALION .....oviieiiiieiic e 644

15.3.3 Additional Considerations for a SIave ..........cccccevveveiieivccce e 645

15.3.4 Additional Considerations for a Master ..........c.ccocevevieniieieiencneeen 645

15.3.5 Mode Change 0N SS-PiN ...c.eveveiveeeeieiseeeeeeeesees s 645

15.3.6 WIIte COIISION ..ovviviiiiiiiieeee s 646

15.3.7 SPI CloCk Rate SEIECT .....c.eeeeeieeiee et 646

15.3.8 SPI Data MOUE .....coooviiiiiiieieiieee e 647

15.4 SPI Function Demo Program(Single Master—Single Slave)....... 649
15.4.1 SPI Function Demo Program using Interrupt(C and ASM) .................... 649

15.4.2 SPI Function Demo Programs using Polling mode (C and ASM) .......... 655

15.5 SPI Function Demo Program(Each other as Master-Slave).......... 661
15.5.1 SPI Function Demo Programs using Interrupts (C and ASM) ................ 661

15.5.2 SPI Function Demo Programs using POINg........ccccccocevviiciciicn e, 667

15.6 SPI Demo (Single Master Multiple Slave) ........cccocvvviiiiiennnenn, 673



Chapter 16 Compiler / ISP Programmer / Emulator .................... 683

16.1 Compiler/Assembler and Head File.........cccccoviviiiininiiiinicnnn, 683
16.2 USB Download Tool On-Line / Off-Line —— U8/U8-Mini ........ 691
16.2.1 Introduce the Main Modules of U8 (RMB 100 yuan)..........cccccoeervervennnne. 693

16.2.2 Install the Driver of U8 TOOI .........cccooviiiiiiiicceee e 694

16.3 ISP Programmer / BUIMEr .........ccoveiiieiee e see e iee e 696
16.3.1 In-System-Programming (ISP) prinCiple.........ccccovveviiiieiiciciice e, 696

16.3.2 Application Circuit Diagram for ISP of STC15W4K32S54 series............. 697

16.3.2.1 Application Circuit Diagram for ISP using RS-232 Converter............cccooov.... 697

16.3.2.2 Application Circuit Diagram for ISP using USB to convert Serial Port........... 699

16.3.2.3 Application Circuit Diagram for ISP directly using USB port ...........cccceevevrnnn. 700

———P3.0/P3.1 of STC15W4K series and IAP15W4K58S4 connect directly with D-/D+ of USB....700

16.3.3 Package Real Diagram of STC MCU ........cccovviiiiiniiiieieeen 701

16.3.4 How to Utilize Transition Socket to install SMD ...........ccccoevvvieiinnnnne. 704

16.3.5 PC Side Control Software USAge .........ccovrerrerieinininieneieeseseseeeeis 709

16.3.6 HOW t0 Release PrOJECT .........ccviviieie e 718

16.3.7 How to Encrypt User Code by Software STC15-1SP-Ver6.82................ 722

16.3.8 Self-Defined Download and Demo Program ...........cccceeeveivnvienenennn. 723

16.4 Emulator of STC15 serieS MCU........cccccvieiiiiiniiiee e 726
Chapter 17 How to Program Slave Chip by Master Chip............ 731
——the Slave Chip is only for STC15 series MCU.......... 731
Appendix A: Assembly Language Programming ............ccceeuveee. 742
Appendix B: 8051 C Programming ........cccceevevvvveiiueesiveesineesineenns 764
Appendix C: Indirect addressing inner 256B RAM .................... 774
Appendix D: Using Serial port to Expand 1/O Ports.................... 775
Appendix E: LED Driven by an 1/0 port and Key Scan.............. 777
Appendix F: Notes of STC15 replacing Standard 8051 .............. 778
Appendix G: Instruction Speed Boost Summary.........c.cccceeeeen. 780
Appendix H: How to reduce the Code Length by Keil C............ 786

Appendix I: Circuit Diagram of STC15 Demo Board................. 787



STC15WA4K3254 series MCU Manual ~ www.GXWMCU.com  Temporary Technical Adviser:(86)13922829991  Tel of R&D Adviser:(86)13922805190

Chapter 1. General Overview of STC15W4K3254 series
1.1 Introduction of STC15W4K3254 series MCU

STC15W4K32S4 series MCU is a single-chip microcontroller based on a high performance 1T architecture
8051 CPU, which is produced by STC MCU Limited. It is a new generation of 8051 MCU with high speed,
high stability, wide voltage range, low power consumption and super strong anti-disturbance. With the enhanced
kernel, STC15W4K32S4 series MCU is faster than the traditional 8051 one in executing instructions (about
8~12 times the rate of the traditional 8051 MCU), and has a fully compatible instruction set with traditional 8051
series microcontroller. External expensive crystal can be removed by being integrated internal high-precise R/C
clock(#0.3%) with 1% temperature drift (-40 ~+85 ) while +0.6% in normal temperature (-20 ~+65 ).
External reset curcuit also can be removed by being integrated internal highly reliable one with 16 levels optional
threshold voltage of reset. The STC15W4K32S4 series MCU retains all features of the traditional 8051 one. In
addition, it has 8-channels and 10-bits PWM, 8-channels and 10-bits A/D Converter(300 thousand times per sec.),
Comparator, large capacity of 4K bytes SRAM, four high-speed asynchronous serial ports----UARTs(UART1/
UART2/UART3/UART4) and a high-speed synchronous serial peripheral interface----SPI.

In Keil C development environment, please choose the Intel 8052 to compiling and only contain < reg51.h >
as header file.

STC15 family with super high-speed CPU core of STC-Y5 works 20% faster than STC early 1T series (such
as STC12/STC11/STC10 series) in same clock frequency.

» Enhanced 8051 Central Processing Unit, 1T, single clock per machine cycle, faster 8~12 times than the rate of
a traditional 8051.

e Operating voltage range : 5.5V ~ 2.5V.

e On-chip 16K/32K/40K/48K/56K/58K/61K/63.5K FLASH program memory with flexible ISP/IAP capability,
can be repeatedly erased more than 100 thousand times.

» Large capacity of on-chip 4096 bytes SRAM: 256 byte scratch-pad RAM and 3840 bytes of auxiliary RAM
» Be capable of addressing up to 64K byte of external RAM

» On-chip EEPROM with large capacity can be repeatedly erased more than 100 thousand times.

» Dual Data Pointer (DPTR) to speed up data movement

» ISP/IAP, In-System-Programming and In-Application-Programming , no need for programmer and emulator.

e 8 channels and 10 bits Analog-to-Digital Converter (ADC), the speed up to 300 thousand times per second, 3
channels PWM also can be used as 3 channels D/A Converter(DAC).

» 6 channels 15 bits high-precision PWM (with a dead-section controller) and 2 channels CCP (The high-speed
pulse function of which can be utilized to realize 11 ~ 16 bits PWM)
---- can be used as 8 channels D/A Converter or 2 Times or 2 external Interrupts (which can be generated on
rising or falling edge).
 Internal hghly reliable Reset with 16 levels optional threshold voltage of reset, so that external reset curcuit
can be completely removed.
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Internal high- precise R/C clock(=£0.3%) with +1% temperature drift (-40 ~+85 ) while +0.6% (-20
~+65 ) in normal temperature and wide frenquency adjustable between 5MHz and 35MHz (5.5296MHz /
11.0592MHz / 22.1184MHz / 33.1776MHz).

Operating frequency range: 5- 35MHz, is equivalent to traditional 8051:60~420MHz.

Four high-speed asynchronous serial ports----UARTs (UART1/UART2/UART3/UART4 can be used
simultaneously and regarded as 9 serial ports by shifting among 9 groups of pins):
UART1(RxD/P3.0, TxD/P3.1) can be switched to (RxD_2/P3.6, TxD_2/P3.7),
also can be switched to (RxD_3/P1.6, TxD_3/P1.7);
UART2(RxD2/P1.0, TxD2/P1.1) can be switched to (RxD2_2/P4.6, TxD2_2/P4.7);
UART3(RxD3/P0.0, TxD3/P0.1) can be switched to (RxD3_2/P5.0, TxD3_2/P5.1)
UART4(RxD4/P0.2, TxD4/P0.3) can be switched to (RxD4_2/P5.2, TxD4_2/P5.3)

A high-speed synchronous serial peripheral interface----SPI.

Support the function of Encryption Download (to protect your code from being intercepted).
Support the function of RS485 Control

Code protection for flash memory access, excellent noise immunity, very low power consumption

Power management mode: Slow-Down mode, Idle mode(all interrupt can wake up Idle mode), Stop/Power-
Down mode.

Timers which can wake up stop/power-down mode: have internal low-power special wake-up Timer.

Resource which can wake up stop/power-down mode are: INTO/P3.2, INT1/P3.3 (INTO/INT1, may be
generated on both rising and falling edges),
INT2/P3.6, INT3/P3.7, INT4/P3.0 (INT2
/INT3/INT4, only be generated on falling
edge); pins CCPO/CCP1; pins RxD/RxD2/
RxD3/RxD4; pins TO/T1/T2/T3/T4(their
falling edge can wake up if TO/T1/T2/T3/T4
have been enabled before power-down mode,
but no interrupts can be generatetd); internal
low-power special wake-up Timer.

7 Timers/Counters: five 16-bit reloadable Timers/Counters (TO/T1/T2/T3/T4, TO and T1 are compatible with

Timer0/Timerl of traditional 8051) and 2 Timers which maybe realized by 2 channels CCP. TO/T1/T2/T3/T4

all can independently achieve external programmable clock output (5 channels) .

Programmable clock output function(output by dividing the frequency of the internal system clock or the
input clock of external pin):

The Programmable clock output of TO is on P3.5/TOCLKO (output by dividing the frequency of the internal
system clock or the input clock of external pin T0/P3.4)

The Programmable clock output of T1 is on P3.4/T1CLKO (output by dividing the frequency of the internal
system clock or the input clock of external pin T1/P3.5)

The Programmable clock output of T2 is on P3.0/T2CLKO (output by dividing the frequency of the internal
system clock or the input clock of external pin T2/P3.1)

The Programmable clock output of T3 is on P0.4/T3CLKO (output by dividing the frequency of the internal
system clock or the input clock of external pin T3/P0.5)
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The Programmable clock output of T4 is on P0.6/T4CLKO (output by dividing the frequency of the internal
system clock or the input clock of external pin T4/P0.7)
Five timers/counters in above all can be output by dividing the frequency from 1 to 65536.

The Programmable clock output of master clock is on P5.4/MCLKO, and its frequency can be divided into
MCLK/1, MCLK/2, MCLK/4, MCLK/16.

The master clock can either be internal R/C clock or the external input clock or the external crystal
oscillator.

MCLK is the frequency of master clock. MCLKO is the output of master clock.
Comparator, which can be used as 1 channel ADC or brownout detect function and support comparing by
external pin CMP+ and CMP- or internal reference voltage and generating output signal (its polarity can be
configured) on CMPO pin.

One 15 hits Watch-Dog-Timer with 8-bit pre-scaler (one-time-enabled)

advanced instruction set, which is fully compatible with traditional 8051 MCU, have hardware multiplication /
division command.

62/46/42/38/30/26 common I/O ports are available, their mode is quasi_bidirectional/weak pull-up (traditional
8051 1/0 ports mode) after reset, and can be set to four modes: quasi_bidirectional/weak pull-up, strong push-
pull/ strong pull-up, input-only/high-impedance and open drain.

the driving ability of each 1/O port can be up to 20mA, but it don’t exceed this maximum 120mA that the
current of the whole chip of 40-pin or more than 40-pin MCU, while 90mA that the current of the whole chip
of 16-pin or more than 16-pin MCU or 32-pin or less than 32-pin MCU.

If 1/0 ports are not enough, it can be extended by connecting a 74HC595(reference price: RMB 0.21 yuan).

Besides, cascading several chips also can extend to dozens of 1/0 ports.

Package: LQFP64L(16mm x 16mm), LQFP64S(12mm x 12mm), LQFP48(9mm x 9mm), LQFP44(12mm x
12mm), LQFP32(9mm x 9mm), SOP28, SKDIP28, PDIP40.

All products are baked 8 hours in high-temperature 175  after be packaged, Manufacture guarantee good

quality.

In Keil C development environment, select the Intel 8052 to compiling and only contain < reg51.h > as header

file.

14
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1.2 Block diagram of STC15W4K3254 series MCU

The internal structure of STC15W4K32S4 series MCU is shown in the block diagram below. STC15W4K32S4
series MCU includes central processor unit(CPU), program memory (Flash), data memory(SRAM), Timers/
Counters, /O ports, high-speed A/D converter(ADC), Comparator,Watchdog, high-speed asynchronous serial
communication ports---UART(UART1/UART2/UART3/UART4), CCP/PWM/PCA, a group of high-speed
synchronous serial peripheral interface (SPI), internal high- precise R/C clock, internal hghly reliable Reset and
s0 on. STC15W4K32S4 series MCU almost includes all of the modules required in data acquisition and control,
so can be regarded as an on-chip system (SysTem Chip or SysTem on Chip, abbreviated as STC, this is the name
origin of Hongjing technology STC Limited).

AUX-RAM RAM ADDR RAM
B Register 3840 Bytes : Register y 256 Bytes

Program Memory
{1 : K (Flash) 8 ~ 63.5K
Timer/Counter 0/1 K=
Stack l

Pointer Timer/Counter 2 K=)| K= 1sp/IAP
™P2 | | TPt | Timer/Counter 3/4 K=
Address
Enhanced UART1 K= $ Generator
| UART2 (52) |$ Program Counter

SN
UART3 (53) I (PO
’ ﬁ W | e | = e
Internal hghly reliable Reset
(16 levels optional threshold «—1_SP!
VOItagel of reset) II . |Power-Down Wake-up
> Cont_rol Portl Latch Port 0,2,3,4,5,6,7 |LI™— Special Timer
Unit Latch
II /ADC II
xraL 0 g xrace Sort 1 Dri Port 0,2,3,4,5,6,7
or river . Driver
= i II
; ; 0 7 PLO~PLT
Internal high-precise R/C clock(+0.3%) P10 PLY P0,P2,P3,P4,P5 P6,P7

+ 1% temperature drift(-40 ~+85 ) while
+0.6% in normal temperature (-20 ~+65 )

STC15W4K32S4 series Block Diagram

Nantong Guoxin Micro-Electronics Co. Ltd. Switchboard: 0513-5501 2928/ 2929/ 2966 Fax: 0513-5501 2969/ 2956/ 2947 15



STC15WA4K3254 series MCU Manual ~ www.GXWMCU.com  Temporary Technical Adviser:(86)13922829991  Tel of R&D Adviser:(86)13922805190

1.3 Pin Configurations of STC15W4K32S4 series MCU

N\
All packages meet EU RoHS standards RXD3/ADO/P0.0 ] 1 40[IP45/ALEIPWMS 2
TxD3/AD1/P0.1[ 2 39[P2.7/A15/PWM2_2
: - RxD4/AD2/P0.2[] 3 o 38[1P2.6/A14/CCP1_3
CCP is abbreviation for Capture, Compare, PWM TOUADIPOIT4 O SpeuALsIGcRT
- e T3CLKO/AD4/P0.4[]5 5 36[P2.4/A12/ECI_3/SS_2/PWMFLT
230 g PWMFLT_2/T3/AD5/P0.5[] 6 = 35[3P2.3/A11/MOSI_2/PWM5
=5 %o 55 PWM7_2/TACLKO/AD6/P0.6 [ 7 ) 34[3P2.2/A10/MISO_2/PWM4
L8z- ., « E00 PWM6_2/T4/AD7/P0.7 ] 8 33[P2.1/A9/SCLK_2/PWM3
ROND =S INEe! RxD2/CCP1/ADCO/P1.0 =] 9 32[1P2.0/A8/RSTOUT_LOW
23%03,2,285 TxD2/CCPO/ADCLPLIL]10 @ 31[2P4.4/RD/PWM4_2
SS0ob 2 EoEES CMPO/ECISS/ADC2/PL.2{11 O 30[1P4.2/WR/PWMS_2
SSQEaSSHPNE MOSI/ADC3/P1.3[] 12 = 29[P4.1/MISO_3
3231 8|§§|Z|Z 2 MISO/ADCAPLACH13 (3  28[P3.7/INTE/TxD_2PWM2
EREEE G BT SCLK/ADCS5/P1.5[] 14 273 P3.6/INT2/RXD_2/CCP1_2
YN FY Y 2L PWMB/MCLKO_2/XTAL2/RXD_3/ADC6/P1.6 (] 15 '8 26[1P3.5/T1/TOCLKO/CCPO_2
LQFP44(12x12mm) PWM7/XTALL/TXD_3/ADC7/P1.7[] 16 = 25[1P3.4/TO/T1CLKO/ECI_2
RN CMP-/SS_3/MCLKO/RST/P5.4 17 73 243 P3-3;|NT1
PWMFLT/SS_2/ECI_3/A12/P2.4 Vec (518 23[1P3.2/INTO
CCP0_3/A13/P2.5 = ggﬁgﬁl\?/TTllCLKO/ECI‘Z CMP+/P5519 22 AP3.L/TxDIT2__
CCP1_3/A14/P2.6 200 P3'2;-||—NT(/) Gnd =20 21[F1P3.0/RXxD/INT4/T2CLKO
PWM2_2/A15/P2.7 19 F1P3.1/TXD/T2
PWM3_2/ALE/PA.5 LQFP44 1§ =1 P3.0/RxD/INTA/T2CLKO
RxD2_2/P4.6 1P4.0/MOSI_3
RXD3/AD0/PO.0 42 1/0 ports  16=6nd
gxgzﬁgéﬁgé ii gf’/%f’/c’\’”’* Note PO ports can be multiplexed
X B
TxD4/AD3/P0.3 13 =1 P5.4/RST/MCLKO/SS_3/CMP- as Address/Data bus  not as
T3CLKO/ADA/PO.4 12 P1.7/ADCT/TXD_3/XTAL1/PWMT7 A/D Converter. 8 channels
o
HNoSYworoo o of A/D Converter are on P1.
MCLKO is the output of Recommend UART1 on [P3.6/RxD_2, P3.7/TxD_2]
master clock whose frequency 2853 RNT SRS or [P1.6/RxD_3/XTAL2, P1.7/TxD_3/XTAL1] Consequently PO.x/ADx means
can be divided into MCLK/1, $$=5% ﬁ‘% 5884 that P0.x can be used as Address/
MCLK/2, MCLK/4, MCLK/16 gggg 8488888 Data bus, while P1.x/ADCx
The master clock can either PoNILxILL<L means P1.x can be used as A/D
N EXYEdSFAZFOoON S . A g
be internal R/C clock or the g 55 Lo2 a i~ 23 o o S conversion channel in the pin map.
external input clock or the LSR8 g220g g2 sS2 58
external crystal oscillator. s83288 9 9 L5 ] ~ o~ B0
: St F < NNMIET ) 9YN06
MCLK is the frequency of F1 3 g > 79 '3 3 g aa's
master clock. = S o N o X g o,
o | EEOWQXQ_OMNO,,,
2 23¢30q22EER"
a R Y e NS
TOCLKO refers to the programmable clock output of S QdagIggddnaeus
Timer/Counter 0 @ e
s
(output by dividing the frequency of the internal system E LQFPA48(9x9mm) ﬂ D D D ﬂ D D D D ﬂ Ll D
B - o~ ™~
clock or the input clock of external pin T0/P3.4); POOOMOHANNNNN
PWMFLT/SS_2/ECI_3/A12/P2.4—]37 24 F1P5.0/RxD3_2
T1CLKO refers to the programmable clock output of CCP0_3/A13/P2.5—]38 23 =1 P3.4ITO/TICLKO/ECI_2
Timer/Counter 1 CCP1_3/A14/P2.6 39 22 P3.3/INTL
(output by dividing the frequency of the internal system PWM2_2/1A15§P2.7 40 gé — zglig'N-lg?Tz
; : . : 41 —1P3.
clock or the input clock of external pin T1/P3.5); PWMSﬁiE)AzLE/Ej.g - LQFP48 1933 O/RiD/m/TZCLKO
T2CLKO refers to the programmable clock output of RxD3/AD0/P0.0 43 46 1/O ports 18 1 P4.0/MOSI_3
Timer/Counter 2 TXD3/AD1/P0.1 44 p 17 =3 6Gnd
RxD4/AD2/P0.2 45 16 1 P5.5/CMP+

(output by dIYIdIng the frequency of t_he internal system TXD4/ADIPO.3
clock or the input clock of external pin T2/P3.1); T3CLKO/ADA/PO 4
T3CLKO refers to the programmable clock output of RxD4_2/P5.2
Timer/Counter 3

(output by dividing the frequency of the internal system

46 15— Vce
47 14 1 P5.4/RST/MCLKO/SS_3/CMP-
13 [ P1.7/ADC7/TXD_3/XTAL1/PWM7

The speed of external programmable

clock or the input clock of external pin T3/P0.5); R e R R A A clock output of 5V MCU is also not
T4CLKO refers to the programmable clock output of £558£88294 889 more than 13.5MHz, because the
Timer/Counter 4 3'2 2238 ~'88 88 8 output speed of 1/0 port of STC15
(output by dividing the frequency of the internal system FEQE LR %% %( :\é < series 5V MCU is not more than
clock or the input clock of external pin T4/P0.7). :‘g $'§ g % g é; § 91 13.5MHz.

In addition to programmable output on the internal g IS % I8 5 % The speed of external programmable
system clock, TOCLKO/T1CLKO/T2CLKO/T3CLKO/ SEEER S & clock output of 3.3V MCU is also not
T4CLKO also can be used as divider by dividing the & % o % more than 8MHz, because the output
frequency of the internal system clock or the input e < speed of |/O_ port of STC15 series
clock of external pin TO/T1/T2/T3/T4. 2 3.3V MCU is not more than 8MHz.
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TOCLKO refers to the programmable clock output of Timer/Counter 0
(output by dividing the frequency of the internal system clock or the
input clock of external pin TO/P3.4);

T1CLKO refers to the programmable clock output of Timer/Counter 1

All packages meet EU RoHS standards
CCP is abbreviation for Capture, Compare, PWM

N~
(output by dividing the frequency of the internal system clock or the 2 s 2z s E.'I EI
input clock of external pin T1/P3.5); B 2 gl £88
IQE e ™ SS=
T2CLKO refers to the programmable clock output of Timer/Counter 2 5' o ;‘”(D; g‘ g ;l g' S
output by dividing the frequency of the internal system clock or the Q2IEF<S™ “, o] o~
put by 9 quency Y SSob=y S|
input clock of external pin T2/P3.1); 5§2¢% |% dl% 3 |ﬁ |.‘E IS f:::
; s Z I
T3CLKO refers to the programmable clock output of Timer/Counter 3 % é <:(, é % % % SmNCdoR & E ':_.
(output by dividing the frequency of the internal system clock or the SR dEEEERERR
input clock of external pin T3/P0.5); ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
T4CLKO refers to the programmable TLLIQLIIIABEEEIS
clock output of Timer/Counter 4 ~ PWMFLT/SS_2/ECI_3/A12/P2.4—] 49 32 [—1P5.0/RxD3_2
(output by dividing the frequency of the CCPO_3/A13/P2.5— 50 31 P3.4/TO/TICLKO/ECI_2
internal system clock or the input clock CCPL 3/A14/P2.6 = 51 SOFPS.3/INTL
. PWM2_2/A15/P2.7—] 52 29 3 P3.2/INTO
of external pin T4/P0.7). p7.4—]53 28 IP31/TXDIT2
In addition to programmable output on P7.5C—] 54 27 F1P3.0/RxD/INT4/T2CLKO
the internal system clock, TOCLKO/ E;SE gg LQFP64L gg ggg;
TlCLKO/TZCLKO/Ts.CLKO/T.49ITKO PWM3_2/ALE/P4.5—] 57 I—QFP64S 24f—P65
also can be used as divider by dividing RxD2 2/P4.6—] 58 23F1P6.4
the frequency of the internal system RxD3/AD0/P0.0 = 59 62 1/10 8]0) rts 2= Pa.0imosI_3
clock or the input clock of external pin TxD3/AD1/P0.1—] 60 21—1Gnd
TO/TL/T2/T3/TA. RxD4/AD2/P0.2—] 61 20 3 P5.5/CMP+
TxD4/AD3/P0.3—] 62 19 Vee
T3CLKO/AD4/P0.4—] 63 18 —1P5.4/RST/MCLKO/SS_3/CMP-
8 channels of A/D RxD4_2/P5.2—] 64 17 E3P1.7/ADCT7/TXD_3/XTAL1/PWM7
Converter are on P1. N CaNmsworwo I3 ANAIAS | LQFPE4L(16x16mm)
P1.x/ADCX means P1.x $h g LQFP64S(12x12
. . 983G x12mm
can be used as A/D ggg%%%@@ MO~ OANMO ANNMS DO ( )
===23 100 WO S O®©® O WS A Th
. . ZaaloaxX ¥ gdfgaaoaoacaaaaaaana e speed of external
conversion channel in SsaERRITS SRS S5555555%
the pin map So¢'3 £E339 < 2 9( 9( 984188889 programmable clock output of
. é‘é’dﬁ|’£|’£5§ 055 <2< << < 5VMCU isalso not more than
g2gesEbE = 'glf E‘ EET8BQ32 7 135MHz because the output
LQFP32(9x9mm) & 888888 ¢ HS g OO0 ©338Z speedof /O port of STC15
ooo0onnnn £5% 88 o S series 5V MCU is not more than
IYNIRIZN =5" e S £ 135MHz.
PWMFLT/SS_2/ECI_3/P2.4[] 25 16 [ P3.3/INT1 a S v
CCPO_3/P2.5[] 26 15 1 P3.2/INTO E N‘ The speed of external
CCP1_3/P2.6 27 LOFP32 14 1 P3.L/TxD/T2 Q2  programmable clock output of
P2.7] 28 Q 133 PS.;J/RXD/INTMTZCLKO 2 3.3V MCU is also not more than
?iggjgg'g 30 1/O ports g gg - = 8MHz, because the output speed
RXDA/P0.2 — vee § of I/0 _port of STC15 series 3.3V
TxD4/PO.3 1 P5.4/RST/MCLKO/CMP- & MCU is not more than 8MHz.
U/
CCP1_3/P2.6 1 28 P2.5/CCPO_3
O+ Nm SO~
MCLKO is th tout E E E E E E E E P2.7 2 27 P2.4/ECI_3/SS_2/PWMFLT
S the outpu 33883885 RxD2/CCPL/ADCOPLO |3 26 [_]P2.3/MOSI_2/PWM5
of master clock whose 2222222%2
i L2228 & TxD2/CCPO/ADC1/PL1 [ 4 25 [JP2.2/MISO_2/PWM4
frequency can be divided & & & 283 2‘ 2' CMPO/ECI/SSIADC2/P1.2 | wn 24 []P2.1/SCLK_2/PWM3
. 00 = = . .
into MCLK/L, MCLK/2, 8853383 g 0SUADCPLS e o 2 OIRSTOUT_LO
MCLK/4, MCLK/16 9909 33 MOSUADCIPLIL J6 g 5 23 [_IP20RSTOUT LOW
. < — - ]
The master clock can either = ™ 3 E | MISO/ADCAPLA 7 ® 5 2 P3'7/_INT3/TXD—ZIPWM2
be internal R/C clock or the § § SCLK/ADC5/PL5 8 % 5 21 []P3.6/INT2/RxD_2/CCP1_2
external input clock or the % S PWMB/MCLKO_2/XTAL2/RXD_3/ADCG/P16 9 (oRe} 20 P3.5/T1/TOCLKO/CCPO_2
external crystal oscillator. g PWM7/XTALUTXD_3/ADCTPLT[J10 =g & 19 P3.4/TO/TICLKO/ECI_2
MCLK is the frequency of g CMP-/MCLKO/RST/P5.4 n o N 18 []P3.3/INTL
master clock. 2 Vee 12 17 P3.2/INTO
CMP+/P5.5 |13 16 []P3.L/TxD/T2
Recommend UART1 on [P3.6/RxD_2, P3.7/TxD_2] Gnd 14 15 [_]P3.0/RxD/INT4/T2CLKO
or [P1.6/RxD_3/XTAL2, P1.7/TxD_3/XTAL1]
Nantong Guoxin Micro-Electronics Co. Ltd. Switchboard: 0513-5501 2928/ 2929/ 2966 Fax: 0513-5501 2969/ 2956/ 2947 17
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Mnemonic| Add Name 7 6 5 4 3 2 1 0 Reset
Value

AUXR1 - . 0000

P SW1 A2H]| Auxiliary register 1 S1.S1 S1.S0 | CCP_S1 | CCP_SO SPI_S1 [SPI_SO 0 DPS 0000

p sw2 |pan| Peripheral function PWM67_S|PwM2345_S s4s|s3s | s2s |

switch x000

CLK_DIV S . 0000
(PCON2) 97H | Clock Division register IMCKO_S1j[MCKO_S0[ ADRJ Tx_Rx |MCLKO_2|CLKS2|CLKS1|CLKSO 0000
INT_CLKO External Interrupt enable| x000
(AUXR?) 8FH and Clock output register - EX4 EX3 EX2 MCKO_S2[T2CLKO[T1CLKO|TOCLKO 0000

UART1/S1 can be switched in 3 groups of pins by selecting the control bits S1_S0 and S1_S1.
S1 S1 |S1. SO |[UART1/S1 can be switched between P1 and P3

0 0  |UART1/S1 on [P3.0/RxD,P3.1/TxD]

0 1 |UART1/S1 on [P3.6/RxD_2,P3.7/TxD_2]

UART1/S1 on [P1.6/RxD_3/XTAL2,P1.7/TxD_3/XTAL1]
when UART1 is on P1, please using internal R/C clock.

1 1 Invalid

1 0

Recommed UART1 on [P3.6/RxD_2,P3.7/TxD_2] or [P1.6/RxD_3/XTAL2,P1.7/TxD_3/XTAL1].

UART2/S2 can be switched in 2 groups of pins by selecting the control bit S2_S.
S2_S |UARTZ2/S2 can be switched between P1 and P4
0 UART2/S2 on [P1.0/RxD2,P1.1/TxD2]
UART2/S2 on [P4.6/RxD2_2,P4.7/TxD2_2]

UART3/S3 can be switched in 2 groups of pins by selecting the control bit S3_S.
S3_ S |UART3/S3 can be switched between PO and P5

UART3/S3 on [P0.0/RxD3,P0.1/TxD3]

UART3/S3 on [P5.0/RxD3_2,P5.1/TxD3_2]

UARTA4/S4 can be switched in 2 groups of pins by selecting the control bit S4_S.
S4 S |UART4/S4 can be switched between PO and P5
0 UART4/S4 on [P0.2/RxD4,P0.3/TxD4]
1 UARTA4/S4 on [P5.2/RxD4_2,P5.3/TxD4_2]

SPI can be switched in 3 groups of pins by selecting the control bits SP1_S1 and SPI_SO
SPI_S1 [SPI_SO |SPI can be switched in P1 and P2 and P4

SPI on [P1.2/SS,P1.3/MOSI,P1.4/MISO,P1.5/SCLK]

SPI on [P2.4/SS_2,P2.3/MOSI_2,P2.2/MISO_2,P2.1/SCLK_2]
SPI on [P5.4/SS_3,P4.0/MOSI_3,P4.1/MISO_3,P4.3/SCLK_3]
Invalid

ool
—lo|r|of
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Mnemonic| Add Name 7 6 5 4 3 2 1 o |Reset
Value

AUXR1 Auxiliary 0000
powi |A2H| Tegiser1 | SIS | S1S0 | CCPS1| CCPSO | SPISL |SPLSO| O | DPS | oo
p sw2 |pan| Peripheral PWM67_S|PWM2345_S| S4.5|s35|s2s | XXX
= function switch = - = = = x000
CLK_DIV Clock Division 0000
eon | M| register | [MCKO_SIMCKO_SO ADRJ | Tx_Rx  [MCLKO_2ICLKS2ICLKSIICLKS0| oo

CCP can be switched in 3 groups of pins by selecting the control bits CCP_S1 and CCP_S0.
CCP_S1 |CCP_S0 |CCP can be switched in P1 and P2 and P3

CCPon [P1.2/ECI,P1.1/CCPO,P1.0/CCP1]

CCP on [P3.4/ECI_2,P3.5/CCP0_2,P3.6/CCP1_2]

CCP on [P2.4/ECI_3,P2.5/CCP0_3,P2.6/CCP1_3]

Invalid

Ll Bl = e I
ROk ]|O|

PWM2/PWM3/PWM4/PWM5/PWMFLT can be switched in 2 groups of pins by selecting the control bit
PWM2345_S.

PWM2345_S PWM2/PWM3/PWM4/PWM5/PWMFLT can be switched between P2, P3, and P4

0 PWM2/PWM3/PWM4/PWMS/PWMFLT on [P3.7/PWM2, P2.1/PWM3, P2.2/PWM4,
P2.3/PWM5, P2.4/PWMFLT]
1 PWM2/PWM3/PWM4/PWMS/PWMFLT on [P2.7/PWM2_2, P4.5/PWM3_2, P4.4/

PWM4_2, P4.2/PWM5_2, PO.5/PWMFLT 2]

PWM6/PWM7 can be switched in 2 groups of pins by selecting the control bit PWM67_S.
PWM67_S PWM2/PWM3/PWM4/PWMS5/PWMFLT can be switched between PO and P1
0 PWM®6/PWMT7 on [P1.6/PWM6,P1.7/PWMT]
1 PWM®6/PWM?7 on [P0.7/PWM6_2,P0.6/PWM7_2]

DPS DPTR registers select bit.
0 DPTRO is selected
1 DPTR1 is selected

ADRJ the adjustment bit of ADC result
0 ADC_RES[7:0] store high 8-bit ADC result ADC_RESL[1:0] store low 2-bit ADC result
1 ADC_RES[1:0] store high 2-bit ADC result ADC_RESL[7:0] store low 8-bit ADC result

Tx_Rx the set bit of relay and broadcast mode of UART1
0 UART1 works on normal mode
1 UART1 works on relay and broadcast mode that to say output the input level state of RxD port to the outside
TxD pin in real time, namely the external output of TxD pin can reflect the input level state of RxD port.

the RxD and TxD of UART1 can be switched in 3 groups of pins: [RxD/P3.0, TxD/P3.1];
[RxD_2/P3.6, TxD_2/P3.7];
[RxD_3/P1.6, TxD_3/P1.7].
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Mnemonic| Add Name 7 6 5 4 3 2 1 o [Reset

\Value
CLK_DIV - i 0000
(PCON2) 97H | Clock Division register [MCKO_S1{MCKO_S0| ADRJ Tx_Rx |MCLKO_2[CLKS2|CLKS1|CLKS0 0000
INT_CLKO External Interrupt enable, x000
(AUXR?2) 8FH and Clock output register - EX4 EX3 EX2 MCKO_S2|T2CLKO|T1CLKO[TOCLKO 0000

the control bit of master clock output by dividing the frequency
MCKO_S2|MCKO_S1|MCKO_S0| (The master clock can either be internal R/C clock or the external input clock
or the external crystal oscillator)

0 0 0 Master clock do not output external clock

Master clock output external clock but its frequency do not be divided

0 0 ! and the output clock frequency = MCLK / 1

0 1 0 Master clock output external clock but its frequency is divided by 2 and
the output clock frequency = MCLK / 2

0 1 1 Master clock output external clock but its frequency is divided by 4 and
the output clock frequency = MCLK /4

1 0 0 Master clock output external clock but its frequency is divided by 4 and

the output clock frequency = MCLK / 16

The master clock can either be internal R/C clock or the external input clock or the external crystal oscillator.
MCLK is the frequency of master clock.
STC15W4K32S4 series MCU output master clock on MCLKO/P5.4

MCLKO_2 to select Master Clock output on where
0 Master Clock output on MCLKO/P5.4
1 Master Clock output on MCLKO_2/XTAL2/P1.6
The master clock can either be internal R/C clock or the external input clock or the external crystal oscillator.

the control bit of system clock
CLKS2 | CLKS1 | CLKSO | (System clock refers to the master clock that has been divided frequency, which is
offered to CPU, UARTS, SPI, Timers, CCP/PWM/PCA and A/D Converter)
0 0 0 Master clock frequency/1, No division
0 0 1 Master clock frequency/2
0 1 0 Master clock frequency/4
0 1 1 Master clock frequency/8
1 0 0 Master clock frequency/16
1 0 1 Master clock frequency/32
1 1 0 Master clock frequency/64
1 1 1 Master clock frequency/128

The master clock can either be internal R/C clock or the external input clock or the external crystal oscillator.
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1.4 STC15W4K3254 series Selection and Price Table

All Packages
C LQFP64/LQFP48/
8 C;‘;J',ae's ) 0 Internal oupf _ LQFP44/PDIP40
Speical M internat | | Hi9n- clock |Encryption LQFP32/SOP28/
Type Oneratin US Power- Standard PID Low- Wi reliable |Internall and Download SKDIP28
P PN Elash SRAMIA o o e down AD  [alp|EEP Reset | High- (to protect |RS485 prics of -
1T 8051 Voltage (byte)| (byte) [R] P| Timers ; Wake- External 8-channel|R[T[ROM| \oltage (D (with [Precise reset our code |Control| rice of a part 0
MCU vy [0y 1| TO-T4 | special Interrupts| Detection|T| signal | YOUr € packages (RMB ¥)
T PWM up AR] optional | Clock from being
A - Interrupt from |.
(witha |10-bit] Timer T fthreshold MCU intercepted),
dead- |CCP (¢ voltage) PDIPILQFPILQFRILQFA
section R 40 | 44 | 48 | 64S
ONLrofier))
STC15W4K3254 series MCU Selection and Price Table
Note: 8 channels PWM can be used as 8 channels DAC, 2 channels CCP can be used as 2 Timers or 2 external interrupts.
STC15W4K16S4( 5.5-2.5 | 16K | 4K 4] 5 6-ch [2-ch] Y 5 10 bits [Y]2] 45K Y Y|16-level| Y Y Y Y |¥5.7|¥5.2|¥5.2|¥5.4
ISTC15WA4K32S4| 5.5-2.5 | 32K | 4K |4 5 6-ch [2-ch| Y 5 10 bits [Y]2] 29K Y Y|16-level| Y Y Y Y |¥5.9|¥5.5|¥55]|¥5.7
STC15W4K40S4( 5.5-2.5 | 40K | 4K 4] 5 6-ch [2-ch| Y 5 10 bits |Y]2]| 21K Y Y|16-level| Y Y Y Y |¥5.9|¥5.6|¥5.6|¥5.8
STC15W4K48S4[ 5.5-2.5 | 48K | 4K |4] 5 6-ch [2-ch| Y 5 10 bits |Y]2] 13K Y Y|16-level| Y Y Y Y |¥5.9|¥5.6|¥5.6|¥5.8
STC15W4K56S4( 5.5-2.5 | 56K | 4K |[4] 5 6-ch |2-ch| Y 5 10 bits [Y]2] 5K Y |Y|16-level| Y Y Y Y |¥5.9|¥5.6|¥5.6|¥5.8
¥59|¥5.6|¥5.6|¥5.8
|AP15W4K5854 o Tash
(whichiitself isa | 5.5-25 | 58K | 4k Jafy] 5 | 6ch [2ch| v 5 | 1omits [Y]o[1ap| v |Y|aetevel| v | v Y y | The program Flash in
emlualor) user program area can
be used as EEPROM.
IAP15WAK 6154 %9466 [¥o] i
(which itselfisa | 5.5-2.5 | 61K | 4k [4]] 5 | ecn [2ch| v | 5 | 0bits [v|2|1ap| v |Y|i6-ever| v | ¥ Y y | The program Flash in
emluator) user program area can
be used as EEPROM.
IRC15W4K6354 ¥5.9[¥5.6[¥5.6[¥5.8
(Usingexternal | g 55 g lesi ak | 5 | 6<n |2ch| v | 5 | 10bits [V|2|iap| v |v] Fixea | ¥ | v N N | The program Flash in
crystal or internal user program area can
[24MHz clock) be used as EEPROM.

Encryption Download : please burn source code with encryption key onto MCU in the factory. Then, you can make a simple update
software just with one "update" button by fisrtly using the fuction "encrytion download" and then "release
project" to update yourself code unabled to be intercepted when you need to upgrade your code.

If user wants to use 40-pin and above MCU, LQFP-44 is suggested, while PDIP-40 is still supplied normal ; if user wants to use the 32-pin MCU,
LQFP-32 is recommeded; if user wants to use the 28-pin MCU, SOP-28 is recommended.

To provide customized IC services

Because the last 7 bytes of the program area is stored mandatorily the
contents of only global ID, the program space the user can actually
use is 7 bytes smaller than the space shown in the selection table.

Conclusion : STC15W4K32S4 series MCU have: Five 16-bit relaodable Timers/Counters that are Timer/Counter 0, Timer/
Counter 1, Timer/Counter 2, Timer/Counter 3 and Timer/Counter 4; 8 channels and 10 bits PWM (can achieve 8 D/
A converters or 2 timers or 2 external interrupts again); special power-down wake-up timer; 5 external interrupts
INTO/INT1/INT2/INT3/INT4; 4 high-speed asynchronous serial ports ---- UARTs (UART1/UART2/UART3/
UART4 can be used simultaneously); a high-speed synchronous serial peripheral interface ---- SPI; 8 channels and
10 bits high-speed A/D converter; a group of Comparator, 2 data pointers ---- DPTR,; external data bus and so on.

Nantong Guoxin Micro-Electronics Co. Ltd.

Switchboard: 0513-5501 2928/ 2929/ 2966

Fax: 0513-5501 2969/ 2956/ 2947

21



STC15W4K3254 series MCU Manual ~ www.GXWMCU.com

Temporary Technical Adviser:(86)13922829991  Tel of R&D Adviser:(86)13922805190

1.5 Naming rules of STC15W4K32S54 series MCU

XX - 35 X - XXXXX XX

XXX15 X 4K xx - XX X
| Pin Number

e.g. 64, 48, 44, 40, 32, 28

Package type
e.g. LQFP, PDIP, SOP, SKDIP

Temperature range
| : Industrial, -40 -85
C : Commercial, 0 -70

Operating frequency
35: Up to 35MHz

S4 4 UARTSs (can be used simultaneously)

SPI
Internal EEPROM
A/D Converter(PWM also can be used as DAC)

CCP/PWM/PCA

Program space, e.g.
08:8KB 16:16KB 24:24KB 32:32KB 48:48KB 56:56KB

58:58KB 61:61KB 63:63.5KB etc.

SRAM: 4K = 4096 bytes

Operating \oltage
W :55V~25V

STC 1T 8051 MCU,

Speed is 8~12 times faster than the traditional 8051 in the same working frequency

STC : The program Flash in user program area can not be used as EEPROM., but there

are special EEPROM.
IAP : The program Flash in user program area can be used as EEPROM.

IRC : The program Flash in user program area can be used as EEPROM, and to use
external crystal or internal 24MHz clock

22
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1.6 Application Circuit Diagram for ISP of STC15W4K series
1.6.1 Application Circuit Diagram for ISP using RS-232 Converter

System Power
(can be from USB

P0.0/AD0O/RxD3

P0.1/AD1/TxD3
P0.2/AD2/RxD4
P0.3/AD3/TxD4

P0.4/AD4/T3CLKO

PO.5/ADS/T3/PWMFLT 2
PO.6/AD6/TACLKO/PWM7_2
PO.7/AD7/T4/PWM6_2
P1.0/ADCO/CCP1/RXD2

/

PWM3_2/ALE/P4.5 | 40
PWM2_2/A15/P2.7
CCP1_3/A14/P2.6
CCP0_3/A13/P2.5
PWMFLT/SS_2/ECI_3/A12/P2.4
PWMS5/MOSI_2/A11/P2.3
PWM4/MISO_2/A10/P2.2

©

X

Wl |&

PWM3/SCLK_2/A9/P2.1
RSTOUT_LOWI/AB8/P2.0

This part of the circuit

T~ = =

|||| wl @] |l |w] |« |@f |»] |w] |«

port of PC) PL1/ADC1/CCPO/TXD2 PWM4_2/RDIP4.4 has nothing to do with
T1 | P1.2/ADC2/SS/ECI/CMPO PWM5_2/WR/P4.2 [ 30 the ISP downloads
vin 12 |P1.3/ADC3/MOSI MISO_3/P4.1
P1.4/ADC4/MISO PWM2/TxD_2/INT3/P3.7 [ 28 Vce
Power On 14 |P1.5/ADC5/SCLK CCP1_2/RXD_2/INT2/P3.6 [ 27
swi le) T5 | P1.6/ADC6/RXD_3/XTAL2/MCLKO_2/PWM6 CCP0_2/TOCLKO/T1/P3.5
the line width [_L6_|PL.7/ADC7/TXD_3/XTALL/PWM7 ECI_2/T1CLKO/TO/P3.4 [ 25 e &Aq—
may be only 77 p5 4/RST/MCLKO/SS_3/CMP- INT1/P3.3
Vcc 30~ 50mil ' R 10K 10K
Vee INTO/P3.2 [ 23
47(1.:111: O-ICuZF_ ' T2/TxD/P3.1 | 22 *
Gnd T2CLKO/INT4/RxD/P3.0
the line width
= may be only
100 ~ 200mil

Circuit diagram for ISP of STC MCU, STC RS-232 Converter

V
\* STC3232,STC232,MAX232,5P232

Note PO ports can be multiplexed as Address/ PC COM

Data bus not as A/D Converter. 8 OIuF
channels of A/D Converter are on P1. c1+ Vee T8} Vee
0IuF
Consequently PO.x/ADx means that PO.x can v Gnd [T5} i RxD(Iég&dpinz)
be used as Address/Data bus, while P1.x/ADCx C1- Ti0UT — -
means P1.x can be used as A/D conversion Co+ R1IN [T31EC-TXD(COM Pind)
i i 0IuF
channel in the pin map. 2 . R10UT [T2} MCU_RxD(P3.0)
i V- T [ MCU_TxD(P3.1)
Please power on trll‘e target MCU after [:‘)'ress 0-luF TouT T2
down the button "Download/Program™ on e
STC-ISP.exe when burning code to MCU.

Internal hghly reliable Reset, so external reset circuit can be completely removed.

P5.4/RST/MCLKO pin factory defaults to the 1/0 port, which can be set as RST reset pin(active high) through the
STC-ISP programmer.

Internal high-precise R/C clock( £3% ), +1% temperature drift (-40 ~+85 ) while £0.6% in normal temperature
(-20 ~+65 ), so external expensive crysal can be completely removed.

Recommend to add decoupling capacitor C1(47uF) and C2(0.1uF) between Ve and Gnd that can remove power
noise and improve the anti-interference ability.

Switchboard: 0513-5501 2928/ 2929/ 2966
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1.6.2 Application Circuit Diagram for ISP using USB to convert Serial

PO.0/ADO/RXD3 ~ PWM3_2/ALEP45 [40]
PO.L/ADL/TXD3 PWM2_2/A15/P2.7 [35]
P0.2/AD2/RXD4 CCP1_3/A14/P2.6 [35]
P0.3/AD3/TxD4 CCPO_3/A13/P2.5 [ 37 ]
P0.4/AD4/T3CLKO PWMFLT/SS_2/ECI_3/A12/P2.4 [ 36 ]
[ ]rosiapsimapwimrLT 2 PWMS5/MOSI_2/A11/P2.3 [ 35 |
P0.6/AD6/TACLKO/PWM?_2 PWM4/MISO_2/A10/P2.2 [ 34 ]
System Power P0.7/AD7/T4/PWM6_2 PWM3/SCLK_2/A9/P2.1 [33 |
(can be from USB [=]proapcoiccryrxD2 rsTOUT Lowiagpz0 [32] | This part of the circuit
port of PC) PL.1/ADCL/CCPO/TXD2 PWM4_2/RDIP4.4 [3T] has nothing to do with
AN P1.2JADC2ISS/ECI/ICMPO pwis_2iRipa2 [35] | the ISP downloads
Vin P1.3/ADC3/MOSI MIs0_3/pa.1 [29]
P1.4/ADCA/MISO PWM2/[TXD_2/INT3/P3.7 [ 78] Vce
Power On P15/ADC5/SCLK CCP1_2IRxD_2/INT2/P3.6 [ 27]
Swi o) P1.6/ADC6/RXD_3/XTAL2/MCLKO_2/PWM6 CCPO_2/TOCLKO/TL/P35 [ 26
the line width PL.7/ADCT/TXD_3/XTALL/PWMT ECI_2/TICLKOITO/P3.4 [ 25] 3 Yat—
Vee n;gy~bgo?1:illy P5.4/RST/MCLKO/SS_3/CMP- INTUP3.3 [24] 10K 10K
Vee INTO/P3.2 [ 23]
47‘;% oﬁle 9 |ps.5icMP+ T2/TxDIP3.L [ 22—
Gnd T2CLKO/INTA/RxD/P3.0 [ 2L}
the line width may be

= only 100 ~ 200mil

The resistor and diode are to avoid
USB device to power the target MCU

) Circutdiagram for 1P of STC MU USBSY

USB convert Serial Port

Note PO ports can be multiplexed as Address/
Data bus not as A/D Converter. 8

channels of A/D Converter are on P1. USB +5V IHZenD vee [T8]
c6
i
Consequently PO.X/ADx means that PO.x can | jgp ™D RS232l15] 1 104F
be used as Address/Data bus, while P1.x/ADCx 1 p RxD RTS#
means P1.x can be used as A/D conversion 2 IIITHIF—E V3 DTR# =
channel in the pin map. i DU D+ =luo+ bCD#
1 L — D rp i}
Recommend to choose CH340G ( Its pins are not = up RI#
compatible with CH341's, but whose price less than Xl DSR#
RMB 1.1 yuan is more cheap), also you can choose 1—||] [ 8 | X0 cTs#[2]
PL2303(its price is less than RMB 1.0 yuan), refer ca L X6 cs5
to www.weh.cn for more detail. 20F T 12MHz T2F CH340G

Internal hghly reliable Reset, so external reset circuit can be completely removed.

P5.4/RST/MCLKO pin factory defaults to the 1/0 port, which can be set as RST reset pin(active high) through the
STC-ISP programmer.

Internal high-precise R/C clock( +3% ), +1% temperature drift (-40 ~+85 ) while +0.6% in normal temperature
(-20 ~+65 ), so external expensive crysal can be completely removed.

Recommend to add decoupling capacitor C1(47uF) and C2(0.1uF) between Vcc and Gnd that can remove power
noise and improve the anti-interference ability.
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1.6.3 Application Circuit Diagram for ISP directly using USB port
——P3.0/P3.1 of STC15W4K series and IAP15W4K58S4 connect directly with D-/D+ of USB

Note PO ports can be P0.0/ADO/RXD3 PWM3_2/ALE/P4.5
multiplexed as PO.1/ADL/TXD3 PWM2_2/A15/P2.7
AdtdresAsj gact:a bus . PO.2/AD2/RXD4 CCP1_3/A14/P2.6
not as onverter.
P0.3/AD3/TxD4 CCP0_3/A13/P2.5
8 channels of A/D -
Converter are on P1. P0.4/AD4/T3CLKO PWMFLT/SS_2/ECI_3/A12/P2.4
[5]ro.siaD5TaPWMFLT 2 PWMS/MOSI_2/A11/P2.3
Consequently - PO.X/ADx PO 6/AD6/T4CLKOIPW7NI7 2 PWM4/MISO_2/A10/P2.2
means that P0.x can be used ‘ - - '
as Address/Data bus, while PO.7/AD7/T4/PWME_2 PWM3/SCLK_2/A9/P2.1
P1.x/ADCx means P1.x can [ r1.oADCOICCPURXD2 RSTOUT_LOW/A8/P2.0
be used as A/D conversion P1.1/ADC1/CCPO/TXD2 PWM4_2/RD/P4.4
channel in the pin map. P1.2/ADC2/SS/ECI/ICMPO PWMS5_2/\WR/P4.2
P1.3/ADC3/MOSI MISO_3/P4.1
47pF P1.4/ADC4/MISO PWM2//TxD_2/INT3/P3.7
System P1.5/ADC5/SCLK CCP1_2/RxD_2/INT2/P3.6
Power 1] 2‘2'\7";2‘: P1.6/ADC6/RXD_3/XTAL2/MCLKO_2/PWM6 CCPO_2/TOCLKO/T1/P3.5
? I—I—- (16 | P1.7/ADC7/TXD_3/XTALL/PWM? ECI_2/T1CLKO/TO/P3.4
the line width may - P5.4/RSTIMCLKO/SS_3/CMP- INT1/P3.3
USSVB \/cc beonly 30 ~ 50mil Ve INTO/P3.2
+
c1 c2 L
470F T~ 001F | 19 |P5.5/CMP+ T2rTxpiP3.L [ 22
Gnd T2CLKO/INT4/RXD/P3.0
the line width may be
= only 100 ~ 200mil —— - - USB +5V
The MCU can be powered by Application Circuit Dlagrqm for ISF’ directly using USB port, USB-ISP. 229[] I 220
USB port or system power MCU P3.0/P3.1 connect directly with D-/D+ of USB USB-Micro
The Application Circuit Diagram applies to STC15WA4K series and b
IAP15W4K58S4 MCU only. D;

mlawwp
1

T —

uenA €0°0 INY ‘9aM-YA A9'E-6ZLFNT

USB-Micro

Y &
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1.7 Pin Descriptions of STC15W4K3254 series MCU

Pin Number
MNEMONIC LQFP64(LQFP48|LQFP44|PDIP40|SOP32|LQFP32 Sf(loDFl’IggS DESCRIPTION
P0.0  [common I/O port PORTO[0]
PO;):S?O/ 59 43 40 1 1 29 - ADO Addr_ess/Data Bus
RxD3 [Receive Data Port of UART3
P0.1  [common I/O port PORTO[1]
PO#’S?U 60 44 41 2 2 30 - AD1 |Address/Data Bus
TxD3 |Transit Data Port of UART3
P0.2  |common I/O port PORTO[2]
PO 1 e | a5 | 2 | 3 | 3 | & : AD2 _|Address/Data Bus
X RxD4 |Receive Data Port of UART4
P0.3  [common I/O port PORTO[3]
Pofig??’/ 62 46 43 4 4 32 - AD3 Addre_ss/Data Bus
TxD4  |Transit Data Port of UART4
P0.4  |common I/O port PORTO[4]
AD4  |Address/Data Bus
PO.4/AD4/ 63 47 44 5 - - - IT3 Clock Output
TICLKO T3CLKO IThe pin can be cqnfigured for _
IT3CLKO by setting T4T3M[0] bit
T3CLKO
P0.5  [common I/O port PORTO[5]
P0.5/AD5/T3/ 5 5 1 6 ) ) ) AD5  |Address/Data Bus
PWMFLT_2 T3 External input of Timer/Counter 3
PWMFLT_2|Control PWM to emergency stop
P0.6  [common I/O port PORTO[6]
AD6  |Address/Data Bus
IT4 Clock Output
IThe pin can be configured for
PO.6/ADS/ TACLKO 1461 KO by setting TAT3M4] bit
TACLKO/ | 3 3 2 7 - - -
PWM7 2 TACLKO
- IThe seventh output channel of Pulse
\Width Modulation. The port mode
PWM7_2 defauts to input-only(high-impedance)
mode after power-on or reset
P0.7  [common I/O port PORTO[7]
AD7  |Address/Data Bus
T4 External input of Timer/Counter 4
PO.7IADTIT4] 4 4 3 8 - - - [The sixth oztput channel of Pulse
PWMG6_2 " -
- PWM6 2 \Width Mo_dulatlon. Th_e po_rt mode
—" [defauts to input-only(high-impedance)
mode after power-on or reset
P1.0  [common I/O port PORT1[0]
ADC0O |ADC input channel-0
Capture of external signal(measure
P1.0/ADCO/ 9 5 4 9 5 1 3 frequency or be used as external
CCP1/RxD2 CCP1 |interrupts) high-speed Pulse and
Pulse-Width Modulation output
channel-1
RxD2 [Receive Data Port of UART?2
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Pin Number
MNEMONIC LQFP64|LQFP48(LQFP44{PDIP40[SOP32|LQFP32 SOop28 DESCRIPTION
SKDIP28
P1.1 common /O port PORT1[1]
ADC1 [ADC input channel-1
) / Capture of external signal(measure
P1.1/ADC1 frequency or be used as external
CCP0/TxD2 10 6 ° 10 6 2 4 CCPO intgrrupts),/) high-speed Pulse and
Pulse-Width Modulation output
channel-0
TxD2 |Transit Data Port of UART2
P1.2 common /O port PORT1[2]
ADC2 [ADC input channel-2
Slave selection signal of
P1.2/ADC2/ SS synchronous serial peripheral
SS/ECI/ 12 8 7 11 7 3 5 interface----SPI
CMPO Ecl External pulse input pin of CCP/
PCA counter
CMPO The output port of reslut compared
by comparator
P1.3  |common I/O port PORT1[3]
Pl'sﬂ/gglcy 13 9 8 12 8 4 6 ADC3 [ADC input channel-3
MOSI  |Master Output Slave Input of SPI
P1.4  |common /O port PORT1[4]
Pl':/I/IAS%CM 14 10 9 13 9 5 7 ADC4 [ADC input channel-4
MISO |Master lutput Slave Onput of SPI
P1.5  |common I/O port PORT1[5]
P1.5/ADC5/ 15 1 10 14 10 6 8 ADC5 |ADC in_put channel-5
SCLK Clock Signal of synchronous
SCLK serial peripheral interface----SPI
P1.6  [common I/O port PORT1[6]
ADC6 [ADC input channel--6
RxD_3 |Receive Data Port of UART1
Master clock output; the output
frequency can be MCLK/1,
MCLK/2 and MCLK/4.
MCLKO_2[The master clock can either bej
P1.6/ADC6/ internal R/C clock or the externall
RxD_3/ input clock or the external crystal
XTAL2/ 16 12 11 15 11 7 9 oscillator.
MCLKO_2/ Output from the inverting amplifier
PWM6 STALp |of internal clock circuit. This pin
should be floated when an external
oscillator is used.
The sixth output channel of Pulse
\Width Modulation. The port
PWM6 |mode defauts to input-only(high-
impedance) mode after power-on
or reset
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Pin Number
MNEMONIC LQFP64|LQFP48|LQFP44{PDIP40[SOP32|LQFP32 SSKCI)DFI)EgS DESCRIPTION
P1.7 common 1/O port PORT1[7]
ADC7  |ADC input channel--7
TxD 3 [Transit Data Port of UART1
P1.7/ADC7/ Input_tp the i'nverting oscilla_tor_
TxD 3/ XTALL ampl!fler of internal cloclf cwcun_.
XTALL/ 17 13 12 16 12 8 10 Receives the external_ oscnllgtor signal
PWM?7 when an external oscillator is used.
The seventh output channel of Pulse
PWM7 Width Modulation. The port mode
defauts to input-only(high-impedance)
mode after power-on or reset
P2.0 common 1/O port PORT2[0]
P2 0/A8/ A8 The gighth bit of Address bus — A8
RSTOUT LOW 45 33 30 32 25 21 23 the pin output low after power-on
- RSTOUT_LOW/|and during reset, which can be set to
output high by software
p2.1 common /0 port PORT2[1]
A9 The ninth bit of Address bus — A9
P2.1/A9/ SCLK 2 CIO_CIESigln_altoff synchrsopr]ous serial
— |peripheral interface----
SCLK_2/ 46 34 81 3 26 ¥ 24 The third output channel of Pulse
PWM3 PWM3 Width Modulation. The port mode
defauts to input-only(high-impedance)
mode after power-on or reset
p2.2 common 1/O port PORT2[2]
A10 The tenth bit of Address bus — A10
P2.2/A10/ MISO 2 |Master lutput Slave Onput of SPI
MISO_2/ 47 35 32 34 27 23 25 The fourth output channel of Pulse
PWM4 PWMA4 Width Modulation. The port mode
defauts to input-only(high-impedance)
mode after power-on or reset
p2.3 common /O port PORT2[3]
All The eleventh bit of Address bus —A11]
P2.3/A11/ MOSI 2 [Master Output Slave Input of SPI
MOSI_2/ 48 36 33 35 28 24 26 The fifth output channel of Pulse
PWM5 PWMS5 Width Modulation. The port mode
defauts to input-only(high-impedance)
mode after power-on or reset
P2.4 common /O port PORT2[4]
Al2 The twelfth bit of Address bus — A12
P2.4/A12/ ECl 3 External pulse input pin of CCP/PCA
ECI_3/SS_2/| 49 37 34 36 29 25 27 - counter
PWMFLT ss 2 Slave selection signal of synchronous
- serial peripheral interface----SPI
PWMPFLT |Control PWM to emergency stop
P2.5 common 1/O port PORT2[5]
Al3 The thirteenth bit of Address bus — A13
Capture of external signal(measure
P2.SIALS] 50 38 35 37 30 26 28 frequency or be used as external
CCPO_3 CCP0_3 interrupts) high-speed Pulse and
Pulse-Width Modulation output
channel-0

28
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Pin Number
MNEMONIC LQFP64|LQFP48[LQFP44{PDIP40|SOP32(LQFP32 SOp28 DESCRIPTION
SKDIP28
P2.6 |common I/O port PORT2[6]
Al4 |The fourteenth bit of Address bus—A14
Capture of external signal(measure
Péglﬁlgl 51 39 36 38 | 31 27 1 frequency or be used as external
- CCP1_3 [interrupts) high-speed Pulse and
Pulse-Width Modulation output
channel-1
P2.7  |common I/O port PORT2[7]
A15 |The fifteenth bit of Address bus — A15
P2.7IA15/ 59 20 37 39 | 32 28 2 The second output channel of Pulse
PWM2_2 PWM2 2 Width Modulation. The port mode
—"|defauts to input-only(high-impedance)
mode after power-on or reset
P3.0 |common I/O port PORT3[0]
RxD  [Receive Data Port of UART1
P3.0/RXD/ ___ |External interrup_t 4, which only can be
NTZ 27 19 18 21 17 13 15 INT4 |generated on falling edge. _
[T2CLKO /INT4 supports power-down waking-up
T2 Clock Output
T2CLKO|The pin can be configured for T2CLKO
by setting INT_CLKO[2] bit /T2CLKO
P3.1 |common I/O port PORT3[1]
P3.1/TxD/T2| 28 20 19 22 18 14 16 TxD |Transit Data Port of UART1
T2  |External input of Timer/Counter 2
P3.2  |common I/O port PORT3[2]
External interrupt 0, which both can be
generated on rising and falling edge.
INTO only can generate interrupt on
P3.2/INTO 29 21 20 23 19 15 1 INTO |falling edge if ITO (TCON.O) is set to 1.
And, INTO both can generate interrupt
on rising and falling edge if ITO
(TCON.0) is set to 0.
P3.3 |common I/O port PORT3[3]
External interrupt 1, which both can be
generated on rising and falling edge.
INT1 only can generate interrupt on
P3.3/INT1 30 22 21 24 20 16 18 INT1 falling edge if IT1 (TCON.2) is set to 1.
And, INT1 both can generate interrupt
on rising and falling edge if IT1
(TCON.2) is set to 0.
INT1 supports power-down waking-up
P3.4  |common I/O port PORT3[4]
TO  |External input of Timer/Counter 0
P3.4/T0/ T1 Clock Output
T1CLKO/ 31 23 22 25 21 17 19 |T1CLKO|The pin can be configured for TLICLKO
ECI_2 by setting INT_CLKO[1] bit /TICLKO
External pulse input pin of CCP/PCA
ECI_2
—" |counter

Nantong Guoxin Micro-Electronics Co. Ltd.

Switchboard: 0513-5501 2928/ 2929/ 2966

Fax: 0513-5501 2969/ 2956/ 2947 29



STC15W4K3254 series MCU Manual

www.GXWMCU.com

Temporary Technical Adviser:(86)13922829991

Tel of R&D Adviser:(86)13922805190

Pin Number
MNEMONIC SOP28 DESCRIPTION
LQFP64(LQFP48|LQFP44(PDIP40|SOP32|LQFP32
SKDIP28
P3.5 [common I/O port PORT3[5]
T1 |External input of Timer/Counter 1
TO Clock Output
The pin can be configured for
P35/T1/ TOCLKOl10cLKO by setting INT_CLKO[0]
TOCLKO/ 34 26 23 26 22 18 20 bit /TOCLKO
CCro_2 Capture of external signal(measure
frequency or be used as external
CCPO_2 |interrupts) high-speed Pulse and
Pulse-Width Modulation output
channel-0
P3.6 [common I/O port PORT3[6]
External interrupt 2, which only can
NTZ be generated on falling edge.
/INT2 supports power-down waking-
P3.6/INT2/ up
RxD_2/ 35 27 24 27 23 19 21 RxD_2 |Receive Data Port of UART1
ccp12 Capture of external signal(measure
frequency or be used as external
CCP1_2|interrupts) high-speed Pulse and
Pulse-Width Modulation output
channel-1
P3.7  |common 1/O port PORT3[7]
External interrupt 3, which only can
T3 be generated on falling edge.
R /INT3 supports power-down waking-
P3.7/INT3 up
/TxD_2/ 36 28 25 28 24 20 22 -
PWM?2 TxD_2 |Transit Data Port of UART1
The second output channel of Pulse
PWM2 \Width Mo_dulatlon. Thfe po_rt mode
defauts to input-only(high-impedance)
mode after power-on or reset
P4.0 [common I/O port PORT4[0]
P4.0/MOSI_3| 22 18 17 - - - -
- MISO_3|Master lutput Slave Onput of SPI
P4.1  [common I/O port PORT4[1]
P4.1/MISO_3| 41 29 26 29 - - -
- MOSI_3|Master Output Slave Input of SPI
P4.2  [common I/O port PORT4[2]
_ WR  |Write pulse of external data memory
P4.2/WR -
42 30 27 30 - - - The fifth output channel of Pulse
[PWM5_2 owivis o Width Modulation. The port mode
—"|defauts to input-only(high-impedance)
mode after power-on or reset
P4.3 |PORTA4[3]
P4.3/SCLK_3| 43 31 28 - - - - Clock Signal of synchronous serial
SCLK_ 3|~ -
peripheral interface----SPI

30
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Pin Number
MNEMONIC SOP28 DESCRIPTION
LQFP64|LQFP48|LQFP44|PDIP40|SOP32|LQFP32]
SKDIP28
P4.4 common 1/O port PORT4[4]
_ RD  |Read pulse of external data memory
P4.4/RD 44 32 29 31 - - - The fourth output channel of Pulse
IPWM4_2 PWM2 2 idth Modulation. The port mode
= |defauts to input-only(high-impedance)
mode after power-on or reset
P4.5 common 1/O port PORT4[5]
Address Latch Enable. It is used
ALE for external data memory cycles
ProSl sr | a | s | a0 | -] - : (MOVX)
— The third output channel of Pulse
Width Modulation. The port mode
PWMS_2 defauts to input-only(high-impedance)
mode after power-on or reset
P4.6 common 1/O port PORT4[6
P46/ ss | o | 3 i ) i ) . P (6]
RxD2_2 RxD2_2 |Receive Data Port of UART2
P4.7/ P4.7 common 1/O port PORT4[7]
11 7 6 - f - - _
TxD2_2 TxD2_2 |Transit Data Port of UART2
P5.0/ P5.0 common 1/O port PORT5[0]
32 24 - - - - - _
RxD3_2 RxD3_2 |Receive Data Port of UART3
pP5.1/ P5.1 common I/O port PORT5[1]
33 25 - - - - - -
TXD3_2 TxD3_2 |Transit Data Port of UART3
P5.2/ P5.2 common 1/O port PORT5[2]
64 48 - - - - - -
RxD4_2 RxD4 2 |Receive Data Port of UART4
P5.3/ 1 1 P5.3 common 1/O port PORT5([3]
TxD4_2 TxD4_2 |Transit Data Port of UART4
P5.4 common 1/O port PORT5[4]
Reset pin.
RST A high on this pin for at least two
machine cycles will reset the device.
Master clock output; the output
P5.4/RST/ Ll;]eéqtﬁrécg;/azln be MCLK/1, MCLK/2
MCLKO/ 18 14 13 17 13 9 11 ' .
SS 3/CMP- MCLKO The master clock can either be
- internal R/C clock or the external
input clock or the external crystal
oscillator.
Slave selection signal of synchronous
SS_3 - : :
serial peripheral interface----SPI
CMP-  |Comparator negative input
P5.5 common 1/O port PORT5[5]
P5.5/CMP+ 20 16 15 19 15 11 13 —
CMP+  |Comparator positive input
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Pin Number
MNEMONIC SOP28 DESCRIPTION
LQFP64|LQFP48(LQFP44(PDIP40|{SOP32|LQFP32 SKDIP28

P6.0 5 common 1/O port PORT6[0]
P6.1 6 common /O port PORT6[1]
P6.2 7 common /O port PORT6[2]
P6.3 8 common 1/O port PORT6([3]
P6.4 23 common 1/O port PORT6[4]
P6.5 24 common 1/O port PORT6[5]
P6.6 25 common 1/O port PORT6[6]
P6.7 26 common /O port PORT6[7]
P7.0 37 common 1/O port PORT7[0]
pP7.1 38 common /O port PORT7[1]
p7.2 39 common /O port PORT7[2]
p7.3 40 common /O port PORT7[3]
P7.4 53 common 1/O port PORT7[4]
P7.5 54 common 1/O port PORT7[5]
P7.6 55 common 1/O port PORT7[6]
p7.7 56 common /O port PORT7[7]
Vce 19 15 14 18 14 10 12 The positive pole of power
Gnd 21 17 16 20 16 12 14 The negative pole of power, Gound
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1.8 Package Dimension Drawings of STC15 series MCU

1.8.1 Dimension Drawings of DFN8

<«—D—»

® LASER MARK

PIN 1 I.D.

TOP VIEW

SIDE VIEW

—->leAlL
< A>
- —>i «—(A3)
‘ D)
" D)
J D)
K]
SIDE VIEW BOTTOM VIEW
COMMON DIMENSIONS
UNITS OF MEASURE = mm (MILLIMETER)
SYMBOL MIN. NOM. MAX.
A 0.70 0.75 0.80
[0.08]
= Al 0.00 0.02 0.05
A3 0.20REF
b 0.25 0.30 0.35
D 3.90 4,00 410
E 3.90 4.00 4.10
D2 2.10 2.20 2.30
E2 2.10 2.20 2.30
e 0.55 0.65 0.75
H 0.35REF
K 0.35REF
L 0.45 0.55 0.65
R 0.13 - -
Note:

All dimensions do not include mold

flash or protrusions
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1.8.2 Dimension Drawings of SOP8

Dimension Drawings of SOP8

8-PIN SMALL OUTLINE PACKAGE (SOP8)
Dimensions in Inches

EEEL 7T

.......... al w
Y
I 4
COMMON DIMENSIONS
7y (UNITS OF MEASURE = INCH)
_____ < SYMBOL [ MIN. | NOM. | MAX.
e B e B e \
T A 0.053 - 0.069
| [0.004 max | < Al 0.004 - 0.010
b - 0.016 -
D 0.189 - 0.196
v E 0.228 - 0.244
_f El 0.150 - 0.157
bl Jlele e 0.050
L 0016 | - | 0.050
L1 0.008
D o | - | @

UNIT: INCH, 1 inch = 1000 mil
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1.8.3 Dimension Drawings of DIP8

Dimension Drawings of DIP8

8-Pin Plastic Dual Inline Package (DIP8)
Dimensions in Inches

o« D o
ey )fr
7y 4
E1 ) w $
\/ Y
Ir LLbr' | v
18 mil

COMMON DIMENSIONS
kN | 4, (UNITS OF MEASURE = INCH)
v 0 vy SYMBOL | MIN. | NOM. | MAX.
K [ T“ A - - [ o210
e N700 mil Al 0.015 - -
A2 0.125 | 0.130 | 0.135
b 60 mil b _ 0018 _
bl - 0.060 -
D 0.355 | 0.365 | 0.400
E - 0.300 -
E1 0.245 | 0.250 | 0.255
e - 0.100 -
L 0.115 | 0.130 | 0.150
0 0 7 15
eA 0.335 | 0.355 | 0.375

UNIT: INCH, 1 inch = 1000 mil
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1.8.4 Dimension Drawings of SOP16

Dimension Drawings of SOP16

16-PIN SMALL OUTLINE PACKAGE (SOP16)

D(9.9mm)

AAAEAAAD 1

E
E(6.0mm)

ajiﬁlﬂﬂlﬂ H N

(1.27mm)

<
Tw COMMON DIMENSIONS
w 2"< (UNITS OF MEASURE = MILLMETER)
Ly SYMBOL [ MIN | NOM | MAX
gf A 1.35 1.60 1.75
Al 0.10 0.15 0.25
- b1 . A2 1.25 1.45 1.65
[P N A3 0.55 0.65 0.75
A \ NNNNNN bl 0.36 - 0.49
\ WITH PLATING b 0.35 0.40 0.45
“TIN // é/ c 0.16 - 0.25
cl 0.15 0.20 0.25
N \\\\ D 9.80 | 9.90 | 10.00
BASE METAL E 5.80 6.00 6.20
El 3.80 3.90 4.00
RL e 1.27
v r% L 045 | 060 | 080
L1 1.04
Q L L2 0.25
e R 0.07 - -
R1 0.07 - -
) 6° 8° 10°
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1.8.5 Dimension Drawings of DIP16

Dimension Drawings of DIP16

16-Pin Plastic Dual Inline Package (DIP16)
Dimensions in Inches and Millmeters
L D (19.05mm) N

Mot -
al D w %

AR R RS RS RSRS

»
!

'YW \ COMMON DIMENSIONS
v v » (UNITS OF MEASURE = MILLMETER)
i SYMBOL | MIN | NOM | MAX
g gl A - - 4.80
2.54mm b1 Al 0.50 - -
A2 310 | 330 | 350
b 0.38 - 0.55
bl 038 | 046 | 051
D 18.95 | 19.05 | 19.15
E 762 | 787 | 825
E1 625 | 635 | 645
e 2.54
eB 762 | 880 | 10.90
L 292 | 330 | 381
6% 0 7 15
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1.8.6 Dimension Drawings of SOP20

Dimension Drawings of SOP20

20-Pin Small Outline Package (SOP20)
Dimensions in Inches and (Millimeters)

D (12.7mm)

HAAAAAAARA A

Z% HEH EIEEIEEQJEI H N )

1.27mm

W COMMON DIMENSIONS
b vy SMBoL] M | NOM | MAX

bj<— zf A 2465 | 2515 2.565
Al 0.100 | 0.150 0.200
A2 2.100 | 2.300 2.500
- b > b1 0.366 | 0.426 0.486
 —— b 0.356 0.406 0.456
[ N NN NNNN c 0.234 - 0.274

ela \7///&}/WITH PLATING cl - 0.254 -
N\ D 12.500 | 12.700 12.900
YaN E 10.206 | 10.306 10.406
NS E1 7450 | 7.500 7,550

BASE METAL e 127

L 0.800 | 0.864 0.900
RL L1 1.303 1.403 1.503

y e f:) L2 - 0.274 -

R - 0.300 -

L_zf . R1 - 0.200 -

—; L1 |l D 0° - 100
z - 0.660 -
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1.8.7 Dimension Drawings of TSSOP20

20-Pin Plastic Thin Shrink Small Outline Package (TSSOP20)
Dimensions in Millimeters

40,
—
_ D(6.5mm) -~ RL > j,? S
- Ll
R
i W
= S A
/Y sk =
i L
9154005 0.05+0.05DEP = z o <
BTME-MARK E £ (L)
<5 P>
;g; § \‘403
o o

Ao A b
BASE METAL FLH
INDEX 90.8+0.05 0.05+0.05 DEP \

' ANANANANANL N
ra— N Y A
Ll B \ \E
¢ \ N\ A\\ ov o
* s Sy
SECTION B-B
COMMON DIMENSIONS
(UNITS OF MEASURE = MILLMETER)
SYMBOL MIN NOM MAX
A - - 1.2
Al 0.05 - 0.15
A2 0.90 1.00 1.05
A3 0.34 0.44 0.54
b 0.20 - 0.28
bl 0.20 - 0.24
c 0.10 - 0.19
cl 0.10 0.13 0.15
JA\I 640 | 650 | 6.60
E 6.20 6.50 6.60
El 4.30 4.40 450
e 0.65BSC
L 045 | 060 | 075
L1 1.00REF
L2 0.25BSC
R 0.09 - -
R1 0.09 - -
S 0.20 - -
0, 0° - 80
NOTES:
ALL DIMENSIONS REFER TO JEDEC STANDARD MO-153 AC 0, 10° 12° 14°
DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 05 10° 12° 14°

Nantong Guoxin Micro-Electronics Co. Ltd. Switchboard: 0513-5501 2928/ 2929/ 2966 Fax: 0513-5501 2969/ 2956/ 2947 39



STC15WA4K3254 series MCU Manual ~ www.GXWMCU.com  Temporary Technical Adviser:(86)13922829991  Tel of R&D Adviser:(86)13922805190

1.8.8 Dimension Drawings of LSSOP20

Dimension Drawings of LSSOP20

20-Pin Plastic Shrink Small Outline Package (LSSOP20)
LSSOP-20, 6.4mm x 6.4mm 0

HHBABAAARR T —

'

O .
HHHHHHHHHH v
= = =
A A
g <
AR
e [*Gemm b COMMON DIMENSIONS
(UNITS OF MEASURE = MILLMETER)

SYMBOL | MIN NOM MAX
A - - 1.85

Al 0.05 - -
A2 1.40 1.50 1.60
b 017 | 022 | 032
D 6.40 6.50 6.60
E 620 | 640 | 660
El 4.30 4.40 4.50

E2 - 5.72 -
e 057 | 065 | 073
030 | 050 | 070
L1 0.1 0.15 0.25

o o ; g
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1.8.9 Dimension Drawings of DIP20

Dimension Drawings of DIP20

20-Pin Plastic Dual Inline Package (D1P20)
Dimensions in Inches

P D (1026mil) N
B g C )
dommammnm e T T

A
El ) @ w $
A\ 5 Y
Lt|f"|.|""|.|""|.|""|.r|"|.r|'1.r|"|.r| L v
> Tomi

COMMON DIMENSIONS
(UNITS OF MEASURE = INCH)
SYMBOL | MIN. NOM. | MAX.
A - - 0.175

100 mil Al 0.015 _ .
A2 0.125 0.13 0.135
b 0.016 0.018 0.020
bl 0.058 0.060 0.064
C 0.008 0.010 0.11
D 1.012 1.026 1.040
E 0.290 0.300 0.310
E1l 0.245 0.250 0.255
e 0.090 0.100 0.110
L 0.120 0.130 0.140

0° 0 - 15
eA 0.355 0.355 0.375
S - - 0.075

UNIT: INCH, 1 inch = 1000 mil
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1.8.10 Dimension Drawings of SOP28

Dimension Drawings of SOP28

28-Pin Small Outline Package (SOP28)
Dimensions in Millimeters

D(17.95mm)

OAHARAARAAARAR =T

»
|

E1 (7.5mm)
E (10.3mm)

<
<

HEHHHEIH'HR@EHHH '

1.27mm

COMMON DIMENSIONS
(UNITS OF MEASURE = MILLMETER / mm)
SYMBOL | MIN. NOM. MAX.
A 2.465 2.515 2.565
Al 0.100 0.150 0.200
- b1 . A2 2.100 | 2.300 2.500
[ E— b 0.356 | 0.406 0.456
SNONNNNNN bl 0.366 0.426 0.486
\7// WITH PLATING c - 0.254 -
“IN /éé/ D 17.750 | 17.950 18.150
Vi E 10.100 | 10.300 10.500
\ ANANANANAN \\\\ El 7.424 7.500 7.624
BASE METAL e 1.27
@ L 0.764 0.864 0.964
R % L1 1.303 1.403 1.503
R1 L2 - 0.274 -
* r R - 0.200 -
&N RL - | 0300 !
o () 0° - 10°
By z -~ | o745 -
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1.8.11 Dimension Drawings of TSSOP28
28-Pin Plastic Thin Shrink Small Outline Package (TSSOP28)

Dimensions in Millimeters
D(9.7mm)

T TARAARAAARARARA

®1.00£0.10 0.05+0.05 DEP
INDEX & TOP E-MARK

.,
0y
. [
. »
' .

E (6.4mm)
E1 (4.4mm)

¢ N
R HHHHHHHHHlﬂHHH
el

ANANANANANLY

\,

NNNANANNY v

SECTION C-C
NORMAL PLATING

V¥
cl
c

NOTES:
ALL DIMENSIONS REFER TO JEDEC STANDARD MO-153 AE
DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.

L2
-
y
0~}

<
<
<>

Al—P>|

COMMON DIMENSIONS

(UNITS OF MEASURE = MILLMETER / mm)

SYMBOL [ MIN. | NOM. MAX.
A - - 1.20
Al 0.05 - 0.15
A2 090 | 1.00 1.05
A3 034 | 044 0.54

b 0.20 - 0.29
b1 019 | 022 0.25
c 0.13 - 0.18
cl 012 | 013 0.14
D 960 | 9.70 9.80
E 620 | 6.40 6.60
El 430 | 4.40 450
e 055 | 065 0.75
L 045 | 0.60 0.75
L1 1.00REF

L2 0.25BSC

R 0.09 - -
R1 0.09 - -
S 0.20 - -
0 0° - 80
0, 10° 120 14°
0, 10° 120 14°
0, 10° 120 14°
0, 10° 120 14°
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1.8.12 Dimension Drawings of SKDIP28

Dimension Drawings of SKDIP28

28-Pin Plastic Dual-In-line Package (SKDIP28)
Dimensions in Inches

D (1390 mil) _
LM R A A 5 Iy
A
<
al D O O w g
\ 4 \
LT LT LT LT LR LT T v
A
A A2 COMMON DIMENSIONS
AL (UNITS OF MEASURE = INCH)
SYMBOL | MIN. | NOM. | MAX.
A - - 0.210
100 mil bl Al 0015 _ _
A2 0.125 | 013 | 0135
b - 0.018 -
bl - 0.060 -
D 1385 | 1.390 | 1.40
E - 0.310 -
El 0.283 | 0288 | 0293
e - 0.100 -
L 0.115 | 0.130 | 0.150
0° 0 7 15
eA 0.330 | 0.350 | 0.370

UNIT: INCH, 1 inch =1000 mil
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1.8.13 Dimension Drawings of QFN28

QFN28 OUTLINE PACKAGE

< D (5mm) - L—V K
Jguuguuduu
\._ LASER MARK t - A a
PINL ID _ > al
£ D | s | G
s N
w _LD A
=) d
D e D2 .|
TD v ([@n
AN0NNNNN
b—>] |e—
COMMON DIMENSIONS
7y (UNITS OF MEASURE = MILLMETER /mm)
SYMBOL | MIN. NOM. MAX.
< 4 g A 070 | 075 0.80
v * - Al 0 0.02 0.05
A3 0.20REF
+ b 0.20 0.25 0.30
D 4.90 5.00 5.10
E 4.90 5.00 5.10
D2 3.35 3.50 3.65
E2 3.35 3.50 3.65
e 0.40 0.50 0.60
K 0.20 - -
L 0.30 0.40 0.50
R 0.09 - -
NOTES:

ALL DIMENSIONS REFER TO JEDEC STANDARD
MO-220 WHHD-3
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1.8.14 Dimension Drawings of LQFP32
LQFP32 OUTLINE PACKAGE

D (9mm)

A

D1(7mm)

»

ﬂﬂﬂﬂﬂﬂﬂna
//O :

El
E

0000000
INIRIREIRIRIRE

Fav:=

R
4, N
- =Hl v
GATE PLANE T ‘_
e"tt 15 <
> e
< bl >
< . o
NN N NN NN \
. \// ?'/W”H PLATING
N
AN Q
ANAMANANANANNN
BASE METAL

VARIATIONS (ALL DIMENSIONS SHOWN IN MM)

SYMBOLS| MIN. NOM | MAX.
A 1.45 1.55 1.65
Al 0.01 - 0.21
A2 1.35 1.40 1.45
A3 - 0.254 -
D 8.80 9.00 9.20
D1 6.90 7.00 7.10
E 8.80 9.00 9.20
E1 6.90 7.00 7.10
e 0.80
0.3 0.35 0.4
bl 0.31 0.37 0.43
c - 0.127 -
0.43 - 0.71
L1 0.90 1.00 1.10
R 0.1 - 0.25
R1 0.1 - -
0’ 0° - 10°
NOTES:

1. All dimensions are in mm

2. Dim D1 AND E1 does not include plastic
flash.

Flash:Plastic residual around body edge after

de junk/singulation

3. Dim b does not include dambar protrusion/
intrusion.

4. Plating thickness 0.05~0.015 mm.
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1.8.15 Dimension Drawings of SOP32
Dimension Drawings of SOP32(SOP32 is not producted now, LQFP-32 is recommended)

32-Pin Small Outline Package (SOP32)
Dimensions in Millimeters

D (20.98mm)

OABARAARAAARRR

ﬁ

»
!

E1 (7.5mm)
E (10.3mm)

<
<

<@
™

COMMON DIMENSIONS
(UNITS OF MEASURE = MILLMETER /mm)
SYMBOL | MIN | NOM | MAX
A 2465 | 2515 | 2565
Al 0100 | 0150 | 0.200
< b1 - A2 2100 | 2300 | 2500
le——————> b 0356 | 0406 | 0.456
SH IS SON bl 0366 | 0.426 | 0486
\7// WITH PLATING
‘N /éé/ c - 0.254 -
N\ D 2088 | 2098 | 21.08
N E 10.100 | 10.300 | 10.500
BASE METAL El 7.424 7.500 7.624
e 1.27
R L 0700 | 0.800 | 0.900
v ; L1 1303 | 1403 | 1.503
E; L2 - 0.274 -
2 R - 0.200 -
—» L1 | R1 - 0.300 -
® 0° - 10°
z - 0.745 -
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1.8.16 Dimension Drawings of QFN32

QFN32 OUTLINE PACKAGE

D (5mm)

|<
I~

L—P K |€—
- yguuuuuuu
. LASER MARK * — A G
PIN1 I.D - -
g ) -
) > |u sl 9
v {—3 S
Ti D2 A g N
y o
) dy
NNNNNAN 5
b [e— | e
= =
I—D-E'-D-D—D-E‘-E‘-D—I COMMON DIMENSIONS
(UNITS OF MEASURE = MILLMETER /mm)
i SYMBOL | MIN. | NOM. MAX.
! A 070 | 0.75 0.80
<z R4 Al 0 0.02 0.05
v }_ — N A3 0.20REF
3 b 018 | 0.25 0.30
D 490 | 5.00 5.10
E 490 | 5.00 5.10
D2 310 | 3.20 3.30
E2 310 | 3.20 3.30
e 040 | 050 0.60
K 0.20 - -
L 035 | 0.40 0.45
R 0.09 - -
c1 - 0.08 -
c2 - 0.08 -
NOTES:

ALL DIMENSIONS REFER TO JEDEC STANDARD
MO-220 WHHD-4
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1.8.17 Dimension Drawings of PDIP40

PDIP40 OUTLINE PACKAGE

D (2060mil)

<
<

40 21
i W e i o e o e i i T |

»
>

A A T
D O O n y s
\4 v~
LI L I L I T L L L L I T v
¢}
/ D N, S
T < < SEATING
A Y vy PLANE
: |4
<
bl
100 mil
— < SYMBOLS DIMENSIONS IN INCH
MIN NOR MAX
A - - 0.190
Al 0.015 - 0.020
A2 0.15 0.155 0.160
C 0.008 - 0.015
2.025 2.060 2.070
E 0.600 BSC
El 0.540 0.545 0.550
L 0.120 0.130 0.140
bl 0.015 - 0.021
b 0.045 - 0.067
€ 0.630 0.650 0.690
0 0 7 15
UNIT: INCH 1 inch =1000mil
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1.8.18 Dimension Drawings of LQFP44

LQFP-44 OUTLINE PACKAGE

[ D (12mm) e
B D1 (10mm) _
- " " » VARIATIONS (ALL DIMENSIONS SHOWN IN MM
"””””n””””” 7\ SYMBOLS| MIN. NOM MAX.
Y S i A - - 1.60
. —133 Al 0.05 - 0.15
—
g — A2 1.35 1.40 1.45
— g cl 0.09 - 0.16
= — D 12.00
| m— — w w
— — D1 10.00
= — E 12.00
= — El 10.00
\ Y \ e 0.80
! v /| 2l 025 | 030 | 05
121 |y ) 22 plating)
L 0.45 0.60 0.75
e
0.80mm L1 1.00REF
. gl « 0° 0° 35° 7°
3 v VY

[ Jo.osmAX |
(lilj -~
o <
GATE PLANE _{_ _J y
SEATING PLANE y
174
U
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1.8.19 Dimension Drawings of PLCC44

(PLCC44 is not producted now in STC15 series, LQFP44 is recommended)

PLCC44 OUTLINE PACKAGE

| He (17.526mm) A
E(16.586
( mm) > A2 »
17 7
OOOOOOOOnn i
A | = 'Y
18 wﬂ 6 T ¢ +
O u| i
O 0 g = TE‘T
O 0 g E
= 0 g g
D E 1 Te) o
= U ALY
O nh ° 2
O i =]
O il
28 140 y o — A 4
OO0 y
29 39 A
L o
[==]
| v
% A ﬂ
] P—-*
Seating Plane DIMENSIONS IN
SYMBOLS DIMENSIONS IN' INCH MILLMETERS
MIN NOM MAX MIN NOM MAX
A 0.165 - 0.180 4.191 - 4.572
Al 0.020 - - 0.508 - -
A2 0.147 - 0.158 3.734 - 4.013
bl 0.026 0.028 0.032 0.660 0.711 0.813
b 0.013 0.017 0.021 0.330 0.432 0.533
c 0.007 0.010 | 0.0013 0.178 0.254 0.330
D 0.650 0.653 0.656 16.510 | 16.586 | 16.662
E 0.650 0.653 0.656 16.510 | 16.586 | 16.662
€] 0.050BSC 1.270BSC
Gd 0.590 0.610 0.630 14.986 | 15.494 | 16.002
Ge 0.590 0.610 0.630 14.986 | 15.494 | 16.002
Hd 0.685 0.690 0.695 17.399 | 17.526 | 17.653
He 0.685 0.690 0.695 17.399 | 17.526 | 17.653
L 0.100 - 0.112 2.540 - 2.845
Y - - 0.004 - - 0.102
1 inch =1000 mil
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1.8.20 Dimension Drawings of PQFP44

(PQFP44 is not producted now in STC15 series, LQFP44 is recommended)

PQFP44 OUTLINE PACKAGE

Pl D(13.2mm) ‘
< —> "
< D1 »
44 34
RAAAAAAAHHAE $
A
=0 _
| -
[ =] = 1
£ r—
== == £
[~ =] & —
I = = \E =
| = —
- = f—1
| - | e
0= - | -
== 03 T T
\4 -
F v S
12 22
l ol | G0:20MIN
° 0°MIN
A A = ™
g <« S
Y y 3 Y _ GATE PLANE
L I SEATING PLANE
Lig b
|16 DETAILA
SYMBOLS | MIN. | NOM | MAX. NOTES:
A - — 270 1.JEDEC OUTLINE:M0-108 AA-1
Al 025 | - | o050
2 T80 1200 220 2.DATUM PLANE [H] IS LOCATED AT THE BOTTOM
/N /\| bwlo plating) | 0.25 | 030 | 0.35 OF THE MOLD PARTING LINE COINCIDENT WITH
5 300 [ 1320 | 13.0 WHERE THE LAED EXITS THE BODY.
D1 9.9 |[10.00 | 10.10
5 300 1320 [ 3.0 3.DIMENSIONS D1 AND E1 DO NOT INCLUDE MOLD
= 59 1000010 PROTRUSION. ALLOWABLE PROTRUSION IS 0.25mm
L 073 | 088 | 093 PER SIDE. DIMENSIONS D1 AND E1 DO INCLUDE
e 0.80 BSC MOLD MISMATCH AND ARE DETRMINED AT DATUM
' ' PLANE [H]
0o 0 - 7 '
C 0.1 0.15 0.2 4.DIMENSION b DOES NOT INCLUDE DAMBAR
UNIT:mm PROTRUSION.
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1.8.21 Dimension Drawings of LQFP48

LQFP48 OUTLINE PACKAGE

D (9mm)

D1 (7mm) |

A

b
» WITH PLATING
oI UI é‘/

BASE METAL

symBoL | MIN [ Nom | MAX
A - - 1.60
AL 0.05 - 0.15
A2 135 | 140 | 145
A3 059 | 064 | 0.69
b 0.18 - 0.27
bl 017 | 020 [ 023
c 0.13 - 0.18
cl 012 [ 0127 [ 0134
D 880 | 9.00 [ 9.20
D1 6.90 | 7.00 [ 7.10
E 880 [ 9.00 [ 9.20
El 690 | 700 | 7.10

e 0.50
045 | 060 | 075

L1 1.00REF

L2 0.25
R1 0.08 - .
R2 0.08 - 0.20
s 0.20 - -

VARIATIONS (ALL DIMENSIONS SHOWN IN MM
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1.8.22 Dimension Drawings of QFN48

QFN48 OUTLINE PACKAGE

D (7mm)

|<
I~

=I_ }_—’ Kl 1 PIN CORNER(CO.35)
= Juuuuuuuuuuu
O\ = \CA
LASER MARK - A d
PINI ID _ g g
£ D |« d
= |° s
é—E) d
B Ll w» | S
] Y ([@n
-] ([@n
ANANANNNNNNN
b
COMMON DIMENSIONS
7y (UNITS OF MEASURE = MILLMETER /mm)
SYMBOL | MIN. NOM. MAX.
< 4 53 A 070 | 075 0.80
v * - Al 0 0.02 0.05
A3 0.20REF
+ b 0.15 0.20 0.25
D 6.90 7.00 7.10
E 6.90 7.00 7.10
D2 3.95 4.05 4.15
E2 3.95 4.05 4.15
e 0.45 0.50 0.55
K 0.20 - -
L 0.35 0.40 0.45
R 0.09 - -
NOTES:
ALL DIMENSIONS REFER TO JEDEC STANDARD
MO-220 WJJE.
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1.8.23 Dimension Drawings of LQFP64S
LQFP64 SMALL OUTLINE PACKAGE (LQFP64S)

P D (12mm) N A3>| | N
D1 (10mm) _ >—A2
> —->|[<4—Al
A l
HHAHAHAHARAAAAAR =
A /\ 1
I S ==
I ° -] ©
— TOP E-MARK 2-®1.8+0.1 H
~| OO N S M1
2| E| od DEPTH 0.1£0.05 i m
£l S - M1
N —
= : o -
w| w - M1
o -
- M1
- M1
o BTM E-MARK 2-®1.8+0.1 Depth 0.1+0.05 H
0 __—INDEX ®1.240.1 Depth 0.2+0.1 HI
i | |
o Y mim|
\/ T ~
v Hophbodbodpodbod
e
0.50mm b A A
COMMON DIMENSIONS
(UNITS OF MEASURE = MILLMETER / mm) e -2 5
SYMBOL] MIN | NOM MAX 02 -2l
A - - 1.60 R1 01 3
Al 0.05 ~ 0.15 ol = WITH PLATING
A2 | 135 | 140 145 NG D °I ‘ /é d
A3 059 | 064 0.69 k) o X
b 0.18 - 027 L2 >
B[ 017 | 020 0.23 - |, [BASE METAL
c 0.13 - 0.18 A-A Section View
cl 012 | 0127 0.134 s
D 11.80 | 12.00 12.20 <l
DL 9.90 | 10.00 10.10
E 11.80 | 12.00 12.20
EL 9.90 | 10.00 10.10
e 0.50BSC NOTES:
L 045 | 060 | 075 ALL DIMENSIONS MEET JEDEC STANDARD
L1 1.00REF MS-026 BEB DO NOT INCLUDE MOLD
L2 0.25BSC FLASH OR PROTRUSIONS.
RL 0.08 - -
R2 0.08 - 0.20
S 0.20 - -
0° 35 7
01 0° - -
02 110 120 13
03 11° 120 13°
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1.8.24 Dimension Drawings of LQFP64L

LQFP64 LARGE OUTLINE PACKAGE (LQFP64L)
D (16mm)

D1 (14mm)

A

E1 (14mm)

E (16mm)
HEAHAHAAAAHAAAAR

\

O

C4

BTM E-MARK 2-®1.8+0.1 f

DEPTH 0.1+0.05

TOP E-MARK 2-®1.8+0.1 DEPTH 0.1+0.05

INDEX ®1.2+0.1 DEPTH 0.2+0.1

AARAAARAAAARAAAR
/\

HHEHHEHHHHHHHEHEE v

4

N
iELELEELEL L

%

03

Iy

A3

*

1

v

[=]0.10]

WITH PLATING
SI gé N

BASE METAL
A-A Section View

ALL DIMENSIONS MEET JEDEC STANDARD
MS-026 BEB DO NOT INCLUDE MOLD FLASH

0.80mm b 0.20
COMMON DIMENSIONS
(UNITS OF MEASURE = MILLMETER / mm) —»
SYMBOL] MIN | NOM MAX .

A - - 1.60
Al 0.05 - 0.15 R2 -
A2 135 | 1.40 1.45 -
A3 0.59 | 0.64 0.69

b 0.31 - 0.44 L2 ] 7
bl 030 | 0.35 0.40 L

c 0.13 - 0.18 s
cl 0.12 | 0.127 0.134 L

D 15.80 | 16.00 16.20 <>
D1 13.90 | 14.00 14.10

E 158 | 16.00 16.20

El 13.90 14.00 14.10

e 0.70 | 0.80 0.90

L 0.45 | 0.60 0.75

L1 1.00REF

L2 0.25BSC

R1 0.08 - - NOTES:

R2 0.08 - 0.20

S 0.20 - - OR PROTRUSIONS.
0 0° 3.50 7

01 0° - -

02 110 120 130

03 11 120 130
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1.8.25 Dimension Drawings of QFN64

QFN64 OUTLINE PACKAGE

D (9mm)

\_LASER MARK

PIN1 I.D

|4
|

v

v

<_
yuuuuuuuuuuuuuu

A

—>| |-

H—>

D2

A
\ 4

E (9mm)
(UESAURVAVAVAUAVAVRVAVAVRVAVAVAN|
E2
r{ A
ANNNAAANANNNNNNA

TOP VIEW e b
BOTTON VIEW

DETAILA

COMMON DIMENSIONS
(UNITS OF MEASURE = MILLMETER / mm)
A2 SYMBOL | MIN. | NOM. MAX.
< € 5 A 080 | 085 0.90
24 < Al 0 0.02 0.05
vy o A2 060 | 065 0.70
3 L A3 0.20REF
DETAILA b 0.15 0.20 0.25
D 890 | 9.00 9.10
E 890 | 9.00 9.10
D2 590 | 6.00 6.10
E2 590 | 6.00 6.10
e 045 | 050 055
H 0.35REF
K 0.40 - -
L 030 | 040 0.50
R 0.09 - -
NOTES:

ALL DIMENSIONS DO NOT INCLUDE MOLD FLASH
OR PROTRUSION
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1.9 Special Peripheral Function(CCP/SPI,UART1/2/3/4) Switch

CCP is abbreviation for Capture, Compare, PWM

Special Periphral function of STC154K60S2 series MCU, such as CCP/PWM SPI UART1 UART2
UART3 UART4 and so on, can be switched among serveral ports.

Mnemonic| Add | Name 7 6 5 4 3 2 1 0 Reset

Value

AUXR1 Auxiliary 0000

P SW1 A2H register 1 S1.S1 | S1.S0O | CCP.S1| CCP.SO | SPI.S1 |SPI.SO| O DPS | 000
Peripheral

P_SW2 |BAH| function PWM67_S[PWM2345_S S4S | s3s|s2s iégé
switch

CCP can be switched in 3 groups of pins by selecting the control bits CCP_S1 and CCP_SO0.

CCP_S1 | CCP_S0 [CCP can be switched in P1 and P2 and P3
0 0 CCP on [P1.2/ECI,P1.1/CCP0,P1.0/CCP1]
0 1 CCP on [P3.4/ECI_2,P3.5/CCP0_2,P3.6/CCP1_2]
1 0 CCP on [P2.4/ECI_3,P2.5/CCP0_3,P2.6/CCP1_3]
1 1 Invalid

PWM2/PWM3/PWM4/PWM5/PWMFLT can be switched in 2 groups of pins by selecting the control bit
PWM2345 S.

PWM2345_S PWM2/PWM3/PWM4/PWM5/PWMFLT can be switched between P2, P3, and P4

0 PWM2/PWM3/PWM4/PWMS5/PWMEFLT on [P3.7/PWM2, P2.1/PWM3, P2.2/PWM4,
P2.3/PWMS5, P2.4/PWMFLT]
1 PWM2/PWM3/PWM4/PWM5/PWMEFLT on [P2.7/PWM2_2, P4.5/PWM3_2, P4.4/

PWM4_2, P4.2/PWM5_2, PO.5/PWMFLT 2]

PWM6/PWM7 can be switched in 2 groups of pins by selecting the control bit PWM67_S.
PWMG67_S PWM2/PWM3/PWM4/PWM5/PWMFLT can be switched between PO and P1
0 PWM®6/PWMT on [P1.6/PWM6,P1.7/PWMT]
1 PWM®6/PWM?7 on [P0.7/PWM6_2,P0.6/PWM7_2]

SPI can be switched in 3 groups of pins by selecting the control bits SPI_S1 and SPI_SO
SPI1_S1 | SPI_SO |SPI can be switched in P1 and P2 and P4

SPI on [P1.2/SS,P1.3/MOSI,P1.4/MISO,P1.5/SCLK]

SPI on [P2.4/SS_2,P2.3/MOSI_2,P2.2/MISO_2,P2.1/SCLK_2]

SP1 on [P5.4/SS_3,P4.0/MOSI_3,P4.1/MISO_3,P4.3/SCLK_3]
Invalid

PP [O]O]
POk ]O]
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Mnemonic| Add | Name 7 6 5 4 3 2 1 | o |Rest

Value

AUXR1 Auxiliary 0000

b owi |A%H|fegister1| SL-ST | S1.0 | CCPS| CCPSO | SPIS1 |SPISOl 0 | DPS | goo
Peripheral

P_SW2 |BAH| function PWM67_S|PWM2345_S s4s|s3s|s2s igég
switch

UART1/S1 can be switched in 3 groups of pins by selecting the control bits S1_S0 and S1_S1.

S1 S1 |S1.SO |UARTL1/S1 can be switched between P1 and P3
0 0 UART1/S1 on [P3.0/RxD,P3.1/TxD]
0 1 UART1/S1 on [P3.6/RxD_2,P3.7/TxD_2]
1 0 UART1/S1 on _[P1.6/RxD_3/XTAL2,_P1.7/TxD_3/XTAL1]
when UART1 is on P1, please using internal R/C clock.
1 1 Invalid

Recommed UART1 on [P3.6/RxD_2,P3.7/TxD_2] or [P1.6/RxD_3/XTAL2,P1.7/TxD_3/XTALL].

UART2/S2 can be switched in 2 groups of pins by selecting the control bit S2_S.
S2_ S |UART2/S2 can be switched between P1 and P4

0 UART2/S2 on [P1.0/RxD2,P1.1/TxD2]
UART2/S2 on [P4.6/RxD2_2,P4.7/TxD2_2]

UART3/S3 can be switched in 2 groups of pins by selecting the control bit S3_S.
S3_S |UART3/S3 can be switched between PO and P5

UART3/S3 on [P0.0/RxD3,P0.1/TxD3]

UART3/S3 on [P5.0/RxD3_2,P5.1/TxD3_2]

UARTA4/S4 can be switched in 2 groups of pins by selecting the control bit S4_S.
S4 S |UART4/S4 can be switched between PO and P5

0 UART4/S4 on [P0.2/RxD4,P0.3/TxD4]

1 |UARTA4/S4 on [P5.2/RxD4_2,P5.3/TxD4 2]

DPS : DPTR registers select bit.
0: DPTRO is selected
1: DPTRL1 is selected

Nantong Guoxin Micro-Electronics Co. Ltd. Switchboard: 0513-5501 2928/ 2929/ 2966 Fax: 0513-5501 2969/ 2956/ 2947 59



STC15WA4K3254 series MCU Manual ~ www.GXWMCU.com  Temporary Technical Adviser:(86)13922829991  Tel of R&D Adviser:(86)13922805190
1.9.1 Test Porgram that Switch CCP/PWM/PCA (C and ASM)

CCP is abbreviation for Capture, Compare and PWM.

1.C Program Listing

I* */
/*--- STC MCU Limited. */
[* --- Exam Program that switch STC15W4K32S4 series CCP/PCA/PWM in serveral ports--*/
/* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ----------=-------- */
[*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz
#include "reg51.h"
#define FOSC  18432000L

Il
sfr P_SW1 = 0xA2; /IPeripheral function switch register
#define CCP_SO 0x10 /IP_SW1.4
#define CCP_S1 0x20 /IP_SW1.5
Il
void main()
{
ACC = P_SW1;
ACC &= ~(CCP_S0 | CCP_S1); /ICCP_S0=0 CCP_S1=0
P_SW1 = ACC,; /I(P1.2/ECI, P1.1/CCPO, P1.0/CCP1)
1 ACC = P_SW1;
1 ACC &= ~(CCP_S0 | CCP_S1); /ICCP_S0=1 CCP_S1=0
1 ACC |= CCP_S0; /I(P3.4/ECI_2, P3.5/CCP0_2, P3.6/CCP1_2)
1 P_SW1 = ACC,;
1
1 ACC = P_SW1;
1 ACC &= ~(CCP_S0 | CCP_S1); /ICCP_S0=0 CCP_S1=1
1 ACC |= CCP_S1; //(P2.4/ECI_3, P2.5/CCP0_3, P2.6/CCP1_3)
1 P_SW1 = ACC,;
while (1); /lprogram end
}
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2. Assembler Listing

/*

*/

[*--- STC MCU Limited.

*/

/* --- Exam Program that switch STC15W4K32S4 series CCP/PCA/PWM in serveral ports--*/

[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */
/Isuppose the frequency of test chip is 18.432MHz
#define FOSC  18432000L
1
P_SW1 EQU 0A2H /IPeripheral function switch register
CCP_SO0 EQU 10H /IP_SW1.4
CCP_S1 EQU 20H /IP_SW1.5
1

ORG 0000H

LIMP  MAIN
1

ORG 0100H
MAIN:

MOV  SP, #3FH

MOV A P_Swi

ANL A, #0CFH /ICCP_S0=0 CCP_S1=0

MOV  P_SW1, A //(P1.2/ECI, P1.1/CCPO, P1.0/CCP1)
1 MOV A P_Swi
1 ANL A, #0CFH /ICCP_S0=1 CCP_S1=0
1 ORL A, #CCP_SO //(P3.4/ECI_2, P3.5/CCP0_2, P3.6/CCP1_2)
1 MOV  P_SW1, A
1
1 MOV A P_Swi
1 ANL A, #0CFH /ICCP_S0=0 CCP_S1=1
1 ORL A, #CCP_S1 //(P2.4/ECI_3, P2.5/CCP0_3, P2.6/CCP1_3)
1 MOV  P_SW1, A

SIMP  $ /Iprogram end

END
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1.9.2 Test Porgram that Switch PWMZ2/3/4/5/PWMFLT (C and ASM)
1.C Program Listing

[ PWM(Pulse Width Modulation) */
I* */
[*--- STC MCU Limited. */
[* --- Exam Program that switch STC15W4K32S4 series PWM2/3/4/5/PWMFLT in serveral ports--*/
/* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling */
[*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz
#include "reg51.h"

#define FOSC  18432000L

Il
sfr P_SW2 = OXBA, /IPeripheral function switch register 2
#define PWM2345_S 0x10 /IP_SW2.4
Il
void main()
{
P_SW2 &= ~PWM2345_S; /IPWM2345_S=0 ( P3.7/PWM2, P2.1/PWM3,
1IP2.2/IPWM4, P2.3/PWM5, P2.4/PWMFLT )
1 P_SW2 |= PWM2345_S; /IPWM2345_S=1 (P2.7/PWM2_2, P4.5/PWM3_2,
/IP4.4IPWM4_2, P4.2/PWM5_2, PO.5/PWMFLT_2)
while (1); //program end
}
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2. Assembler Listing

[ PWM(Pulse Width Modulation) */
I* */

[*--- STC MCU Limited. */

/* --- Exam Program that switch STC15W4K32S4 series PWM2/3/4/5/PWMFLT in serveral ports--*/

[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#define FOSC  18432000L

Il
P_SW2 EQU 0BAH /IPeripheral function switch register 2
PWM2345_S EQU 10H /IP_SW2.4
Il
ORG 0000H
LIMP  MAIN /IReset entrance
Il
ORG 0100H
MAIN:
MOV SR, #3FH
ANL P_SW2, #NOT PWM2345_ S /IPWM2345_S=0 ( P3.7/PWM2, P2.1/PWM3,
/IP2.2IPWM4, P2.3/PWM5, P2.4/PWMFLT )
1 ORL P_SW2, #PWM2345_S /IPWM2345_S=1 (P2.7/PWM2_2, P4.5/PWM3_2,
[IP4.4/PWM4_2, P4.2/[PWM5_2, PO.5/PWMFLT_2)
SIMP  $ /Iprogram end
END
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1.9.3 Test Porgram that Switch PWM6/PWM7 (C and ASM)

1.C Program Listing

fHrmmmm e PWM(Pulse Width Modulation) */
I* */
/*--- STC MCU Limited. */
[* --- Exam Program that switch STC15W4K32S4 series PWM6/PWM?7 in serveral ports------------- */
/* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
[*---- In Keil C development environment, select the Intel 8052 to compiling */
[*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz
#include "reg51.h"

#define FOSC  18432000L

1

sfr P_SW2 = OxBA, /IPeripheral function switch register 2

#define PWMG67_S 0x20 /IP_SW2.5

1

void main()

{
P_SW2 &= ~PWM67_S; /IPWM67_S=0 ( P1.6/PWM®6, P1.7/PWMT7 )

1 P_SW2 |= PWMG67_S; /IPWM67_S=1 ( PO.7/PWM6_2, P0.6/PWM7_2)
while (1); /Iprogram end

}
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2. Assembler Listing

[ PWM(Pulse Width Modulation) */

I* */

[* --- STC MCU Limited. */

[* --- Exam Program that switch STC15W4K32S4 series PWM6/PWMY7 in serveral ports------------- */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
[*---- In Keil C development environment, select the Intel 8052 to compiling */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#define FOSC  18432000L

1
P_SW2 EQU OBAH [[Peripheral function switch register 2
PWMG67_S EQU 20H /IP_SW2.5
1
ORG  0000H
LIMP  MAIN /IReset entrance
1
ORG  0100H
MAIN:
MOV  SP, #3FH
ANL P_SW2, #NOT PWM67_S /IPWM67_S=0 ( P1.6/PWMS6, P1.7/PWM7 )
1 ORL P_SW2, #PWM67_S /IPWM67_S=1 ( P0.7/PWM6_2, P0.6/PWM7_2)
SIMP  $ /lprogram end
END
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1.9.4 Test Porgram that Switch SPI (C and ASM)

1.C Program Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program that switch STC15W4K32S4 series SPI in serveral ports ----------------- */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------==----- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz
#include "reg51.h"

#define FOSC 18432000L

Il
sfr P SW1 = 0xA2; [IPeripheral function switch register
#define SPI_SO 0x04 /IP_SW1.2
#define SPI_S1 0x08 /IP_SW1.3
Il
void main()
{
ACC = P_SW1;
ACC &= ~(SP1_SO | SP1_S1); //SP1_S0=0 SPI_S1=0
P_SW1 = ACC; //(P1.2/SS, P1.3/MOSI, P1.4/MISO, P1.5/SCLK)
I ACC = P_SW1;
I ACC &= ~(SPI1_SO | SPI1_S1); //SPI_S0=1 SPI_S1=0
I ACC |= SP1_S0; //(P2.4/SS_2, P2.3/MOSI_2, P2.2/MISO_2, P2.1/SCLK_2)
I P_SW1 = ACC;
I
I ACC = P_SW1;
I ACC &= ~(SP1_SO | SP1_S1); //SPI_S0=0 SPI_S1=1
I ACC = SPI_S1; //(P5.4/SS_3, P4.0/MOSI_3, P4.1/MISO_3, P4.3/SCLK_3)
I P_SW1 = ACC;
while (1); /lprogram end
}
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2. Assembler Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program that switch STC15W4K32S4 series SPI in serveral ports ----------------- */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#define FOSC  18432000L

Il
P SW1 EQU 0A2H [[Peripheral function switch register
SPI_SO EQU 04H /IP_SW1.2
SPI_S1 EQU 08H /IP_SW1.3
Il
ORG 0000H
LIMP  MAIN
Il
ORG 0100H
MAIN:
MOV SR, #3FH
MOV A, P_SwW1
ANL A, #OF3H //SP1_S0=0 SPI_S1=0
MOV  P_SWi1, A //(P1.2/SS, P1.3/MOSI, P1.4/MISO, P1.5/SCLK)
I MOV A, P_SwW1
I ANL A, #OF3H //SPI_S0=1 SPI_S1=0
I ORL A, #SP1_S0 //(P2.4/SS_2, P2.3/MOSI_2, P2.2/MISO_2, P2.1/SCLK_2)
I MOV  P_SWi1, A
I
I MOV A, P_SwW1
I ANL A, #OF3H /ISP1_S0=0 SPI_S1=1
I ORL A, #SP1_S1 //(P5.4/SS_3, P4.0/MOSI_3, P4.1/MISO_3, P4.3/SCLK_3)
I MOV  P_SWi1, A
SIMP  $ //program end
END
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1.9.5 Test Porgram that Switch UART1 (C and ASM)
1.C Program Listing

* */
/*--- STC MCU Limited. */
/* --- Exam Program that switch STC15W4K32S4 series UARTL in serveral ports ------------ */
/* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
[*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
* */
//suppose the frequency of test chip is 18.432MHz
#include "reg51.h"
#define FOSC 18432000L
Il
sfr P_SW1 = 0xA2; /IPeripheral function switch register
#define S1_SO 0x40 /IP_SW1.6
#define S1_S1  0x80 /IP_SW1.7
Il
void main()
{

ACC = P_SW1;

ACC &= ~(S1_S0|S1_S1); //S1_S0=0 S1_S1=0

P_SW1 = ACC; //(P3.0/RxD, P3.1/TxD)
1 ACC = P_SW1;
1 ACC &= ~(S1_S0|S1_S1); //S1_S0=1S1_S1=0
1 ACC |= S1_S0; //(P3.6/RxD_2, P3.7/TxD_2)
1 P_SW1 = ACC;
1
1 ACC = P_SW1;
1 ACC &= ~(S1_S0| S1_S1); //S1_S0=0S1 _S1=1
1 ACC = S1_S1; /I(P1.6/RxD_3, P1.7/TxD_3)
1 P_SW1 = ACC;

while (1); /lprogram end
}
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2. Assembler Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program that switch STC15W4K32S4 series UARTL in serveral ports ------------ */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#define FOSC 18432000L

I
PSW1I EQU  0A2H
S1.S0 EQU  40H /IP_SW1.6
SISl EQU  80H IIP_SW1.7
I
ORG  0000H
LIMP ~ MAIN
I
ORG  0100H
MAIN:
MOV  SP, #3FH
MOV A, P SW1
ANL A, #03FH
MOV P SW1, A
I MOV A, P SW1
I ANL A, #03FH
I ORL A, #S1_S0O
I MOV P SW1, A
I
I MOV A, P SW1
I ANL A, #03FH
I ORL A, #S1 S1
I MOV P SW1, A
SIMP  $
END

[IPeripheral function switch register

//S1_S0=0S1_S1=0
//(P3.0/RXD, P3.1/TXD)

//S1_S0=1S1_S1=0
/I(P3.6/RXD_2, P3.7/TxD_2)

//S1_S0=0S1_S1=1
//(P1.6/RXD_3, P1.7/TxD_3)

/lprogram end
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1.9.6 Test Porgram that Switch UART2 (C and ASM)

1.C Program Listing
/*

[*--- STC MCU Limited.

/* --- Exam Program that switch STC15W4K32S4 series UART2 in serveral ports --

[* --- Mobile: (86)13922805190

[* --- Fax: 86-755-82905966

/* --- Tel: 86-755-82948412
/* --- Web: www.STCMCU.com

/* If you want to use the program or the program referenced in the
/* article, please specify in which data and procedures from STC

[*---- In Keil C development environment, select the Intel 8052 to compiling ---------

[*---- And only contain < reg51.h > as header file

/*

//suppose the frequency of test chip is 18.432MHz
#include "reg51.h"

#define FOSC 18432000L

1
sfr P_SW2 = OxBA, /IPeripheral function switch register
#define S2_S 0x01 /IP_SW2.0
1
void main()
P_SW2 &= ~S2_S; //S2_S0=0 (P1.0/RxD2, P1.1/TxD2)
1 P_SW2 |= S2_S; //S2_S0=1 (P4.6/RxD2_2, P4.7/TxD2_2)
) while (1); /lprogram end
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2. Assembler Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program that switch STC15W4K32S4 series UART2 in serveral ports ------------- */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#define FOSC  18432000L

Il
P_SW2 EQU 0BAH [IPeripheral function switch register
S2_S EQU 01H /IP_SW2.0
Il
ORG 0000H
LIMP - MAIN
Il
ORG 0100H
MAIN:
MOV  SP, #3FH
ANL P_SW2, #NOT S2_S //S2_S0=0 (P1.0/RxD2, P1.1/TxD2)
1 ORL P_SW2, #S2_S //S2_S0=1 (P4.6/RxD2_2, P4.7/TxD2_2)
SIMP  $ /Iprogram end
END
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1.9.7 Test Porgram that Switch UART3 (C and ASM)

1.C Program Listing

* */
/*--- STC MCU Limited. */
/* --- Exam Program that switch STC15W4K32S4 series UART3 in serveral ports ------------- */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz
#include "reg51.h"

#define FOSC  18432000L

I
sfr P_SW2 = OXBA, /IPeripheral function switch register
#define S3_S 0x02 /IP_SW2.1
I
void main()
{
P_SW2 &= ~S3_S; //S3_S0=0 (P0.0/RxD3, P0.1/TxD3)
1 P_SW2 |= S3_S; //S3_S0=1 (P5.0/RxD3_2, P5.1/TxD3_2)
) while (1); /lprogram end
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2. Assembler Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program that switch STC15W4K32S4 series UART3 in serveral ports ------------- */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#define FOSC  18432000L

Il
P_SW2 EQU 0BAH /IPeripheral function switch register
S3_S EQU 02H /IP_SW2.1
Il
ORG 0000H
LIMP  MAIN
Il
ORG 0100H
MAIN:
MOV  SP, #3FH
ANL P_SW2, #NOT S3_S //S3_S0=0 (P0.0/RxD3, P0.1/TxD3)
I ORL P_SW2, #S3_S //S3_S0=1 (P5.0/RxD3_2, P5.1/TxD3_2)
SIMP  $ /Iprogram end
END
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1.9.8 Test Porgram that Switch UART4 (C and ASM)

1.C Program Listing

I* */
/*--- STC MCU Limited. */
/* --- Exam Program that switch STC15W4K32S4 series UART4 in serveral ports ------------- */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
[*---- And only contain < reg51.h > as header file */
* */

I/suppose the frequency of test chip is 18.432MHz
#include "reg51.h"

#define FOSC  18432000L

1
sfr P_SW2 = OxBA, /[Peripheral function switch register
#define S4_S 0x04 /IP_SW2.2
1
void main()
{
P_SW2 &= ~S4_S; //S4_S0=0 (P0.2/RxD4, P0.3/TxD4)
1 P_SW2 |= S4_S; //S4_S0=1 (P5.2/RxD4_2, P5.3/TxD4_2)
) while (1); //program end
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2. Assembler Listing

* */
/* --- STC MCU Limited. */
[* --- Exam Program that switch STC15W4K32S4 series UART4 in serveral ports ------------- */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
[I* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
* */

I/suppose the frequency of test chip is 18.432MHz

#define FOSC  18432000L

1
P_SW2 EQU 0BAH /[Peripheral function switch register
S4_S0 EQU 04H /IP_SW2.2
1
ORG 0000H
LIMP  MAIN
1
ORG 0100H
MAIN:
MOV  SP, #3FH
ANL P_SW2, #NOT S4_S //S4_S0=0 (P0.2/RxD4, P0.3/TxD4)
1 ORL P_SW2, #S4_S //S4_S0=1 (P5.2/RxD4_2, P5.3/TxD4_2)
SIMP  $ /program end
END
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1.10 Global Unique Identification Number (ID)

The latest generation of STC MCU ----STC15 series MCU all have a global unique identification number
(ID) when out of factory. The global unique ID number is located in the last 7 bytes units of program
memory in the latest STC15 series MCU, which can not be modified. But the all program area of IAP15
series MCU, which is open to user, can be modified. That using STC15 series MCU and its EEPROM
function which began to use from the starting address 0000H can effectively eliminate the attack to global
unique 1D when STC15 series MCU is protected by global unique ID.

In addition to the program memory of the last 7 bytes units store the only global ID, the content of internal

RAM units F1H ~ F7H also is the global unique ID number. User can use “MOV @Ri” instruction read RAM
unit F1~F7 to get the ID number after power on. If users need to the unique identification number to encrypt their
procedures, detecting the procedures not be illegally modified should be done first. preventing the decryption to

modification program, bypassing the judgment to global unique 1D number .

Recommend to use the program memory of the last 7 bytes of global unique ID, instead of using the internal
RAM units F1H - F7H global unique ID number. Because the program memory of the last 7 bytes of a
global unique 1D number is more than difficult to attack than the internal RAM units F1H - F7H.

/IThe following example program written by C language is to read internal ID number from RAM or Program
Memory.

1.C Program Listing

I* */
/*--- STC MCU Limited. */
/* --- Exam Program that read internal ID number */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

/Isuppose the frequency of test chip is 18.432MHz

#include "reg51.h"

typedef unsigned char BYTE;
typedef unsigned int WORD;

#define URMD 0 //0: Timer 2 as Baud Rate Generator
//1:Timerl in mode 0 (16-bit auto-reload mode) as Baud Rate Generator
//2:Timerl in mode 2 (8-bit auto-reload mode) as Baud Rate Generator
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sfr T2H = 0xd6;
sfr T2L = 0xd7;
sfr AUXR = 0x8e;

#define ID_ADDR_RAM Oxfl

//High 8 bit of Timer 2
/ILow 8 bit of Timer 2

//Auxiliary Register

/1D number be stored in RAM location OF1H

/11D number be stored in the last 7 bytes of program memory

/l#define ID_ADDR_ROM  0x3ff9
Il#define ID_ADDR_ROM  Ox7ff9
Il#define ID_ADDR_ROM  0x9ff9
Il#define ID_ADDR_ROM  Oxbff9
#define ID_ADDR_ROM Oxdff9

1l
void InitUart();

void SendUart(BYTE dat);
1l
void main()

{

BYTE idata *iptr;
BYTE code *cptr;
BYTE i

InitUart();
iptr = ID_ADDR_RAM,;
for (i=0; i<7; i++)

{

SendUart(*iptr++);

}
cptr = ID_ADDR_ROM,;
for (i=0; i<7; i++)

{
SendUart(*cptr++);
}
while (1);
}
/*
Initialize serial port
*/
void InitUart()
SCON = 0x5a;

/116K MCU(eg. STC15W4K1654)
/132K MCU(eg. STC15W4K3254)
/140K MCU(eg. STC15W4K40S4)
/148K MCU(eg. STC15W4K48S4)
/156K MCU(eg. STC15W4K5654)

/linitialize serial port

/Iread ID number from RAM

/lread 7 bytes

//send ID number to serial port

/Iread ID number from program memory

/lread 7 bytes

/Isend ID number to serial port

/Iprogram end

//TUART1 in 8-bit variable baud rate mode
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#if URMD == 0
T2L = 0xd8; //Set the auto-reload parameter
T2H = Oxff; /1115200 bps(65536-18432000/4/115200)
AUXR = 0x14; /IT2 in 1T mode, strat up Timer 2
AUXR |= 0x01; /[Timer 2 as baud-rate Generator of UART1
#elif URMD == 1
AUXR = 0x40; /IT1in 1T mode
TMOD = 0x00; /[Timerl in mode 0(16-bit auto-reload mode
TL1 = 0xd8; //Set the auto-reload parameter
TH1 = Oxff; /1115200 bps(65536-18432000/4/115200)
TR1 = 1; [/strat up Timer 1
#else
TMOD = 0x20; /[Timerl in mode 2 (8-bit auto-reload mode)
AUXR = 0x40; /IT1in 1T mode
TH1 = TL1 = Oxfb; //115200 bps(256 - 18432000/32/115200)
TR1 = 1;
#endif
}
/*
Send serial port data
*/
void SendUart(BYTE dat)
while (ITI); /Iwait to finish transmitting
TI=0;
SBUF = dat; //Send serial port data
}
2. Assembler Listing
* */
/*--- STC MCU Limited. */
/* --- Exam Program that read internal 1D number */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
I* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
* */

//suppose the frequency of test chip is 18.432MHz

#define URMD 0 //0: Timer 2 as Baud Rate Generator
/[1:Timerl in mode 0 (16-bit auto-reload mode) as Baud Rate Generator
/[2:Timerl in mode 2 (8-bit auto-reload mode) as Baud Rate Generator
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T2H DATA 0D6H /[High 8 bit of Timer 2

T2L DATA 0D7H //Low 8 bit of Timer 2

AUXR DATA 08EH //Auxiliary Register

Il

#define 1ID_ADDR_RAM O0xfl /ID number be stored in RAM location OF1H

/11D number be stored in the last 7 bytes of program memory

[#define ID_ADDR_ROM 0x3ff9 /16K MCU(eg. STC15W4K16S4)
[#define ID_ADDR_ROM 0x7ff9 /132K MCU(eg. STC15W4K32S4)
[#define ID_ADDR_ROM 0x9ff9 /140K MCU(eg. STC15W4K40S4)
[#define ID_ADDR_ROM 0xbff9 /148K MCU(eg. STC15W4K48S4)
#define ID_ADDR_ROM 0xdff9 //56K MCU(eg. STC15W4K5654)
1
ORG 0000H
LIMP  MAIN
1
ORG 0100H
MAIN:
MOV  SP, #3FH
LCALL INIT_UART /lllinitialize serial port
MOV RO, #ID_ADDR_RAM /Iread 1D number from RAM
MOV R1, #7 /lread 7 bytes
NEXT1:
MOV A, @RO
LCALL SEND_UART //send ID number to serial port
INC RO
DINZ R1, NEXT1
MOV DPTR, #ID_ADDR_ROM /Iread ID number from program memory
MOV R1, #7 /lread 7 bytes
NEXT2:
CLR A
MOVC A, @A+DPTR
LCALL SEND_UART //send ID number to serial port
INC DPTR
DINZ R1, NEXT2
SIMP  $ /lprogram end
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/*
Initialize serial port
*/
INIT_UART:
MOV  SCON, #5AH //UART1 in 8-bit variable baud rate mode
#if URMD ==
MOV  T2L, #0D8H //Set the auto-reload value (65536-18432000/4/115200)
MOV  T2H, #OFFH
MOV  AUXR, #14H /IT2 in 1T mode, strat up Timer 2
ORL AUXR, #01H /ITimer 2 as baud-rate Generator of UART1
#elif URMD ==
MOV  AUXR, #40H /IT1in 1T mode
MOV  TMOD, #00H /[Timerl in mode 0(16-bit auto-reload mode)
MOV  TL1, #0D8H //Set the auto-reload value

//(65536-18432000/4/115200)
MOV  THL, #OFFH

SETB TR1 /Istrat up Timer 1
#else
MOV  TMOD, #20H /[Timerl in mode 2 (8-bit auto-reload mode)
MOV  AUXR, #40H /IT1in 1T mode
MOV  TLI, #0FBH //115200 bps(256 - 18432000/32/115200)
MOV  THI, #OFBH
SETB TR1
#endif
RET
/*
Send serial port data
*/
SEND_UART:
JNB TI, $ [lwait to finish transmitting
CLR TI
MOV  SBUF, A //Send serial port data
RET
END
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Chapter 2 Clock, Reset and Power Management

2.1 Clock

The STC15W4K32S4 series MCU has two clock sources: internal high precise R/C clock and external clock
(external input clock or external crystal oscillator). Internal high-precise R/C clock with £0.3% error has +=1%
temperature drift(-40 ~+85 ) while £0.6% in normal temperature (-20 ~+65 ).

2.1.1 On-Chip Configurable Clock

=j) STC-ISP (V6.82H) (Sales: 0513-55012928) Web:wwa.!

MCU Type|STCISH4KIZS4 v| Pins|Aute |

COM Fort|COM3 * || Scan |

Min Band[2400 | Max Baud
.ﬁ.dd.ress

o000 |7 Open Code Fil
020000 [/IClear code buffer IEI Select system clock source(Internal R/C clock or
0x0000  [V|Clear EEPEOM buffer |Open EEFROM File| External clock)

mu—miuﬁ_um Downlosd (UE/17) | Encrygd | /Choice: Select the internal R/C clock

No-Choice: Select the external clock
<:@:t system clock zsource (External fInte = :>
LT Freguany i
|z| O=zcillater high zain
|E Using fast download mode

>

Select the frequency of internal high precise R/C
N clock that the user program is running next time.
The frequency also can be input directly.

Input range:5MHz ~ 35MHz

iNext time can program only when F3.2 & B3 1
-_ Enable longer power—on—reset latency
| RESET pin used az I/0 port

Enable Low—Y¥oltage reset

L¥D detect lewe|2 B3 ¥ -

|E Inhibit EEFROM operation under Low—VYoltag

Select CFU-Core supply lewe|2.78 ¥ -

|j Hardware enable WOT after power—on-raset

K

<

=
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2.1.2 Divider for System Clock

A clock divider(CLK_DIV) is designed to slow down the operation speed of STC15W4K32S4 series MCU, to
save the operating power dynamically. User can slow down the MCU by means of writing a non-zero value to
the CLKS[2:0] bits in the CLK_DIV register. This feature is especially useful to save power consumption in idle
mode as long as the user changes the CLKS[2:0] to a non-zero value before entering the idle mode.

Clock Division Register CLK_DIV (PCON2):

SFR Name | SFR Address bit B7 B6 B5 B4 B3 B2 Bl BO
%gaﬁlz\)/ 97H name | MCKO_S1 [ MCKO_SO [ADRJ| Tx_Rx | MCLKO_2 | CLKS2 | CLKS1 | CLKSO
the control bit of system clock
CLKS2 | CLKS1 | CLKSO |(System clock refers to the master clock that has been divided frequency, which is offered to
CPU, UARTs, SPI, Timers, CCP/PWM/PCA and A/D Converter)
0 0 0 Master clock frequency/1, No division
0 0 1 Master clock frequency/2
0 1 0 Master clock frequency/4
0 1 1 Master clock frequency/8
1 0 0 Master clock frequency/16
1 0 1 Master clock frequency/32
1 1 0 Master clock frequency/64
1 1 1 Master clock frequency/128

The master clock can either be internal R/C clock or the external input clock or the external crystal oscillator.

oo
|
|

“ 011 System Clock (SYSclk)

Master Clock —! ' (To CPU and other peripherals)

(Master clock can either be +16 100
internal R/C clock or the external |
input clock or the external crystal +32 101

oscillator)

|
|
| +128 I T %

7
CLKS2,CLKS1,CLKSO

Clock Structure
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2.1.3 Programmable Clock Output (or as Frequency Divider)

STC15W4K32S4 series MCU has six channel programmable clock outputs. They are Master clock output
MCLKO/P5.4, Timer 0 programmable clock output TOCLKO/P3.5, Timer 1 programmable clock output
T1CLKO/P3.4, Timer 2 programmable clock output T2CLKO/P3.0, Timer 3 programmable clock output
T3CLKO/P0.4, Timer 4 programmable clock output TACLKO/P0.6. The speed of external programmable clock
output is also not more than 13.5MHz, because the output speed of I/O port of STC15 series MCU is not more
than 13.5MHz.

2.1.3.1 Special Function Registers Related to Programmable Clock Output

Bit Address and Symbol Value after Power-
MSB LSB on or Reset

AUXR Auxiliary register 8EH T0x12| Tix12 | UART_MOx6 |T2R| T2_CIT | T2x12 |EXTRAM | S1ST2 0000 0001B

Symbol Description  |Address

External Interrupt
enable and Clock | 8FH [ Ex4 | Ex3]Ex2| Mcko_s2[T2cLko]TicLKO[TOCLKO| X000 00008
output register

CLK_DIV | Clock Division
(PCON2) register
Timer 4 and Timer

TaTaM | S eregister | D T4R[T4_C/T[T4x12[TACLKO|T3R|T3 C/T[T3x12[T3CLKO| 0000 0000B

INT_CLKO
AUXR2

97H  [mcko_simcko_sifabrifTx_RmcLko_2cLksz|cLksicLiso] 0000 00008

The satement (used in C language) of Special function registers INT_CLKO/AUXR/CLK_DIV/T4T3M:

sfr INT_CLKO = Ox8F; /IThe address statement of special function register INT_CLKO
sfr AUXR = Ox8E; /IThe address statement of Special function register AUXR

sfr CLK_DIV = 0x97; /IThe address statement of Special function register CLK_DIV
sfr T4T3M = 0xD1,; /IThe address statement of Special function register T4T3M

The satement (used in Assembly language) of Special function registers INT_CLKO/AUXR/CLK_DIV/T4T3M:

INT_CLKO EQU 8FH ;The address statement of special function register INT_CLKO
AUXR EQU 8EH ;The address statement of Special function register AUXR
CLK_DIV EQU 97H ;The address statement of Special function register CLK_DIV
T4T3M EQU D1H ;The address statement of Special function register T4T3M
1. CLK_DIV (PCONZ2) : Clock Division register(Non bit addressable)
SFR Name | SFR Address | bit B7 B6 B5 B4 B3 B2 B1 BO
%gaﬁlz\)/ 97H name | MCKO_S1 | MCKO_SO | ADRJ| TX_Rx | MCLKO_2 | CLKS2 [ CLKS1 | CLKSO0

ADRJ the adjustment bit of ADC result
0 ADC_RES[7:0] store high 8-bit ADC result ADC_RESL[1:0] store low 2-bit ADC result
1 ADC_RES[1:0] store high 2-bit ADC result ADC_RESL[7:0] store low 8-bit ADC result

Tx_Rx the set bit of relay and broadcast mode of UART1
0 UART1 works on normal mode
1 UART1 works on relay and broadcast mode that to say output the input level state of RxD port to the outside
TxD pin in real time, namely the external output of TxD pin can reflect the input level state of RxD port.
the RxD and TxD of UART1 can be switched in 3 groups of pins: [RxD/P3.0, TxD/P3.1];

[RxD_2/P3.6, TxD_2/P3.7];
[RxD_3/P1.6, TxD_3/P1.7].
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Mnemonic| Add Name 7 6 5 4 3 2 1 0 \F;;’fj;
%L_é(ézlz\)/ 97H | Clock Division register MCKO_S1{MCKO_S0| ADRJ TX_Rx |[MCLKO_2|CLKS2|CLKS1|CLKSO 8888
”(\'ATL—JS("R’;)O 8FH Er:(c}e(;rl]g(l:Il(nc:fjigrat’:trsg?s?r; - Exa | EX3 EX2  |MCKO_S2{T2CLKO[TICLKQITOCLKO| 000
the control bit of master clock output by dividing the frequency
MCKO_S2|MCKO_S1IMCKO_S0| (The master clock can either be internal R/C clock or the external input clock
or the external crystal oscillator)
0 0 0 Master clock do not output external clock
0 0 1 Master clock output external clock but its frequency do not be divided
and the output clock frequency = MCLK / 1
0 1 0 Master clock output external clock but its frequency is divided by 2 and
the output clock frequency = MCLK / 2
0 1 1 Master clock output external clock but its frequency is divided by 4 and
the output clock frequency = MCLK / 4
1 0 0 Master clock output external clock but its frequency is divided by 4 and
the output clock frequency = MCLK / 16

The master clock can either be internal R/C clock or the external input clock or the external crystal oscillator.
MCLK is the frequency of master clock.
STC15W4K32S4 series MCU output master clock on MCLKO/P5.4

MCLKO 2

to select Master Clock output on where
0 Master Clock output on MCLKO/P5.4
1 Master Clock output on MCLKO_2/XTAL2/P1.6
The master clock can either be internal R/C clock or the external input clock or the external crystal oscillator.

the control bit of system clock
CLKS2 [ CLKS1 | CLKSO [(System clock refers to the master clock that has been divided frequency, which is
offered to CPU, UARTS, SPI, Timers, CCP/PWM/PCA and A/D Converter)
0 0 0 Master clock frequency/1, No division
0 0 1 Master clock frequency/2
0 1 0 Master clock frequency/4
0 1 1 Master clock frequency/8
1 0 0 Master clock frequency/16
1 0 1 Master clock frequency/32
1 1 0 Master clock frequency/64
1 1 1 Master clock frequency/128

The master clock can either be internal R/C clock or the external input clock or the external crystal oscillator.
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2. INT_CLKO (AUXR?2) : External Interrupt Enable and Clock Output register

SFR Name | SFR Address bit B7 B6 B5 B4 B3 B2 Bl BO
IN;—GiIE;;o 8FH name EX4 EX3 EX2 MCKO_S2 |T2CLKO|T1CLKO|TOCLKO

BO - TOCLKO : Whether is P3.5/T1 configured for Timer 0(TO) programmable clock output TOCLKO or not.
1, P3.5/T1 is configured for TimerO programmable clock output TOCLKO, the clock output frequency = TO overflow/2
If Timer/Counter 0 in mode 0 (16 bit auto-reloadable mode),
and if C/T = 0, namely Timer/Counter 0 count on the internal system clock,

When TO in 1T mode (AUXR.7/T0x12=1), the output frequency = (SY Sclk)/(65536-[RL_THO, RL_TL0])/2
When TO in 12T mode (AUXR.7/T0x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_THO, RL_TL0])/2

and if C/T = 1, namely Timer/Counter 0 count on the external pulse input from P3.4/T0,

the output frequency = (TO_Pin_CLK) / (65536-[RL_THO, RL_TLO0])/2
If Timer/Counter 0 in mode 2 (8 bit auto-reloadable mode),

and if C/T = 0, namely Timer/Counter 0 count on the internal system clock,
When TO in 1T mode(AUXR.7/T0x12=1), the output frequency = (SYSclk) / (256-THO0) / 2
When TO in 12T mode(AUXR.7/T0x12=0), the output frequency = (SYSclk) / 12 / (256-THO) / 2

and if C/T = 1, namely Timer/Counter 0 count on the external pulse input from P3.4/T0,
the output frequency = (TO_Pin_CLK) / (256-THO) / 2

0, P3.5/T1 is not configure for Timer 0 programmable clock output TOCLKO

B1 - TICLKO : Whether is P3.4/T0 configured for Timer 1(T1) programmable clock output TACLKO or not.
1, P3.4/T0 is configured for Timerl programmable clock output TLICLKO, the clock output frequency = T1 overflow/2
If Timer/Counter 1 in mode 1 (16 bit auto-reloadable mode),
and if C/T = 0, namely Timer/Counter 1 count on the internal system clock,

When T1 in 1T mode (AUXR.6/T1x12=1), the output frequency = (SYSclk)/(65536-[RL_TH1, RL_TL1])/2
When T1 in 12T mode (AUXR.6/T1x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH1, RL_TL1])/2

and if C/T = 1, namely Timer/Counter 1 count on the external pulse input from P3.5/T1,
the output frequency = (T1_Pin_CLK)/ (65536-[RL_TH1, RL_TL1])/2
If Timer/Counter 1 in mode 2 (8 bit auto-reloadable mode),
and if C/T = 0, namely Timer/Counter 1 count on the internal system clock,
When T1 in 1T mode(AUXR.6/T1x12=1), the output frequency = (SYSclk) / (256-TH1) / 2
When T1 in 12T mode(AUXR.6/T1x12=0), the output frequency = (SYSclk) / 12 / (256-TH1) / 2

and if C/T = 1, namely Timer/Counter 1 count on the external pulse input from P3.5/T1,
the output frequency = (T1_Pin_CLK) / (256-TH1) / 2
0, P3.4/T0 is not configure for Timer 1 programmable clock output TICLKO

B2 - T2CLKO : Whether is P3.0 configured for Timer 2(T2) programmable clock output T2CLKO or not.
1, P3.0 is configured for Timer2 programmable clock output T2CLKO, the clock output frequency = T2 overflow/2

If T2_ C/T = 0, namely Timer/Counter 2 count on the internal system clock,

When T2 in 1T mode (AUXR.2/T2x12=1), the output frequency = (SY Sclk)/(65536-[RL_TH2, RL_TL2])/2
When T2 in 12T mode (AUXR.2/T2x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH2, RL_TL2])/2

If T2_C/T = 1, namely Timer/Counter 2 count on the external pulse input from P3.1/T2,
the output frequency = (T2_Pin_CLK) / (65536-[RL_TH2, RL_TL2])/2
0, P3.0 is not configure for Timer 2 programmable clock output T2CLKO
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2. INT_CLKO (AUXR2) : External Interrupt Enable and Clock Output register

SFR Name | SFR Address bit B7 B6 B5 B4 B3 B2 Bl BO
INT_CLKO
AUXR2 8FH name EX4 EX3 EX2 MCKO_S2 |T2CLKO|T1CLKO|TOCLKO

B4 - EX2 : Enable bit of External Interrupt 2(INT2)
B5 - EX3 : Enable bit of External Interrupt 3(INT3)
B6 - EX4 : Enable bit of External Interrupt 4(INT4 )

3. AUXR : Aucxiliary register (Address:8EH, Non bit-addressable)

SFR name | Address| bit B7 B6 B5 B4 B3 B2 B1 BO
AUXR 8EH | name | TOx12 | T1x12 | UART_MOx6 | T2R T2 C/T | T2x12 |EXTRAM | S1ST2

B7 - TOx12 : Timer O clock source bit.
0 : The clock source of Timer 0 is SYSclk/12. It will compatible to the traditional 8051 MCU
1 : The clock source of Timer 0 is SYSclk/1. It will drive the TO faster than a traditional 8051 MCU

B6 - T1x12 : Timer 1 clock source bit.

0 : The clock source of Timer 1 is SYSclk/12. It will compatible to the traditional 8051 MCU

1 : The clock source of Timer 1 is SYSclk/1. It will drive the TO faster than a traditional 8051 MCU
If T1 is used as the baud-rate generator of UART1, T1x12 will decide whether UART1 is 1T or 12T.

B5 - UART_MOx6 : Baud rate select bit of UART1 while it is working under Mode-0
0 : The baud-rate of UART in mode 0 is SYSclk/12.
1 : The baud-rate of UART in mode 0 is SYSclk/2.

B4 -T2R Timer 2 Run control bit
0 : notrun Timer 2;
1 : runTimer 2.

B3 - T2_C/T: Counter or timer 2 selector
0 : as Timer (namely count on internal system clock)
1 : as Counter (namely count on the external pulse input from T2/P3.1)

B2 - T2x12 : Timer 2 clock source bit.

0 : The clock source of Timer 2 is SYSclk/12.

1 : The clock source of Timer 2 is SYSclk/1.
If T2 is used as the baud-rate generator of UART1 or UART2, T1x12 will decide whether UART1 or UART?2 is
1T or 12T.

B1 - EXTRAM : Internal / external RAM access control bit.
0 : On-chip auxiliary RAM is enabled.
1 : On-chip auxiliary RAM is always disabled.

BO - S1ST2 : the control bit that UART1 select Timer 2 as its baud-rate generator.
0 : Select Timer 1 as the baud-rate generator of UART1
1 : Select Timer 2 as the baud-rate generator of UART1. Timer 1 is released to use in other functions.
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4. T4T3M : Timer 4 and Timer 3 Mode register (Non bit-addressable)

SFR name | Address| bit B7 B6 B5 B4 B3 B2 B1 BO
T4T3M DIH |name| T4R T4_C/T T4x12 |TACLKO| T3R T3_C/T T3x12 | T3CLKO

B7 - T4AR Timer 4 Run control bit
0 : notrun Timer 4;
1 : runTimer 4.

B6 - T4_C/T: Counter or timer 4 selector
0 : as Timer (namely count on internal system clock)
1 : as Counter (namely count on the external pulse input from T4/P0.7)

B5 - T4x12 : Timer 4 clock source bit.
0 : The clock source of Timer 4 is SYSclk/12.
1 : The clock source of Timer 4 is SYSclk/1.

B4 - T4CLKO : Whether is P0.6 configured for Timer 4(T4) programmable clock output T4ACLKO or not.
1, P0.6 is configured for Timer 4 programmable clock output TACLKO, the clock output frequency = T4 overflow/2

If T4_ CIT = 0, namely Timer/Counter 4 count on the internal system clock,
When T4 in 1T mode (T4T3.5/T4x12=1), the output frequency = (SYSclk)/(65536-[RL_TH4, RL_TL4])/2
When T4 in 12T mode (T4T3.5/T4x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH4, RL_TL4])/2

If T4_C/T = 1, namely Timer/Counter 4 count on the external pulse input from P0.7/T4,
the output frequency = (T4_Pin_CLK) / (65536-[RL_TH4, RL_TL4])/2
0, P0.6 is not configure for Timer 4 programmable clock output T4ACLKO

B3 -T3R Timer 3 Run control bit
0 : notrun Timer 3;
1 : runTimer 3.

B2 - T3_C/T: Counter or timer 3 selector
0 : as Timer (namely count on internal system clock)
1 : as Counter (namely count on the external pulse input from T3/P0.5)

B1 - T3x12 : Timer 3 clock source bit.
0 : The clock source of Timer 3 is SYSclk/12.
1 : The clock source of Timer 3 is SYSclk/1.

BO - T3CLKO : Whether is P0.4 configured for Timer 3(T3) programmable clock output T3CLKO or not.
1, P0.4 is configured for Timer 3 programmable clock output T3CLKO, the clock output frequency = T3 overflow / 2
If T3_ C/T = 0, namely Timer/Counter 3 count on the internal system clock,

When T3 in 1T mode (T4T3.1/T3x12=1), the output frequency = (SYSclk)/(65536-[RL_TH3, RL_TL3])/2
When T3 in 12T mode (T4T3.1/T3x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH3, RL_TL3])/2

If T3_C/T = 1, namely Timer/Counter 3 count on the external pulse input from P0.5/T3,
the output frequency = (T3_Pin_CLK) / (65536-[RL_TH3, RL_TL3])/2
0, P0.4 is not configure for Timer 3 programmable clock output T3CLKO
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2.1.3.2 Master Clock Output and Demo Program(C and ASM)

The master clock can either be internal R/C clock or the external input clock or the external crystal oscillator. The
speed of external programmable clock output of 5V MCU is also not more than 13.5MHz, because the output
speed of 1/0 port of STC15 series 5V MCU is not more than 13.5MHz. The speed of external programmable
clock output of 3.3V MCU is also not more than 8MHz, because the output speed of I/O port of STC15 series 3.3V
MCU is not more than 8MHz.

CLK_DIV (PCON2) : Clock Division Register (Non bit-addressable)

SFR Name|SFR Address| bit B7 B6 B5 B4 B3 B2 B1 BO
((:IID_CI?O_BIZ\)/ 97H name |MCKO_S1|{MCKO_SO[ADRJ|Tx_Rx| MCLKO_2|CLKS2|CLKS1|CLKSO

INT_CLKO (AUXR2) : External Interrupt Enable and Clock Output register

SFR Name |SFR Address| bit B7 B6 B5 B4 B3 B2 Bl BO
IN;GE:(IE;;O 8FH name EX4 | EX3 | EX2 |MCKO_S2|T2CLKO| T1CLKO | TOCLKO

How to output clock by using MCLKO/P5.4 or MCLKO_2/XTAL2/P1.6.

The clock output of MCLKO/P5.4 or MCLKO_2/XTAL2/P1.6 is controlled by the bits MCKO_S2 and
MCKO_S1 and MCKO_S0 of register CLK_DIV. MCLKO/P5.4 or MCLKO_2/XTAL2/P1.6 can be configured
for master clcok output whose frequency also can be choose by setting MCKO_S2 (INT_CLKO.3) and
MCKO_S1 (CLK_DIV.7) and MCKO_S0 (CLK_DIV.6).

the control bit of master clock output by dividing the frequency
MCKO_S2|MCKO_S1|MCKO_S0| (The master clock can either be internal R/C clock or the external input clock
or the external crystal oscillator)

0 0 0 Master clock do not output external clock

Master clock output external clock but its frequency do not be divided

0 0 ! and the output clock frequency = MCLK /1

0 1 0 Master clock output external clock but its frequency is divided by 2 and
the output clock frequency = MCLK / 2

0 1 1 Master clock output external clock but its frequency is divided by 4 and
the output clock frequency = MCLK / 4

1 0 0 Master clock output external clock but its frequency is divided by 4 and

the output clock frequency = MCLK / 16

The master clock can either be internal R/C clock or the external input clock or the external crystal oscillator.
MCLK is the frequency of master clock.
STC15W4K32S4 series MCU output master clock on MCLKO/P5.4

The speed of external programmable clock output of 5V MCU is also not more than 13.5MHz, because the
output speed of 1/O port of STC15 series 5V MCU is not more than 13.5MHz.

The speed of external programmable clock output of 3.3V MCU is also not more than 8MHz, because the
output speed of 1/O port of STC15 series 3.3V MCU is not more than 8MHz.
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the following is the demo program of Master clock output:

1. C Program Listing

I* */

[*--- STC MCU Limited. */

/* --- Exam Program of Master clock output */

[* --- Mobile: (86)13922805190 */

[* --- Fax: 86-755-82905966 */

[* --- Tel: 86-755-82948412 */

[* --- Web: www.STCMCU.com */

/* If you want to use the program or the program referenced in the */

/* article, please specify in which data and procedures from STC */

/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */

/*---- And only contain < reg51.h > as header file */

I* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"

typedef unsigned char BYTE;

typedef unsigned int WORD;

#define FOSC  18432000L

1

sfr CLK_DIV = 0x97; /IClock divider register

sfr INT_CLKO = 0x8f; //External Interrupt Enable and Clock Output register

I

void main()

{
CLK_DIV = 0x40; //0100,0000 the output frequency of P5.4 is SYSclk
INT_CLKO = 0x00;

I CLK_DIV = 0x80; //1000,0000 the output frequency of P5.4 is SYSclk/2

1 INT_CLKO = 0x00;

I CLK_DIV = 0xCO; //1100,0000 the output frequency of P5.4 is SYSclk/4

1 INT_CLKO = 0x00;

1 CLK_DIV = 0x00; //0000,0000

I INT_CLKO = 0x08; //0000,1000 the output frequency of P5.4 is SYSclk/16
while (1);

}
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2. Assembler Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program of Master clock output */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

CLK_DIV DATA  97H /[Clock divider register
INT_CLKO DATA  8FH; //External Interrupt Enable and Clock Output register

;interrupt vector table

ORG 0000H
LIMP  MAIN
ORG 0100H
MAIN:
MOV  SP, #3FH /finitial SP
MOV  CLK_DIV, #40H //0100,0000 the output frequency of P5.4 is SYSclk
MOV INT_CLKO #00H
I MOV  CLK_DIV, #80H //1000,0000 the output frequency of P5.4 is SYSclk/2
I MOV INT_CLKO #00H
I MOV  CLK_DlV, #COH //1100,0000 the output frequency of P5.4 is SY Sclk/4
I MOV INT_CLKO #00H
1 MOV  CLK_DIV, #00H //0000,0000
I MOV  INT_CLKO #08H //0000,1000 the output frequency of P5.4 is SYSclk/16
SIMP  $
1l
END
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2.1.3.3 Timer 0 Programmable Clock Output and Demo Program(C and ASM)

INT_CLKO (AUXR2) : External Interrupt Enable and Clock Output register

SFR Name |SFR Address| bit | B7 | B6 | B5 | B4 | B3 B2 B1 BO
Ny | 8FH name EX4 | EX3 | EX2 [MCKO_S2|T2CLKO| TICLKO | TOCLKO

How to output clock by using TOCLKO/P3.5.
The clock output of TOCLKO/P3.5 is controlled by the bit TOCLKO of register INT_CLKO (AUXR2).

INT_CLKO .0-TOCLKO : 1,enable T0 clock output

0, disable TO clock output
The ouput clock frequency of TOCLKO is controlled by Timer 0. When it is used as programmable clcok output,
Timer 0 must work in mode 0 (16-bit auto-reload timer/counter) or mode 2 (8-bit auto-reload timer/counter) and
don’t enable its interrupt to avoid CPU entering interrupt repeatly unless special circumstances.

When TOCLKO/INT_CLKO.0=1, P3.5/T1 is configured for Timer0 programmable clock output TOCLKO.
The clock output frequency = TO overflow/2
If Timer/Cou_nter 0 in mode 0 (16 bit auto-reloadable mode),
and if C/T = 0, namely Timer/Counter 0 count on the internal system clock,

When TO in 1T mode (AUXR.7/T0x12=1), the output frequency = (SY Sclk)/(65536-[RL_THO, RL_TL0])/2
When TO in 12T mode (AUXR.7/T0x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_THO, RL_TL0])/2

and if C/T = 1, namely Timer/Counter 0 count on the external pulse input from P3.4/T0,
the output frequency = (TO_Pin_CLK) / (65536-[RL_THO, RL_TLO0])/2
RL_THO is the reloaded register of THO, RL_TLO is the reload register of TLO.

AUXR.7/T0x12=0
Interrupt

= Toggle
AUXR.7/T0x12=1
THO /
TO Pin ; (8 bits) b— : >{ TOCLKO

P3.5
[ ]
RL_TLO | RL_THO
INTO (8bits) | (8 bits)

Timer/Counter 0 mode 0: 16 bit auto-reloadable mode

SYSclk

TOCLKO

When TOCLKO/INT_CLKO.0=1, P3.5/T1 is configured for Timer 0 programmable clock output TOCLKO.

The clock output frequency = TO overflow/2
If Timer/Counter 0 in mode 2 (8 bit auto-reloadable mode),
and if C/T = 0, namely Timer/Counter 0 count on the internal system clock,
When TO in 1T mode(AUXR.7/T0x12=1), the output frequency = (SYSclk) / (256-THO0) / 2
When TO in 12T mode(AUXR.7/T0x12=0), the output frequency = (SYSclk) / 12 / (256-THO) / 2
and if C/T = 1, namely Timer/Counter 0 count on the external pulse input from P3.4/T0,
the output frequency = (TO_Pin_CLK) / (256-THO) / 2

Nantong Guoxin Micro-Electronics Co. Ltd. Switchboard: 0513-5501 2928/ 2929/ 2966 Fax: 0513-5501 2969/ 2956/ 2947 91



STC15WA4K3254 series MCU Manual ~ www.GXWMCU.com  Temporary Technical Adviser:(86)13922829991  Tel of R&D Adviser:(86)13922805190

1y JAUXR7TOKI2=0 p— Interrupt
SYSclk
Toggle
> |rocLko
P3.5
TOC:LKO

Timer/Counter 0 mode 2: 8 bit auto-reloadable mode

The following is the example program that Timer 0 output programmable clock by dividing the frequency of in-
ternal system clock or the clock input from external pin TO/P3.4 (C and assembly):

1. C Program Listing

I* */
[*--- STC MCU Limited. */
/* --- Exam Program of Timer 0 porgrammable clock output */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"

typedef unsigned char BYTE;
typedef unsigned int WORD;

#define FOSC 18432000L

Il

sfr AUXR = 0x8e;

sfr INT_CLKO = 0x8f;

shit TOCLKO = P315;

#define F38_4KHz (65536-FOSC/2/38400) /11T Mode
[l#define F38_4KHz (65536-FOSC/2/12/38400) /12T Mode
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I
void main()
{
AUXR |[|= 0x80; /ITimer 0 in 1T mode
1l AUXR &= ~0x80; /ITimer 0 in 12T mode
TMOD = 0x00; /lset Timer0 in mode 0(16 bit auto-reloadable mode)
TMOD &= ~0x04; /IC/T0=0, count on internal system clock
1 TMOD |= 0x04; /IC/T0=1, count on external pulse input from TO pin
TLO = F38_4KHz; /lInitial timing value
THO = F38_4KHz >> §;
TRO = 1;
INT_CLKO = 0x01;
while (1);
}

2. Assembler Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program of Timer 0 porgrammable clock output */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

AUXR DATA  08EH

INT_CLKO DATA  08FH

TOCLKO BIT P3.5

F38_4KHz EQU OFF10H //38.4KHz(1T mode, 65536-18432000/2/38400)
/IF38_4KHz EQU OFFECH 1/38.4KHz(12T mode,(65536-18432000/2/12/38400)
Il
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ORG 0000H
LIMP  MAIN
Il
ORG 0100H
MAIN:
MOV  SP, #3FH
ORL AUXR, #80H /[Timer 0 in 1T mode
I ANL AUXR, #7FH /[Timer 0 in 12T mode
MOV  TMOD, #00H //set TimerO in mode 0(16 bit auto-reloadable mode)
ANL TMOD, #O0FBH /IC/T0=0, count on internal system clock
1 ORL TMOD, #04H /IC/T0=1, count on external pulse input from TO pin
MOV  TLO, #LOW F38_4KHz /lInitial timing value
MOV  THO, #HIGH F38_4KHz
SETB TRO
MOV  INT_CLKO, #01H
SIMP  $
END
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2.1.3.4 Timer 1 Programmable Clock Output and Demo Program(C and ASM)
INT_CLKO (AUXR2) : External Interrupt Enable and Clock Output register

SFR Name |SFR Address| bit B7 B6 B5 B4 B3 B2 Bl BO
IN;G(;(I&};O 8FH name EX4 | EX3 | EX2 |MCKO_S2|T2CLKO| T1CLKO | TOCLKO

How to output clock by using TLCLKO/P3.4.
The clock output of T1ICLKO/P3.4 is controlled by the bit TLICLKO of register INT_CLKO (AUXR2).

INT_CLKO.1-T1CLKO 1, enable T1 clock output
0, disable T1 clock output

The ouput clock frequency of TICLKO is controlled by Timer 1. When it is used as programmable clcok output,
Timer 1 must work in mode 1 (16-bit auto-reload timer/counter) or mode 2(8-bit auto-reload timer/counter) and
don’t enable its interrupt to avoid CPU entering interrupt repeatly unless special circumstances.

When TICLKO/INT_CLKO.1=1, P3.4/T0 is configured for Timer 1 programmable clock output TICLKO.
The clock output frequency = T1 overflow/2

If Timer/Counter 1 in mode 1 (16 bit auto-reloadable mode),
and ifCT =0, namely Timer/Counter 1 count on the internal system clock,
When T1 in 1T mode (AUXR.6/T1x12=1), the output frequency = (SYSclk)/(65536-[RL_TH1, RL_TL1])/2
When T1 in 12T mode (AUXR.6/T1x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH1, RL_TL1])/2
and if C/T = 1, namely Timer/Counter 1 count on the external pulse input from P3.5/T1,
the output frequency = (T1_Pin_CLK) / (65536-[RL_TH1, RL_TL1])/2
RL_TH1 is the reloaded register of TH1, RL_TL1 is the reload register of TL1.

AUXR 6/T1x12=0
TF1 Interrupt
SYSclk o
= Toggle
AUXR 6/T1x12=1
THL
N I e
i P3.4
GATE [ ] :
@bhits) | @bits)

Timer/Counter 1 mode 0: 16 bit auto-reloadable mode

When T1CLKO/INT_CLKO.1=1, P3.4/T0 is configured for Timer 1 programmable clock output TLCLKO.

The clock output frequency = T1 overflow/2
If Timer/Counter 1 in mode 2 (8 bit auto-reloadable mode),
and if C/T = 0, namely Timer/Counter 1 count on the internal system clock,
When T1 in 1T mode(AUXR.6/T1x12=1), the output frequency = (SYSclk) / (256-TH1) / 2
When T1 in 12T mode(AUXR.6/T1x12=0), the output frequency = (SYSclk) / 12 / (256-TH1) / 2
and if C/T = 1, namely Timer/Counter 1 count on the external pulse input from P3.5/T1,
the output frequency = (T1_Pin_CLK) / (256-TH1) / 2
RL_TH1 is the reloaded register of TH1, RL_TL1 is the reload register of TL1.
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AUXR.6/T1x12=0

TF1

TICLKO

T1CLKO

Interrupt

Toggle

P3.4

Timer/Counter 1 mode 2: 8 bit auto-reloadable mode

The following is the example program that Timer 1 output programmable clock by dividing the frequency of in-

ternal system clock or the clock input from external pin T1/P3.5 (C and assembly):

1. C Program Listing
/*

[*--- STC MCU Limited.

/* --- Exam Program of Timer 1 porgrammable clock output

/* --- Mobile: (86)13922805190
/* --- Fax: 86-755-82905966

[* --- Tel: 86-755-82948412

[* --- Web: www.STCMCU.com
/* If you want to use the program or the program referenced in the

/* article, please specify in which data and procedures from STC

/*---- In Keil C development environment, select the Intel 8052 to compiling ---------

/*---- And only contain < reg51.h > as header file

/*

//suppose the frequency of test chip is 18.432MHz
#include "reg51.h"

typedef unsigned char BYTE;
typedef unsigned int WORD;

#define FOSC  18432000L

Il

sfr AUXR = 0x8e;

sfr INT_CLKO = 0x8f;

shit TICLKO = P374;

#define F38_4KHz (65536-FOSC/2/38400) /11T Mode
[l#define F38_4KHz (65536-FOSC/2/12/38400) /12T Mode
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I
void main()
{
AUXR |= 0x40; /ITimer 1 in 1T mode
1 AUXR &= ~0x40; /[Timer 1 in 12T mode
TMOD = 0x00; /set Timer 1 in mode 0(16 bit auto-reloadable mode)
TMOD &= ~0x40; /IC/T1=0, count on internal system clock
1 TMOD |= 0x40; /IC/T1=1, count on external pulse input from T1 pin
TL1 = F38_4KHz; /lInitial timing value
TH1 = F38_4KHz >> §;
TR1 = 1;
INT_CLKO = 0x02;
while (1);
}
2. Assembler Listing
* */
/*--- STC MCU Limited. */
/* --- Exam Program of Timer 1 porgrammable clock output */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
* */
//suppose the frequency of test chip is 18.432MHz
AUXR DATA 08EH
INT_CLKO DATA 08FH
T1CLKO BIT P3.4
F38_4KHz EQU OFF10H //38.4KHz(1T mode, 65536-18432000/2/38400)
/IF38_4KHz EQU OFFECH //38.4KHz(12T mode, (65536-18432000/2/12/38400)
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ORG 0000H
LIMP  MAIN
1
ORG 0100H
MAIN:
MOV  SP, #3FH
ORL AUXR, #40H /ITimer 1 in 1T mode
1l ANL AUXR, #0BFH /[Timer 1 in 12T mode
MOV  TMOD, #00H /Iset Timer 1 in mode 0(16 bit auto-reloadable mode)
ANL TMOD, #0BFH /IC/T1=0, count on internal system clock
1 ORL TMOD, #40H /ICIT1=1, count on external pulse input from T1 pin
MOV  TL1, #LOW F38_4KHz /lnitial timing value
MOV  THI, #HIGH F38_4KHz
SETB TR1
MOV INT_CLKO, #02H
SIMP  $
END
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2.1.3.5 Timer 2 Programmable Clock Output and Demo Program (C and ASM)

INT_CLKO (AUXR?2) : External Interrupt Enable and Clock Output register

SFR Name [SFR Address| bit B7 B6 B5 B4 B3 B2 B1 BO
IN;GE:(IE;;O 8FH name EX4 | EX3 | EX2 |MCKO_S2|T2CLKO|T1CLKO | TOCLKO

How to output clock by using T2CLKO/P3.0.
The clock output of T2CLKO/P3.0 is controlled by the bit T2CLKO of register INT_CLKO (AUXR2).
INT_CLKO.2 - T2CLKO : 1, enable T2 clock output

0, disable T2 clock output

The ouput clock frequency of T2CLKO is controlled by Timer 2. When it is used as programmable clcok output,
Timer 2 interrupt don’t be enabled to avoid CPU entering interrupt repeatly unless special circumstances.

When T2CLKO/INT_CLKO.2=1, P3.0 is configured for Timer 2 programmable clock output T2CLKO.
The clock output frequency = T2 overflow/2

IfT2_ CT=0, namely Timer/Counter 2 count on the internal system clock,

When T2 in 1T mode (AUXR.2/T2x12=1), the output frequency = (SYSclk)/(65536-[RL_TH2, RL_TL2])/2
When T2 in 12T mode (AUXR.2/T2x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH2, RL_TL2])/2

If T2_C/T = 1, namely Timer/Counter 2 count on the external pulse input from P3.1/T2,
the output frequency = (T2_Pin_CLK) / (65536-[RL_TH2, RL_TL2])/2
RL_TH?2 is the reloaded register of T2H, RL_TL2 is the reload register of T2L.

Internal Structure Diagram of Timer 2 is shown below:

L1 |AUXR2T2x12:0
j — T2 Interrupt
T o ¢
AUXR.2/T2x12=1 Toggle

o T2 C/T=0 Ef ToL | ToH e
PP — 4§ Tmeom (8 bits) _|(8 bits) : TacLko

control P3.0

SYSclk

T2R

T2CLKO

[ ]
RL_TL2 | RL_TH2
(8bits) | (8 bits)

Timer / Counter 2 Operating Mode : 16 bit auto-reloadable Mode
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The following is the example program that Timer 2 output programmable clock by dividing the frequency of in-
ternal system clock or the clock input from external pin T2/P3.1 (C and assembly):

1. C Program Listing

/* */
/*--- STC MCU Limited. */
[* --- Exam Program of Timer 2 porgrammable clock output */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
[I* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
* */

/Isuppose the frequency of test chip is 18.432MHz

#include "reg51.h"

typedef unsigned char BYTE;

typedef unsigned int WORD;
#define FOSC 18432000L

Il

sfr AUXR = 0x8e;

sfr INT_CLKO = 0x8f;

sfr T2H = 0xD6;
sfr T2L = 0xD7;
shit T2CLKO = P370;

#define F38_4KHz
[l#define F38_4KHz

(65536-FOSC/2/38400)
(65536-FOSC/2/12/38400)

Il
void main()
{
AUXR |= 0x04;
1 AUXR &= ~0x04;

/11T mode
/12T mode

/ITimer 2 in 1T mode
/ITimer 2 in 12T mode
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AUXR &= ~0x08; /IT2_CI/T=0, count on internal system clock
I AUXR |= 0x08; /IT2_CI/T=1, count on external pulse input from T2(P3.1) pin
T2L = F38 4KHz; /Nnitial timing value
T2H = F38 4KHz >> 8;
AUXR |= 0x10;
INT_CLKO = 0x04;
while (1);

2. Assembler Listing

* */
/*--- STC MCU Limited. */
[* --- Exam Program of Timer 2 porgrammable clock output */
/* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
[*---- And only contain < reg51.h > as header file */
* */

//suppose the frequency of test chip is 18.432MHz

AUXR DATA 08EH

INT_CLKO DATA 08FH

T2H DATA 0D6H

T2L DATA 0D7H

T2CLKO BIT P3.0

F38_4KHz EQU OFF10H /138.4KHz(1T mode, 65536-18432000/2/38400)
/IF38_4KHz EQU OFFECH //38.4KHz(12T mode, (65536-18432000/2/12/38400)
I
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ORG 0000H
LIMP  MAIN
Il
ORG 0100H
MAIN:
MOV  SP, #3FH
ORL AUXR, #04H /[Timer 2 in 1T mode
1 ANL AUXR, #O0FBH /[Timer 2 in 12T mode
ANL AUXR, #O0F7H /IT2_C/T=0, count on internal system clock
I ORL AUXR, #08H /IT2_C/T=1, count on external pulse input from T2(P3.1) pin
MOV  T2L, #LOW F38_4KHz /Nnitial timing value

MOV  T2H, #HIGH F38_4KHz
ORL AUXR, #10H
MOV  INT_CLKO, #04H

SIMP  §

END
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2.1.3.6 Timer 3 Programmable Clock Output and Demo Program (C and ASM)

TAT3M : Timer 4 and Timer 3 Mode register (Non bit-addressable)

SFR name |Address| bit B7 B6 B5 B4 B3 B2 B1 BO
T4T3M DI1IH |name| T4R T4_C/T T4x12 |TACLKO| T3R T3_C/T T3x12 | T3CLKO

How to output clock by using T3CLKO/P0.4.
The clock output of T3CLKO/P0.4 is controlled by the bit T3CLKO of register T4AT3M.

T4T3M.0 - T3CLKO : 1, enable T3 clock output
0, disable T3 clock output

The ouput clock frequency of T3CLKO is controlled by Timer 3. When it is used as programmable clcok output,
Timer 3 interrupt don’t be enabled to avoid CPU entering interrupt repeatly unless special circumstances.

When T3CLKO/T4T3M.0=1, P0.4 is configured for Timer 3 programmable clock output T3CLKO.
The clock output frequency = T3 overflow/2

IfT3_ CIT =0, namely Timer/Counter 3 count on the internal system clock,
When T3 in 1T mode (T4T3.1/T3x12=1), the output frequency = (SYSclk)/(65536-[RL_TH3, RL_TL3])/2
When T3 in 12T mode (T4T3.1/T3x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH3, RL_TL3])/2

If T3_C/T = 1, namely Timer/Counter 3 count on the external pulse input from P0.5/T3,
the output frequency = (T3_Pin_CLK) / (65536-[RL_TH3, RL_TL3])/2
RL_TH3 is the reloaded register of T3H, RL_TL3 is the reload register of T3L.

Internal Structure Diagram of Timer 3 is shown below:

17 |TAT3M.UT3x12=0
- — T3 Interrupt

sysclk
BN
T4T3M.1/T3x12=1 3 &0 Toggle
1= T3L T3H /
T3 Pin/P0.5 A= —“I_‘mwh— ; >< T3CLKO

control

T3R

T3CLKO

[ ]
RL_TL3 | RL_TH3
(8 bits) | (8bits)

Timer / Counter 3 Operating Mode : 16 bit auto-reloadable Mode
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2.1.3.7 Timer 4 Programmable Clock Output and Demo Program (C and ASM)

TAT3M : Timer 4 and Timer 3 Mode register (Non bit-addressable)

SFR name |Address| bit B7 B6 B5 B4 B3 B2 B1 BO
T4T3M DI1IH |name| T4R T4_C/T T4x12 |TACLKO| T3R T3_C/T T3x12 | T3CLKO

How to output clock by using TACLKO/PO.6.
The clock output of T4CLKO/PO0.6 is controlled by the bit T4ACLKO of register T4AT3M.

T4T3M.4 - TACLKO : 1, enable clock output
0, disable clock output

The ouput clock frequency of TACLKO is controlled by Timer 4. When it is used as programmable clcok output,
Timer 4 interrupt don’t be enabled to avoid CPU entering interrupt repeatly unless special circumstances.

When T4CLKO/T4T3M.4=1, P0.6 is configured for Timer 4 programmable clock output TACLKO.
The clock output frequency = T4 overflow/2

IfT4 CT=0, namely Timer/Counter 4 count on the internal system clock,
When T4 in 1T mode (T4T3.5/T4x12=1), the output frequency = (SYSclk)/(65536-[RL_TH4, RL_TL4])/2
When T4 in 12T mode (T4T3.5/T4x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH4, RL_TLA4])/2

If T4_C/T = 1, namely Timer/Counter 4 count on the external pulse input from P0.7/T4,
the output frequency = (T4_Pin_CLK) / (65536-[RL_TH4, RL_TLA4])/2
RL_THA4 is the reloaded register of T4H, RL_TL4 is the reload register of T4L.

Internal Structure Diagram of Timer 4 is shown below:

17 |T4T3MSITAx12=0
i — T4 Interrupt

ERC I
T4T3M.5/T4x12=1 4 &0 Toggle
No—=1= i TAL T4H e
f T4_CIT=1 (8 bits) | (8 bits)

control
[] :
e
(8 bits) | (8 bits)

Timer / Counter 4 Operating Mode : 16 bit auto-reloadable Mode

SYSclk

T4 Pin/P0.7

T4R
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2.2 RESET Sources

There are 7 reset sources to generate a reset in STC15 series MCU. They are external RST pin reset, software
reset, On-chip power-off / power-on reset(if delay 180mS after power-off / power-on reset, the reset mode is
On-chip MAX810 special reset which actully add 180mS delay after power-off / power-on reset), internal low-
voltage detection reset, MAX810 special circuit reset, Watch-Dog-Timer reset and the reset caused by illegal use
of program address.

2.2.1 External RST pin Reset

The STC15W4K32S4 series MCU is on RST/P5.4. Now take RST/P5.4 for example to introducing the external
RST pin reset.

External RST pin reset accomplishes the MCU reset by forcing a reset pulse to RST pin from external. The P5.4/
RST pin at factory is as 1/O port (default). If users need to configure it as reset function pin , they may enable
the corresponding option in STC-ISP Writter/Programmer shown the following figure. If P5.4/RST pin has been
configured as external reset pin, it will be as reset function pin which is the input to Schmitt Trigger and input pin
for chip reset. Asserting an active-high signal and keeping at least 24 cycles plus 20us on the RST pin generates
a reset. If the signal on RST pin changed active-low level, MCU will end the reset state and set the bit SWBS/
IAP_CONTR.6 and start to run from the system ISP monitor program area. External RST pin reset is hard reset of
warm boot.

=5} STC-ISP (V6.82H) (Sales: 0513-55012928) Webmmw.¢

MCr T}'pe|STC15'|'|'4I€33254 v] Pinz|hute

COM Por+|COM3 || Scen |

Nin Baud|=2400 - Mz Baud (115200 -
Jkddres_s

J:le:ll:ll:ll:l EClear code buffer Open Code File

D2 0000 [¥]Clear EEFROM buffer Open EEPEOM File

HAY Option |fo—Line Download (USFUT) IEncr}'pt ek

[¥] Select =ystem clock source (External fInte =
Input IRC frequency - MHz
E Oscillator high gain

El Vsing fast download mode What part the RESET pin play
E ) : Choice : RESET pin behaves as /O pin
["| Wext time can program only when F3.2 & F3 No-Choice: RESET pin behaves as reset pin

E' Enable longer power—on~reszet latency

L &
<:___ REZET pin used as If0 port T

E' Enable Low—V¥Woltage reset

L¥D detect lewe|2 B3 ¥ -
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2.2.2 Software Reset and Demo Program (C and ASM)

Users may need to achieve MCU system soft reset (one of the soft reset of warm boot reset) in the running
process of user application program sometimes. Due to the hardware of traditional does not support this feature,
the user must use software to realize with more trouble. Now to achieve the function, the register IAP_CONTR
is added according to the requirement of customer in STC new series. Users only need to control the two bits
SWBS/SWRST in register IAP_CONTR. Writing an “1” to SWRST bit in IAP_CONTR register will generate a
internal reset. SWBS bit decide where the program strat to run from after reset.

IAP_CONTR: ISP/IAP Control Register
SFR Name SFR Address | bit B7 B6 B5 B4 B3 B2 Bl BO
IAP_CONTR C7H name | IAPEN | SWBS |SWRST|CMD_FAIL| - WT2 WT1 WTO

IAPEN : ISP/IAP operation enable.
0: Global disable all ISP/IAP program/erase/read function.
1: Enable ISP/IAP program/erase/read function.

SWABS: software boot selection control bit
0 : Boot from main-memory after reset.
1: Boot from ISP memory after reset.

SWRST: software reset trigger control.
0 : No operation
1: Generate software system reset. It will be cleared by hardware automatically.

CMD_FAIL: Command Fail indication for ISP/IAP operation.
0 : The last ISP/IAP command has finished successfully.
1: The last ISP/IAP command fails. It could be caused since the access of flash memory was inhibited.

;Software reset from user appliction program area (AP area) and switch to AP area to run program —
MOV IAP_CONTR, #00100000B ;SWBS = 0(Select AP area), SWRST = 1(Software reset)

;Software reset from system ISP monitor program area (ISP area) and switch to AP area to run program
MOV IAP_CONTR, #00100000B ;SWBS = 0(Select AP area), SWRST = 1(Software reset) -
;Software reset from user appliction program area (AP area) and switch to ISP area to run program —
MOV IAP_CONTR, #01100000B ;SWBS = 1(Select ISP area), SWRST = 1(Software reset)

;Software reset from system ISP monitor program area (ISP area) and switch to ISP area to run program
MOV IAP_CONTR, #01100000B ;SWBS = 1(Select ISP area), SWRST = 1(Software reset) —
This reset is to reset the whole system, all special function registers and 1/0 prots will be reset to the initial value
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1. C Program Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program of software reset */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

Il
sfr IAP_CONTR = 0xc7; I[IAP Control register
shit P10 = P170;
Il
void delay() [Isoftware delay
{
inti;
for (i=0; i<10000; i++)
{
_nop_();
_nop_();
_nop_();
_nop_();
}
void main()
{
P10 = !P10;
delay();
P10 = !P10;
delay();
IAP_CONTR = 0x20; //softwate reset, strat to run from user appliction program area
I IAP_CONTR = 0x60; //softwate reset, strat to run from system ISP monitor program area
while (1);
}
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2. Assembler Listing

I* */
[* --- STC MCU Limited. */
[* --- Exam Program of software reset */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

IAP_CONTR DATA 0C7H

Il
ORG 0000H
LIMP  MAIN
Il
ORG 0100H
MAIN:
MOV  SP, #3FH
CPL P1.0
LCALL DELAY
CPL P1.0
LCALL DELAY
MOV  IAP_CONTR, #20H [Isoftwate reset,
/Istrat to run from user appliction program area
1 MOV  IAP_CONTR, #60H IIsoftwate reset,
//strat to run from system ISP monitor program area
JMP $
DELAY:
MOV RO, #0 //software delay
MOV  R1, #0
WAIT:

DINZ RO, WAIT
DINZ R1, WAIT
RET

END
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2.2.3 Power-Off / Power-On Reset (POR)

When VCC drops below the detection threshold of POR circuit, all of the logic circuits are reset.

When VCC goes back up again, an internal reset is released automatically after a delay of 32768 clocks. After
power-off / power-on reset, MCU will set the bit SWBS/IAP_CONTR.6 and start to run from the system ISP
monitor program area. power-off / power-on reset is one of cold boot reset.

The nominal POR detection threshold is around 1.8V for 3.3V device and 3.2V for 5V device.

The Power-Off / Power-On flag, POF/PCON.4, is set by hardware to denote the VCC power has ever been less
than the POR voltage. And, it helps users to check if the start of running of the CPU is from power-on or from
hardware reset (such as RST-pin reset), software reset or Watchdog Timer reset. The POF bit should be cleared by
software.

2.2.4 MAX810 Speical Circuit Reset (Power-Off/ Power-On Reset Delay)

There is another on-chip POR delay circuit s integrated on STC15 series MCU. This circuit is MAX810—sepcial
reset circuit and is controlled by configuring STC-ISP Writter/Programmer shown in the next figure. MAX810
special reset circuit just generate about 180mS extra reset-delay-time after power-off / power-on reset. So it is
another power-off / power-on reset. After the reset is released, MCU will set the bit SWBS/IAP_CONTR.6 and
start to run from the system ISP monitor program area. MAX810 special circuit reset is one of cold boot reset.

) STC-ISP (V6.82H) (Sales: 0513-55012928) Web:www.!

NCU Type |STCISH4E32S4 v] Fins|duto =

COM Fort |COM3 v || Sean |
Min Baud| 2400 - Max Baud 115200 -
hddress

020000 [J|Clesr code buffer Open Code File
0x0000  [V]Clear EEFROM buffer |pen EEFROM File

Hf Optiom |fo—Line Download (USAUT) IEIu'.‘r}'pt. by [

E Select system clock source (External fTnte [*
Input IRC frequency MEUEEE « MHz

[#] O=cillator high zain Power-on reset, whether need the extra power-on
T delay or not
[ Using fazt download mode L Choice: Yes, need the extra power-on delay
[] Hext time can program orly when P3.2 & F3 ,/ No-Choice: No, use the general power-on delay
| ~
C\E@.e longer power—on-reset latency | P

El BEESET pin used as I/0 port
|z| Enable Low—¥oltage reset

LVD detect lewe|2.B3 ¥ -
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2.2.5 Internal Low Voltage Detection Reset

Besides the POR voltage, there is a higher threshold voltage: the Low \Voltage Detection (LVD) voltage for
STC15W4K32S4 series MCU. If user have enabled low-voltage reset in STC-ISP Writer/Programmer, it will
generate a reset when the VCC power drops down to the LVD voltage. And the Low voltage Flag, LVDF bit
(PCON.5), will be set by hardware simultaneously. (Note that during power-on, this flag will also be set, and the
user should clear it by software for the following Low Voltage detecting.) Internal low-voltage detection reset
don’t set the bit SWBS/IAP_CONTR.6. If the bit SWBS/IAP_CONTR.6 has been set as 0 before reset, MCU
will start to run from the user application program area after reset. If the bit SWBS/IAP_CONTR.6 has been set
as 1 before reset, MCU will start to run from the system ISP monitor program area after reset on the contray.
Internal low-voltage detection reset is one of hard reset of warm boot.

The threshold voltage of STC15W4K32S4 series MCU built-in low voltage detection reset is optional in STC-ISP
Writer/Programmer. see the following figure.

The low-voltage detector parameter of STC15W4K32S4 series MCU shown in following figure is optional :

1 P i
Enabel Low-Voltage Reset, controls reset or not Hk o |fo Line Dowrload (US/UT) |E1'“'"r5"Pt 5

while the Low-Voltage event =
Choice:Reset while detect a low-voltage I_JJ Enable longer power—on—reset latency -

No-Choice: Interrupt while detect a low-voltage \ |:| RESET ©i a I/0 N
| pin used as por

LVD detect lewe

. [¥] Inhibit EEPEOM /2.
The low-voltage detector parameter 1 . Optional reset
adjust the thresh voltage level of the Select CFU-Corp 2. threshold
ilt-in low-vol r = B voltage of
built-in low-voltage detecto [7] Har dware enablle STCIBWAK32SA
When the oscillator frequency is between #atch-Togz-Timgr Z- series MCU
4M ~ 24MHz, low-voltage detection I_F_l HWOT =top coun

threshold voltage is recommended to [7] Fra=ze a11 EEFE
choose more than 2.62V.

When the oscillator frequency is between | | Switch UART1
25M ~ 35MHz, low-voltage detection
threshold voltage is recommended to
choose more than 2.79V. | Downl oad/Frogram |

feFrogran |
| CheckMCU | [ Hotice | Delay(3 se v

Izlﬁ.uto reload the target file before each program
DRelnad and download when target file 15 modified
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If low-voltage detection reset is not be enabled , in other words, low-voltage detection interrupt is enabed in STC-
ISP Writer/Programmer, it will generate a interrupt when the VCC power drops down to the LVD voltage. And
the Low voltage Flag, LVDF bit (PCON.5), will be set by hardware simultaneously.

The low voltage detection threshold voltage of STC15 series also is optional in STC-ISP Writer/Programmer. see
the above figure too.

If internal low voltage detection interrupt function is needed to continue normal operation during stop/power-
down mode, it can be used to wake up MCU from stop/power-down mode.

Don't enable EEPROM/IAP function when the operation voltage is too low. Namely, select the option "Inhibit
EEPROM operation under Low-Voltage" in STC-ISP Writer/Programmer

=) STC-ISP (V6.82H) (Sales: 0513-55012928) Web:wrw.!

MCU Type STC15H4K3ZS »| Fins[auto

COM Fort|COM3 || Sean |

Min Baud[2400 | Mex Band (115200 |
Address

00000 [#]Clear code buffer | Open Code File
0x0000  [V|Clear EEPROM buffer |gpen EEPROM File

H/ Option |fo—Line Download (U817 IEnCI’}'Pt. ] b

[¥] Select system clock source (External fInte =
+ MHz

Input IEC frequency (B8
El Oszcillator high gain
_|_1-IT| Using fast dewnload made

m

El Fext time can program only when P32 & 3
@ Enable longer power—on~reset latency
E| BESET pin used as I/0 port

L Select CPU-Core supply level:

FEEEnet e Levshatdags Hucet / 1M~24M, recommend set to about 2.66V
\\LM leve|Z.83 ¥

B L/ 24M~28M, recommend set to about 3.32V
[V| Inhibit EEPROM operation under Low—¥oltas / 28M~40M, recommend set to about 3.63V
I Select CFU-Core supply leve|3.28 v vlr

El Hardware enable WIT after power-onreset

| Cheek MU || Wotice | Delay|3 ser ~

izihuto reload the target file before each program
DReload and dewrload when target file iz modified
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Some SFRs related to Low voltage detection as shown below.

PCON register (Power Control Register)

SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO
PCON 87H name | SMOD | SMODO | LVDF | POF GF1 | GFO PD IDL

LVDF : Pin Low-Voltage Flag. Once low voltage condition is detected (VCC power is lower than LVD
voltage), it is set by hardware (and should be cleared by software).

IE: Interrupt Enable Rsgister
SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO
IE A8H name EA ELVD |EADC| ES ET1 | EX1 | ETO EX0
Enable Bit = 1 enables the interrupt; Enable Bit = 0 disables it .

EA (IE.7): disables all interrupts. if EA = 0,no interrupt will be acknowledged. if EA = 1, each interrupt
source is individually enabled or disabled by setting or clearing its enable bit.
ELVD (IE.6): Low volatge detection interrupt enable bit.

IP: Interrupt Priority Register

SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO
IE B8H name | PPCA | PLVD | PADC| PS PT1 | PX1 | PTO PX0

PLVD : Low voltage detection interrupt priority control bits.

PLVD=0, Low voltage detection interrupt is assigned low priority.
PLVD=1, Low voltage detection interrupt is assigned high priority.
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2.2.6 Watch-Dog-Timer Reset

The watch dog timer in STC15 series MCU consists of an 8-bit pre-scaler timer and an 15-bit timer. The timer
is one-time enabled by setting EN_WDT(WDT_CONTR.5). Clearing EN_WDT can stop WDT counting. When
the WDT is enabled, software should always reset the timer by writing 1 to CLR_WDT bit before the WDT
overflows. If STC15W4K32S4 series MCU is out of control by any disturbance, that means the CPU can not run
the software normally, then WDT may miss the "writting 1 to CLR_WDT" and overflow will come. An overflow
of Watch-Dog-Timer will generate a internal reset.

QQ of R&D:800003751  STC—the biggest design company of 8051 MCU in the world

Watch-Dog Timer (WDT) reset don’t set the bit SWBS/IAP_CONTR.6. If the bit SWBS/IAP_CONTR.6 has
been set as 0 before reset, MCU will start to run from the user application program area after reset. If the bit
SWBS/IAP_CONTR.6 has been set as 1 before reset, MCU will start to run from the system ISP monitor program
area after reset on the contray. WDT reset is one of soft reset of warm boot.

1/256
1/128
1/64
1/32
1/16
1/8
1/4
1/2
8-bit prescalar

T | R

I
[WDT_FLAG] - [EN_WDT|CLR_WDT|IDLE_WDT[PS2|Ps1|Ps0|
WDT_CONTR

15-bit timer

» WDT Reset

SYSclk/12

IDL/PCON.0

WODT Structure

WDT_CONTR: Watch-Dog-Timer Control Register

SFR name |Address| bit B7 B6 B5 B4 B3 B2 | B1 | BO
WDT_CONTR| OC1H | name |WDT_FLAG| - | EN_WDT |CLR_WDT|IDLE_WDT| PS2 | PS1 | PSO
WDT_FLAG : WDT reset flag.

0 : This bit should be cleared by software.
1 : When WDT overflows, this bit is set by hardware to indicate a WDT reset happened.

EN_WDT : Enable WDT bit. When set, WDT is started.
CLR_WDT : WDT clear bit. When set, WDT will recount. Hardware will automatically clear this bit.
IDLE_WDT : WDT IDLE mode bit. When set, WDT is enabled in IDLE mode. When clear, WDT is disabled in

IDLE.
PS2, PS1, PSO: WDT Pre-scale value set bit.
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Pre-scale value of Watchdog timer is shown as the bellowed table :

PS2 | PS1 | PSO Pre-scale WDT overflow Time @20MHz

0 0 0 2 39.3mS

0 0 1 4 78.6 mS

0 1 0 8 157.3 mS

0 1 1 16 314.6 mS

1 0 0 32 629.1 mS

1 0 1 64 125S

1 1 0 128 258

1 1 1 256 5S

The WDT overflow time is determined by the following equation:
WDT overflow time = (12 x Pre-scale x 32768) / SYSclk
The SYSclk is 20MHz in the table above.

If SYSclk is 12MHz, The WDT overflow time is :
WDT overflow time = (12 x Pre-scale x 32768) / 12000000 = Pre-scalex 393216 / 12000000
WDT overflow time is shown as the bellowed table when SYSclk is 12MHz:

PS2 | PS1 | PSO Pre-scale WDT overflow Time @12MHz
0 0 0 2 65.5 mS
0 0 1 4 131.0 mS
0 1 0 8 262.1 mS
0 1 1 16 524.2 mS
1 0 0 32 1.0485 S
1 0 1 64 2.0971S
1 1 0 128 41943 S
1 1 1 256 8.3886 S

If SYSclk is 11.0592MHz, The WDT overflow time is :
WDT overflow time = (12 x Pre-scale x 32768) / 11059200 = Pre-scalex 393216 / 11059200
WDT overflow time is shown as the bellowed table when SYSclk is 11.0592MHz:

PS2 | PS1 | PSO Pre-scale [WDT overflow Time @11.0592MHz
0 0 0 2 71.1mS
0 0 1 4 142.2mS
0 1 0 8 284.4 mS
0 1 1 16 568.8 mS
1 0 0 32 1.1377 S
1 0 1 64 2.2755 S
1 1 0 128 4.5511S
1 1 1 256 9.1022 S
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Options related with WDT in STC-ISP Writter/Programmer is shown in the following figure

A STC-ISP (V6.82H) (Sales: 0513-55012928) Webmwww.!

MCU Type|STCISH4KIZE4 »| Pins

COM Port |COM3 v || Sean |
Min Baud|Z2400 - Max Baud | 115200 -
Address

ﬂxDDDD ElClear code buffer Open Code File
00000 EClear EEFREOM buffer |Open EEFROM File

H Optien |fo—Line Download (UE/UT) IEncr}'pt' =B

E| Hext time can program only when F3.2 & F3 =+
[E Enable longer power—on—reset latency
E| BEESET pin used az I/0 port

E| Enable Low—Voltagze reset

LVD detect lewve|3. 35 ¥ -

[E Irhibit EEFRONM operation under Low—Voltag

Select CPU-Core supply lewe|3.33 ¥ -

| | Hardware enable WOIT after power—omreset

Watch-TogTimer presr_'alu

[] WOT =top count while MCU in idle mode
E| Erase all EEPROM data next time program c

m

El FZ. 0 power—on reset state

| Download/Frogram I Stop I Re-Frogram |

| Check oy | [ Hotice | Delay(3 ser v |

Ehuto reload the target file before each program

jRelnad and download when target file 1= modified
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The following example is a assembly language program that demonstrates STC 1T Series MCU WDT.

* */
:/* --- STC MCU International Limited */
;/* --- STC 1T Series MCU WDT Demo */
;/* --- Mobile: (86)13922805190 */
;/* --- Fax: 86-755-82905966 */
;/* --- Tel: 86-755-82948412 */
J/* --- Web: www.STCMCU.com */
;/* If you want to use the program or the program referenced in the */
;/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I *

; WDT overflow time = (12 x Pre-scale x 32768) / SYSclk

WDT_CONTR EQU 0C1H ;WDT address
WDT_TIME_LED EQU P1.5 ;WDT overflow time LED on P1.5

;The WDT overflow time may be measured by the LED light time
WDT_FLAG_LED EQU P1.7

;WDT overflow reset flag LED indicator on P1.7
Last WDT_Time_LED_ Status EQU 00H

:bit variable used to save the last stauts of WDT overflow time LED indicator

\WDT reset time , the SYSclk is 18.432MHz

;Pre_scale_Word EQU 00111100B ;open WDT, Pre-scale value is 32, WDT overflow time=0.68S
;Pre_scale_ Word EQU 00111101B ;open WDT, Pre-scale value is 64, WDT overflow time=1.36S
;Pre_scale_Word EQU 00111110B ;open WDT, Pre-scale value is 128, WDT overflow time=2.72S
;Pre_scale_Word EQU 00111111 B ;open WDT, Pre-scale value is 256, WDT overflow time=5.44S

ORG 0000H

AJMP  MAIN

ORG 0100H
MAIN:

MOV A, WDT_CONTR ;detection if WDT reset

ANL A, #10000000B

INZ WDT_Reset
;WDT_CONTR.7=1, WDT reset, jump WDT reset subroutine
;WDT_CONTR.7=0, Power-On reset, cold start-up, the content of RAM is random

SETB  Last WDT_Time_LED_Status ;Power-On reset
CLR WDT_TIME_LED ;Power-On reset,open WDT overflow time LED
MOV  WDT_CONTR,  #Pre_scale_Word ;open WDT
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WAITL:
SIMP  WAIT1 :wait WDT overflow reset
;WDT_CONTR.7=1, WDT reset, hot strart-up, the content of RAM is constant and just like before reset
WDT_Reset:
CLR WDT_FLAG_LED
;WDT reset,open WDT overflow reset flag LED indicator
JB Last WDT_Time_LED_Status, Power Off WDT_TIME_LED
;when set Last WDT_Time_LED_Status, close the corresponding LED indicator
;clear, open the corresponding LED indicator
;5et WDT_TIME_LED according to the last status of WDT overflow time LED indicator
CLR WDT_TIME_LED ;close the WDT overflow time LED indicator
CPL Last WDT_Time_LED_Statu
:reverse the last status of WDT overflow time LED indicator

WAIT2:

SIMP  WAIT2 :wait WDT overflow reset
Power_Off WDT_TIME_LED:

SETB  WDT_TIME_LED ;close the WDT overflow time LED indicator

CPL Last WDT_Time_LED_Status

:reverse the last status of WDT overflow time LED indicator

WAIT3:

SIMP  WAIT3 :wait WDT overflow reset

END

2.2.7 Reset Caused by Program Accessing an Invalid Address

It will generate a reset if the address that program counter point to is invalid. That is a reset caused by program
accessing an invalid address. this reset don’t set the bit SWBS/IAP_CONTR.6. If the bit SWBS/IAP_CONTR.6
has been set as 0 before reset, MCU will start to run from the user application program area after reset. If the bit
SWBS/IAP_CONTR.6 has been set as 1 before reset, MCU will start to run from the system ISP monitor program
area after reset on the contray. Reset caused by illegal use of program address is one of soft reset of warm boot.
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2.2.8 Warm Boot and Cold Boot Reset

The value of SWBS/
Reset type Reset source Result IAP_CONTR.6 after
reset
20H — IAP_CONTR Systgm will reset 'to AP address 0000H and begin 0
running user application program
Software Reset System will reset to ISP address 0000H and begin
60H — IAP_CONTR running ISP monitor program, if no_t detected 1
legitimate ISP command, system will software
reset to the user program area automatically.
If the value of SWBS/ System will reset to AP address 0000H and begin 0
IAP_CONTR.6 is 0 before reset|running user application program
Soft Watch-Dog-Timer Reset System will reset to ISP addres_s 0000H and begin
reset If the value of SWBS/ running ISP monitor program, if not detected 1
IAP_CONTR.6 is 1 before reset|legitimate ISP command, system will software
reset to the user program area automatically.
If the value of SWBS/ System will reset to AP address 0000H and begin 0
Warm IAP_CONTR.6 is 0 before reset|running user application program
boot Reset caused by illegal System will reset to ISP address 0000H and begin
use of program address If the value of SWBS/ running 1SP monitor program, if not detected 1
IAP_CONTR.6 is 1 before reset|legitimate ISP command, system will software
reset to the user program area automatically.
If the value of SWBS/ System will reset to AP address 0000H and begin 0
IAP_CONTR.6 is 0 before reset|running user application program
Internal Low-Voltage System will reset to ISP address 0000H and begin
Detection Reset If the value of SWBS/ running ISP monitor program, if not detected 1
Hard IAP_CONTR.6 is 1 before reset|legitimate ISP command, system will software
reset reset to the user program area automatically.
System will reset to ISP address 0000H and begin
External RST Pin Reset running ISP monitor program, if not detected 1
legitimate ISP command, system will software
reset to the user program area automatically.
System will reset to ISP address 0000H and begin
Cold | Cold boot reset namely Power-Off / Power-On Reset caused by |running ISP monitor program, if not detected
- . 1
boot | the power of system be off or on legitimate ISP command, system will software
reset to the user program area automatically.
IAP_CONTR: ISP/IAP Control Register
SFR Name SFR Address | bit B7 B6 B5 B4 B3 B2 Bl BO
IAP_CONTR C7H name | IAPEN | SWBS |SWRST|CMD_FAIL| - WT2 WT1 WTO

SWBS: software boot selection control bit
0 : Boot from main-memory after reset.
1: Boot from ISP memory after reset.

SWRST: software reset trigger control.
0: No operation
1: Generate software system reset. It will be cleared by hardware automatically.
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2.3 Power Management Modes

The STC15 series core has three software programmable power management mode: slow-down, idle and
stop/power-down mode. The power consumption of STC15W4K32S4 series is between 4mA~6mA in normal
operation, while it is lower than 0.4uA in stop/power-down mode and 1mA in idle mode.

Slow-down mode is controlled by clock divider register CLK_DIV (PCON2). Idle and stop/power-down is
managed by the corresponding bit in Power control (PCON) register which is shown in below.

PCON register (Power Control Register)

SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO
PCON 87H name | SMOD | SMODO | LVDF | POF GF1 | GFO PD IDL

POF  : Power-On flag. It is set by power-off-on action and can only cleared by software.

Practical application: if it is wanted to know which reset the MCU is used, see the following figure.

In initializtion program,
judge whether POF/PCON.4
have been set or not

POF=0, No

cold boot A

Yes | Power-On Reset external manual reset
or WDT reset
or software reset
Clear POF/PCON.4 or others

7 v

GF1,GF0: General-purposed flag 1 and 0

PD : Stop Mode/Power-Down Select bit..
Setting this bit will place the STC15 series MCU in Stop/Power-Down mode. Stop/Power-Down mode
can be waked up by external interrupt. Because the MCU’ s internal oscillator stopped in Stop/Power-
Down mode, CPU, Timers, UARTSs and so on stop to run, only external interrupt go on to work. The
following pins can wake up MCU from Stop/Power-Down mode: INTO/P3.2, INT1/P3.3, WIPS.&

INT3/P3.7, INT4/P3.0; pins CCPO/CCP1/CCP2/CCP3/CCP4/CCP5; pins RxD/RxD2/RxD3/RxD4;
pins TO/T1/T2/T3/T4; Internal power-down wake-up Timer.

IDL . ldle mode select bit.
Setting this bit will place the STC15 series in ldle mode. only CPU goes into Idle mode. (Shuts off
clock to CPU, but clock to Timers, Interrupts, Serial Ports, and Analog Peripherals are still active.) Ex-
ternal Interrupts, Timer interrupts, low-voltage detection interrupt and ADC interrupt all can wake up
MCU from Idle mode.
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2.3.1 Slow Down Mode and Demo Program (C and ASM)

A divider is designed to slow down the clock source prior to route to all logic circuit. The operating frequency of
internal logic circuit can therefore be slowed down dynamically , and then save the power.

User can slow down the MCU by means of writing a non-zero value to the CLKS[2:0] bits in the CLK_DIV
register. This feature is especially useful to save power consumption in idle mode as long as the user changes the
CLKSJ2:0] to a non-zero value before entering the idle mode.

Clock Division Register CLK_DIV (PCON2):

SFR Name | SFR Address bit B7 B6 B5 B4 B3 B2 Bl BO
((:IL_CP:((SRIZ\)/ 97H name | MCKO_S1 [ MCKO_SO [ ADRJ| Tx_Rx | MCLKO_2 | CLKS2 | CLKS1 | CLKSO
the control bit of system clock
CLKS2 | CLKS1 | CLKSO (System clock refers to the master clock that has been divided frequency, which is
offered to CPU, UARTS, SPI, Timers, CCP/PWM/PCA and A/D Converter)
0 0 0 Master clock frequency/1, No division
0 0 1 Master clock frequency/2
0 1 0 Master clock frequency/4
0 1 1 Master clock frequency/8
1 0 0 Master clock frequency/16
1 0 1 Master clock frequency/32
1 1 0 Master clock frequency/64
1 1 1 Master clock frequency/128

The master clock can either be internal R/C clock or the external input clock or the external crystal oscillator.

Master Clock

(Master clock can either be
internal R/C clock or the external
input clock or the external crystal

oscillator)

o
|
|

011 System Clock (SYSclk)

—! ' 100 (To CPU and other peripheralg)

101

110

+16
+32
+64
y

7
CLKS2,CLKS1,CLKSO0

Clock Structure
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1. C Program Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program of Slow-down mode */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

sfr CLK_DIV = 0x97,
1
void main()
{
CLK_DIV = 0x00; /[System clock is MCLK (master clock)
1 CLK_DIV = 0x01; /ISystem clock is MCLK/2
1 CLK_DIV = 0x02; /ISystem clock is MCLK/4
1 CLK_DIV = 0x03; /ISystem clock is MCLK/8
1 CLK_DIV = 0x04; /ISystem clock is MCLK/16
1 CLK_DIV = 0x05; /ISystem clock is MCLK/32
I CLK_DIV = 0x06; //System clock is MCLK/64
1 CLK_DIV = 0x07; //System clock is MCLK/128
while (1);
}
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2. Assembler Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program of Slow-down mode */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

CLK_DIV DATA 097H
I

ORG 0000H

LIMP  MAIN
I

ORG 0100H
MAIN:

MOV  SP, #3FH

MOV  CLK_DlV, #0
1 MOV  CLK_DlV, #1
1 MOV  CLK_DlV, #2
1 MOV  CLK_DlV, #3
1 MOV  CLK_DlV, #4
1 MOV  CLK_DlV, #5
1 MOV  CLK_DlV, #6
1 MOV  CLK_DlV, #7

SIMP  $

END

/ISystem clock is MCLK (master clock)
//System clock is MCLK/2

//System clock is MCLK/4

//System clock is MCLK/8

//System clock is MCLK/16

//System clock is MCLK/32

//System clock is MCLK/64

//System clock is MCLK/128

122
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2.3.2 ldle Mode and Demo Program (C and ASM)

An instruction that sets IDL/PCON.0 causes that to be the last instruction executed before going into the idle
mode, the internal clock is gated off to the CPU but not to the interrupt, timer, CCP/PCA/PWM, SPI, ADC, WDT
and serial port functions. The PCA can be programmed either to pause or continue operating during Idle. The
CPU status is preserved in its entirety: the RAM, Stack Pointer, Program Counter, Program Status Word, Ac-
cumulator, and all other registers maintain their data during Idle. The port pins hold the logical states they had at
the time Idle was activated. Idle mode leaves the peripherals running in order to allow them to wake up the CPU
when an interrupt is generated. Timer 0, Timer 1, CCP/PCA/PWM timer and UARTs will continue to function
during Idle mode.

There are two ways to terminate the idle. Activation of any enabled interrupt will cause IDL/PCON.0 to be
cleared by hardware, terminating the idle mode. The interrupt will be serviced, and following RETI, the next
instruction to be executed will be the one following the instruction that put the device into idle.

The flag bits (GFO and GF1) can be used to give art indication if an interrupt occurred during normal operation
or during Idle. For example, an instruction that activates Idle can also set one or both flag bits. When Idle is
terminated by an interrupt, the interrupt service routine can examine the flag bits.

The other way to wake-up from idle is to pull RESET high to generate internal hardware reset. Since the clock os-

cillator is still running, the hardware reset neeeds to be held active for at least 24 clocks plus 20us to complete the
reset. After reset, MCU start to run from the system ISP monitor program area.

1. C Program Listing

* */
/* --- STC MCU Limited. */
[* --- Exam Program of Idle mode */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
/* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
[I* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

1
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void main()
{
while (1)
{
PCON |=0x01; //set IDL(PCON.0) as 1, MCU in Idle mode
_nop_();
_nop_(); /linternal interrupts or external interrupts singnal can
_nop_(); /lwake up mcu from idle mode
_nop_();
}
}
2. Assembler Listing
I* */
[*--- STC MCU Limited. */
[* --- Exam Program of Idle mode */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */
//suppose the frequency of test chip is 18.432MHz
1
ORG 0000H
LIMP  MAIN
1
ORG 0100H
MAIN:
MOV  SP, #3FH
LOOP:
MOV  PCON, #01H /Iset IDL(PCON.0) as 1, MCU in Idle mode
NOP /linternal interrupts or external interrupts singnal can
NOP /lwake up mcu from idle mode
NOP
NOP
JMP LOOP
END
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2.2.3 Stop / Power Down (PD) Mode and Demo Program (C and ASM)

Setting the PD/PCON.1 bit enters Stop/Power-Down mode. In the Stop/Power-Down mode, the on-chip oscillator
and the Flash memory are stopped in order to minimize power consumption. Only the power-on circuitry will
continue to draw power during Stop/Power-Down. The contents of on-chip RAM and SFRs are maintained. The
stop/power-down mode can be woken-up by RESET pin, external interrupt INTO/INTL/ INT2/ INT3/ INT4, RXxD/
RxD2/RxD3/RxD4 pins, TO/T1/T2/T3/T4 pins, CCP/PCA input pins — CCPO/CCP1 pins, low-voltage detection
interrupt and internal power-down wake-up Timer.

When it is woken-up by RESET, the program will execute from the ISP monitor program area. Be carefully to
keep RESET pin active for at least 10ms in order for a stable clock.

If it is woken-up from 1/O, the CPU will rework through jumping to related interrupt service routine. Before the
CPU rework, the clock is blocked and counted until 32768 in order for denouncing the unstable clock. To use 1/0
wake-up, interrupt-related registers have to be enabled and programmed accurately before power-down is entered.
Pay attention to have at least one “NOP” instruction subsequent to the power-down instruction if 1/0 wake-up
is used. When terminating Power-down by an interrupt, the wake up period is internally timed. At the negative
edge on the interrupt pin, Power-Down is exited, the oscillator is restarted, and an internal timer begins counting.
The internal clock will be allowed to propagate and the CPU will not resume execution until after the timer
has reached internal counter full. After the timeout period, the interrupt service routine will begin. To prevent
the interrupt from re-triggering, the interrupt service routine should disable the interrupt before returning. The
interrupt pin should be held low until the device has timed out and begun executing. The user should not attempt
to enter (or re-enter) the power-down mode for a minimum of 4 us until after one of the following conditions has
occured: Start of code execution(after any type of reset), or Exit from power-down mode.

1. C Program Listing

* */
/*--- STC MCU Limited. */
/* --- Exam Program of Stop/Power-Down mode */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
[/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
[*---- And only contain < reg51.h > as header file */
* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"
1
void main()

{
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while (1)
PCON |= 0x02; //Set STOP(PCON.1) as 1.
/I After this instruction, MCU will be in power-down mode
/lexternal clock stop

_nop_();

_nop_();

_nop_();

}

}
2. Assembler Listing
I* */
[* --- STC MCU Limited. */
/* --- Exam Program of Stop/Power-Down mode */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

/Isuppose the frequency of test chip is 18.432MHz

Il
ORG 0000H
LIMP  MAIN
Il
ORG 0100H
MAIN:
MOV  SP, #3FH
LOOP:
MOV  PCON, #02H //Set STOP(PCON.1) as 1
/I After this instruction, MCU will be in power-down mode
/lexternal clock stop
NOP
NOP
NOP
NOP
JMP LOOP
END
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2.3.3.1 Demo Program Using Power-Down Wake-Up Timer to Wake Up Stop/PD Mode

/*Demo program using internal power-down wake-up special Timer wake up Stop/Power-Down
mode(C and ASM) */

1. C Program Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program using power-down wake-up Timer to wake up Stop/Power-Down mode */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------=-=------ */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

1!
sfr WKTCL = Oxaa;
sfr WKTCH = Oxab;

shit P10 = P1"0;

1
void main()
{
WKTCL = 49; /Iwake-up cycle: 488us*(49+1) = 24.4ms
WKTCH = 0x80;
while (1)
{
PCON = 0x02; //Enter Stop/Power-Down Mode
_hop_();
_hop_();
P10 = IP10;
}
}
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2. Assembler Listing

* */
/*--- STC MCU Limited. */
[* --- Exam Program using power-down wake-up Timer wake up Stop/Power-Down mode -*/
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
/* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
[I* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
* */

//suppose the frequency of test chip is 18.432MHz

WKTCL DATA O0AAH
WKTCH DATA 0ABH

Il
ORG 0000H
LIMP  MAIN
Il
ORG 0100H
MAIN:
MOV  SP, #3FH
MOV  WKTCL, #49 /Iwake-up cycle: 488us*(49+1) = 24.4ms
MOV  WKTCH,#80H
LOOP:
MOV  PCON, #02H //Enter Stop/Power-Down Mode
NOP
NOP
CPL P1.0
JMP LOOP
SIMP  $
END
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2.3.3.2 Demo Program Using External Interrupt INTO to Wake Up Stop/PD Mode
1. C Program Listing

I* */
[* --- STC MCU Limited. */
[* --- Exam Program using external interrupt INTO (rising +falling edge) to wake up Stop/Power-Down mode */

[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

1

bit FLAG; [/1:generate a interrupt on rising edge
//0:generate a interrupt on falling edge

shit P10 = P170;

1

//Interrupt service routine
void exint0() interrupt 0

{
P10 = 1P10;
FLAG = INTO; //save the sate of INTO, INTO=0(falling); INTO=1(rising)
}
1
void main()
{
ITO=0; //Both rising and falling edge of INTO can wake up MCU
1 ITO =1, //Only falling edge of INTO can wake up MCU
EX0=1,
EA=1;
while (1)
{
PCON = 0x02; /IMCU enter Stop/Power-Down mode
_hop_(); /[Fisrt implement this statement and then enter interrupt service routine
//after be waked up from Stop/Power-Down mode
_nop_();
}
}
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2. Assembler Listing

I* */
[*--- STC MCU Limited. */
/* --- Exam Program using external interrupt INTO (rising +falling edge) to wake up Stop/Power-Down mode */

/* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

FLAG BIT 20H.0 //1:generate a interrupt on rising edge
//0:generate a interrupt on falling edge
Il
ORG 0000H
LIMP  MAIN
ORG 0003H
LIMP  EXINTO
Il
ORG 0100H
MAIN:
MOV  SP, #3FH
CLR ITO //Both rising and falling edge of INTO can wake up MCU
1 SETB ITO /[Only falling edge of INTO can wake up MCU
SETB  EXO
SETB EA
LOOP:
MOV  PCON, #02H  //MCU enter Stop/Power-Down mode
NOP /[Fisrt implement this statement and then enter interrupt service routine
//after be waked up from Stop/Power-Down mode
NOP
SIMP  LOOP
Il
EXINTO: /lInterrupt service routine
CPL P1.0
PUSH PSW
MOV  C, INTO  //read the state of INTO
MOV  FLAG, C /save the sate of INTO, INTO=0(falling); INTO=1(rising)
POP PSW
RETI
END
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2.3.3.3 Demo Program Using External Interrupt INT1 to Wake Up Stop/PD Mode

1. C Program Listing

I* */
/*--- STC MCU Limited. */
[* --- Exam Program using external interrupt INT1 (rising +falling edge) to wake up Stop/Power-Down mode */

/* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
[*---- In Keil C development environment, select the Intel 8052 to compiling */
[*---- And only contain < reg51.h > as header file */
* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

1
bit FLAG; //1:generate a interrupt on rising edge
//0:generate a interrupt on falling edge
shit P10 = P170;
1
void exint1() interrupt 2
{
P10 = 1P10;
FLAG = INTL; /save the sate of INT1, INT1=0(falling); INT1=1(rising)
}
1
void main() /lInterrupt service routine
{
IT1 = 0; //Both rising and falling edge of INT1 can wake up MCU
I IT1 = 1; /[Only falling edge of INT1 can wake up MCU
EX1 = 1;
EA = 1;
while (1)
{
PCON = 0x02; /IMCU enter Stop/Power-Down mode
_nhop_(); /[Fisrt implement this statement and then enter interrupt service routine
//after be waked up from Stop/Power-Down mode
_nop_();
}
}
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2. Assembler Listing

* */
/*--- STC MCU Limited. */
[* --- Exam Program using external interrupt INT1 (rising +falling edge) to wake up Stop/Power-Down mode */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
/* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
[I* article, please specify in which data and procedures from STC */
[*---- In Keil C development environment, select the Intel 8052 to compiling */
/*---- And only contain < reg51.h > as header file */
* */
/Isuppose the frequency of test chip is 18.432MHz
FLAG BIT 20H.0 //1:generate a interrupt on rising edge
//0:generate a interrupt on falling edge

Il

ORG 0000H

LIMP  MAIN

ORG 0013H

LIMP  EXINT1
Il

ORG 0100H
MAIN:

MOV  SP, #3FH

CLR IT1 //Both rising and falling edge of INT1 can wake up MCU
1 SETB IT1 //Only falling edge of INT1 can wake up MCU

SETB EX1

SETB EA
LOOP:

MOV  PCON, #02H  //MCU enter Stop/Power-Down mode

NOP //Fisrt implement this statement and then enter interrupt service routine

//after be waked up from Stop/Power-Down mode

NOP

SIMP LOOP
EXINTL:

CPL P1.0

PUSH PSW

MOV  C, INT1 IIread the state of INT1

MOV  FLAG, C /lsave the sate of INT1, INT1=0(falling); INT1=1(rising)

POP PSW

RETI

END
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2.3.3.4 Demo Program Using External Interrupt INT2 to Wake Up Stop/PD Mode
1. C Program Listing

* */
/*--- STC MCU Limited. */
/* --- Exam Program using external interrupt /INT2 (only falling edge) to wake up Stop/Power-Down mode ---*/
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

I

sfr INT_CLKO = Ox8F;
sbit INT2 = P376;

sbit P10 = P170;

I

/lInterrupt service routine
void exint2() interrupt 10

{
P10 = 1P10;
1 INT_CLKO &= OxEF;
1 INT_CLKO |= 0x10;
}
Il
void main()
{
INT_CLKO |= 0x10; /I(EX2 = 1) enable the falling edge of INT2 interrupt
EA=1,;
while (1)
{
PCON = 0x02; /IMCU enter Stop/Power-Down mode
_nhop_(); /[Fisrt implement this statement and then enter interrupt service routine
//after be waked up from Stop/Power-Down mode
_nop_();
}
}
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2. Assembler Listing

I* */
/*--- STC MCU Limited. */
/* --- Exam Program using external interrupt /INT2 (only falling edge) to wake up Stop/Power-Down mode ---*/
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling */
/*---- And only contain < reg51.h > as header file */
I* */

IIsuppose the frequency of test chip is 18.432MHz

INT_CLKO DATA  08FH
INT2 BIT P3.6
1
ORG 0000H
LIMP  MAIN
ORG 0053H
LIMP  EXINT2
1
ORG 0100H
MAIN:
MOV  SP, #3FH
ORL INT_CLKO, #10H  //(EX2 = 1) enable the falling edge of INT2 interrupt
SETB EA
LOOP:
MOV  PCON, #02H /IMCU enter Stop/Power-Down mode
NOP /[Fisrt implement this statement and then enter interrupt service routine
/lafter be waked up from Stop/Power-Down mode
NOP
SIMP  LOOP
1
/lInterrupt service routine
EXINT2:
CPL P1.0
1 ANL INT_CLKO, #O0EFH
1 ORL INT_CLKO, #10H
RETI
END
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2.3.3.5 Demo Program Using External Interrupt INT3 to Wake Up Stop/PD Mode
1. C Program Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program using external interrupt /INT3 (only falling edge) to wake up Stop/Power-Down mode ---*/
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

Il

sfr INT_CLKO = 0x8F;
shit INT3 = P377;

shit P10 - P170;

Il

/lInterrupt service routine
void exint3() interrupt 11

{
P10 = 1P10;
1 INT_CLKO &= OxDF;
1 INT_CLKO = 0x20;
}
1
void main()
{
INT_CLKO = 0x20; /I(EX3 = 1) enable the falling edge of INT3 interrupt
EA = 1;
while (1)
PCON = 0x02; /IMCU enter Stop/Power-Down mode
_hop_(); /[Fisrt implement this statement and then enter interrupt service routine
//after be waked up from Stop/Power-Down mode
_nop_();
}
}
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2. Assembler Listing

I* */
/*--- STC MCU Limited. */
/* --- Exam Program using external interrupt /INT3 (only falling edge) to wake up Stop/Power-Down mode ---*/
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
[I* article, please specify in which data and procedures from STC */
[*---- In Keil C development environment, select the Intel 8052 to compiling */
/*---- And only contain < reg51.h > as header file */
I* */
//suppose the frequency of test chip is 18.432MHz
INT_CLKO DATA 08FH
INT3 BIT P3.7
Il

ORG 0000H

LIMP  MAIN

ORG 005BH

LIMP  EXINT3
Il

ORG 0100H
MAIN:

MOV  SP, #3FH

ORL INT_CLKO, #20H /I(EX3 = 1) enable the falling edge of INT3 interrupt

SETB EA
LOOP:

MOV  PCON, #02H /IMCU enter Stop/Power-Down mode

NOP //Fisrt implement this statement and then enter interrupt service routine

//after be waked up from Stop/Power-Down mode

NOP

SIMP LOOP
Il
//nterrupt service routine
EXINTS:

CPL P1.0
1 ANL INT_CLKO, #0DFH
1 ORL INT_CLKO, #20H

RETI

END
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2.3.3.6 Demo Program Using External Interrupt INT4 to Wake Up Stop/PD Mode

1. C Program Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program using external interrupt /INT4 (only falling edge) to wake up Stop/Power-Down mode ---*/
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

Il

sfr INT_CLKO = 0x8F;
shit INT4 = P310;

shit P10 = P170;

Il

/lInterrupt service routine
void exint4() interrupt 16

{
P10 = 1P10;
1 INT_CLKO &= 0xBF;
Vi INT_CLKO E 0x40;
}
1
void main()
{
INT_CLKO |= 0x40; /I[(EX4 = 1) enable the falling edge of INT4 interrupt
EA=1;
while (1)
{
PCON = 0x02; /IMCU enter Stop/Power-Down mode
_nop_(); /IFisrt implement this statement and then enter interrupt service routine
/lafter be waked up from Stop/Power-Down mode
_nhop_();
}
}
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2. Assembler Listing

I* */
/*--- STC MCU Limited. */
/* --- Exam Program using external interrupt /INT3 (only falling edge) to wake up Stop/Power-Down mode ---*/
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
[I* article, please specify in which data and procedures from STC */
[*---- In Keil C development environment, select the Intel 8052 to compiling */
/*---- And only contain < reg51.h > as header file */
I* */
/Isuppose the frequency of test chip is 18.432MHz
INT_CLKO DATA 08FH
INT4 BIT P3.0
Il

ORG 0000H

LIMP  MAIN

ORG 0083H

LIMP  EXINT4
Il

ORG 0100H
MAIN:

MOV  SP, #3FH

ORL INT_CLKO, #40H /I[(EX4 = 1) enable the falling edge of INT4 interrupt

SETB EA
LOOP:

MOV  PCON, #02H /IMCU enter Stop/Power-Down mode

NOP //Fisrt implement this statement and then enter interrupt service routine

//after be waked up from Stop/Power-Down mode

NOP

SIMP LOOP
Il
//nterrupt service routine
EXINTA4:

CPL P1.0
1 ANL INT_CLKO, #0BFH
1 ORL INT_CLKO, #40H

RETI

END
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2.3.3.7 Program Using External Interrupt Extended by CCP/PCA to Wake Up PD Mode

/*Demo program using external interrupt (rising + falling edge) extended by CCP/PCA to wake up Stop/Power-
Down mode(C and ASM) */

1. C Program Listing

* */
/*--- STC MCU Limited. */
[* --- Exam Program using external interrupt extended by CCP/PCA to wake up Stop/Power-Down mode */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
I* article, please specify in which data and procedures from STC */
[*---- In Keil C development environment, select the Intel 8052 to compiling */
[*---- And only contain < reg51.h > as header file */
* */

I/suppose the frequency of test chip is 18.432MHz

/[This demo program take CCP/PCA module 0 for example. the use of CCP/PCA module 1 and CCP/PCA module
/2 are same as CCP/PCA module 0

#include "reg51.h"
#include "intrins.h"

#define FOSC  18432000L

typedef unsigned char BYTE;

typedef unsigned int WORD;

typedef unsigned long DWORD;

sfr PSW1 = 0xA2;

#define CCP_S0 0x10 /IP_SW1.4
#define CCP_S1 0x20 /IP_SW15
sfr CCON = 0xDs8; /IPCA Control register
shit CCF0O = CCON"0;

shit CCF1 = CCONA1;

shit CR = CCON"6;

shit CF = CCONAT7;

sfr CMOD = 0xD9;

sfr CL = OxE9;

sfr CH = OxF9;

sfr CCAPMO = O0xDA;

sfr CCAPOL = OxEA,

sfr CCAPOH = OxFA,;

sfr CCAPM1 = 0xDB;
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sfr CCAPILL = OXEB;
sfr CCAP1H = OxFB;
shit P10 = P170;
void main()
{
ACC = P_SW1;
ACC &= ~(CCP_S0 | CCP_S1); /ICCP_S0=0 CCP_S1=0
P_SW1 = ACC; /I(P1.2/ECI, P1.1/CCPO, P1.0/CCP1, P3.7/CCP2)
1 ACC = P_SWi1;
I ACC &= ~(CCP_S0 | CCP_S1); /ICCP_S0=1 CCP_S1=0
I ACC |= CCP_S0; //(P3.4/ECI_2, P3.5/CCP0_2, P3.6/CCP1_2, P3.7/CCP2_2)
I P_SW1 = ACC;
1
1 ACC = P_SWi1;
I ACC &= ~(CCP_S0 | CCP_S1); /ICCP_S0=0 CCP_S1=1
I ACC |= CCP_S1; //(P2.4/ECI_3, P2.5/CCP0_3, P2.6/CCP1_3, P2.7/CCP2_3)
I P_SW1 = ACC;
CCON = 0;
CL = 0;
CH = 0;
CCAPOL = 0;
CCAPOH = 0;
CMOD = 0x08; //Seting the PCA clock as system clock
CCAPMO= 0x21;
I CCAPMO = 0x11;
I CCAPMO = 0x31;
CR = 1;
EA = 1;
while (1)
{

PCON = 0x02; /IMCU enter Stop/Power-Down mode
_nhop_(); /[Fisrt implement this statement and then enter interrupt service routine
/lafter be waked up from Stop/Power-Down mode

_nop_();
}
}
void PCA_isr() interrupt 7 using 1
if (CCFO0)
CCFO = 0;
P10 = 1P10;

}
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2. Assembler Listing

* */
/*--- STC MCU Limited. */
[* --- Exam Program using external interrupt extended by CCP/PCA to wake up Stop/Power-Down mode */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
I* article, please specify in which data and procedures from STC */
[*---- In Keil C development environment, select the Intel 8052 to compiling */
/*---- And only contain < reg51.h > as header file */
* */

I/suppose the frequency of test chip is 18.432MHz

/IThis demo program take CCP/PCA module 0 for example. the use of CCP/PCA module 1 and CCP/PCA module

/12 are same as CCP/PCA module 0

P SW1I EQU  0A2H

CCP_ SO EQU  10H /IP_SW1.4
CCP_S1 EQU  20H /IP_SW1.5
CCON EQU O0D8H /IPCA Control register

CCFO BIT  CCONJ.O
CCF1 BIT  CCON.1
CR BIT  CCONS6
CF BIT  CCON.7
CMOD EQU  OD9H
cL EQU  OE9H
CH EQU  OF9H

CCAPMO EQU  ODAH
CCAPOL EQU  OEAH
CCAPOH EQU  OFAH
CCAPM1 EQU  ODBH
CCAPIL EQU  OEBH
CCAP1H EQU  OFBH
I

ORG  0000H

LIMP  MAIN

ORG  003BH
PCA_ISR:

PUSH PSW

PUSH ACC
CKECK_CCFO:

JNB CCFO, PCA_ISR_EXIT

CLR  CCFO0

Nantong Guoxin Micro-Electronics Co. Ltd. Switchboard: 0513-5501 2928/ 2929/ 2966 Fax: 0513-5501 2969/ 2956/ 2947

141



STC15W4K3254 series MCU Manual

www.GXWMCU.com

Temporary Technical Adviser:(86)13922829991  Tel of R&D Adviser:(86)13922805190

CPL P10
PCA_ISR_EXIT:
POP  ACC
POP  PSW
RETI
I
ORG  0100H
MAIN:
MOV  SP, #5FH
MOV A, P SWi1
ANL A, #OCFH
MOV P SW1, A
I MOV A, P SWi1
I ANL A, #OCFH
I ORL A, #CCP_S0
I MOV P SW1, A
I
I MOV A, P SWi1
I ANL A, #OCFH
I ORL A, #CCP_S1
I MOV P SW1, A
MOV  CCON, #0
CLR A
MOV  CL, A
MOV CH, A
MOV  CCAPOL,
MOV  CCAPOH,
MOV  CMOD,
MOV  CCAPMO,
I MOV  CCAPMO,
I MOV  CCAPMO,
SETB CR
SETB EA
LOOP:
MOV  PCON, #02H
NOP
NOP
SIMP  LOOP
I
END

#08H
#21H
#11H
#31H

/ICCP_S0=0 CCP_S1=0
/I(P1.2/ECI, P1.1/CCPO, P1.0/CCP1, P3.7/CCP2)

/ICCP_S0=1 CCP_S1=0

/I(P3.4/ECI_2, P3.5/CCP0_2, P3.6/CCP1_2, P3.7/CCP2_2)

/ICCP_S0=0 CCP_S1=1
/I(P2.4/EC1_3, P2.5/CCP0_3, P2.6/CCP1_3, P2.7/CCP2_3)

//Seting the PCA clock as system clock

/IMCU enter Stop/Power-Down mode
/[Fisrt implement this statement and then enter interrupt service routine
//after be waked up from Stop/Power-Down mode
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2.3.3.8 Program Using the Level Change of RxD pin to Wake Up Stop/PD Mode

/*Demo program using the level change from high to low of RxD pin to wake up Stop/Power-Down mode(C and

ASM) */

1. C Program Listing

*/

/*

[*--- STC MCU Limited.

*/

/* --- Exam Program using the level change from high to low of RxD pin to wake up Stop/Power-Down mode */

/* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling */
/*---- And only contain < reg51.h > as header file */
*/

/*

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

Il
sfr AUXR = 0x8e;
sfr T2H 3 0xde;
sfr T2L = 0xd7;
sfr P_SW1 = 0xA2;
#define S1_SO  0x40
#define S1_S1  0x80
shit P10 = P170;
Il
void main()
{
ACC = P_SW1;
ACC &= ~(S1_S0|S1_S1);
P_SW1 = ACC;
1 ACC = P_SW1;
1 ACC &= ~(S1_S0|S1_S1);
1 ACC = S1 S0;
1 P_SW1 = ACC;

/[Auxiliary register

/IP_SW1.6
IIP_SW1.7

//S1_S0=0 S1_S1=0
//(P3.0/RxD, P3.1/TxD)

//S1_S0=1S1_S1=0
/I(P3.6/RXD_2, P3.7/TxD_2)

Nantong Guoxin Micro-Electronics Co. Ltd.

Switchboard

: 0513-5501 2928/ 2929/ 2966 Fax: 0513-5501 2969/ 2956/ 2947

143



STC15WA4K3254 series MCU Manual ~ www.GXWMCU.com  Temporary Technical Adviser:(86)13922829991  Tel of R&D Adviser:(86)13922805190

1
Vi ACC = P_SWI;
1 ACC &= ~(S1_S0| S1_S1); //S1_S0=0S1_S1=1
Vi ACC |= S1_S1; /I(P1.6/RXD_3, P1.7/TxD_3)
Vi PSW1 = ACC;
SCON = 0x50; //8-bit variable baud rate
T2L = (65536 - (FOSC/4/BAUD)); /Setting the reload value of buad rate
T2H = (65536 - (FOSC/4/BAUD))>>8;
AUXR = 0x14; /[T2 in 1T mode, and run Timer 2
AUXR |= 0x01; //Select Timer2 as the baud-rate generator of UART1
ES = 1;
EA = 1;
while (1)
{
PCON = 0x02; /IMCU enter Stop/Power-Down mode
_nop_(); /[Fisrt implement this statement and then enter interrupt service routine
//after be waked up from Stop/Power-Down mode
_nop_();
P10 = !P10;
}
}
/*
UART interrupt service Routine
*
/
void Uart() interrupt 4 using 1
if (RI)
{
RI=0; /lclear RI
PO = SBUF;
}
if (TI)
{
TI=0; /lclear TI
}
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2. Assembler Listing

/*

*/

/*--- STC MCU Limited.

*/

/* --- Exam Program using the level change from high to low of RxD pin to wake up Stop/Power-Down mode */

[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
[* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling */
/*---- And only contain < reg51.h > as header file */
*/

/*

/Isuppose the frequency of test chip is 18.432MHz

I
AUXR EQU  0SEH
T2H  DATA OD6H
T2L  DATA OD7H
PSW1 EQU  O0A2H
S1.S0 EQU  40H
S1.S1 EQU  80H
I
ORG  0000H
LIMP  MAIN
ORG  0023H
LIMP  UART_ISR
I
ORG  0100H
MAIN:
MOV  SP, #3FH
MOV A, P SW1
ANL A, #03FH
MOV P SW1, A
I MOV A, P SW1
I ANL A, #03FH
I ORL A, #S1_S0
I MOV P SW1, A
I

//Auxiliary register

/IP_SW1.6
IIP_SW1.7

//S1_S0=0 S1_S1=0
//(P3.0/RxD, P3.1/TxD)

//S1_S0=1 S1_S1=0
/I(P3.6/RxD_2, P3.7/TXD_2)

Nantong Guoxin Micro-Electronics Co. Ltd.

Switchboard: 0513-5501 2928/ 2929/ 2966 Fax: 0513-5501 2969/ 2956/ 2947

145



STC15W4K3254 series MCU Manual

www.GXWMCU.com  Temporary Technical Adviser:(86)13922829991  Tel of R&D Adviser:(86)13922805190

Vi MOV A, P SW1
Vi ANL A, #03FH //1S1_S0=0S1_S1=1
Vi ORL A, #S1 S1 /I(P1.6/RxD_3, P1.7/TxD_3)
Vi MOV P SW1, A
MOV  SCON, #50H /18-bit variable baud rate
MOV  T2L, #0D8H  //Setting the reload value of buad rate (65536-18432000/4/115200)
MOV T2H, #O0FFH
MOV  AUXR, #14H /IT2 in 1T mode, and run Timer 2
ORL AUXR, #01H //Select Timer2 as the baud-rate generator of UART1
SETB ES /lenable UART1 interrupt
SETB A
LOOP:
MOV  PCON, #02H /IMCU enter Stop/Power-Down mode
NOP /[Fisrt implement this statement and then enter interrupt service routine
/lafter be waked up from Stop/Power-Down mode
NOP
CPL P1.0
SIMP LOOP
*
;UART interrupt service Routine
; -/
UART_ISR:
PUSH ACC
PUSH PSW
JNB RI, CHECKTI /lcheck RI
CLR RI /lclear RI
MOV PO, SBUF
CHECKTI:
JNB TI, ISR_EXIT /Icheck TI
CLR TI /lclear TI
ISR_EXIT:
POP PSW
POP ACC
RETI
END
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2.3.3.9 Program Using the Level Change of RxD2 pin to Wake Up Stop/PD Mode

/*Demo program using the level change from high to low of RxD2 pin to wake up Stop/Power-Down mode(C and
ASM) */

1. C Program Listing

* */
/*--- STC MCU Limited. */
/* --- Exam Program using the level change from high to low of RxD2 pin to wake up Stop/Power-Down mode */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
[I* article, please specify in which data and procedures from STC */
[*---- In Keil C development environment, select the Intel 8052 to compiling */
/*---- And only contain < reg51.h > as header file */
* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

#define FOSC  18432000L //System frequency
#define BAUD 115200
#define TM (65536 - (FOSC/4/BAUD))

Il

sfr AUXR = 0x8e; //Auxiliary register
sfr S2CON = 0x9a;

sfr S2BUF = 0x9b;

sfr T2H = 0xd6;

sfr T2L = 0xd7;

sfr 1IE2 = Oxaf;

#define S2RI 0x01 /IS2CON.0
#define  S2TI 0x02 /IS2CON.1
#define S2RB8 0x04 //IS2CON.2
#define S2TB8 0x08 //IS2CON.3
sfr P SW2 = 0xBA;

#define S2_S 0x01 /IP_SW2.0
shit P20 = P210;

Il
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void main()
{
P_SW2 &= ~S2_S; //S2_S=0 (P1.0/RxD2, P1.1/TxD2)
1 P_SW2 |= S2_S; //S2_S=1 (P4.6/RxD2_2, P4.7/TxD2_2)
S2CON = 0x50; //8-bit variable baud rate
T2L = T™; //Setting the reload value of buad rate
T2H = TM>>8;
AUXR = 0x14; /IT2in 1T mode, and run Timer 2
1IE2 = 0x01; /lenable UART1 interrupt
EA = 1;
while (1)
{
PCON = 0x02;  //MCU enter Stop/Power-Down mode
_nhop_(); I[Fisrt implement this statement and then enter interrupt service routine
//after be waked up from Stop/Power-Down mode
_nop_();
P20 = 1P20;
}
}
/*
UART?2 interrupt service Routine
*/
void Uart2() interrupt 8 using 1
{
if (S2CON & S2RI)
{
S2CON &= ~S2RI; /lclear S2RI
PO = S2BUF;
}
if (S2CON & S2TI)
{
S2CON &= ~S2Tl; /lclear S2T1
}
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2. Assembler Listing

* */
/* --- STC MCU Limited. */
/* --- Exam Program using the level change from high to low of RxD2 pin to wake up Stop/Power-Down mode */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
[*---- In Keil C development environment, select the Intel 8052 to compiling */
[*---- And only contain < reg51.h > as header file */
* */

//suppose the frequency of test chip is 18.432MHz

AUXR EQU 08EH /[Auxiliary register
S2CON EQU 09AH
S2BUF EQU 09BH
T2H DATA 0D6H
T2L DATA 0D7H
IE2 EQU 0AFH

P_SW2 EQU 0BAH

S2_S EQU 01H /IP_SW2.0
S2RI EQU 01H /IS2CON.0
S2TI EQU 02H /IS2CON.1
S2RB8 EQU 04H /IS2CON.2
S2TB8 EQU 08H /IS2CON.3
Il
ORG 0000H
LIMP MAIN
ORG 0043H
LIMP UART2_ISR
Il
ORG 0100H
MAIN:
MOV SP, #3FH
ANL  P_SW2, #NOTS2 S //S2_S=0 (P1.0/RXD2, P1.1/TXD2)
I ORL P _SW2, #S2_S //S2_S=1 (P4.6/RXD2_2, PA.7/TxD2_2)
MOV  S2CON, #50H /18-bit variable baud rate
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MOV T2L, #0D8H //Setting the reload value of buad rate
11(65536-18432000/4/115200)
MOV T2H, #OFFH
MOV AUXR, #14H //T2 in 1T mode, and run Timer 2
ORL 1E2, #01H /lenable UART1 interrupt
SETB EA
LOOFP:
MOV PCON, #02H /IMCU enter Stop/Power-Down mode
NOP /[Fisrt implement this statement and then enter interrupt service routine
//after be waked up from Stop/Power-Down mode
NOP
CPL P1.0
SIMP  LOOP
I
;UART?2 interrupt service Routine
; */
UART2_ISR:
PUSH ACC
PUSH PSW
MOV A, S2CON
JNB ACC.0, CHECKTI ;check S2RI
ANL S2CON, #NOT S2RI ;clear S2RI
MOV PO, S2BUF
CHECKTI:
MOV A, S2CON
JNB ACC.1, ISR_EXIT ;check S2T1
ANL S2CON, #NOT S2TI ;clear S2T1
ISR_EXIT:
POP PSW
POP ACC
RETI
END
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Chapter 3 Memory Organization and SFRs

The STC15 series MCU has separate address space for Program Memory and Data Memory. The logical
separation of program and data memory allows the data memory to be accessed by 8-bit addresses, which can be
quickly stored and manipulated by the CPU.

Program memory (ROM) can only be read, not written to. In the STC15 series, all the program memory are on-
chip Flash memory, and without the capability of accessing external program memory because of no External Ac-
cess Enable (/EA) and Program Store Enable (/PSEN) signals designed.

Data memory occupies a separate address space from program memory. There are large capacity of on-chip RAM
in STC15 series MCU. For example, the STC15W4K32S4 series implements 4096 bytes of on-chip RAM which
consists of 256 bytes of internal scratch-pad RAM and 3840 bytes of on-chip expanded RAM(XRAM). The upper
128 bytes occupy a parallel address space to the Special Function Registers. This means that the upper 128 bytes
have the same addresses as the SFR space but arephysically separate from SFR space. Besides 64K bytes external
expanded RAM also can be accessed in STC15W4K32S4 series MCU.

3.1 Program Memory

Program memory is the memory which stores the program codes for the CPU to execute. For STC15W4K32S4
series MCU example, there is 16K/32K/40K/48K/56K/58K/61K/63.5K bytes of flash memory embedded for
program and data storage. The design allows users to configure it as like there are three individual partition
banks inside. They are called AP(application program) region, IAP (In-Application-Program) region and ISP (In-
System-Program) boot region. AP region is the space that user program is resided. IAP(In-Application-Program)
region is the nonvolatile data storage space that may be used to save important parameters by AP program. In
other words, the IAP capability of STC15 provides the user to read/write the user-defined on-chip data flash
region to save the needing in use of external EEPROM device. ISP boot region is the space that allows a specific
program we calls “ISP program” is resided. Inside the ISP region, the user can also enable read/write access to
a small memory space to store parameters for specific purposes. Generally, the purpose of ISP program is to
fulfill AP program upgrade without the need to remove the device from system. STC15 hardware catches the
configuration information since power-up duration and performs out-of-space hardware-protection depending
on pre-determined criteria. The criteria is AP region can be accessed by ISP program only, IAP region can be
accessed by ISP program and AP program, and ISP region is prohibited access from AP program and ISP program
itself. But if the “ISP data flash is enabled”, ISP program can read/write this space. When wrong settings on
ISP-IAP SFRs are done, The “out-of-space” happens and STC15 follows the criteria above, ignore the trigger
command.

After reset, the CPU begins execution from the location 0000H of Program Memory, where should be the starting
of the user’s application code. To service the interrupts, the interrupt service locations (called interrupt vectors)
should be located in the program memory. Each interrupt is assigned a fixed location in the program memory. The
interrupt causes the CPU to jump to that location, where it commences execution of the service routine. External
Interrupt 0, for example, is assigned to location 0003H. If External Interrupt O is going to be used, its service
routine must begin at location 0003H. If the interrupt is not going to be used, its service location is available as
general purpose program memory.

Nantong Guoxin Micro-Electronics Co. Ltd. Switchboard: 0513-5501 2928/ 2929/ 2966 Fax: 0513-5501 2969/ 2956/ 2947 151



STC15WA4K3254 series MCU Manual ~ www.GXWMCU.com  Temporary Technical Adviser:(86)13922829991  Tel of R&D Adviser:(86)13922805190

The interrupt service locations are spaced at an interval of 8 bytes: 0003H for External Interrupt 0, 000BH for
Timer 0, 0013H for External Interrupt 1, 001BH for Timer 1, etc. If an interrupt service routine is short enough (as
is often the case in control applications), it can reside entirely within that 8-byte interval. Longer service routines
can use a jump instruction to skip over subsequent interrupt locations, if other interrupts are in use.

Flash memory with flexibility can be repeatedly erased more than 100 thousand times.

3FFEH Type Program Memaory
STC15W4K1654 0000H~3FFFH (16K)
16K STC15W4K3254 0000H~7FFFH (32K)
Program Flash STC15W4K40S4 0000H~9FFFH (40K)
Memory STC15W4K4854 0000H~0BFFFH (48K)
(8-63.5K) STC15W4K5654 0000H~ODFFFH (56K)
IAP15W4K5854 0000H~0E7FFH (58K)
IAP15WA4K 6154 0000H~OF3FFH (61K)
0000H IRC15W4K63S4  |0000H~OFDFFH (63.5K)

STC15W4K16S4 Program Memory

3.2 Data Memory (SRAM)

The STC15W4K32S4 series MCU implements 4096 bytes of on-chip RAM which consists of 256 bytes of
internal scratch-pad RAM and 3840 bytes of on-chip expanded RAM(XRAM). Besides 64K bytes external
expanded RAM also can be accessed in part of STC15 series MCU.

3.2.1 On-chip Scratch-Pad RAM

Just as same as the conventional 8051 micro-controller, there are 256 bytes of internal scratch-pad RAM data
memory plus 128 bytes of SFR space available on the STC15 series. The lower 128 bytes of data memory may
be accessed through both direct and indirect addressing. The upper 128 bytes of data memory and the 128 bytes
of SFR space share the same address space. The upper 128 bytes of data memory may only be accessed using
indirect addressing. The 128 bytes of SFR can only be accessed through direct addressing. The lowest 32 bytes
of data memory are grouped into 4 banks of 8 registers each. Program instructions call out these registers as
RO through R7. The RSO and RS1 bits in PSW register select which register bank is in use. Instructions using
register addressing will only access the currently specified bank. This allows more efficient use of code space,
since register instructions are shorter than instructions that use direct addressing. The next 16 bytes (20H~2FH)
above the register banks form a block of bit-addressable memory space. The 8051 instruction set includes a wide
selection of single-bit instructions, and the 128 bits in this area can be directly addressed by these instructions.
The bit addresses in this area are 00H through 7FH.
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7FH
FF
. Special Function
m‘gﬂﬁ%iﬁes Registers (SFRs) 8OH 2FH
80 bit Addressable
20H
TF Bank 3 1FH
Low 128 Bytes 18H
Internal RAM 10H Bank 2 17H
00 08H Bank 1 OFH
On-chip Scratch-Pad RAM Bank 0 o7H

Lower 128 Bytes of internal SRAM

All of the bytes in the Lower 128 can be accessed by either direct or indirect addressing while the Upper 128
can only be accessed by indirect addressing. SFRs include the Port latches, timers, peripheral controls, etc.
These registers can only be accessed by direct addressing. Sixteen addresses in SFR space are both byte- and bit-
addressable. The bit-addressable SFRs are those whose address ends in OH or 8H.

PSW register

SFR name | Address |  bit B7 B6 B5 B4 B3 B2 B1 BO

PSW DOH | name | CY AC FO RS1 RSO ov F1 P
CY: Carry flag.
This bit is set when the last arithmetic operation resulted in a carry (addition) or a borrow (subtrac-tion). It
is cleared to logic 0 by all other arithmetic operations.
AC : Auxilliary Carry Flag.(For BCD operations)
This bit is set when the last arithmetic operation resulted in a carry into (addition) or a borrow from
(subtraction) the high order nibble. It is cleared to logic O by all other arithmetic operations
FO : Flag 0.(Available to the user for general purposes)
RS1: Register bank select control bit 1.
RS0: Register bank select control bit 0.

[RS1 RSO0] select which register bank is used during register accesses

RS1 RSO Working Register Bank(R0~R7) and Address
0 0 Bank 0(00H~07H)
0 1 Bank 1(08H~0FH)
1 0 Bank 2(10H~17H)
1 1 Bank 3(18H~1FH)

oVv:

Overflow flag.

This bit is set to 1 under the following circumstances:

* An ADD, ADDC, or SUBB instruction causes a sign-change overflow.

* A MUL instruction results in an overflow (result is greater than 255).

« ADIV instruction causes a divide-by-zero condition.

The OV bit is cleared to 0 by the ADD, ADDC, SUBB, MUL, and DIV instructions in all other cases.
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PSW register
SFR name | Address | bit B7 B6 B5 B4 B3 B2 B1 BO
PSW DOH | name | CY AC FO RS1 RSO ov F1 P

F1 : Flag 1. User-defined flag.

P : Parity flag.
This bit is set to logic 1 if the sum of the eight bits in the accumulator is odd and cleared if the
sum is even.

SP: Stack Pointer.
The Stsek Pointer Register is 8 bits wide. It is incremented before data is stored during PUSH and CALL
executions. The stack may reside anywhere in on-chip RAM.On reset, the Stack Pointer is initialized to
07H causing the stack to begin at location 08H, which is also the first register (R0) of register bank 1.
Thus, if more than one register bank is to be used, the SP should be initialized to a location in the
data memory not being used for data storage. The stack depth can extend up to 256 bytes.

3.2.2 On-Chip Expanded RAM / XRAM /AUX-RAM

There are 3840 bytes of additional data RAM available on STC15W4K32S4 series. They may be accessed by
the instructions MOV X @Ri or MOVX @DPTR. A control bit — EXTRAM located in AUXR.1 register is to
control access of auxiliary RAM. When set, disable the access of auxiliary RAM. When clear (EXTRAM=0), this
auxiliary RAM is the default target for the address range from 0x0000 to 0xO3FFand can be indirectly accessed
by move external instruction, “MOVX @Ri” and “MOVX @DPTR”. If EXTRAM=0 and the target address is
over OX03FF, switches to access external RAM automatically. When EXTRAM=0, the content in DPH is ignored
when the instruction MOV X @RI is executed.

For KEIL-C51 compiler, to assign the variables to be located at Auxiliary RAM, the “pdata” or “xdata” definition
should be used. After being compiled, the variables declared by “pdata” and “xdata” will become the memories
accessed by “MOVX @Ri” and “MOVX @DPTR?”, respectively. Thus the STC15W4K32S4 hardware can access
them correctly.

FFFF
OXOEFF
64K Bytes
ff-chip
3840 Bytes 0
expanded RAM Expanded RAM
0x0000
Auxiliary RAM 0000

External RAM
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AUXR register

Mnemonic| Add Name 7 6 5 4 3 2 1 0 Reset Value

AUXR |8EH |Auxiliary Register |Tox12| T1x12 [UAR_Mox6| T2R |T2_C/T| T2x12 [EXTRAM| S1ST2 | 0000,0001

EXTRAM : Internal / external RAM access control bit.
0 : On-chip auxiliary RAM is enabled and located at the address 0x0000 to OXOEFF.
For address over OXOEFF, off-chip expanded RAM becomes the target automatically.
1 : On-chip auxiliary RAM is always disabled.

OxFFFF FFFFH
off-chip
expanded RAM
60.25KB off-chip
expanded RAM
64KB
0x0F00
OXOEFF
Auxiliary RAM 3.75KB
0x0000 0000H
EXTRAM=0 EXTRAM=1

TOx12 : Timer 0 clock source bit.
0 : The clock source of Timer 0 is SYSclk/12. It will compatible to the traditional 8051 MCU
1 : The clock source of Timer 0 is SYSclk/1. It will drive the TO faster than a traditional 8051 MCU

T1x12 : Timer 1 clock source bit.
0 : The clock source of Timer 1 is SYSclk/12. It will compatible to the traditional 8051 MCU
1 : The clock source of Timer 1 is SYSclk/1. It will drive the TO faster than a traditional 8051 MCU

UART_MOx6 : Baud rate select bit of UART1 while it is working under Mode-0
0 : The baud-rate of UART in mode 0 is SYSclk/12.
1 : The baud-rate of UART in mode 0 is SYSclk/2.

T2R Timer 2 Run control bit
0 : notrun Timer 2;
1 : runTimer 2.

T2_C/T: Counter or timer 2 selector
0 : as Timer (namely count on internal system clock)
1 : as Counter (namely count on the external pulse input from T2/P3.1)

T2x12 : Timer 2 clock source bit.
0 : The clock source of Timer 2 is SYSclk/12.
1 : The clock source of Timer 2 is SYSclk/1.

S1ST2 : the control bit that UART1 select Timer 2 as its baud-rate generator.
0 : Select Timer 1 as the baud-rate generator of UART1

1 : Select Timer 2 as the baud-rate generator of UARTL. Timer 1 is released to use in other functions.
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An example program for internal expanded RAM demo of STC15 series:

I

:/* --- STC MCU International Limited
;/* --- STC 1T Series MCU internal expanded RAM Demo
;/* --- Mobile: (86)13922805190

;/* --- Fax: 86-755-82905966
;/* --- Tel: 86-755-82948412

/* --- Web: www.STCMCU.com

*/
*/

;/* 1f you want to use the program or the program referenced in the */
;/* article, please specify in which data and procedures from STC

*/
*/

*
#include<reg51.h>
#include<intrins.h>

sfr AUXR = 0x8¢;

shit ERROM_LED = P1"5;

shit OK_LED = P177;

void main ()

{

unsigned int array_point = 0;

/* use _nop_() function */

[*Test-array: Test_array_one[512], Test_array_two[512] */
unsigned char xdata Test_array_one[512] =

{
0x00,

0x08,
0x10,
0x18,
0x20,
0x28,
0x30,
0x38,
0x40,
0x48,
0x50,
0x58,
0x60,
0x68,
0x70,
0x78,
0x80,
0x88,
0x90,
0x98,
0xa0,
0xa8,

0x01
0x09,
0x11,
0x19,
0x21,
0x29,
0x31,
0x39,
0x41,
0x49,
0x51,
0x59,
0x61,
0x69,
0x71,
0x79,
0x81,
0x89,
0x91,
0x99,
Oxal,
0xa9,

0x02,
0x0a,
0x12,
Ox1a,
0x22,
0x2a,
0x32,
0x3a,
0x42,
0x4a,
0x52,
0x5a,
0x62,
0x6a,
0x72,
0x7a,
0x82,
0x8a,
0x92,
0x9a,
0xa2,
Oxaa,

0x03,
0x0b,
0x13,
0x1b,
0x23,
0x2b,
0x33,
0x3b,
0x43,
0x4b,
0x53,
0x5b,
0x63,
0x6b,
0x73,
0x7b,
0x83,
0x8b,
0x93,
0x9b,
0xa3,
Oxab,

0x04
0x0c,
0x14,
Ox1c,
0x24,
0x2c,
0x34,
0x3c,
0x44,
0Ox4c,
0x54,
0x5c,
0x64,
0x6c,
0x74,
0x7c,
0x84,
0x8c,
0x94,
0x9c,
Oxa4,
Oxac,

0x05,
0x0d,
0x15,
0x1d,
0x25,
0x2d,
0x35,
0x3d,
0x45,
0x4d,
0x55,
0x5d,
0x65,
0x6d,
0x75,
0x7d,
0x85,
0x8d,
0x95,
0x9d,
0xab,
Oxad,

0x06,
0xOe,
0x16,
Oxle,
0x26,
0x2e,
0x36,
0x3e,
0x46,
Ox4e,
0x56,
0xb5e,
0x66,
0Ox6e,
0X76,
0x7e,
0x86,
0x8e,
0x96,
0x9e,
0xab,
Oxae,

0x07,
0x0f,
0x17,
Ox1f,
0x27,
0x2f,
0x37,
0x3f

0x47,
0xA4f,
0x57,
0x5f,
0x67,
0x6f,
0x77,
0xTf,
0x87,
0x8f,
0x97,
0x9f,
0xa7,
Oxaf,
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0xhO0, 0xb1, 0xb2, 0xb3, 0xb4, 0xh5, 0xh6, 0xb7,
0xh8, 0xh9, Oxba, 0xbb, Oxbc, 0xbd, Oxbe, 0xbf,
0xcO0, 0xcl, 0xc2, 0xc3, 0xc4, 0xc5, 0xc6, 0xc7,
0xc8, 0xc9, Oxca, 0Oxch ,0xcc,  Oxcd, Oxce, 0xcf,
0xdo, Oxd1, 0xd2, 0xd3, 0xd4, 0xd5, 0xde, oxd7
0xds, 0xd9, Oxda, Oxdb, Oxdc, Oxdd, Oxde, Oxdf,
0xe0, Oxel, 0xe2, 0xe3, Oxed4, 0xe5, 0xe6, 0xe7,
0xe8, 0xe9, Oxea, Oxeb, oxec, Oxed, Oxee, Oxef,
0xf0, 0xf1, 0xf2, 0xf3, 0xf4, 0xf5, 0xf6, 0xf7,
0xf8, 0xf9, Oxfa, 0xfb, 0xfc, 0xfd, Oxfe, Oxff,

Oxff, Oxfe, 0xfd, 0xfc, 0xfb, Oxfa, 0xf9, 0xf8,
0xf7, 0xf6, 0xf5, 0xf4, 0xf3, 0xf2, 0xf1, 0xf0,
Oxef, Oxee, Oxed, oxec, Oxeb, Oxea, 0xe9, 0xe8,
0xe7, 0xe6, 0xe5, Oxed4, 0xe3, 0xe2, Oxel, 0xe0,
Oxdf, Oxde, Oxdd, Oxdc, Oxdb, Oxda, 0xd9, 0xds,
0xd7, 0xdse, 0xd5, 0xd4, 0xd3, 0xd2, 0oxd1, 0xdo,
0xcf, Oxce, Oxcd, oxcc, 0xch, Oxca, 0xc9, 0xc8,
0xc7, 0xc6, 0xc5, 0xc4, 0xc3, 0xc2, 0xcl, 0xcO0,
0xbf, Oxbe, 0xbd, Oxbc, 0xbb, Oxba, 0xh9, 0xb8,
0xb7, 0xh6, 0xb5, 0xb4, 0xb3, 0xb2, 0xb1, 0xhO0,
Oxaf, Oxae, Oxad, oxac, Oxab, Oxaa, 0xa9, 0xa8,
0xa7, 0xab, 0xab, Oxa4, 0xa3, 0xaz2, Oxal, 0xa0,
0x9f, 0x9e, 0x9d, 0x9c, 0x9b, 0x9a, 0x99, 0x98,
0x97, 0x96, 0x95, 0x94, 0x93, 0x92, 0x91, 0x90,
0x8f, 0x8e, 0x8d, 0x8c, 0x8b, 0x8a, 0x89, 0x88,
0x87, 0x86, 0x85, 0x84, 0x83, 0x82, 0x81, 0x80,
0x7f, 0x7e, 0x7d, 0x7c, 0x7hb, 0x7a, 0x79, 0x78,
0x77, 0x76, 0x75, 0x74, 0x73, 0x72, 0x71, 0x70,
0x6f, 0Ox6e, 0x6d, 0ox6c, 0x6b, 0x6a, 0x69, 0x68,
0x67, 0x66, 0x65, 0x64, 0x63, 0x62, 0x61, 0x60,
0x5f, 0x5e, 0x5d, 0x5¢, 0x5b, 0x5a, 0x59, 0x58,
0x57, 0x56, 0x55, 0x54, 0x53, 0x52, 0x51, 0x50,
0x4f, Ox4e, 0x4d, Ox4c, 0x4b, Ox4a, 0x49, 0x48,
0x47, 0x46, 0x45, 0x44, 0x43, 0x42, 0x41, 0x40,
0x3f, 0x3e, 0x3d, 0x3c, 0x3b, 0x3a, 0x39, 0x38,
0x37, 0x36, 0x35, 0x34, 0x33, 0x32, 0x31, 0x30,
0x2f, 0x2e, 0x2d, 0x2c, 0x2b, 0x2a, 0x29, 0x28,
0x27, 0x26, 0x25, 0x24, 0x23, 0x22, 0x21, 0x20,
Ox1f, Ox1le, 0x1d, ox1c, 0x1b, Ox1a, 0x19, 0x18,
0x17, 0x16, 0x15, 0x14, 0x13, 0x12, 0x11, 0x10,
0x0f, 0x0e, 0x0d, 0x0c, 0x0b, 0x0a, 0x09, 0x08,
0x07, 0x06, 0x05, 0x04, 0x03, 0x02, 0x01, 0x00

+

unsigned char xdata Test_array_two[512] =

{
0x00, 0x01 0x02, 0x03, 0x04 0x05, 0x06, 0x07,
0x08, 0x09, 0x0a, 0x0b, 0x0c, 0x0d, 0x0e, 0x0f,
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0x10, 0x11, 0x12, 0x13, 0x14, 0x15, 0x16, 0x17,
0x18, 0x19, Ox1a, 0x1Db, Ox1c, 0x1d, Oxle, Ox1f,
0x20, 0x21, 0x22, 0x23, 0x24, 0x25, 0x26, 0x27,
0x28, 0x29, 0x2a, 0x2b, 0x2c, 0x2d, 0x2e, 0x2f,
0x30, 0x31, 0x32, 0x33, 0x34, 0x35, 0x36, 0x37,
0x38, 0x39, 0x3a, 0x3b, 0x3c, 0x3d, 0x3e, 0x3f

0x40, 0x41, 0x42, 0x43, 0x44, 0x45, 0x46, 0x47,
0x48, 0x49, 0x4a, 0x4b, 0x4c, 0x4d, Ox4e, 0xA4f,
0x50, 0x51, 0x52, 0x53, 0x54, 0x55, 0x56, 0x57,
0x58, 0x59, 0x5a, 0x5b, 0x5c, 0x5d, 0xb5e, 0x5f,
0x60, 0x61, 0x62, 0x63, 0x64, 0x65, 0x66, 0x67,
0x68, 0x69, 0x6a, 0x6b, 0x6c, 0x6d, 0x6e, 0x6f,
0x70, 0x71, 0x72, 0x73, 0x74, 0x75, 0x76, 0x77,
0x78, 0x79, 0x7a, 0x7b, 0x7c, 0x7d, 0x7e, 0xT7f,
0x80, 0x81, 0x82, 0x83, 0x84, 0x85, 0x86, 0x87,
0x88, 0x89, 0x8a, 0x8b, 0x8c, 0x8d, 0x8e, 0x8f,
0x90, 0x91, 0x92, 0x93, 0x94, 0x95, 0x96, 0x97,
0x98, 0x99, 0x9a, 0x9b, 0x9c, 0x9d, 0x9e, 0x9f,
0xa0, Oxal, 0xa2, 0xa3, Oxa4, 0xab, 0xab, Oxa7,
0xa8, 0xa9, Oxaa, Oxab, Oxac, Oxad, Oxae, Oxaf,

0xb0, 0xb1, 0xb2, 0xb3, 0xb4, 0xb5, 0xb6, 0xb7,
0xb8, 0xb9, Oxba, 0xbb, 0xbc, 0xbd, 0Oxbe, 0xbf,
0xcO, 0xcl, 0xc2, 0xc3, 0xc4, 0xc5, 0xc6, 0xc7,
0xc8, 0xc9, 0xca, Oxcb ,Oxcc,  Oxcd, Oxce, 0xcf,

0xdo, 0xd1, 0xd2, 0xd3, 0xd4, 0xd5, 0xds, 0xd7
0xd8, 0xd9, Oxda, 0xdb, Oxdc, 0xdd, Oxde, 0xdf,
0xe0, Oxel, 0xe2, 0xe3, Oxe4, 0xe5, 0xe6, Oxe7,
0xe8, 0xe9, Oxea, Oxeb, Oxec, Oxed, Oxee, Oxef,

0xfO0, 0xf1, 0xf2, 0xf3, 0xf4, 0xf5, 0xf6, 0xf7,
0xf8, 0xf9, Oxfa, 0xfb, Oxfc, 0xfd, Oxfe, Oxff,

Oxff, Oxfe, 0xfd, Oxfc, 0xfb, Oxfa, 0xf9, 0xf8,
0xf7, 0xf6, 0xf5, 0xf4, 0xf3, 0xf2, 0xf1, 0xfO0,
Oxef, Oxee, Oxed, Oxec, Oxeb, Oxea, 0xe9, 0xe8,
0Oxe7, 0xe6, 0xe5, Oxe4, 0xe3, 0xe2, Oxel, 0xe0,
0xdf, Oxde, 0xdd, Oxdc, 0xdb, Oxda, 0xd9, 0xd8,
0xd?7, 0xds, 0xd5, 0xd4, 0xd3, 0xd2, 0xd1, 0xdo,
0xcf, Oxce, Oxcd, Oxcc, 0Oxcb, 0xca, 0xc9, 0xc8,
0xc7, 0xc6, 0xc5, 0xc4, 0xc3, 0xc2, 0xcl, 0xcO,
0xbf, Oxbe, 0xbd, Oxbc, 0xbb, Oxba, 0xb9, 0xb8,
0xb7, 0xb6, 0xb5, 0xb4, 0xb3, 0xb2, 0xb1, 0xb0,
Oxaf, Oxae, Oxad, Oxac, Oxab, Oxaa, 0xa9, 0xa8,
Oxa7, 0xab, 0xab5, Oxa4, 0xa3, 0xa2, Oxal, 0xa0,
0x9f, 0x9e, 0x9d, 0x9c, 0x9b, 0x9a, 0x99, 0x98,
0x97, 0x96, 0x95, 0x94, 0x93, 0x92, 0x91, 0x90,
0x8f, 0x8e, 0x8d, 0x8c, 0x8b, 0x8a, 0x89, 0x88,
0x87, 0x86, 0x85, 0x84, 0x83, 0x82, 0x81, 0x80,
0x7f, 0x7e, 0x7d, 0x7c, 0x7h, 0x7a, 0x79, 0x78,
0x77, 0x76, 0x75, 0x74, 0x73, 0x72, 0x71, 0x70,
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0x6f, 0x6e, 0x6d, 0x6c, 0x6b, 0x6a, 0x69, 0x68,
0x67, 0x66, 0x65, 0x64, 0x63, 0x62, 0x61, 0x60,
0x5f, 0x5e, 0x5d, 0x5c, 0x5b, 0x5a, 0x59, 0x58,
0x57, 0x56, 0x55, 0x54, 0x53, 0x52, 0x51, 0x50,
0xA4f, Ox4e, 0x4d, Ox4c, 0x4b, Ox4a, 0x49, 0x48,
0x47, 0x46, 0x45, 0x44, 0x43, 0x42, 0x41, 0x40,
0x3f, 0x3e, 0x3d, 0x3c, 0x3b, 0x3a, 0x39, 0x38,
0x37, 0x36, 0x35, 0x34, 0x33, 0x32, 0x31, 0x30,
0x2f, 0x2e, 0x2d, 0x2c, 0x2b, 0x2a, 0x29, 0x28,
0x27, 0x26, 0x25, 0x24, 0x23, 0x22, 0x21, 0x20,
Ox1f, Oxle, 0x1d, Ox1c, 0x1b, Oxla, 0x19, 0x18,
0x17, 0x16, 0x15, 0x14, 0x13, 0x12, 0x11, 0x10,
0xOf, 0xOe, 0x0d, 0x0c, 0x0Db, 0x0a, 0x09, 0x08,
0x07, 0x06, 0x05, 0x04, 0x03, 0x02, 0x01, 0x00

h
ERROR_LED = 1;
OK_LED =1;

for (array_point = 0; array_point<512; array_point++)
if (Test_array_one[array_point] != Test_array_two [array_point])

ERROR_LED = 0;

OK_LED =1;
break;

}

else{
OK_LED =0;

ERROR_LED =1;

}
while (1);
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3.2.3 External Expandable 64KB RAM (Off-Chip RAM)

There is 64K-byte addressing space available for STC15W4K32S4 to access external data RAM. Just the same
as the design in the conventional 8051, the port — P2, PO, ALE/P4.5, P4.2/WR and P4.4/RD have alterative
function for external data RAM access. In addition, a new register BUS_SPEED (address: 0xA1) is design to
control the acess timimg of "MOVX" instruction. By using BUS_SPEED to change the instruction cycle time,
STC15 series MCU can conformed to communicate with both of fast and slow peripheral devices without loss of
communication efficiency.

BUS_SPEED register

Mnemonic | Add Name B7 | B6 | B5 | B4 | B3 | B2 B1 | BO Reset Value
BUS_SPEED |A1H |Bus-Speed Control | - - - - - - EXRTS[1:0] XXXX,Xx10
EXRTS (Extend Ram Timing Selector)
0 0: Setup/Hold/ Read and Write Duty 1clock cycle; EXRAC 1
0 1: Setup/Hold/Read and Write Duty 2 clock cycle; EXRAC 2
1 0: Setup/Hold/ Read and Write Duty 4 clock cycle; EXRAC 4
1 1: Setup/Hold/Read and Write Duty 8 clock cycle; EXRAC 8

When the target is on-chip auxiliary RAM, the setting on BUS_SPEED register is discarded by hardware.

AUXR register

Mnemonic | Add Name 7 6 5 4 3 2 1 0 Reset Value
AUXR | 8EH |Auxiliary Register |T0x12| T1x12 [UAR_MOx6| T2R [T2_C/T| T2x12 |EXTRAM | S1ST2 | 0000,0001
EXTRAM : Internal / external RAM access control bit.
0 : On-chip auxiliary RAM is enabled and located at the address 0x0000 to OXOEFF.
For address over OXOEFF, off-chip expanded RAM becomes the target automatically.
1 : On-chip auxiliary RAM is always disabled.
Condition
. I Execution| (Take STC15W4K32S4 for
Mnemonic Description .
Clocks example, namely on-chip
expanded RAM is 3840 byte)
Move Acc to on-chip expanded RAM (16-bit addr). the content of DPTR is 0000H ~
MOVX " @DPTR, A Write operation. 3 OEFFH (3840 bytes=[4096-256])
Move on-chip expanded RAM(16-bit addr) to Acc. the content of DPTR is 0000H ~
MOVX A, @DPTR Read operation. 2 OEFFH (3840 bytes=[4096-256])
MOVX @Ri, A Mo_ve Acc t(_) on-chip expanded RAM(8-bit addr). 4 EXTRAM=0
Write operation.
MOVX A @Ri Move on—ch_lp expanded RAM(8-bit addr) to Acc. 3 EXTRAM=0
Read operation
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Condition
Mnemonic Descrintion Execution (Take STC15W4K3254 for example,
P Clocks namely on-chip expanded RAM is 3840
byte)
MOVX @RI A Mo_ve Acc tq External RAM(8-bit addr). 8 EXRTS[L:0] = [0,0], EXTRAM=1
Write operation.
MOVX A, @Ri Move Acc tc_) External RAM(8-bit addr). 7 EXRTS[1:0] = [0,0], EXTRAM=1
Read operation.
MOVX @Ri, A |MoveAcc to External RAM(8-bitaddr). | EXRTS[1:0] = [0,1], EXTRAM=1
Write operation.
MOVX A, @Ri |MoveAccto Extemnal RAM(8-bitaddr).| ), EXRTS[L:0] = [0,1], EXTRAM=1
Read operation.
MOVX @Ri, A |MoveAccto External RAM(8-bitaddr). | , EXRTS[L:0] = [1,0], EXTRAM=1
Write operation.
MOVX A, @Ri Move Acc t(_) External RAM(8-bit addr). 29 EXRTS[1:0] = [1.0], EXTRAM=1
Read operation.
MOVX @Ri, A |MoveAcctoExternal RAM(8-bitaddr).| EXRTS[1:0] = [1,1], EXTRAM=1
Write operation.
MOVX A, @Ri Move Acc t(_) External RAM(8-bit addr). 1 EXRTS[L:0] = [1,1], EXTRAM=1
Read operation.
Note: Ri means R1 and RO in above table.
Condition
Mnemonic Description Execution| (Take STC15W4K32S4 for example,
P Clocks | namely on-chip expanded RAM is 3840
byte)
Move Acc to External RAM (16-bit addr). EXRTS[1:0] =[0,0], DPTR>=3840 namely
MOVX " @DPTR, A Write operation. ! (4096-256) or EXTRAM=1
Move External RAM(16-bit addr) to Acc. EXRTS[1:0] = [0,0], DPTR>=3840 namely
MOVX A, @DPTR Read operation. 6 (4096-256) or EXTRAM=1
Move Acc to External RAM (16-bit addr). EXRTS[1:0] = [0,1], DPTR>=3840 namely
MOVX  @DPTR, A Write operation. 12 (4096-256) or EXTRAM=1
Move External RAM(16-bit addr) to Acc. EXRTS[1:0] = [0,1], DPTR>=3840 namely
MOVX A, @DPTR Read operation. 1 (4096-256) or EXTRAM=1
Move Acc to External RAM (16-bit addr). EXRTS[1:0] = [1,0], DPTR>=3840 namely
MOVX " @DPTR, A Write operation. 22 (4096-256) or EXTRAM=1
Move External RAM(16-bit addr) to Acc. EXRTS[1:0] = [1,0], DPTR>=3840 namely
MOVX A, @DPTR Read operation. 21 (4096-256) or EXTRAM=1
Move Acc to External RAM (16-bit addr). EXRTS[1:0] = [1,1], DPTR>=3840 namely
MOVX @DPTR, A Write operation. 42 (4096-256) or EXTRAM=1

The excution clocks of acessing external RAM is computed as the following formula

MOVX @RO/R1 MOVX @DPTR
write : 5X N+3 write : 5XN+2
read : 5XN+2 read : 5XN+1

When EXRTS[1:0] = [0,0], N=1 in above formula;
When EXRTS[1:0] = [0,1], N=2 in above formula;
When EXRTS[1:0] = [1,0], N=4 in above formula;
When EXRTS[1:0] = [1,1], N=8 in above formula;

Thus it can be seen that the speed of instruction acessing external RAM is adjustable for STC15 series MCU.
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Timing diagram

.-

P2[7:0](XADRH)

[

.-

PO[7:0](XADRL) !

P4.5(ALE) -

P4.2(WR) -

"

"

.

P4.5(ALE) -

P4.4(RD) -

+—l clock
B g o
xramaddr[15:8] X
xramaddr[7:0] I dataout_to_xram([7:0] :
A [
P write instruction -
WRITE g | Lclock
>
xramaddr[1538] X
xramaddr[7:0] dataolit_from_xrgm[7:0] :
_ read instrugtion ‘
XADRL setup READ
“TEXRAC |
| XADRL hold
" EXRAC
__Data setup_
[ EXRAC
| Write duty
" EXRAC
Data hold
EXRAC ©
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3.3 Special Function Registers

3.3.1 Special Function Registers Address Map

0/8 1/9 2/A 3/B 4/C 5/D 6/E 7IF
OF8H P7 CH CCAPOH CCAP1H CCAP2H OFFH
1111,1111 | 0000,0000 | 0000,0000 | 0000,0000 0000,0000
OFOH B PWMCFG |PCA_PWMO | PCA_PWM1 | PCA PWM2 | PWMCR | PWMIF | PWMFDCR |OF7H
0000,0000 | 0000,0000 | 00xx,xx00 | 00xx,xx00 00xx,xx00 | 0000,0000 | 0000,0000 | 0000,0000
OE8H P6 CL CCAPOL CCAPLL CCAP2L OEFH
1111,1111 | 0000,0000 | 0000,0000 | 0000,0000 0000,0000
OEOH ACC P7M1 P7MO CMPCR1 | CMPCR2 |OE7H
0000,0000| 0000,0000 | 0000,0000 0000,0000 | 0000,1001
0D8H| CCON CMOD CCAPMO | CCAPM1 CCAPM2 ODFH
00xx,0000 | 0xxx,x000 | x000,0000 | x000,0000 x000,0000
T4H TAL T3H T3L T2H T2L
O0DOH PSW T4T3M RL_TH4 RL_TL4 RL_TH3 RL_TL3 | RL_TH2 RL_TL2 0D7H
0000,00x0 | 0000,0000 | 0000,0000 | 0000,0000 0000,0000 | 0000,0000 | 0000,0000 | 0000,0000
0C8H P5 P5M1 P5MO P6M1 P6MO SPSTAT SPCTL SPDAT |OCFH
xxxx,1111 [ xxxx,0000 | xxxx,0000 | 0000,0000 0000,0000 | 00xx,xxxx | 0000,0100 | 0000,0000
0COH P4 WDT_CONTR | IAP_DATA |IAP_ADDRH| IAP_ADDRL | IAP_CMD | IAP_TRIG [IAP_CONTR|0C7H
1111,1111 | 0x00,0000 | 1111,1111 | 0000,0000 0000,0000 | xxxx,xx00 | xxxx,xxxx | 0000,0000
0B8H IP SADEN P_SW2 ADC_CONTR|ADC_RES |ADC_RESL 0BFH
Xx0x0,0000 XXXX,X000 0000,0000 | 0000,0000 | 0000,0000
0BOH P3 P3M1 P3MO PAM1 PAMO 1P2 IP2H IPH 0B7H
1111,1111 | 0000,0000 | 0000,0000 | 0000,0000 0000,0000 | xxx0,0000 | 0000,0000 | 0000,0000
0ASH| IE SADDR Q’YFEI%NT WQ’.VFEL‘EENT S3CON | S3BUF IE2  |0OAFH
0000,0000 01111111 | 01111111 0000,0000 | XXXX,XXXX x000,0000
AUXR1
0AOH P2 BUS_SPEED P SW1 0AT7H
1111,1111 | xxxx,xx10 | 0100,0000 Don't use Don't use Don't use Don't use
098H| SCON SBUF S2CON S2BUF P1ASF 09FH
0000,0000 | xxxx,xxxx | 0100,0000 | XXXX,XXXX Don'tuse | 0000,0000 | Don't use Don't use
090H P1 P1IM1 P1MO POM1 POMO p2M1 P2MO CPL(I:<O_EI2V 097H
1111,1111 | 0000,0000 | 0000,0000 | 0000,0000 0000,0000 | 0000,0000 | 0000,0000 | 0000,0000
TLO TL1 THO TH1 INT_CLKO
088H| TCON TMOD RL_TLO RL_TL1 RL_THO RL_TH1 AUXR AUXR2 08FH
0000,0000 | 0000,0000 | 0000,0000 | 0000,0000 0000,0000 | 0000,0000 | 0000,0001 | 0000,0000
080H PO SP DPL DPH S4CON S4BUF PCON 087H
1111,1111 | 0000,0111 | 0000,0000 | 0000,0000 0000,0000 | XXXX,XXXX 0011,0000
0/8 1/9 2/A 3/B 4/C 5/D 6/E 7IF
S—— I
—_—
T Non Bit Addressable
Bit Addressable
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3.3.2 Special Function Registers Bits Description

Value after
Symbol Description Address Bit Address and Symbol Power-on or
MSB LSB Reset

PO Port 0 80H | P07 | P06 | P05 | PO.4 | PO.3 | PO2 | PO.L | PO.O | 11111111B
SP Stack Pointer 81H 0000 0111B

| DPL | Data Pointer Low 82H 0000 0000B

DPTR - -
[DPH | Data Pointer High | 83H 0000 0000B
S4CON S4 Control 84H |S4SMO | S4ST4 |S4SM2|S4REN |S4TB8|S4RBS| S4TI|S4RI| 0000,00008
S4BUF S4 Serial Buffer 85H XXXX,XXXXB
PCON Power Control 87H |smoD|smopo | LVDF | POF | GFL | GFo | PD | IDL | 0011 0000B
TCON Timer Control 88H | TFL | TRL | TFO | TRo | IEL | IT2 | 1EO | ITO | 0000 0000B
TMOD Timer Mode 89H |GATE| oiF | M1 | Mo |GATE| off | M1 | Mo | 000000008
TLO Timer Low 0 8AH 0000 0000B
TL1 Timer Low 1 8BH 0000 0000B
THO Timer High 0 8CH 0000 0000B
TH1 Timer High 1 8DH 0000 0000B
AUXR Aucxiliary register 8EH T0x12|T1><12 | UART_MOX6 |T2R| T2_CIT | T2x12 |EXTRAM | s1sT2 | 0000 0001B
INATG%;;O Ig;(ljrﬁ(;lultr?titr?l?;t 8FH | Ex4 [Ex3] Ex2[Mcko_s2|T2cLko] T1icLKO[TOCLKO] X000 00008
enable register

P1 Port 1 90H | PL7 | PL6 | P15 | P14 | PL3 | P12 | PL1 | PLO | 1111 1111B
P1M1 P1 configuration 1 91H 0000 0000B
P1MO P1 configuration 0 92H 0000 0000B
POM1 PO configuration 1 93H 0000 0000B
POMO PO configuration 0 94H 0000 0000B
p2M1 P2 configuration 1 95H 0000 0000B
P2MO0 P2 configuration 0 96H 0000 0000B
CIID‘(%EIZV Clock Divder 97H  [mcko_simcko_sijabri|Tx_Rrx[McLKko_2cLisz|cLksilcLiso| 0000 00008
SCON Serial Control 98H |SMO/FE| sM1 | sm2 | REN | TB8 | RB8 | TI | RI | 00000000B
SBUF Serial Buffer 99H XXXX XXXXB
S2CON S2 Control 9AH |S2sM0| - |S2SM2|S2REN|S2TB8|S2RB8| S2TI | S2RI | 0100 0000B
S2SBUF S2 Serial Buffer 9BH XXXX XXXXB
P1ASF P1 Anggiiseaa' 9DH  [P17ASF|P16ASF | P15ASF | PLAASF | PL3ASF | P12ASF | P11ASF| P10ASF | 0000 0000B
P2 Port 2 AOH | P27 | P26 | P25 | P24 | P23 | P22 | P21 | P20 | 11111111B
BUS_SPEED | Bus-Speed Control | AlH -l -1 - | - | -1 - | EXRTS[LO] | xxxxxx10B
?Ug(vsll Auxiliary registerl | A2H |s1.S1|S1_S0|ccP_si|cCP_S0|SPI_S1|SPI_S0| 0 | DPS | 0100 0000B
IE Interrupt Enable A8H | EA |ELvD|EADC| ES | ETL | EX1 | ETO | EX0 | 0000 0000B
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Value after
Symbol Description Address Bit Address and Symbol Power-on or
MSB LSB Reset
SADDR Slave Address A9H 0000 0000B
Power-Down Wake-up
WKTCL X X
WKTCL_CNT Timer Control register | AAH 1111 1111B
low
Power-Down Wake-up
WKTCH X X
WKTCH CN| Timer Cohr}gﬁl register | ABH |WKTEN| | | | | | | 0111 1111B
S3CON S3 Control ACH | S35M0 | S35T3|S35M2| S3REN|S3TB8|S3RB8| S3T1|S3RI| 0000,00008
S3BUF S3 Serial Buffer ADH XXXX,XXXXB
IE2 Interrupt Enable 2 | AFH | ET4 | ET3 | ES4 | ES3 | ET2 | ESPI | ES2 | x000 00008
P3 Port 3 BOH | P37 | P36 | P35 | P34 | P33 | P32 | P31 | P30 | 1111 1111B
P3M1 P3 configuration 1 B1H 0000 0000B
P3MO P3 configuration 0 B2H 0000 0000B
P4AM1 P4 configuration 1 B3H 0000 0000B
P4MO P4 configuration 0 B4H 0000 0000B
IP2 2rd Interrupt Priority | pgyy | | - | - |PX4| PPWMFD|PPWM|PSPI| PS2 | xxx0 00008
Low register
[ Interrupt Priority Low | B8H | PrcA [ pLvD [ Papc | ps | pT1 | Px1 | PTo | PXo | 0000 00008
SADEN Slave Address Mask B9H 0000 0000B
p swp | Peripheral Function g lEAsER| 0 | o | o | - |sas|s3s|s2s |0000x0008
Switch register 2
ADC_CONTR ADC Control BCH | Apc_roweR speen1 | speeno [apc_rLac| Apc_star [ chsz [ chst [ criso | 0000 0000B
ADC_RES ADC Result BDH 0000 0000B
ADC_RESL ADC Result Low BEH 0000 0000B
P4 Port 4 COH | P47 | P46 | P45 | P44 | P43 | P42 | P4l | P40 | 1111 1111B
WDT CONTR Watch-Dog-Timer C1H WDT_FLAGl - |EN_WDT| CLR_WDT | IDLE_WDT| PS2 | pS1 | PSO | yx00 0000B
- Control Register
IAP_DATA | 'SP/IAPFlashData |- o\ 1111 11118
- Register
IAP_ADDRH | 'SP/IAP ﬂ?;: Address|  oqy, 0000 0000B
1AP_ADDRL |'SP/1AP IF_'S\S,: Address| gy 0000 0000B
IAP_CMD ISP/IAP Flash csH -1 - [ - [ -1 -1 - [wmst]mso] o008
Command Register
IAP_TRIG ISP/IAP Flash C6H XXXX XXXXB
- Command Trigger
IAP_CONTR ISP/IAP Control CTH IAPEN| SWBS | SWRST|CMD_FAIL| - |wT2 | wT1 | wTo 0000 X000B
Register
P5 Port 5 C8H - | - |P55|P54]|P53|P52| P51 P5.0 | xxxx1111B
P5M1 P5 Configuration 1 C9H 0000 0000B
P5MO P5 Configuration 0 CAH 0000 0000B
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Value after
Symbol Description Address Bit Address and Symbol Power-on or
MSB LSB Reset
P6M1 P6 Configuration 1 CBH
P6MO P6 Configuration 0 CCH
SPSTAT SPI Status register | CDH | sPIF lweor| - | - | - | - | - | 00XX XXXXB
SPCTL SPI control register | CEH | SSIG | SPEN [DORD|MSTR | CPOL | CPHA| SPR1 | SPRO | 0000 0100B
SPDAT SPI Data register CFH [ - - - -1 -1 -1 0000 0000B
PSW Program StatusWord | DOH | ¢y | Ac | Fo | Rst | RSO | ov | F1 | P | 000000008
TaTam | T4 a[‘edg;ferrmde DIH [r4r[r4_ciT|Taxi2racLkolrar|Ts_c/T|rax1gT3cLKo| 0000 00008
Tay | Timer4high8-bit | o, 0000 00008
register
T4 | Timerdlow8-bit | g, 0000 00008
register
T3y | 1imer3high8-bit |\ ), 0000 0000B
register
T3 | Timer3low8bit | 5, 0000 00008
register
ToH | Timer2high8-bit | ne, 0000 00008
register
ToL Timer 2 low 8-bit | 7, 0000 0000B
register
CCON | PCA Control Register | D8H | CF | CR | - | - |CCF3|CCF2|CCF1|CCFO | 00xx 00008
CMOD PCAMode Register | D9H JcioL] - | - ] [ cps2 [ cpsi | cpso | ECF | 00xx 0000B
CCAPMO PCA MROec;L:ISie? Mode DAH - |ecomo]cAppo] cAPNO| MATO | TOGO | PWMO | ECCFO X000 0000B
ccapmi | PCA MRoedgl:ISi; Mode DBH - Jecomi]cappi]cAPN1| MAT1 | TOGL [PwML [ ECCFL %000 0000B
ACC Accumulator EOH 0000 0000B
P7TM1 P7 configuration 1 E1H
P7MO P7 configuration 0 E2H
P6 Port 6 E8H | | | | | | |
CL PCA Base Timer Low E9H 0000 0000B
ccapoL | PCAmoduleOcapture | -y 0000 0000B
register low
ccapiL |PCAmodilel capture | gy 0000 00008
register low
B B Register FOH 0000 0000B
pcA pwMo| FPCAPWMMode 1 oo iepes 1legso ol - | - | - | - |EPcoH|EPCOL| xox xx00B
Auxiliary Register 0
pcA pwmi| FPCAPWMMode 1 o ippe qlegsiol - | - | - | - |epcin|erciL| xwox xx00B
Auxiliary Register 1
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Value after
Symbol Description Address Bit Address and Symbol Power-on
MSB LSB [ or Reset
CH PCA Base Timer High F9H 0000 0000B
ccapon | PCAModule-0 Capture |y, 0000 0000B
Register High
ccaApiy | PCAModule-1 Capture | g\, 0000 0000B
Register High
Extended Special Fuction Registers
Bit Address and Symbol Value after
. . -
Symbol Description | Add B7 B6 BS B4 B3 B2 B1 B0 oOrWReersgtn
PWM Configure
PWMCFG regier FIH | - |cBTADC|c7INI| ceINI | C5INI | c4INI | C3INI | C2INI [0000,0000
PWMCR Pwrtﬂgg:’e"rtro' FsH [ENPWM| ECBI |[ENC70| ENC60O | ENC50 |ENC40 |ENC30|ENC20[0000,0000
PWMIF PWM:Q;?g[:ftF'ag F6H | - | cBIF |C7IF | coIF | CsIF | calF | C3IF | C2IF [x000,0000
PWM F_ception
PWMFDCR| Dectection Control | F7TH | - - |ENFD |FLTFLIO| EFDI |FDCMP| FDIO | FDIF [xx00,0000
Register
PWMCH |PWM Counter HighFFFOH| - PWMCH[14:8] x000,0000
PWMCL _|PWM Counter low [FFF1H PWMCL[7:0] 0000,0000)
pwmcks |  PWMClock Jopeo ) - - | sELT2 PS[3:0] xxx0,0000
Selection register
PWM2T1H| TMer 1H?JhPWM2 FrooH| - PWM2T1H[14:8] %000,0000
pwM2T1L | TMer T_g\fNPWMZ FFOLH PWM2TIL[7:0] 0000,0000
PWM2T2H| TIMer a?JhPWMZ FFO2H| - PWM2T2H[14:8] x000,0000
pwMm2T2L | TMer igzvamz FFO3H PWM2T2L[7:0] 0000,0000
PWM2CR wagiggf"o' FFO4H| - - - - |pwmz_ps|EPwmzi|EC2T2SI1[EC2T1SIfX%XX,0000
PWM3T1H| TMer 1H?JhPWM3 FRioH| - PWM3T1H[14:8] %000,0000
pwWMaTIL| T'™Mer T_g\fNPWW FFL1H PWMS3TLL[7:0] 0000,0000
PWM3T2H| TMer ZH?JhPWM?’ FroH| - PWM3T2H[14:8] %000,0000
pwmaT2L | TMer ig\‘:VPWMg FF13H PWM3T2L[7:0] 0000,0000
PWM3CR wagiggf"o' FFL4H| - - - - |pwm3_ps|EPwm3i|EC3T2SI1[EC3T1SIfX%XX,0000
PWMATIH| TMer 1H?JhPWM4 FF20H| - PWMA4T1H[14:8] x000,0000)
pwMaTIL | TMer }_g\fNPWM“ FF21H PWMA4TLL[7:0] 0000,0000
PWM4T2H| TMer ZH?JhPWM“ FrooH| - PWMAT2H[14:8] %000,0000
PWMaT2L | TIMer ig\fNPWM“ FF23H PWMAT2L[7:0] 0000,0000

Nantong Guoxin Micro-Electronics Co. Ltd.

Switchboard: 0513-5501 2928/ 2929/ 2966

Fax: 0513-5501 2969/ 2956/ 2947

167



STC15WA4K3254 series MCU Manual ~ www.GXWMCU.com  Temporary Technical Adviser:(86)13922829991  Tel of R&D Adviser:(86)13922805190

Extended Special Fuction Registers (continued)

Bit Address and Symbol Value after

Symbol Description | Add. B7 B6 B5 B4 B3 B2 B1 B0 Power-on
or Reset

PWMA4CR Pwﬁﬁgisctﬁr””"' FF2aH| - - - - |Pwm4_Ps|EPWM4I[ECAT2SI[ECATLSI[XxxX,0000
PWMsT1H| TIMer 1Hi‘ghPWM5 FF30H| - PWMST1H[14:8] %000,0000)
pwimsT1L | TMer }_SLPWMS FF31H PWMSTLL[7:0] 0000,0000
PWMsT2H| TImer ZH?;hPWMS FFaoH| - PWMST2H[14:8] %000,0000
pwmsT2L | TMer ig\‘:vPWMS FF33H PWMST2L[7:0] 0000,0000
PWMSCR wagisctzptm' FF34H| - - - - |Pwms_ps|EPwMSI|ECST2SI[EC5T1SI[xxxx,0000
PWMeT1H| TIMer lH?JhPWMG FraoH| - PWM6T1H[14:8] %000,0000
pwimeT1L | TMer }_SLPWMG FF41H PWM6TLL[7:0] 0000,0000
pwWMeT2H| TTMe" ZH?JhPWMB FR42H| - PWM6T2H[14:8] X000,0000
pwimeT2L | MY ig\‘:vam FF43H PWMGT2L[7:0] 0000,0000
PWM6CR wagisctz?tm' FF44H| - - - - |PwMes_ps|EPwMGI|ECET2SI[ECETLSIIxxxX,0000
PWM7T1H| TTMe lH?JhPWW FFSOH| - PWM7T1H[14:8] %000,0000
pwm7TLL | TMer }_g\fNPWW FF51H PWM7TLL[7:0] 0000,0000
pwM7T2H| TImer ZH?;hPWW FF52H| - PWM7T2H[14:8] %000,0000
pwm7T2L | TMer ig\‘:vaw FF53H PWM7T2L[7:0] 0000,0000
PWM7CR wa;iggftm' FF54H| - - - - |pwm7_ps|ePwmTI|ECTT2SI[ECTTLSIIXXX,0000

Some common SFRs of traditional 8051 are shown as below.
Accumulator

ACC is the Accumulator register. The mnemonics for accumulator-specific instructions, however, refer to the
accumulator simply as A.

B-Register
The B register is used during multiply and divide operations. For other instructions it can be treated as another
scratch pad register.

Stack Pointer

The Stack Pointer register is 8 bits wide. It is incrementde before data is stored during PUSH and CALL
executions. While the stack may reside anywhee in on-chip RAM, the Stack Pointer is initialized to 07H after a
reset. Therefore, the first value pushed on the stack is placed at location 0x08, which is also the first register (R0)
of register bank 1. Thus, if more than one register bank is to be used, the SP should be initialized to a location in
the data memory not being used for data storage. The stack depth can extend up to 256 bytes.
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Program Status Word(PSW)

The program status word(PSW) contains several status bits that reflect the current state of the CPU. The PSW,
shown below, resides in the SFR space. It contains the Carry bit, the Auxiliary Carry(for BCD operation), the two
register bank select bits, the Overflow flag, a Parity bit and two user-definable status flags.

The Carry bit, other than serving the function of a Carry bit in arithmetic operations, also serves as the
“Accumulator” for a number of Boolean operations.

The bits RSO and RS1 are used to select one of the four register banks shown in the previous page. A number of
instructions refer to these RAM locations as RO through R7.

The Parity bit reflects the number of 1s in the Accumulator. P=1 if the Accumulator contains an odd number of 1s
and otherwise P=0.

PSW register

SFR name | Address | bit B7 B6 B5 B4 B3 B2 B1 BO
PSW DOH name CY AC FO RS1 RSO ov F1 P

CY: Carry flag.
This bit is set when the last arithmetic operation resulted in a carry (addition) or a borrow (subtrac-tion). It
is cleared to logic 0 by all other arithmetic operations.

AC : Auxilliary Carry Flag.(For BCD operations)
This bit is set when the last arithmetic operation resulted in a carry into (addition) or a borrow from
(subtraction) the high order nibble. It is cleared to logic 0 by all other arithmetic operations

FO : Flag 0.(Available to the user for general purposes)

RS1: Register bank select control bit 1.
RS0: Register bank select control bit 0.
[RS1 RSO0] select which register bank is used during register accesses

RS1 RSO Working Register Bank(R0~R7) and Address
Bank 0(00H~07H)
Bank 1(08H~0FH)
Bank 2(10H~17H)
Bank 3(18H~1FH)

R |O|O
R|O|FR|O

OV : Overflow flag.
This bit is set to 1 under the following circumstances:
*« An ADD, ADDC, or SUBB instruction causes a sign-change overflow.
* A MUL instruction results in an overflow (result is greater than 255).
* ADIV instruction causes a divide-by-zero condition.
The OV bit is cleared to 0 by the ADD, ADDC, SUBB, MUL, and DIV instructions in all other cases.

F1 : Flag 1. User-defined flag.

P Parity flag.
This bit is set to logic 1 if the sum of the eight bits in the accumulator is odd and cleared if the sum is even.
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3.3.3 Dual Data Pointer Register (DPTR)

The Data Pointer (DPTR) consists of a high byte (DPH) and a low byte (DPL). Its intended function is to hold a
16-bit address. It may be manipulated as a 16-bit register or as two independent 8-bit registers.

Temporary Technical Adviser:(86)13922829991  Tel of R&D Adviser:(86)13922805190

For fast data movement, STC15W4K32S4 series MCU supports two data pointers. They share the same SFR
address and are switched by the register bit — DPS/AUXR.O0.

AUXRL1 register

Mnemonic | Address| Name 7 6 5 4 3 2 0 | Reset Value
AUXRL | o |Auiliary 1oy 1159 solcep s1|cep so|spi si|spi so DPS| 0100,0000
P_SW1 Register 1| " — - - - - -

DPS : DPTR registers select bit.

0 : Default. DPTRO is selected as Data pointer.
1 : The secondary DPTR is switched to use.

The following program is an assembly program that demonstrates how the dual data pointer be used.

AUXR1 DATA 0A2H ;Define special function register AUXR1
MOV AUXR1, #0 :DPS=0, select DPTRO
MOV DPTR, #1FFH :Set DPTRO for 1FFH
MOV A, #55H
MOV X @DPTR, A :load the value 55H in the 1FFH unit
MOV DPTR, #2FFH :Set DPTRO for 2FFH
MOV A, #0AAH
MOV X @DPTR, A :load the value 0OAAH in the 2FFH unit
INC AUXR1 :DPS=1, DPTR1 is selected
MOV DPTR, #1FFH :Set DPTR1 for 1FFH
MOV X A, @DPTR :Get the content of 1FFH unit
;which is pointed by DPTR1,
;the content of Accumulator has changed for 55H
INC AUXR1 :DPS=0, DPTRO is selected
MOV X A, @DPTR :Get the content of 2FFH unit
;which is pointed by DPTRO,
;the content of Accumulator has changed for 0OAAH
INC AUXR1 :DPS=1, DPTR1 is selected
MOV X A, @DPTR :Get the content of 1FFH unit
;which is pointed by DPTR1,
;the content of Accumulator has changed for 55H
INC AUXR1 :DPS=0, DPTRO is selected
MOV X A, @DPTR :Get the content of 2FFH unit

;which is pointed by DPTRO,
;the content of Accumulator has changed for 0OAAH
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Chapter 4 Configurable 1/0O Ports of STC15 series MCU
4.1 1/O Ports Configurations

STC15 series MCU owns 62 1/O ports (such as 64-pin MCU), at most. The 62 1/O ports are P0.0~P0.7, P1.0~P1.7,
P2.0~P2.7, P3.0~P3.7, P4.0~P4.7, P5.0~P5.5, P6.0~P6.7 and P7.0~P7.5. All 1/O ports of STC15 series MCU
may be independently configured to one of four modes by setting the corresponding bit in two mode registers
PxMn (x= 0~ 7, n =0, 1).The four modes are quasi-bidirectional (traditional 8051 port output), push-pull output,
input-only and open-drain output. All port pins default to quasi-bidirectional after reset. Each one has a Schmitt-
triggered input for improved input noise rejection. Any port can drive 20mA current, but it had better drive lower
than 120mA currentt that he whole chip of 40-pin or more than 40-pin MCU, while 90mA that the whole chip of
16-pin or more than 16-pin MCU or 32-pin or less than 32-pin MCU .

Configure 1/0 ports mode

PO Configure <P0.7, P0.6, P0.5, P0.4, P0.3, P0.2, P0.1, P0.0 port> (PO address 80H)

POM1[7: 0] POMO [7: Q]
POM1 address is 93H | POMO address is 94H

1/0 ports Mode

quasi_bidirectional (traditional 8051 1/O port output

0 0 Sink Current up to 20mA , pull-up Current is 270pA ,

Because of manufactured error, the actual pull-up current is 270uA ~ 150uA

push-pull output(strong pull-up output current can be up to 20mA, resistors
need to be added to restrict current

1 0 input-only (high-impedance )

1 1 Open Drain internal pull-up resistors should be disabled and external pull-

up resistors need to join.

0 1

Example: MOV POM1, #10100000B
MOV  POMO, #11000000B
;P0.7 in Open Drain mode, P0.6 in strong push-pull output, P0.5 in high-impedance input, P0.4/P0.3/P0.2/
P0.1/P0.0 in quasi_bidirectional/weak pull-up

P1 Configure <P1.7, P1.6, P1.5, P1.4, P1.3, P1.2, P1.1, P1.0 port> (P1 address 90H)

P1IM1[7 : 0] P1IMO [7: 0]
P1M1 address is 91H |P1MO address is 92H

1/0 ports Mode

quasi_bidirectional(traditional 8051 1/O port output
0 0 Sink Current up to 20mA , pull-up Current is 270pA ,
Because of manufactured error, the actual pull-up current is 270uA ~ 150uA
push-pull output(strong pull-up output current can be up to 20mA, resistors
0 1 -

need to be added to restrict current
1 0 input-only (high-impedance )
1 1 Open Drain internal pull-up resistors should be disabled and external pull-
up resistors need to join.

Example: MOV P1M1, #10100000B
MOV  P1MO, #11000000B
;P1.7 in Open Drain mode, P1.6 in strong push-pull output, P1.5 in high-impedance input, P1.4/P1.3/P1.2/
P1.1/P1.0 in quasi_bidirectional/weak pull-up
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P2 Configure <P2.7, P2.6, P2.5, P2.4, P2.3, P2.2, P2.1, P2.0 port> (P2 address AQH)

P2M1[7 : 0] P2MO [7: 0]
P2M1 address is 95H| P2MO0 address is 96H

1/0 ports Mode
quasi_bidirectional(traditional 8051 1/O port output

0 0 Sink Current up to 20mA , pull-up Current is 270pA ,
Because of manufactured error, the actual pull-up current is 270uA ~ 150uA
push-pull output(strong pull-up output current can be up to 20mA, resistors
0 1 -
need to be added to restrict current
1 0 input-only (high-impedance )

Open Drain internal pull-up resistors should be disabled and external pull-

1 1 up resistors need to join.

Example: MOV P2M1, #10100000B
MOV  P2MO, #11000000B
;P2.7 in Open Drain mode, P2.6 in strong push-pull output, P2.5 in high-impedance input, P2.4/P2.3/P2.2/
P2.1/P2.0 in quasi_bidirectional/weak pull-up

P3 Configure <P3.7, P3.6, P3.5, P3.4, P3.3, P3.2, P3.1, P3.0 port> (P3 address BOH)

P3M1[7 : 0] P3MO [7: 0]
P3M1 address is B1H | P3MO address is B2H 1/ ports Mode

quasi_bidirectional(traditional 8051 I/O port output

0 0 Sink Current up to 20mA , pull-up Current is 270pA ,
Because of manufactured error, the actual pull-up current is 270uA ~ 150uA

0 1 push-pull output(strong pull-up output current can be up to 20mA,
resistors need to be added to restrict current

1 0 input-only (high-impedance )

1 1 Open Drain internal pull-up resistors should be disabled and external pull-
up resistors need to join.

Example: MOV P3M1, #10100000B
MOV  P3MO, #11000000B
;P3.7 in Open Drain mode, P3.6 in strong push-pull output, P3.5 in high-impedance input, P3.4/P3.3/P3.2/
P3.1/P3.0 in quasi_bidirectional/weak pull-up

P4 Configure <P4.7, P4.6, PA.5, P4.4, PA.3, P4.2, P4.1, P4.0 port> (P4 address COH)

PAM1[7 : 0] PAMO [7 : 0]
P4M1 address is B3H | P4AMO address is B4H 1/0 ports Mode

quasi_bidirectional(traditional 8051 1/O port output),

0 0 Sink Current up to 20mA , pull-up Current is 270pA ,
Because of manufactured error, the actual pull-up current is 270uA ~ 150uA
push-pull output(strong pull-up output, current can be up to 20mA, resistors

0 1 -
need to be added to restrict current

1 0 input-only (high-impedance)

1 1 Open Drain, internal pull-up resistors should be disabled and external pull-
up resistors need to join.

Example: MOV P4M1, #10100000B
MOV  P4MO, #11000000B
;P4.7 in Open Drain mode, P4.6 in strong push-pull output, P4.5 in high-impedance input, P4.4/P4.3/P4.2/
P4.1/P4.0 in quasi_bidirectional/weak pull-up
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P5 Configure <x, X, P5.5, P5.4, P5.3, P5.2, P5.1, P5.0 port> (P5 address C8H)

P5M1[5 : 0] PSMO [5: 0]
P5ML address is COH|P5MO address is CAH I/O ports Mode
quasi_bidirectional(traditional 8051 1/0 port output),
0 0 Sink Current up to 20mA , pull-up Current is 270pA ,
Because of manufactured error, the actual pull-up current is 270uA ~ 150uA
push-pull output(strong pull-up output, current can be up to 20mA, resistors
0 1 -
need to be added to restrict current
1 0 input-only (high-impedance)
1 1 Open Drain, internal pull-up resistors should be disabled and external pull-
up resistors need to join.
Example: MOV P5M1, #00101000B
MOV P5MO0, #00110000B

;P5.5 in Open Drain mode, P5.4 in strong push-pull output, P5.3 in high-impedance input, P5.2/P5.1P5.0 in
quasi_bidirectional/weak pull-up

P6 Configure <P6.7, P6.6, P6.5, P6.4, P6.3, P6.2, P6.1, P6.0 port> (P6 address E8H)

PE6M1[7 : 0] P6MO [7: 0]
P6M1 address is CBH|P6MO address is CCH § & polts Mode

quasi_bidirectional (traditional 8051 1/O port output

0 0 Sink Current up to 20mA , pull-up Current is 270pA ,
Because of manufactured error, the actual pull-up current is 270uA ~ 150uA

0 1 push-pull output(strong pull-up output current can be up to 20mA,
resistors need to be added to restrict current

1 0 input-only (high-impedance )

1 1 Open Drain internal pull-up resistors should be disabled and external pull-
up resistors need to join.

Example: MOV P6M1, #10100000B

MOV  P6MO, #11000000B

;P6.7 in Open Drain mode, P6.6 in strong push-pull output, P6.5 in high-impedance input, P6.4/P6.3/P6.2/
P6.1/P6.0 in quasi_bidirectional/weak pull-up

P7 Configure <P7.7, P7.6, P7.5, P7.4, P7.3, P7.2, P7.1, P7.0 port> (P7 address F8H)

P7M1[7 : 0]
P7M1 address is E1H

P7MO [7: 0]
P7MO address is E2H

1/0 ports Mode

quasi_bidirectional (traditional 8051 I/O port output

0 0 Sink Current up to 20mA , pull-up Current is 270pA ,
Because of manufactured error, the actual pull-up current is 270uA ~ 150uA
0 1 pus_h-pull output(strong pull-up ot_Jtput current can be up to 20mA,
resistors need to be added to restrict current
1 0 input-only (high-impedance )
1 1 Open Drain internal pull-up resistors should be disabled and external pull-

up resistors need to join.

Example: MOV P7M1, #10100000B

MOV  P7MO, #11000000B

;P7.7 in Open Drain mode, P7.6 in strong push-pull output, P7.5 in high-impedance input, P7.4/P7.3/P7.2/
P7.1/P7.0 in quasi_bidirectional/weak pull-up
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4.2 Special Explanation of P1.7/XTAL1 and P1.6/XTALZ2 pin

All 1/O ports default to quasi-bidirectional / weak-pull after power-on reset. But P1.7/XTAL1 and P1.6/XTAL2
are not necessarily in quasi-two-dimensional / weak-pull mode after power-on reset due to P1.7 and P1.6 also can
be used as external crystal or clock pins XTAL1 and XTAL2. When P1.7/XTAL1 and P1.6/XTAL2 are used as
XTAL1 and XTALZ2, they are in high impedance input mode after power-on reset

The mode of P1.7/XTAL1 and P1.6/XTALZ2 is set according to the following steps after each power-on reset :
First, P1.7/XTAL1 and P1.6/XTAL2 will be set to high impedance input mode in a short time;

Then, MCU will automatically determine the setting of P1.7/XTAL1 and P1.6/XTAL2 what the user do in STC-
ISP Writer / Programmer last time;

If P1.7/XTALL and P1.6/XTAL2 were set to the common I/O ports in STC-ISP Writer / Programmer last time,
they would be in quasi-bidirectional / weak pull-up mode after power-on reset;

If P1.7/XTALL and P1.6/XTAL2 were set to XTALL and XTAL2 in STC-ISP Writer / Programmer last time, they
would be in high impedance input mode after power-on reset.

4.3 Special Explanation of RST pin

The reset pin is on RST/P5.4 for STC15W4K32S4 series MCU. P5.4/RST pin factory defaults to the 1/O port,
which can be set as RST reset pin(active high) through the STC-ISP Writer / Programmer. If it is as 1/O port,
it will be in quasi-bidirectional / weak pull-up mode after power-on reset. MCU will automatically determine
the setting of P5.4/RST what the user do in STC-ISP Writer / Programmer last time after each power-on reset.
If P5.4/RST were set to the common 1/O port in STC-ISP Writer / Programmer last time, it would be in quasi-
bidirectional / weak pull-up mode after power-on reset. If P5.4/RST were set to Reset pin in STC-ISP Writer /
Programmer last time, they would be still as reset pin after power-on reset.

4.4 Special Explanation of RSTOUT_LOW pin

The output low after reset pin is on RSTOUT_LOW/P2.0 for STC15W4K32S4 series MCU. P2.0/
RSTOUT_LOW pin can output low or high after power-on reset. When the operation voltage Vcc is higher than
power-on reset threshold voltage (POR), users can set whether the P2.0/RSTOUT_LOW pin output low or high in
STC-ISP Writer/Programmer.

When the operation voltage Vcc is lower than power-on reset threshold voltage (POR), P2.0/RSTOUT_LOW pin
output low. When the operation voltage Vcc is higher than power-on reset threshold voltage (POR), MCU wiill
automatically determine the setting in STC-ISP Writer / Programmer last time after each power-on reset. If P2.0/
RSTOUT_LOW pin was set to output low after each power-on reset in STC-ISP Writer / Programmer last time,
P2.0/RSTOUT_LOW pin will output low. If P2.0/RSTOUT_LOW pin was set to output high after each power-on
reset in STC-ISP Writer / Programmer last time, P2.0/RSTOUT_LOW pin will output high.
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4.5 SFRs related to 1/0 ports and Its Address Statement

Some SFRs related with 1/O ports are listed below.

PO register (bit addressable)
SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO
PO 80H name | P0.7 | P0.6 | PO.5 | PO.4 | PO.3 | P0O.2 | PO.1 | PO.O

POM1 register (non bit addressable)
SFR name | Address | bit B7 B6 B5 B4 B3 B2 B1 BO
POM1 93H name | POM1.7 | POM1.6 | POM1.5 | POM1.4 | POM1.3 | POM1.2 | POM1.1 | POM1.0

POMO register (non bit addressable)
SFR name | Address | bit B7 B6 B5 B4 B3 B2 B1 BO
POMO 94H | name| POMO.7 | POMO.6 | POMO.5 | POMO0.4 | POMO0.3 | POMO0.2 | POMO.1 | POMO0.0

P1 register (bit addressable)
SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO
P1 90H name | P1.7 P1.6 | P15 P1.4 P1.3 P1.2 P1.1 P1.0

P1M1 register (non bit addressable)
SFR name | Address | bit B7 B6 B5 B4 B3 B2 B1 BO
P1M1 91H name | PIM1.7 | PIM1.6 | PAM1.5 | PIM1.4 | PIM1.3 | PIM1.2 | PIM1.1 | P1IM1.0

P1MO register (non bit addressable)
SFR name | Address | bit B7 B6 B5 B4 B3 B2 B1 BO
P1MO 92H name | P1MO0.7 | PAMO0.6 | PIMO0.5 | PAIMO0.4 | PAMO0.3 | PAMO0.2 | PIMO0.1 | P1IMO0.0

P2 register (bit addressable)
SFR name | Address | bit B7 B6 B5 B4 B3 B2 B1 BO
P2 AOH name | P2.7 P2.6 P2.5 P2.4 P2.3 P2.2 P2.1 P2.0

P2M1 register (non bit addressable)
SFR name | Address | bit B7 B6 B5 B4 B3 B2 B1 BO
P2M1 95H name | P2M1.7 | P2M1.6 | P2M1.5 | P2M1.4 | P2M1.3 | P2M1.2 | P2M1.1 | P2M1.0

P2MO register (non bit addressable)
SFR name | Address | bit B7 B6 B5 B4 B3 B2 B1 BO
P2MO 96H name | P2MO0.7 | P2M0.6 | P2MO0.5 | P2M0.4 | P2M0.3 | P2MO0.2 | P2MO0.1 | P2MO0.0
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P3 register (bit addressable)
SFR name| Address | bit B7 B6 B5 B4 B3 B2 B1 BO
P3 BOH name P3.7 P3.6 P3.5 P3.4 P3.3 P3.2 P3.1 P3.0
P3M1 register (non bit addressable)
SFR name | Address | bit B7 B6 B5 B4 B3 B2 B1 BO
P3M1 B1H name | P3M1.7 | PAM1.6 | P3M1.5 | P3M1.4 | P3M1.3 | PAM1.2 | P3M1.1 | P3M1.0
P3MO register (non bit addressable)
SFR name | Address | bit B7 B6 B5 B4 B3 B2 B1 BO
P3MO B2H name | P3MO0.7 | P3MO0.6 | P3MO0.5 | P3MO0.4 | P3M0.3 | P3MO0.2 | P3MO0.1 | P3MO0.0
P4 register (bit addressable)
SFR name | Address | bit B7 B6 B5 B4 B3 B2 B1 BO
P4 COH name | P4.7 P4.6 P4.5 P4.4 P4.3 P4.2 P4.1 P4.0
P4ML1 register (non bit addressable)
SFR name | Address | bit B7 B6 B5 B4 B3 B2 B1 BO
PAM1 B3H name | PAM1.7 | PAM1.6 | PAM1.5 | PAM1.4 | PAM1.3 | PAM1.2 | PAM1.1 | PAM1.0
P4MO register (non bit addressable)
SFR name | Address | bit B7 B6 B5 B4 B3 B2 B1 BO
P4AMO B4H name | P4MO0.7 | PAMO0.6 | PAMO0.5 | PAMO0.4 | P4AMO0.3 | PAMO.2 | PAMO.1 | P4MO0.0

P5 register (bit addressable)

SFR name| Address | bit B7 B6 B5 B4 B3 B2 B1 BO
P5 C8H name - - P5.5 P5.4 P5.3 P5.2 P5.1 P5.0
P5M1 register (non bit addressable)
SFR name | Address | bit B7 B6 B5 B4 B3 B2 B1 BO
P5M1 C9H name - - P5M1.5 | P5M1.4 | P5M1.3 | P5SM1.2 | P5M1.1 | P5M1.0
P5MO register (non bit addressable)
SFR name

Address | bit
P5MO0 CAH

B7 B6 B5 B4 B3 B2 Bl
- - P5MO0.5 | P5M0.4 | P5MO0.3 | PSMO0.2

name

BO
P5MO0.1 | P5MO0.0
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P6 register (bit addressable)
SFR name | Address | bit B7 B6 B5 B4 B3 B2 B1 BO

P6 E8H name | P6.7 P6.6 P6.5 P6.4 P6.3 P6.2 P6.1 P6.0

P6ML1 register (non bit addressable)
SFR name | Address | bit B7 B6 B5 B4 B3 B2 B1 BO
P6M1 CBH |[name | P6ML1.7 | PEM1.6 | P6EM1.5 | P6M1.4 | P6M1.3 | PEM1.2 | PEM1.1 | P6M1.0

P6MO register (non bit addressable)
SFR name | Address | bit B7 B6 B5 B4 B3 B2 Bl BO
P6MO CCH name | P6MO0.7 | P6MO0.6 | P6MO0.5 | P6MO0.4 | P6MO0.3 | P6MO0.2 | P6MO0.1 | P6MO0.0

P7 register (bit addressable)
SFR name | Address | bit B7 B6 B5 B4 B3 B2 B1 BO
P7 F8H name | P7.7 P7.6 P7.5 P7.4 P7.3 P7.2 P7.1 P7.0

P7ML1 register (non bit addressable)
SFR name | Address | bit B7 B6 B5 B4 B3 B2 B1 BO
P7TM1 E1H name | P7TM1.7 | PTM1.6 | PTM1.5 | P7TM1.4 | P7TM1.3 | PTM1.2 | PTM1.1 | P7TM1.0

P7MO register (non bit addressable)
SFR name | Address | bit B7 B6 B5 B4 B3 B2 Bl BO
P7MO E2H name | P7MO0.7 | P7TM0.6 | P7TMO0.5 | P7MO0.4 | P7TM0.3 | P7MO0.2 | P7MO0.1 | P7TMO0.0

Assembly
P7 EQU OF8H ;or P7 DATA  OF8H
P7TM1 EQU OE1H ;or PTM1 DATA OE1H
P7TM0 EQU 0E2H

;P7 address statement is shown above
P6 EQU OE8H ;or P6 DATA  OE8H
P6M1  EQU 0CBH ;or P6M1 DATA 0CBH
P6MO  EQU 0CCH

;P6 address statement is shown above
P5 EQU 0C8H ;or P5 DATA 0C8H
P5M1 EQU 0C9H ;or P5M1 DATA  0C9H
P5MO  EQU 0CAH

;P5 address statement is shown above
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P4 EQU 0COH
PAM1 EQU 0B3H
PAMO EQU 0B4H
;P4 address statement is shown above
P3M1 EQU 0B1H
P3MO EQU 0B2H
;P3 address statement is shown above
P2M1 EQU 095H
P2M0  EQU 096H
:P2 address statement is shown above
PIM1 EQU 091H
PIMO EQU 092H
:P1 address statement is shown above
POM1 EQU 093H
POMO EQU 094H

;PO address statement is shown above

C Language:

sfr P7 = 0xf8;

sfr P7TM1  =0xel,

sfr P7TM0  =0xe2;
/*P7 address statement is shown above*/

sfr P6 = 0xe8;

sfr P6M1  =0xch;

sfr P6M0O = 0xcc;
/*P6 address statement is shown above*/

sfr P5 = 0xc8;

sfr P5M1  =0xc9;

sfr P5MO0 = 0xca;
/*P5 address statement is shown above*/

sfr P4 = 0xc0;

sfr PAM1  =0xb3;

sfr P4AMO = 0xb4;
/*P4 address statement is shown above*/

sfr P3M1  =0xbi;

sfr P3MO = 0xb2;
/*P3 address statement is shown above*/

sfr P2M1  =0x95;

sfr P2M0 = 0x96;
/*P2 address statement is shown above*/

sfr P1IM1  =0x91;

sfr PIMO  =0x92;
/*P1 address statement is shown above*/

sfr POM1  =0x93;

sfr POMO  =0x94;

/*P0 address statement is shown above*/

;or P4 DATA  0COH
;or PAM1 DATA 0B3H
;or P3M1 DATA 0B1H
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4.6 Demo Program of STC15 series PO/P1/P2/P3/P4/P5

I* */

[*--- STC MCU Limited. */

[* --- Exam Program test PO/P1/P2/P3/P4/P5 */

/* --- Mobile: (86)13922805190 */

[* --- Fax: 86-755-82905966 */

[* --- Tel: 86-755-82948412 */

[* --- Web: www.STCMCU.com */

/* If you want to use the program or the program referenced in the */

/* article, please specify in which data and procedures from STC */

/*---- In Keil C development environment, select the Intel 8052 to compiling */

/*---- And only contain < reg51.h > as header file */

I* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"

#include "intrins.h"

sfrP5 = 0xCS8; 116 bit Port5 P5.7 P5.6 P55 P5.4 P5.3 P5.2 P5.1 P5.0 xxxx1,1111

sfr PSMO = 0xC9; 1 0000,0000

sfr P5M1 = OxCA; 1 0000,0000
I 7 6 5 4 3 Reset Value

sfrP4 = 0xCO; /18 bitPort4 P4.7 PA.6 P45 P4.4 PA3 P42 P41 P4.0 1111,1111

sfr PAMO = 0xB4; 1 0000,0000

sfr PAM1 = 0xB3; 1 0000,0000

shit P10 = P110;

shit P11 = P17,

shit P12 = P172;

shit P13 = P173;

shit P14 = P14,

shit P15 = P175;

shit P16 = P176;

shit P17 = P1NT;

shit P30 = P310;

shit P31 = P371;

shit P32 = P372;

shit P33 = P3"3;

sbit P34 = pP3na;

shit P35 = P375;

shit P36 = P3"6;

shit P37 = P3T;
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shit
shit
shit
shit
shit
shit
shit
shit

shit
shit
shit
shit
shit
shit
shit
shit

shit
shit
shit
shit
shit
shit
shit
shit

shit
shit
shit
shit
shit
shit

void delay(void);

void main(void)

{

P20 = P210;
P21 = P21,
P22 = P212;
P23 = P213;
P24 = pP2n4;
P25 = pP2n5;
P26 = P216;
P27 = P27;
P00 = PONO;
P01 = PO
P02 = PON2;
P03 = PON3;
P04 = PON4;
P05 = PON5;
P06 = P0O"6;
P07 = PONT;
P40 = P4ANO;
P41 = PAN;
P42 = PAn2;
P43 = P4AN3;
P44 = PaAng;
P45 = P4N5;
P46 = P4ANG;
P47 4 PANT;
P50 & P570;
P51 = P57
P52 = P5°2;
P53 = P5/3;
P54 = P574;
P55 = P5N5;
P10 = 0;
delay();

P11 = 0;
delay();

P12 = 0;
delay();

P13 = 0;
delay();

P14 = 0;
delay();
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P15 = 0;
delay();

P16 = 0;
delay();

P17 = 0;
delay();

P1 = Oxff;
P30 = 0;
delay();

P31 = 0;
delay();

P32 = 0;
delay();

P33 = 0;
delay();

P34 = 0;
delay();

P35 = 0;
delay();

P36 = 0;
delay();

P37 = 0;
delay();

P3 = Oxff;
P20 = 0;
delay();

P21 = 0;
delay();

p22 = 0;
delay();

P23 = 0;
delay();

P24 = 0;
delay();

P25 = 0;
delay();

P26 = 0;
delay();

p27 = 0;
delay();

P2 = Oxff;
P07 = 0;
delay();
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P06 = 0;
delay();

P05 = 0;
delay();

P04 = 0;
delay();

P03 = 0;
delay();

P02 = 0;
delay();

P01 = 0;
delay();

P00 = 0;
delay();

PO = Oxff;
P40 = 0;
delay();

P41 = 0;
delay();

P42 = 0;
delay();

P43 = 0;
delay();

P44 7 0;
delay();

P45 £ 0;
delay();

P46 = 0;
delay();

P47 = 0;
delay();

P4 = Oxff;
P50 = 0;
delay();

P51 = 0;
delay();

P52 = 0;
delay();

P53 = 0;
delay();

P54 = 0;
delay();

P55 = 0;
delay();

P5 = Oxff;

182 Nantong Guoxin Micro-Electronics Co. Ltd. Switchboard: 0513-5501 2928/ 2929/ 2966 Fax: 0513-5501 2969/ 2956/ 2947



STC15WA4K3254 series MCU Manual ~ www.STCMCU.com  QQ of R&D:800003751  STC—the biggest design company of 8051 MCU in the world

while(1)
{
P1 = 0x00;
delay();
P1 = Oxff;
P3 = 0x00;
delay();
P3 = Oxff;
P2 = 0x00;
delay();
P2 = Oxff;
PO = 0x00;
delay();
PO = Oxff;
P4 = 0x00;
delay();
P4 = Oxff;
P5 = 0x00;
delay();
P5 = Oxff;
}

}

void delay(void)

unsigned inti = 0;

for(i=60000;i>0;i--)

{
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
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_nop_();
_nop_();
_nop_();
_nop_();

_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
_nop_();
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4.7 1/0 ports Modes
4.7.1 Quasi-Bidirectional 1/0

Port pins in quasi-bidirectional output mode function similar to the traditional 8051 port pins. A quasi-
bidirectional port can be used as an input and output without the need to reconfigure the port. This is possible
because when the port outputs a logic high, it is weakly driven, allowing an external device to pull the pin low.
When the pin outputs low, it is driven strongly and able to sink a large current. There are three pull-up transistors
in the quasi-bidirectional output that serve different purposes.

One of these pull-ups, called the “very weak” pull-up, is turned on whenever the port register for the pin contains
a logic “1”. This very weak pull-up sources a very small current that will pull the pin high if it is left floating.

A second pull-up, called the “weak” pull-up, is turned on when the port register for the pin contains a logic
“1” and the pin itself is also at a logic “1” level. This pull-up provides the primary source current for a quasi-
bidirectional pin that is outputting a 1. If this pin is pulled low by the external device, this weak pull-up turns off,
and only the very weak pull-up remains on. In order to pull the pin low under these conditions, the external device
has to sink enough current to over-power the weak pull-up and pull the port pin below its input threshold voltage.

The third pull-up is referred to as the “strong” pull-up. This pull-up is used to speed up low-to-high transitions on
a quasi-bidirectional port pin when the port register changes from a logic “0” to a logic “1”. When this occurs, the
strong pull-up turns on for two CPU clocks, quickly pulling the port pin high.

Vcce Vce Vce

2 clock

delay |£|- Weak
Stro E;:ry \weak
o—{PORT
PORT oI PIN
LATCH DATA - - "%

INPUT
DATA

Quasi-bidirectional output

4.7.2 Push-Pull Output

The push-pull output configuration has the same pull-down structure as both the open-drain and the quasi-
bidirectional output modes, but provides a continuous strong pull-up when the port register conatins a logic “1”.
The push-pull mode may be used when more source current is needed from a port output. In addition, input path
of the port pin in this configuration is also the same as quasi-bidirectional mode.

Vce

—

PORT |::>o
LATCH DATA » PF?&T

—

INPUT ¢
DATA

Push-pull output
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4.7.3 Input-Only (High-Impedance)Mode

The input-only configuration is a Schmitt-triggered input without any pull-up resistors on the pin.

INPUT 4 PORT
DATA PIN

Input-only Mode

4.7.4 Open-Drain Output

The open-drain output configuration turns off all pull-ups and only drives the pull-down transistor of the port
pin when the port register contains a logic “0”. To use this configuration in application, a port pin must have an
external pull-up, typically tied to VCC. The input path of the port pin in this configuration is the same as quasi-
bidirection mode.

PORT
PORT [::>c | e

LATCH DATA
INPUT ¢
DATA

Open-drain output

4.8 1/O Port Application Notes

Traditional 8051 access /O (signal transition or read status) timing is 12 clocks, STC15 series MCU is 4 clocks.
When you need to read an external signal, if internal output a rising edge signal, for the traditional 8051, this
process is 12 clocks, you can read at once, but for STC15W4K32S4 series MCU, this process is 4 clocks, when
internal instructions is complete but external signal is not ready, so you must delay 1~2 nop operation.

When MCU is connected to a SPI or 12C or other open-drain peripherals circuit, you need add a 10K pull-up
resistor.

Some 10 port connected to a PNP transistor, but no pul-up resistor. The correct access method is 10 port pull-up
resistor and transistor base resistor should be consistent, or 10 port is set to a strongly push-pull output mode.

Using 10 port drive LED directly or matrix key scan, needs add a 470ohm to 1Kohm resistor to limit current.
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4.9 Typical Transistor Control Circuit

Vce

R1
10K (3.3K~10K)
common 1/O port ® '\j

15K(3. 3K~15K)

If 1/0 is configed as “weak” pull-up, you should add a external pull-up resistor R1(3.3K~10K ohm). If no pull-up
resistor R1, proposal to add a 15K ohm series resistor R2 at least or config 1/0 as “push-pull” mode.

4.10 Typical Diode Control Circuit

1K

1/0 —Iz—/\/\/\/—[> Vee

For weak pull-up / quasi-bidirectional 1/O, use sink current drive LED, current limiting resistor as greater than 1K
ohm, minimum not less than 470 ohm.

1K

110 [ > —— AN, ——i

For push-pull / strong pull-up 1/O, use drive current drive LED.

4.11 How to Make I/0O Port Low after MCU Reset

Traditional 8051 MCU power-on reset, the general 10 port are weak pull-high output, while many practical
applications require 10 port remain low level after power-on reset, otherwise the system malfunction would
be generated. For STC15 series MCU, 10 port can add a pull-down resistor (1K/2K/3K), so that when power-
on reset, although a weak internal pull-up to make MCU output high, but because of the limited capacity of the
internal pull-up, it can not pull-high the pad, so this 10 port is low level after power-on reset. If the 1/0 port need
to drive high, you can set the 10 model as the push-pull output mode, while the push-pull mode the drive current
can be up to 20mA, so it can drive this 1/O high.

More then 4700hm
1/10

1K/2K/3K

Note: Users can set whether the P2.0/RSTOUT_LOW pin output low or high after power-on reset in STC-ISP
Writer/Programmer. But other pins of STC15 series all output high after power-on reset.

Nantong Guoxin Micro-Electronics Co. Ltd. Switchboard: 0513-5501 2928/ 2929/ 2966 Fax: 0513-5501 2969/ 2956/ 2947 187



STC15W4K3254 series MCU Manual

www.GXWMCU.com

Temporary Technical Adviser:(86)13922829991

Tel of R&D Adviser:(86)13922805190

4.12 Keyboard Scanning Circuit using I/O ports

S

w
s3]

wl @] ] |w] || |@f |« w| |

= |9 |2l © IS e a

|

=

R1—300Q || 1 | P0.0/ADO/RXD3 \./ CCPS/ALE/P4.5
R2_3000 .' 2 |P0.1/AD1/TxD3 CCP2_3/A15/P2.7
R3 3000 [3]Po.2/AD2/RxD4 CCP1_3/A14/P2.6
R4 3000 4| PO.3/AD3/TxD4 CCP0_3/A13/P2.5
R
S0 rpoamparraciio SS_2/ECI_3IA12/P2.4
R6——3000 6 |Po.5/ADS/T4 MOSI_2/A11/P2.3
R7—— 3000 [7|Po.6/ADEIT3CLKO MISO_2/A10/P2.2
R8——300Q 5 1po7ia07m3 SCLK_2/A9/P2.1
=] P1r.0/aDC0OICCPURXD2 RSTOUT_LOW/A8/P2.0
i P1.17aDC1/CCPOITXD2 CCP4/RDIP4.4
[E]r1.2aDC2s88/ECH CCP3/WR/P4.2
[Z2]p13/aDC3MOSI MISO_3/P4.1
| 13 | P1.4/ADCA/MISO CCP2_2/CCP2/TxD_2/INT3/P3.7
| 14 | P1.5/ADC5/SCLK CCP1_2/RxD_2/INT2/P3.6
[[Z5]P1.6/ADC6/RXD_3/XTAL2 ~ CCPO_2/TOCLKO/TL/P35
[[Z6]P1.7/ADC7/TXD_3/XTALL  ECI_2/TICLKO/TO/P3.4
[T es.arsTivmcLKO/SS_3 INT1/P3.3
28] vee INTO/P3.2
[29] cappss T2/TxD/P3.1
[20]end T2CLKO/INT4/RXD/P3.0
1 2 3 4
—O0 oO—e—oO o—e—O o—e—O O—
5 6 7 8
—O0 oO—e——O Oo—e—oO oO—e—oO Oo—
9 10 11 12
—-o0 oO—e—oO Oo—e—oO oO—e—oO Oo—
13 14 15 16
O o—e—oO Oo—e—oO o—e—oO o—
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4.13 Pin Function and Logic Turth Table of 74HC595

01T A 51voD _ __74HC595 Pin Introduction
A - 5] Q0 Pin Name Pin Number Pin Function
03[3] o~ [TZ] SER Q0 ~Q7 15,1~7 Noninverted, 3—state, latch outputs
Q4[] L [T31E a 9 Serial data output
Q5[E] 8 [T2] RCLK SRCLR 10 reset(active-low)
Q6lE] &  [ISRCLK SRCLK 11 Shift Register Clock Input
Q7 [} 0] SRCLR RCLK 12 Storage Latch Clock Input
Vss[E] 217 E 3 ‘Active—low Output Enable
Pin Map of 74HC595 SER 14 Serial data input
VDD 16 Power
VSS 8 Gnd

The 74HCS595 consists of an 8—bit shift register and an 8—bit D—type latch with three—state parallel outputs. The
shift register accepts serial data and provides a serial output. The shift register also provides parallel data to the 8
—bit latch. The shift register and latch have independent clock inputs. This device also has an asynchronous reset
for the shift register.

The HC595 directly interfaces with the SPI serial data port on CMOS MPUs and MCUs.

Serial data input pin SER, the data on this pin is shifted into the 8—bit serial shift register. Shift register clock
input pin SRCLK, a low— to—high transition on this input causes the data at the Serial Input pin to be shifted
into the 8-bit shift register. Reset pin SRCLR, active—low, asynchronous, Shift Register Reset Input. A low on
this pin resets the shift register portion of this device only. The 8—bit latch is not affected. Storage Latch Clock
Input pin RCLK, a low—to—high transition on this input latches the shift register data. Active—low Output Enable
pin E, a low on this input allows the data from the latches to be presented at the outputs. A high on this input
forces the outputs (Q0~Q7) into the high—impedance state. The serial output is not affected by this control unit.
Noninverted, Serial Data Output pin Q7, this is the output of the eighth stage of the 8—bit shift register. This
output does not have three—state capability.

74HC595 Turth Table
Inputs
SER [ SRCLK | SRCLR | RCLK | E Outputs
X X X X H |Q0~Q7 force outputs into high impedance state
X X X X L |Enable parallel outputs Q0~Q7
X X L X X |Reset shift register
L 1 H X X | Shift data "L" into shift register
H 1 H X X [Shift data "H" into shift register
X ! H X X [Shift register remains unchanged
X X X 1 X | Transfer shift register contents to latch register
X X X l X |Latch register remains unchanged
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4.14 Circuit Expanding I/O ports using 74HC595

([
U; VSSJ

hesss s VOPH—i—d SRer 071 —QUTUDL Extended the I/O ports by three pins of MCU.
HCS95-RCLK 2 Lo ST —ourure  Each piece chip 74HC595 can extend eight 1/0 ports.
'“7‘3?" E Q41— gDTPUTZ?I
outeut2e 35 | OF S3 2 outpuTas
16 VDD 1 1 QUTPUT25
74HC595-SOP16 VDD QUIPUTZ4,
C1
I The reference price of 74HC595(SOP-16) is RMB 0.2 yuan.
U4 T"I
L2 17 vssi—£ o
Hosos-sroLk  VOPH—19—9 SRCIR Q7 ———8oetss
FC595-RCLK 17 [SRCLK Q6 OUTPUT2L
b 15 PRCLK Q5 OUTPUTS0
1l 7 E Q4 OUTPUT19
outpuTis[ 15| 3R & OUTPUTL8
16 VDD 1 1 OUTPUTI7
74HC595-SOP16 VDD QUTPUTLS
o The driving ability of 74HC595:
104
I Each port of 74HC595 can pull 30mA current externally;
U3 . Each port of 74HC595 can sunk 100mA current internally.
L2137 vss J o
Hoses-sreLk  VPPH—19— SRCIR Q7—F ST
HC595-RCLK 2 [SRCLK Q6 OUTPU
S RCLK Q5 SUTRY
K e Q4 OUTPUTIL
ouTpuTs (15 | SER Q3 OUTPUTI0
16 |9, SL OUTPUTS
74HC595-SOP16 VDD QUIBUTE.
Cc3
IlOA
u2 T"I
L2 17 vssi—8 N
Hoses sreLk  VOPH—§—q SREIR Q7 (—1 QUTEUTS
HC595-RCLK 2 [ SROLK Sg 5 OUTPUT5
Hesos-ser ! e Q43 S
GUTPUTO 15 ] Xk 81— b
16 |9, S OUTPUTL
74HC595-SOP16 VDD QUIRUTO
& Lc Recommend to connect an 100pF capacitance to ground in each piece chip
T4 TroowF < [~ 74HC595 if the current in circuit is too large. Otherwise, it is enough to only
- - connect an 100uF capacitance to ground in all chips 74HC595.
I p g P!
U1
N\
RxD3/AD0/P0.0 1 40 [ P4.5/ALE/CCP5
TXD3/AD1/P0.1 ]2 o 39[1P2.7/A15/CCP2_3
RXD4/AD2/P0.2 |3 38[1P2.6/A14/CCP1_3
TXD4/AD3/P0.3 |4 O 37 [1P2.5/A13/CCPO_3
T4CLKO/AD4/P0.4[]5 -_— 36 []P2.4/A12/ECI_3/SS_2
T4/AD5/P0.5 6 -|U 35 —1P2.3/A11/MOSI_2
T3CLKO/AD6/P0.6 ] 7 o~ 34[1P2.2/A10/MISO_2
T3/AD7/P0.7 |8 o 33[]P2./A9ISCLK_2
RxD2/CCP1/ADCO/P1.0 ]9 32 [1P2.0/A8/RSTOUT_LOW
TxD2/CCPO/ADC1/P1.1 [ 10 31 [_1P4.4/RD/CCP4
CMP+/ECI/SS/IADC2/P1.2 (] 11 30 [1P4.2AWR/CCP3
HCS95-SER MOSI/ADC3/PL3 ] 12 w 201Pa.1MISO_3 —HESE-RELK
CMP-/MISO/ADC4/P1.4 ] 13 o 28 [1P3.7/INT3/TXD_2/CCP2/CCP2_2
HC595-SRCLK SCLK/ADCS5/P1.5 ] 14 27[F1P3.6/INT2/RXD_2/CCP1L_2
XTAL2/RxD_3/ADC6/P1.6 15 — 26 [1P3.5/TL/TOCLKO/CCPO_2
XTALL/TxD_3/ADC7/P1.7 [ 16 ~ 25 [ 1P3.4/TO/TICLKO/ECI_2
SS_3/MCLKO/RST/P5.4 17 O 24[1P3.3/INTL
Vee[]18 23[1P3.2/INTO
P5.5/CAP |19 22 [1P3.1/TXDIT2
Gnd 20 21 [1P3.0/RXD/INT4/T2CLKO
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4.15 Circuit Driving 8-segment Digitron using 74HC595

COM7
Use two piece chips 74HC595 to drive Ccom6
8-segment digitron com3
It would be better to select common cahtode digitron, ~ €OM2
(both Common cathode and Common anode) A Rz, 202
Us " F 41 2000
9 5  vesl_# B R40_ 2000
voo—¢ gggtﬁ 8; e comy coms
122 brelk Qs ——E3) com1 u9 u10
T P G HEERE ED4_HSA S gl o o o ~| ED4HSA
com1 [i5 2 ca e 2 = Y =
16| %o 8{ 1_com? X XX x X X
74HC595-50P16 VDD
cia _lcis
I104 Ill)UpF
R o) o o o) o) o o) o)
s o o3 s o o?
us F"I =] I s e o = R e
2 197 vss|—& E R39 200Q
Hesos-srewk VPPH—13—9] SREIR QZ; —4
| HCB595-RCLK 12 al(?:EIRK 85 3 D R38 200Q
13 4 E
Hesos-ser 149 EER 8‘3" 5 H R37 2000
@ e < c R 2000
VDDI—F VDD 1
C16 TARCS95-SOP16 GR35 2000
l coms
The reference price of 74HC595(SOP-16) com4
is RMB 0.2 yuan.
N\
RxD3/AD0/P0.0 1 40— P4.5/ALE/CCP5
TxD3/AD1/P0.1 ]2 o 39[1P2.7/A15/CCP2_3
RxD4/AD2/P0.2 []3 38[1P2.6/A14/CCP1_3
TXD4/AD3/P0.3 ] 4 O 37 [1P2.5/A13/CCPO_3
T4CLKO/ADA/P0.4 |5 -_— 36 [_1P2.4/A12/EC]_3/SS_2
T4/AD5/P0.5 6 -|U 35 —1P2.3/A11/MOSI_2
T3CLKO/AD6/P0.6 ] 7 N 34[1P2.2/A10/MISO_2
T3/AD7/P0.7 |8 o 33[]P2.L/A9/SCLK_2
RxD2/CCP1/ADCO/P1.0 (]9 32 1P2.0/A8/IRSTOUT_LOW
TXD2/CCPO/ADC1/PL.1 ] 10 31 [1P4.4/RD/CCP4
CMP+/ECI/SSIADC2/P1.2 11 30 [1P4.2/WR/CCP3
L _HCSSSSER \iosiaDcapL3 12 w 201P4.U/MISO_3 HC595-RCLK
CMP-/MISO/ADC4/P1.4 ] 13 oo 28 [1P3.7/INT3/TXD_2/CCP2/CCP2_2
HCS95-SRCLK SCLK/ADCS/PL5 [ 14 27 [1P3.6/INT2/RxD_2/CCP1_2
XTAL2/RxD_3/ADC6/P1.6 ] 15 — 26 [1P3.5/T1/TOCLKO/CCPO_2
XTALL/TxD_3/ADC7/P1.7 ] 16 ~ 25[1P3.4/TO/TICLKO/ECI_2
SS_3/MCLKO/RST/P5.4 17 O 24[1P3.3/INTL
Vee []18 23[1P3.2/INTO
P5.5/CAP 19 22[1P3.1/TXDIT2
Gnd 20 21 [1P3.0/RXD/INTA/T2CLKO
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4.16 Demo Program of Driving 8-Segment Digitron
—— Using common 1/O ports to Control 74HC595

1. C Program Listing

* */
/*--- STC MCU Limited. */
/* --- Exam Program that driving 8-segment digitron */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
I* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling -----------==------ */
[*---- And only contain < reg51.h > as header file */
* */

/************* the descrlptlon Of funC'[IOﬂS *hkkhkhkhkkhkhkhkhkhkikx
drive 8-bit digitron using common 1/O ports to conrol 74HC595
users can choose the clock frequency by revised macros.

users can choose whether the digitron is common cathode or anode in display function.
recommend to choose common cathode

Display effect: cycle display 0,1,2...,A,B..F, black-out in 8 digital tube.

* * * * * * * * * * /

#include "reg52.h"

/ define macros ****xkkkikiokkdkkkkkikkdkkkkikokkkkxx/

#define  MAIN_Fosc 11059200UL /ldefine master clock

[l#define MAIN_Fosc 22118400UL //define clock

/ /

/ generate macro automatically, can not be changed /

#define TimerO_Reload (MAIN_Fosc / 12000)

/ /
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/************* declare IOCaI Constant **************/

unsigned char code t_display[]={

I 0123 456 789 AB C D E F black-out

0x3F,0x06,0x5B,0x4F,0x66,0x6D,0x7D,0x07,0x7F,0x6F,0x77,0x7C,0x39,0x5E,0x79,0x71,0x00};

unsigned char code T_COM[]={0x01,0x02,0x04,0x08,0x10,0x20,0x40,0x80}; //bit code
/************* declare |0C&| Varlable **************/
//sbit P_HC595 SER = P3/2; /lpin 14 SER data input
//sbit P_HC595 RCLK = P374; /lpin12 RCLk store (latch) clock
[Isbit P_HC595 SRCLK = P3"3; /lpin 11 SRCLK Shift data clock
shit P_HC595 SER = P113; /lpin 14 SER data input
shit P_HC595 RCLK = P4N1, /lpin 12 RCLk  store (latch) clock
shit P_HC595 SRCLK = P175; /lpin 11 SRCLK Shift data clock
unsigned char LEDB8I[8]; /[display buffer
unsigned char display_index; /[display bit index
bit B_1ms; //1ms flag
Rk ek ke ok ke ek ek ek ke ok
void main(void)
{

unsigned char i, k;

unsigned int J;

TMOD = 0x01; /[Timer 0 config as 16bit timer, 12T

THO = (65536 - Timer0_Reload) / 256;

TLO = (65536 - Timer0_Reload) % 256;

ETO = 1;

TRO = 1;

EA = 1;

for(i=0; i<8; i++) LEDS8][i] = 0x10;

i=0;

k=0;
1 for(i=0; i<8; i++) LEDS[i] =i;

while(1)

{

while(!B_1ms); /Iwait for 1ms
B 1ms=0;

/Iblock code
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if(++j >= 500) //500ms
{

i=0;

for(i=0; i<8; i++) LEDS8Ji] =k; I

if(++k > 0x10) k=0;
Ilcycle display 0,1,2...,A,B..F, black-out in 8 digital tube

}
}
}
/ /
/ /
void Send_595(unsigned char dat) //send one byte
{
unsigned char i
for(i=0; i<8; i++)
{
if(dat & 0x80) P_HC595 SER =1;
else P_HC595 SER =0;
P_HC595 SRCLK = 1;
P_HC595 SRCLK = 0;
dat = dat << 1;
}
}
/ ek /
void DisplayScan(void) /[display scan function
{
I Send_595(~T_COM[display_index]); /lcommon cathode output bit code
I Send_595(t_display[LED8[display_index]]); /lcommon cathode output block code
Send_595(T_COM][display_index]); /lcommon anode  output bit code
Send_595(~t_display[LED8[display_index]]); /lcommon anode  output block code
P_HC595 RCLK =1;
P_HC595 RCLK =0; //latch output data
if(++display_index >= 8) display_index = 0; //8 bits return 0
}
/ /
void timer0 (void) interrupt 1 /[Timer0 1ms interrupt function
{
THO = (65536 - Timer0_Reload) / 256; IIreload timing value
TLO = (65536 - Timer0_Reload) % 256;
DisplayScan(); //1ms scanning display
B_1ms=1, //1ms flag
}
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2. Assembler Listing

I* */
/*--- STC MCU Limited. */
[* --- Exam Program that driving 8-segment digitron */
/* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
[I* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
[*---- And only contain < reg51.h > as header file */
* */

-/************* the deSCI‘IptIOI’] of fUI’]CtIOI’]S *hkkhkkhkkhkkkhkhkhkkhkikikk
;drive 8-bit digitron using common 1/O ports to conrol 74HC595
;users can choose the clock frequency by revised macros.

;users can choose whether the digitron is common cathode or anode in display function.
;recommend to choose common cathode

;Display effect: cycle display 0,1,2...,A,B..F, black-out in 8 digital tube.

* * * * *kkkk * * * 7(/
’

:declare the reload value of TimerO 1ms

D_Timer0_Reload EQU (0-921) ;1ms for 11.0592MHZ
//ID_Timer0_Reload EQU (0-1832) ;1ms for 22.1184MHZ
;/************* declare |0C&| Va”able **************/

;P_HC595 SER BIT P3.2 ;pin 14 SER data input
;P_HC595_RCLK BIT P3.4 ;pin12  RCLk  store (latch) clock
;P_HC595_SRCLK BIT P3.3 ;pin 11 SRCLK Shift data clock
P_HC595 SER BIT P1.3 ;pin14  SER data input
P_HC595 RCLK BIT P4.1 ;pin12  RCLk  store (latch) clock
P_HC595 SRCLK BIT P1.5 ;pin 11 SRCLK  Shift data clock
LED8 EQU 030H

display_index DATA  038H

FLAGO DATA 20H

B_1ms BIT FLAGO.0

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
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;Timer 0 config as 16bit timer, 12T

ORG 00H ;reset
LIMP  F_MAIN_FUNC
ORG 03H ;INTO interrupt
; LIMP  F_INTO_interrupt
RETI
ORG 0BH ; TimerO interrupt
LIMP  F_TimerO_interrupt
RETI
ORG 13H ;INT1 interrupt
; LIMP  F_INTL interrupt
ORG 1BH ;Timerl interrupt
; LIMP  F_Timerl_interrupt
RETI
Wi 3 /
F_MAIN_FUNC:
MOV  SP, #50H
MOV  TMOD, #01H
MOV  THO, #HIGH D_Timer0_Reload ;1ms
MOV  TLO, #LOW D_Timer0_Reload
SETB ETO ;
SETB TRO ;
SETB EA ;
MOV RO, #LED8
L_InitLoopl:
MOV @RO,  #10H
INC RO
MOV  ARO
CINE A, #(LED8+8), L_InitLoopl
MOV R2, #HIGH 500 ;500ms
MOV R3, #LOW 500
MOV R4, #0
L_MainLoop:
JNB B_1ms, $ ;/Iwait for 1ms
CLR B_1ms
MOV A, R3
CLR C
SUBB A, #1
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MOV RS, A
MOV A, R2
SUBB A, #0
MOV  R2, A
ORL A, R3

INZ L_MainLoop

;cycle display 0,1,2...,A,B..F, black-out in 8 digital tube.

MOV R2, #HIGH 500

MOV  R3, #LOW 500

MOV RO, #LEDS8
L_OptionLoopl:

MOV A, R4

MOV  @RO, A

INC RO

MOV A, RO

CINE A, #(LED8+8), L_OptionLoopl

INC R4 ;

MOV A, R4

CINE A, #11H, L_MainLoop

MOV R4, #0

SIMP  L_MainLoop

s [F* * * * * *k * * * * * a/
'

t_display:

;500ms

;01 2 3 456 7 89 A B C D E F black-out
DB 03FH,006H,05BH,04FH,066H,06DH,07DH,007H,07FH,06FH,077H,07CH,039H,05EH,079H,071H,000H

;block code

T_COM:
DB 01H,02H,04H,08H,10H,20H,40H,80H

i/ /
F_Send_595:

MOV RO, #8
L_Send595_Loop:

RLC A

MOV  P_HC595 SER,C

SETB  P_HC595 SRCLK

CLR P_HC595 SRCLK

DINZ RO, L_Send595_Loop
RET

) /
F_DisplayScan:

MOV DPTR, #T_COM

MOV A, display_index

;bit code

;send one byte

;display scan function
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MOVC
; CPL

LCALL

MOV
MOV
ADD
MOV
MOV
MOVC
CPL

LCALL
SETB
CLR
INC
MOV
CINE
MOV

A, @A+DPTR
A

F_Send_595

DPTR, #t_display

A, #LEDS8

A, display_index

RO, A

A, @RO

A, @A+DPTR

A

F_Send_595

P_HC595 RCLK
P_HC595 RCLK

display_index
A, display_index
A, #8,L_QuitDisplayScan

display_index, #0

L_QuitDisplayScan:

RET

;common cathode
:comment this instruction if common anode
;output bit code

;common anode
:comment this instruction if common anode
;output block code

;latch output data

:8 bits return 0

F_TimerQ_interrupt:

PUSH
PUSH
MOV
PUSH
PUSH
PUSH

MOV
MOV

LCALL
SETB

L_QuitTOlInterrupt:
POP
POP
POP
MOV
POP
POP
RETI

END

PSW
ACC
A, RO
ACC
DPH
DPL

THO, #HIGH D_Timer0_Reload
TLO, #LOW D_Timer0_Reload

F_DisplayScan
B_1ms

DPL
DPH
ACC
ROA
ACC
PSW

;Timer0 1ms interrupt function
;scene protection

;1ms reload timing value

;1ms scanning display
;dms flag

;spot recovery
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4.17 Application Circuit using A/D Conversion to Scan Key

RXD3/AD0/P0.0 (]
TXD3/AD1/P0.1 ]
RXD4/AD2/P0.2 ]
TXD4/AD3/P0.3 ]
T4CLKO/ADA/P0.4 ]
T4/AD5/P0.5 ]
T3CLKO/AD6/P0.6 ]
T3/AD7/P0.7 ]
RxD2/CCP1/ADCO/P1.0 (]
TXD2/CCPO/ADC1/P1.1 ]
CMP+/ECI/SSIADC2/P1.2 ]
MOSI/ADC3/P1.3 ]
CMP-/MISO/ADCA/P1.4 ]
SCLK/ADC5/P1.5 ]
XTAL2/RxD_3/ADC6/P1.6 ]
XTALL/TxD_3/ADC7/P1.7 ]
SS_3/MCLKO/RST/P5.4 ]
Vee ]

P5.5/CAP ]

Gnd ]

14
15
16
17
18
19
20

Ov-didd (

8¢

o/l

40 [_1P4.5/ALE/CCPS
39[1P2.7/A15/CCP2_3
38[1P2.6/A14/CCP1_3

37 [1P2.5/A13/CCPO_3

36 [1P2.4/A12/ECI_3/SS_2
35[1P2.3/A11/MOSI_2
34[1P2.2/A10/MISO_2
33[]P2./A9/SCLK_2

32 F1P2.0/A8/RSTOUT_LOW
31[1P4.4/RD/CCP4

30 [P4.2/WR/CCP3
29[1P4.1/MISO_3

28 [1P3.7/INT3/TxD_2/CCP2/CCP2_2
27 [1P3.6/INT2/RXD_2/CCP1_2

26 [—1P3.5/T1/TOCLKO/CCPO_2

25 [1P3.4/TO/TICLKO/ECI_2 :
24[1P3.3/INT1
23[1P3.2/INTO

22 [1P3.1/TXD/T2

21 [ P3.0/RXD/INTA/T2CLKO

.
0—|I| ov

£
o—]i 1/2Vee
£

o—]l1 2/3Vee

10k[]
O—]Ih 3/4Vce

O—]Ii 5/4Vce

8 channels of A/D Converter are on P1.
P1.x/ADCx means P1.x can be used as
AID conversion channel.

A/D Converter on P1 ports, P1.0 - P1.7

16 ADC keybhoards
ADC4_KEY R17

C21-L K R18

RxD3/AD0/P0.0 ]
TXD3/AD1/P0.1 ]
RxD4/AD2/P0.2 ]
TxD4/AD3/P0.3 ]
T4CLKO/ADA4/P0.4 ]
T4/AD5/P0.5 ]
T3CLKO/AD6/P0.6 ]
T3/AD7/P0.7 ]
RxD2/CCP1/ADCO/P1.0 ]

© o ~NoO R WN R

SCLK/ADCS/P1.5 ] 1.

TXD2/CCPO/ADC1/P1.1 []10
— CMP+/ECI/SS/ADC2/P1.2 ] 11
MOSI/ADC3/P1.3 ] 12
CMP-/MISO/ADC4/P1.4 |13

XTAL2/RxD_3/ADC6/P1.6 []15
XTAL1/TxD_3/ADC7/P1.7 [_]16
SS_3/MCLKO/RST/P5.4 17
Vee[]18

P5.5/CAP 19

Gnd 20

Ov-didd (

8¢

o/l

39

102 200K
[ 1P4.5/ALE/CCP5
[1P2.7/A15/CCP2_3
[1P2.6/A14/CCP1_3
[1P2.5/A13/CCPO_3
[1P2.4/A12/ECI_3/SS_2
[1P2.3/A11/MOSI_2
[1P2.2/A10/MISO_2
[1P2.1/A9/SCLK_2
[—1P2.0/A8/RSTOUT_LOW
[ 1P4.4/RD/CCP4
[1P4.2/WR/CCP3
[1P4.1/MISO_3
[1P3.7/INT3/TXD_2/CCP2/CCP2_2
[ 1P3.6/INT2/RxD_2/CCP1_2
[1P3.5/TL/TOCLKO/CCPO_2

Reference Voltage Measurement
VDD

[—1P3.4/TO/TICLKO/ECI_2

[1P3.3/INT1 %0221
1P3.2/INTO I
[1P3.1/TXDIT2

P3.0/RxD/INT4/T2CLKO

Method that read ADC key : 1
read the value of ADC key every 10ms, and save the last 3 times values. determine the key again |3
if the variation is small. Allow some error when determining key, such as +16 words error
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4.18 Demo Program using I/O ports to Simulate 1°C Interface
4.18.1 Master Mode using 1/0O ports to Simulate 1°C Interface by Software

;/* */
:/* --- STC MCU Limited. */
:/* --- STC 1T Series MCU Simulate 12C Master Demo --------------- */
;/* --- Mobile: (86)13922829991 */
:/* --- Fax: 86-755-82944243 */
:/* --- Tel: 86-755-82948412 */
J* --- Web: www.STCMCU.com */

;/* If you want to use the program or the program referenced in the */
;/* article, please specify in which data and procedures from STC  */

;Initialize the serial port for (9600,n,8,1)

:read the data of 12C device IDATA 80H

;send address data and reading signal

:send the data that have been read to UART
;push the data of RO to 12C device IDATA 80H

;send address data and writing signal

i
SCL BIT P1.0
SDA BIT P1.1
ORG 0000H
MOV  TMOD, #20H
MOV  SCON, #5AH
MOV A, #-5 ;-18432000/12/32/9600
MOV  TH1, A
MOV  TLI1, A
SETB TR1
MAIN:
CALL UART_RXDATA :receive next serial data
MOV RO, A ;save data to RO temporarily
CALL I2C START ;start to read
MOV A, #01H
CALL I2C TXBYTE
CALL 12C_RXACK ;receive ACK
CALL 12C_ RXBYTE :receive data
SETB C
CALL 12C_TXACK :send NAK
CALL I2C _STOP ;finish reading
CALL UART_TXDATA
CALL I2C START ;start to write
MOV A, #00H
CALL I2C TXBYTE
CALL 12C_RXACK ;receive ACK
MOV A, RO
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CALL
CALL
CALL

JMP

12C_TXBYTE
12C_RXACK
12C_STOP

MAIN

:wait for serial data

UART_RXDATA:
JNB
CLR
MOV
RET

:send serial data

UART_TXDATA:
JNB
CLR
MOV
RET

RI, $

RI

A, SBUF
TI, $

TI

SBUF, A

;send the first signal of 12C

12C_START:
CLR
CALL
CLR
CALL
RET

SDA
12C_DELAY
SCL
12C_DELAY

;send the stop signal of 12C

12C_STOP:
CLR
SETB
CALL
SETB
CALL
RET

SDA
SCL
12C_DELAY
SDA
12C_DELAY

;send ACK/NAK signal

:write data
:receive ACK
;finish writing

;wait to finish receiving
:clear RI
:save data

;wait to finish sending last a data

:clear Tl
:send data

;delay
:clock->low
;delay

;clock->high
;delay

;delay
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12C_TXACK:
MOV
SETB
CALL
CLR
CALL
SETB
RET

SDA, C
SCL
12C_DELAY
SCL
12C_DELAY
SDA

;receive ACK/NAK signal

12C_RXACK:
SETB
SETB
CALL
MOV
CLR
CALL
RET

SDA

SCL
12C_DELAY
C, SDA
SCL
12C_DELAY

;receive next byte of data

12C_TXBYTE:
MOV

TXNEXT:
RLC
MOV
SETB
CALL
CLR
CALL
DJINZ
RET

R7, #8

A

SDA, C

SCL

12C_DELAY

SCL

12C_DELAY

R7, TXNEXT

;send a byte of data

12C_RXBYTE:
MOV

RXNEXT:
SETB
CALL
MOV
RLC
CLR
CALL

R7, #8
SCL
12C_DELAY
C, SDA
A

SCL
12C_DELAY

;deliver ACK data
;clock->high
;delay
;clock->low
;delay

;finish sending

;ready to read data
;clock->high
;delay

;read ACK signal
;clock->low
;delay

;shift out data bit

;clock->high
;delay
;clock->low
;delay

;deliver next bit

;clock->high
;delay

;clock->low
;delay

202 Nantong Guoxin Micro-Electronics Co. Ltd.

Switchboard: 0513-5501 2928/ 2929/ 2966

Fax: 0513-5501 2969/ 2956/ 2947



STC15W4K3254 series MCU Manual

www.STCMCU.com

QQ of R&D:800003751

STC—the biggest design company of 8051 MCU in the world

DINZ  R7, RXNEXT
RET
12C_DELAY:
PUSH 0
MOV RO, #1
DINZ RO, $
POP 0
RET
END

;receive next byte of data

6
4
4
3
4

2 6(200K) 1(400K) [18'432'000/400'000=46]

4.18.2 Slave Mode using 1/O ports to Simulate I1?C Interface by Software

I

*/

;/* --- STC MCU Limited.
:/* --- STC 1T Series MCU Simulate 12C Slave Demo
;/* --- Mobile: (86)13922805190
:/* --- Fax: 86-755-82944243
:/* --- Tel: 86-755-82948412
J/* --- Web: www.STCMCU.com

;/* If you want to use the program or the program referenced in the */
;/* article, please specify in which data and procedures from STC  */

I

SCL BIT P1.0

SDA  BIT P1.1
ORG ©

RESET:
SETB  SCL
SETB  SDA
CALL 12C_WAITSTART
CALL 12C_RXBYTE
CLR C
CALL 12C_TXACK
SETB C
RRC A
MOV RO, A
JC READDATA

:wait for first data
;receive address data

;respond to ACK

;read/write IDATA[80H - FFH]

;read/write bit ->C
;push address to RO

;C=1(read) C=0(write)
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WRITEDATA:
CALL I2C_RXBYTE ;receive data
MOV @RO, A ;write in IDATA
INC RO ;address+1
CLR C
CALL [2C_TXACK ;respond to ACK
CALL [2C_WAITSTOP ;wait for stop signal
JMP RESET

READDATA:
MOV A, @RO
INC RO
CALL I2C_TXBYTE ;send IDATA data
CALL I2C_RXACK ;receive ACK
CALL [2C_WAITSTOP ;wait for stop signal
JMP RESET

;wait for first signal

12C_WAITSTART:

JNB SCL, $ ;wait fo clock->high
JB SDA, §
JB SCL, $ ;wait for clock ->low
RET

;wait for end signal

12C_WAITSTOP:
JNB SCL, $ ;wait for clock ->high
JNB SDA, §
RET

;send ACK/NAK signal

12C_TXACK:
MOV  SDA, C ;send ACK data
JNB SCL, $ ;wait for clock ->high
JB SCL, $ ;wait for clock ->low
SETB SDA ;finish sending
RET

;receive ACK/NAK signal

12C_RXACK:
SETB  SDA
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JNB SCL, $ ;wait for clock ->high
MOV C, SDA ;read ACK signal

JB SCL, $ :wait for clock ->low
RET

;receive a byte of data

12C_RXBYTE:

MOV  R7, #8

RXNEXT:
JNB SCL, $ ;wait for clock ->high
MOV C, SDA ;read data port
RLC A :save data
JB SCL, $ :wait for clock ->low
DINZ R7, RXNEXT ;receive next byte of data
RET

;send a byte of data

12C_TXBYTE:

MOV  R7, #8

TXNEXT:
RLC A :shift out data bit
MOV  SDA, C
JNB SCL, $ ;wait for clock ->high
JB SCL, $ :wait for clock ->low
DINZ RY7, TXNEXT ;deliver next byte of data
RET
END
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Chapter 5. Instruction System

5.1 Addressing Modes

Addressing modes are an integral part of each computer's instruction set. They allow specifyng the source or
destination of data in different ways, depending on the programming situation. There are five modes available:

e Immediate addressing

« Direct addressing

« Indirect addressing

e Register addressing

e Inherent addressing

e Indexed addressing

e Bitaddressing

5.1.1 Immediate Addressing

This does not access any memory locations, but uses the constant number given after the instruction as the data
value. The value of a constant can follow the opcode in the program memory. This operand is preceded by a # (hash)
to indicate immediate mode. For example,

MOV A, #70H
loads the Accumulator with the hex digits 70. The same number could be specified in decimal number as 112.

5.1.2 Direct Addressing

In direct addressing the operand is specified by an 8-bit address field in the instruction. Only 128 lowest bytes of
internal data RAM and SFRs can be direct addressed. Direct addresses ues the address values without the # sign.
For example, to move the contents fo address 4AH into address 12H the following is used:

MOV 12H, 4AH

5.1.3 Indirect Addressing

In indirect addressing the instruction specified a register which contains the address of the operand. Both
internal and external RAM can be indirectly addressed. Instead of giving an actual address as the operand of an
instruction, a pointer to the address can be specified by indicating a register which contains the actual address.

The address register for 8-bit addresses can be RO or R1 of the selected bank, or the Stack Pointer. The address

register for 16-bit addresses can only be the 16-bit data pointer register — DPTR. Registers R0, R1 and DPTR may

be used as indirection registers for this purpose, and are preceded by an @ sign to indicate the indirection. For

example, to move the number 55H into the address whose value is stored in register R1 the following is used:
MOV @R1, #55H
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5.1.4 Register Addressing

The register banks, containing registers RO through R7, can be accessed by certain instructions which carry a
3-bit register specification within the opcode of the instruction. Instructions that access the registers this way are
code efficient because this mode eliminates the need of an extra address byte. When such instruction is executed,
one of the eight registers in the selected bank is accessed. For example, to move the contents of register R6 to
accumulator A the following is used:

MOV A, R6

5.1.5 Inherent Addressing

Some instructions do not require operands since they do not access memory. For these, the addressing is called
inherent, and the main examples are the instructions for return from subroutines and interrupt service routines.

5.1.6 Index Addressing

Only program memory can be accessed with indexed addressing and it can only be read. This addressing mode is
intended for reading look-up tables in program memory. A 16-bit base register(either DPTR or PC) points to the
base of the table, and the accumulator is set up with the table entry number. Another type of indexed addressing is
used in the conditional jump instruction.

In conditional jump, the destination address is computed as the sum of the base pointer and the accumulator.

5.1.7 Bit Addressing

Many of the instuctions used by MCU are related to single bits of data. This implies that the operands can be
individual bits. Examples of such instructions are:

SETB  45H (same as SETB 28.5H)
CLR P0.3
CPL ACC.7
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5.2 Instruction Set Summary

The STC MCU instructions are fully compatible with the traditional 8051's,which are divided among five
functional groups:

e Arithmetic

e Logical

» Data transfer

e Boolean variable

e Program branching

Instruction execution speed boost summary :
There are 111 instructions in MCU. For new STC15 series MCU

24 times faster execution speed than the traditional 8051 2
12 times faster execution speed than the traditional 8051 28
8 times faster execution speed than the traditional 8051 19
6 times faster execution speed than the traditional 8051 40
4.8 times faster execution speed than the traditional 8051 8
4 times faster execution speed than the traditional 8051 14

Based on the analysis of frequency of use order statistics, STC15 series MCU instruction execution speed is faster
than the traditional 8051 MCU 8 ~ 12 times in the same working environment.

Instruction execution clock count (for new STC15 series)

1 clock instruction 22
2 clock instruction 37
3 clock instruction 31
4 clock instruction 12
5 clock instruction

6 clock instruction 1

It needs 283 clocks to finish executing at one time all 111 instructionsfor STC15 series, whiel it needs 1944
clocks for the traditional 8051 MCU. Obviouly, the speed of executing instruction for STC15 series MCU has
beeb greatly enhanced. The average speed of STC15 series is 8~12 times faster than traditional 8051 MCU

The following tables provides a quick reference chart showing all the 8051 and STC15 seires MCU instructions.
Once you are familiar with the instruction set, this chart should prove a handy and quick source of reference.
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STC15 series MCU with super high-speed CPU core of STC-Y5 works 20% faster than STC early 1T series (such
as STC12/STC11/STC10 series) at same clock frequency.

ARITHMETIC OPERATIONS

Execution Execution clocks of STC15 series| .. .
. i clocks of - Efficiency
Mnemonic Description Byte ) (super high-speed 1T 8051 CPU
tradional core of STC-Y5) Improved
8051
ADD A Rn Add register to Accumulator 1 12 1 12x
ADD A direct |Add ditect byte to Accumulator 2 12 2 6x
ADD A @R Add indirect RAM to 1 12 2 6x
Accumulator
ADD A #data Add immediate data to 2 12 2 6x
Accumulator
ADDC A Rn Agd register to Accumulator 1 12 1 12x
with Carry
ADDC A direct Agd direct byte to Accumulator 2 12 2 6x
with Carry
. | Add indirect RAM to
ADDC A @R Accumulator with Carry ! 12 2 bx
ADDC A #data Add immediate data to Acc with ) 12 2 6x
Carry
SUBE A Rn Subtract Register from Acc wih 1 12 1 6x
borrow
SUBB A direct Sl_Jbtract direct byte from Acc 5 12 2 6x
with borrow
.| Subtract indirect RAM from
SUBB A @RI ACC with borrow ! 12 2 6x
Substract immediate data from
SUBB A #data ACC with borrow 2 12 2 6x
INC A Increment Accumulator 1 12 1 12x
INC Rn Increment register 1 12 2 6X
INC direct Increment direct byte 2 12 3 4x
INC @RI Increment direct RAM 1 12 3 4x
DEC A Decrement Accumulator 1 12 1 12x
DEC Rn Decrement Register 1 12 2 6X
DEC direct Decrement direct byte 2 12 3 4x
DEC @Ri Decrement indirect RAM 1 12 3 4x
INC DPTR Increment Data Pointer 1 24 1 24x
MUL AB Multiply A& B 1 48 2 24x
DIV AB Divde Aby B 1 48 6 8x
DA A Decimal Adjust Accumulator 1 12 3 4x
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LOGICAL OPERATIONS

Execution| Execution clocks of
Mnemonic Description Byte cIocI_<s of STClS series Efficiency
tradional |(super high-speed 1T 8051 Improved
8051 CPU core of STC-Y5)
ANL A Rn AND Register to Accumulator 1 12 1 12x
ANL A direct AND direct btye to Accumulator 2 12 2 6X
ANL A @RI AND indirect RAM to Accumulator 1 12 2 6X
ANL A f#data AND immediate data to Accumulator | 2 12 2 6X
ANL  direct A AND Accumulator to direct byte 2 12 3 4x
ANL  direct #data |AND immediate data to direct byte 3 24 3 8x
ORL A Rn OR register to Accumulator 1 12 1 12x
ORL A direct OR direct byte to Accumulator 2 12 2 6X
ORL A, @RI OR indirect RAM to Accumulator 1 12 2 6Xx
ORL A #data OR immediate data to Accumulator 2 12 2 6x
ORL  direct A OR Accumulator to direct byte 2 12 3 4x
ORL  direct #data [OR immediate data to direct byte 3 24 3 8x
XRL A Rn Exclusive-OR register to Accumulator| 1 12 1 12x
XRL A direct iﬁ‘;h”;':ﬁa}gf direcabyiRtY 2 12 2 6x
XRL A @Ri i)éiluu;i:;grl? indirect RAM to 1 12 2 6x
XRL A  #data i);(éluu;l:; t((f))rR immediate data to 2 12 2 6x
XRL  direct A tIi)/(tceluswe-OR Accumulator to direct 2 12 3 ax
XRL direct aata | XOUSVe OR Immediae tato | g | 5 3 B
CLR A Clear Accumulator 1 12 1 12x
CPL A Complement Accumulator 1 12 1 12x
RL A Rotate Accumulator Left 1 12 1 12x
RLC A (R:’g:?)tle Accumulator Left through the 1 12 1 12x
RR A Rotate Accumulator Right 1 12 1 12x
RRC A 22::;15 Accumulator Right through the 1 12 1 19%
SWAP A Swap nibbles within the Accumulator | 1 12 1 12x
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DATA TRANSFER

. |Execution clocks of
Execution X
STC15 series .
. i clocks of ; Efficiency
Mnemonic Description Byte - (super high-speed 1T]|
tradional Improved
8051 8051 CPU core of
STC-Y5)
MOV A, Rn Move register to Accumulator 1 12 1 12x
MOV A, direct Move direct byte to Accumulator 2 12 2 6X
MOV A, @RI Move indirect RAM to Accumulator 1 12 2 6X
MOV A, #data Move immediate data to Accumulator 2 12 2 6X
MOV Rn, A Move Accumulator to register 1 12 1 12x
MOV Rn, direct Move direct byte to register 2 24 3 8x
MOV Rn, #data Move immediate data to register 2 12 2 6X
MOV direct, A Move Accumulator to direct byte 2 12 2 6X
MOV direct, Rn Move register to direct byte 2 24 2 12x
MoV direct, direct Move direct byte to direct 3 24 3 8x
MOV direct, @RI Move indirect RAM to direct byte 2 24 3 8x
MOV direct, #data Move immediate data to direct byte 3 24 3 8x
MOV @Ri, A Move Accumulator to indirect RAM 1 12 2 6x
MOV @RI, direct Move direct byte to indirect RAM 2 24 3 8x
MOV @RI, #data Move immediate data to indirect RAM 2 12 2 6x
MoV DPTR,#datal6 |Move immdiate data to indirect RAM 3 24 3 8x
MOVC A, @A+DPTR [Move Code byte relative to DPTR to Acc 1 24 5 4.8x
MOVC A, @A+PC Move Code byte relative to PC to Acc 1 24 4 6X
MOVX A @Ri Move _on—chlp expanded RAM(8-bit addr) to Acc. Read 1 21 3 8x
operation
MOVX @R A Move Acc to on-chip expanded RAM(8-bit addr).Write 1 21 4 8x
operation.
MOVX A @DPTR (l;/:)c;\r/:ti%r;]—chlp expanded RAM(16-bit addr) to Acc.Read 1 21 2 12x
MOVX @DPTR, A Move Acc to on-chip expanded RAM (16-bit addr). Write 1 21 3 8x
operation.
5xN+2
. Move Acc to External RAM(8-bit addr). see the following N
MOVX A @RI Read operation. ! 2 illustration about the Notel
value of N
MOVX  @Ri, A Mo_ve Acc to_ External RAM(8-bit addr). 1 21 5xN+3 *Notel
Write operation.
MOVX A, @DPTR Move External RAM(16-bit addr) to Acc. Read operation.| 1 24 5xN+1 *Notel
MOVX @DPTR, A Move Acc to External RAM (16-bit addr). Write 1 24 5xN+2 *Notel
operation.
PUSH direct Push direct byte onto stack 2 24 3 8x
POP direct POP direct byte from stack 2 24 2 12x
XCH A, Rn Exchange register with Accumulator 1 12 2 6x
XCH A,direct Exchange direct byte with Accumulator 2 12 3 4x
XCH A, @RI Exchange indirect RAM with Accumulator 1 12 3 4x
XCHD A, @Ri Exchange low-order Digit indirect RAM with Acc 1 12 3 4x
When EXRTS[1:0] = [0,0], N=1 in above formula;
When EXRTS[1:0] = [0,1], N=2 in above formula;
When EXRTS[1:0] = [1,0], N=4 in above formula;
When EXRTS[1:0] = [1,1], N=8 in above formula; EXRTS[1 0] are the bit of BO and B1 BUS_SPEED
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BOOLEAN VARIABLE MANIPULATION

_ o chggﬁs“g? Executiop clocks of STC15 series Efficiency
Mnemonic Description Byte tradional (super hég?és(?fegg_cl:Tjso)Sl CPU Improved
8051
CLR C Clear Carry 1 12 1 12x
CLR bit Clear direct bit 2 12 3 4x
SETB C Set Carry 1 12 1 12x
SETB bit Set direct bit 2 12 3 4x
CPL C Complement Carry 1 12 1 12x
CPL bit Complement direct bit 2 12 3 4x
ANL C, bit AND direct bit to Carry 2 24 2 12x
ANL C. bit gl\élzr::;mplement of direct bit 2 24 2 12x
ORL C, bit OR direct bit to Carry 2 24 2 12x
ORL C. bit ggr;omplement of direct bit to 2 24 2 12x
MOV C, bit Move direct bit to Carry 2 12 2 12x
MOV bit, C Move Carry to direct bit 2 24 3 8x
JC rel Jump if Carry is set 2 24 3 8x
JNC rel Jump if Carry not set 2 24 3 8x
JB bit, rel Jump if direct bit is set 3 24 5 4.8x
JNB bit, rel Jump if direct bit is not set 3 24 5 4.8x
IBC bit, rel f)lijtmp if direct bit is set & clear 3 24 5 4.8x
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PROGRAM BRANCHING

Execution| Execution clocks of
Mnemonic Description Bvte clocks of STC15 series Efficiency
P Y| tradional (super high-speed 1T 8051{ Improved
8051 CPU core of STC-Y5)
ACALL addrll Absolute Subroutine Call 2 24 4 6x
LCALL addrl6 Long Subroutine Call 3 24 4 6X
RET Return from Subroutine 1 24 4 6x
RETI Return from interrupt 1 24 4 6x
AIMP addrll Absolute Jump 2 24 3 8x
LIMP addrl6 Long Jump 3 24 4 6x
SIMP rel Short Jump (relative addr) 2 24 3 8x
Jump indirect relative to the
JMP @A+DPTR DPTR 1 24 5 4.8x
JZ rel Jump if Accumulator is Zero | 2 24 4 6x
INZ rel Jump if Accumulator is not 2 24 4 6x
Zero
CINE A direct rel Compare direct byte to Acc| 24 5 48x
and jump if not equal
CINE A #data rel Compare immediate data to | 24 4 6x
Acc and Jump if not equal
Compare immediate data
CINE Rn #data rel to register and Jump if not| 3 24 4 6x
equal
Compare immediate data
CINE @Ri #data rel to indirect and jump if not| 3 24 5 4.8x
equal
DINZ Rn el Decrement register and jump 2 2 4 6x
if not Zero
DINZ direct rel Decre_ment direct byte and 3 24 5 4.8x
Jump if not Zero
NOP No Operation 1 12 1 12x

Update Date 2011-10-17
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5.3 Instruction Definitions of Traditional 8051 MCU

ACALL addr 11
Function:  Absolute Call

Description:  ACALL unconditionally calls a subroutine located at the indicated address.The instruction
increments the PC twice to obtain the address of the following instruction, then pushes the
16-bit result onto the stack (low-order byte first) and increments the Stack Pointer twice.
The destination address is obtained by suceesively concatenating the five high-order bits of
the incremented PC opcode bits 7-5,and the second byte of the instruction. The subroutine
called must therefore start within the same 2K block of the program memory as the first
byte of the instruction following ACALL. No flags are affected.

Example: Initially SP equals 07H. The label “SUBRTN” is at program memory location 0345H. After
executingthe instruction,

ACALL SUBRTN

at location 0123H, SP will contain 09H, internal RAM locations 08H and 09H will contain
25H and 01H, respectively, and the PC will contain 0345H.

Bytes: 2
Cycles: 2

Encoding: [alo a9 a8 1] 0 0 1 0 a7 a6 a5 a4 | a3 a2 al a0

Operation: ACALL
(PC)« (PC)+2
(SP)«—(SP) +1
((sP)) < (PCy,)
(SP)—(SP) +1
((SP))«—(PCys5)
(PCyo.0)«< page address

ADD A <src-byte>
Function: Add
Description:  ADD adds the byte variable indicated to the Accumulator, leaving the result in the
Accumulator. The carry and auxiliary-carry flags are set, respectively, if there is a carry-
out from bit 7 or bit 3, and cleared otherwise. When adding unsigned integers, the carry flag
indicates an overflow occured.

OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but not bit
6; otherwise OV is cleared. When adding signed integers, OV indicates a negative number
produced as the sum of two positive operands, or a positive sum from two negative operands.
Four source operand addressing modes are allowed: register,direct register-indirect, or
immediate.

Example:  The Accumulator holds 0C3H(11000011B) and register 0 holds 0AAH (10101010B). The
instruction,
ADD ARO

will leave 6DH (01101101B) in the Accumulator with the AC flag cleared and both the carry
flag and OV set to 1.
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ADD ARnN
Bytes:
Cycles:
Encoding:

Operation:

ADD Adirect
Bytes:
Cycles:
Encoding:

Operation:

ADD A @RI
Bytes:
Cycles:
Encoding:
Operation:

ADD A #data
Bytes:

Cycles:
Encoding:

Operation:

|0010|1rrr

ADD
(A)y—(A) + (Rn)

2
1

[ 0010 Joz1o 1] [ directaddress |

ADD
(A)«—(A) + (direct)

[00 10 o011

ADD
(A)y—(A) + ((RD)

2
1

[ 0010

ADD
(A)—(A) + #data

[0 100 [ immediatedata |

ADDC A <src-byte>

Function:
Description:

Example:

Add with Carry

ADDC simultaneously adds the byte variable indicated, the Carry flag and the Accumulator,
leaving the result in the Accumulator. The carry and auxiliary-carry flags are set, respectively,
if there is a carry-out from bit 7 or bit 3, and cleared otherwise. When adding unsigned
integers, the carry flag indicates an overflow occured.

OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but not

out of bit 6; otherwise OV is cleared. When adding signed integers, OV indicates a negative
number produced as the sum of two positive operands or a positive sum from two negative
operands.

Four source operand addressing modes are allowed: register, direct, register-indirect, or
immediate.

The Accumulator holds 0C3H(11000011B) and register 0 holds 0OAAH (10101010B) with the
Carry. The instruction,

ADDC ARO

will leave 6EH (01101101B) in the Accumulator with the AC flag cleared and both the carry
flag and OV set to 1.
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ADDC ARn
Bytes:
Cycles:
Encoding:

Operation:

ADDC A direct
Bytes:

Cycles:
Encoding:

Operation:

ADDC A,@Ri
Bytes:

Cycles:
Encoding:

Operation:

ADDC A #data
Bytes:

Cycles:
Encoding:
Operation:

AJMP addr 11

[00 11 [J1rrr]

ADDC

(A)—(A) +(C) + (Rn)

2

1

[ 0011 Jou1o0 1] [ directaddress |
ADDC

(A)—(A) + (C) + (direct)

1

[00 11 Joz11i]

ADDC

(A)—(A) + (C) + ((Ri)

[ 0011 Jo1o0o0] [ immediatdata |
ADDC

(A)<—(A) + (C) + #data

Function:
Description:

Example:

Bytes:
Cycles:
Encoding:

Operation:

Absolute Jump

AJMP transfers program execution to the indicated address, which is formed at run-time by
concatenating the high-order five bits of the PC (after incrementing the PC twice), opcode
bits 7-5, and the second byte of the instruction. The destination must therefore be within the
same 2K block of program memory as the first byte of the instruction following AJMP.

The label “JMPADR” is at program memory location 0123H. The instruction,

AIJMP JMPADR

is at location 0345H and will load the PC with 0123H.

2

2

[a10a9 a8 0] 0 0 0 1 a7 a6 a5 a4 | a3 a2 al a0

AIMP

(PC)«— (PC)+ 2

(PC,o.0)«<— page address
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ANL <dest-byte> , <src-byte>

Function:
Description:

Example:

ANL ARnN
Bytes:
Cycles:
Encoding:

Operation:

ANL A.direct
Bytes:
Cycles:
Encoding:

Operation:

ANL A @RI
Bytes:

Cycles:
Encoding:
Operation:

Logical-AND for byte variables
ANL performs the bitwise logical-AND operation between the variables indicated and stores
the results in the destination variable. No flags are affected.

The two operands allow six addressing mode combinations. When the destination is the
Accumulator, the source can use register, direct, register-indirect, or immediate addressing;
when the destination is a direct address, the source can be the Accumulator or immediate
data.

Note: When this instruction is used to modify an output port, the value used as the original
port data will be read from the output data latch not the input pins.

If the Accumulator holds 0C3H(11000011B) and register 0 holds 55H (01010101B) then the
instruction,

ANL ARO0
will leave 41H (01000001B) in the Accumulator.

When the destination is a directly addressed byte, this instruction will clear combinations of
bits in any RAM location or hardware register. The mask byte determining the pattern of bits
to be cleared would either be a constant contained in the instruction or a value computed in
the Accumulator at run-time. The instruction,

ANL PI, #01110011B
will clear bits 7, 3, and 2 of output port 1.

[01 01 J1rrr

ANL
(A)—(A)

(Rn)

2
1

[ 0101

ANL
(A)—(A)

[0 10 1] [ directaddress |

(direct)

1
1
[01 01 Joz11i

ANL
(A)—(A)

((RD))
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ANL A #data
Bytes:
Cycles:
Encoding:

Operation:

ANL direct,A
Bytes:
Cycles:
Encoding:

Operation:

ANL direct #data

Bytes:
Cycles:
Encoding:

Operation:

2

[ 0101 Jo1o0o0] [ immediatdata |
ANL

(A)—(A) #data

2

1

[ 0101 Joo1o0] [ directaddress |
ANL

(direct)«—(direct)  (A)

3

2

[ 0101 Joo11 | direct address | immediate data |
ANL

(direct)—(direct)  #data

ANL C, <src-bit>

Function:
Description:

Example:

ANL C,bit

Bytes:
Cycles:
Encoding:

Operation:

Logical-AND for bit variables

If the Boolean value of the source bit is a logical 0 then clear the carry flag; otherwise
leave the carry flag in its current state. A slash (“ /) preceding the operand in the assembly
language indicates that the logical complement of the addressed bit is used as the source
value, but the source bit itself is not affceted. No other flsgs are affected.

Only direct addressing is allowed for the source operand.
Set the carry flag if, and only if, P1.0 =1, ACC.7=1, and OV =0:

MOV C,P1.0 ;LOAD CARRY WITH INPUT PIN STATE
ANL C,ACC.7 ;AND CARRY WITH ACCUM. BIT.7

ANL C,/0V ;AND WITH INVERSE OF OVERFLOW FLAG
2

2

[ 1000 Jooz1o0] [ bitaddress |

ANL

(©)—(C) (bit)
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ANL C, /bit
Bytes:
Cycles:
Encoding:
Operation:

2
2
[ 1011 Joooo] [  bitaddress |

ADD L
©)—(C) (bit)

CINE <dest-byte>, <src-byte>, rel

Function:
Description:

Example:

Compare and Jump if Not Equal

CJINE compares the magnitudes of the first two operands, and branches if their values are not
equal. The branch destination is computed by adding the signed relative-displacement in the
last instruction byte to the PC, after incrementing the PC to the start of the next instruction.
The carry flag is set if the unsigned integer value of <dest-byte> is less than the unsigned
integer value of <src-byte>; otherwise, the carry is cleared. Neither operand is affected.

The first two operands allow four addressing mode combinations: the Accumulator may
be compared with any directly addressed byte or immediate data, and any indirect RAM
location or working register can be compared with an immediate constant.

The Accumulator contains 34H. Register 7 contains 56H. The first instruction in the sequence
CINE R7,#60H, NOT-EQ

: ... NIVJ : R7 = 60H.

NOT EQ: JC REQ_LOW . IF R7 < 60H.

PN < JE S : R7 > 60H.

sets the carry flag and branches to the instruction at label NOT-EQ. By testing the carry flag,
this instruction determines whether R7 is greater or less than 60H.

If the data being presented to Port 1 is also 34H, then the instruction,

WAIT: CINE APLWAIT

clears the carry flag and continues with the next instruction in sequence, since the
Accumulator does equal the data read from P1. (If some other value was being input on PI,
the program will loop at this point until the P1 data changes to 34H.)

CJINE A.direct,rel

Bytes:
Cycles:
Encoding:

Operation:

3
2

[ 1011 Jo1o01 | direct address [ reladdress |

(PC) — (PC)+3
IF (A) < > (direct)
THEN
(PC) « (PC) + relative offset
IF (A) < (direct)
THEN
C)«1
ELSE
C)«0
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CJINE A #data,rel

Bytes: 3
Cycles: 2
Encoding: [ 1011 Jo101 | immediata_data [ rel.address |

Operation: (PC) « (PC)+3
IF (A) < > (data)

THEN
(PC) « (PC) + relative offset
IF (A) < (data)
THEN
C)«1
ELSE
C)«0
CJINE Rn,#data,rel
Bytes: 3
Cycles: 2
Encoding: [ 1011 [ 1rrr | immediata data [ rel.address |

Operation: (PC) « (PC)+3
IF (Rn) < > (data)
THEN
(PC) «— (PC) + relative offset
IF (Rn) < (data)

THEN
C)«1
ELSE
C)«0
CINE @RI #data,rel
Bytes: 3
Cycles: 2
Encoding: | 1011 Jo11i | immediate data [ rel.address |

Operation: (PC) « (PC)+3
IF ((Ri)) <> (data)
THEN
(PC) « (PC) + relative offset
IF ((Ri)) < (data)
THEN
C)«1
ELSE
C)«0
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CLR A
Function:  Clear Accumulator
Description:  The Aecunmlator is cleared (all bits set on zero). No flags are affected.
Example:  The Accumulator contains 5CH (01011100B). The instruction,
CLR A
will leave the Accumulator set to 00H (00000000B).
Bytes: 1
Cycles: 1
Encoding: [ 1110 Jo100
Operation: CLR
(A)=0
CLR bit
Function:  Clear bit
Description:  The indicated bit is cleared (reset to zero). No other flags are affected. CLR can operate on
the carry flag or any directly addressable bit.
Example: Port 1 has previously been written with 5DH (01011101B). The instruction,
CLR P12
will leave the port set to 59H (01011001B).
CLR C
Bytes: 1
Cycles: 1
Encoding: {11 0 0 o011
Operation: CLR
(©)<0
CLR bit
Bytes: 2
Cycles: 1
Encoding: | 11200 [00 1 0] [ bitaddress |
Operation: CLR
(bit) — 0
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CPL A
Function: Complement Accumulator
Description:  Each bit of the Accumulator is logically complemented (one’s complement). Bits which
previously contained a one are changed to a zero and vice-versa. No flags are affected.
Example:  The Accumulator contains 5CH(01011100B). The instruction,
CPL A
will leave the Accumulator set to 0A3H (101000011B).
Bytes: 1
Cycles: 1
Encoding: [ 1111 Jo10o0]
Operation: CPL L
(A)y—(A)
CPL bit
Function: Complement bit
Description:  The bit variable specified is complemented. A bit which had been a one is changed to zero
and vice-versa. No other flags are affected. CLR can operate on the carry or any directly
addressable bit.
Note:When this instruction is used to modify an output pin, the value used as the original
data will be read from the output data latch, not the input pin.
Example:  Port 1 has previously been written with 5DH (01011101B). The instruction,
CLR P11
CLR P12
will leave the port set to 59H (01011001B).
CPL C
Bytes: 1
Cycles: 1
Encoding: [10 1 10011
Operation: CPL
(© —(©)
CPL bit
Bytes: 2
Cycles: 1
Encoding: [ 1011 Joo010] [ bitaddress |
Operation: CPL
(bit) « (bit)
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DA A

Function:
Description:

Example:

Decimal-adjust Accumulator for Addition

DA A adjusts the eight-bit value in the Accumulator resulting from the earlier addition of
two variables (each in packed-BCD format), producing two four-bit digits.Any ADD or
ADDC instruction may have been used to perform the addition.

If Accumulator bits 3-0 are greater than nine (xxxx1010-xxxx1111), or if the AC flag is one,
six is added to the Accumulator producing the proper BCD digit in the low-order nibble.
This internal addition would set the carry flag if a carry-out of the low-order four-bit field
propagated through all high-order bits, but it would not clear the carry flag otherwise.

If the carry flag is now set or if the four high-order bits now exceed nine(1010xxxx-
111xxxx), these high-order bits are incremented by six, producing the proper BCD digit
in the high-order nibble. Again, this would set the carry flag if there was a carry-out of the
high-order bits, but wouldn’t clear the carry. The carry flag thus indicates if the sum of
the original two BCD variables is greater than 100, allowing multiple precision decimal
addition. OV is not affected.

All of this occurs during the one instruction cycle. Essentially, this instruction performs the
decimal conversion by adding 00H, 06H, 60H, or 66H to the Accumulator, depending on
initial Accumulator and PSW conditions.

Note: DA A cannot simply convert a hexadecimal number in the Accumulator to BCD
notation, nor does DA A apply to decimal subtraction.

The Accumulator holds the value 56H(01010110B) representing the packed BCD digits of
the decimal number 56. Register 3 contains the value 67H (01100111B) representing the
packed BCD digits of the decimal number 67.The carry flag is set. The instruction sequence.

ADDC AR3
DA A

will first perform a standard twos-complement binary addition, resulting in the value 0BEH
(10111110) in the Accumulator. The carry and auxiliary carry flags will be cleared.

The Decimal Adjust instruction will then alter the Accumulator to the value 24H
(00100100B), indicating the packed BCD digits of the decimal number 24, the low-order
two digits of the decimal sum of 56,67, and the carry-in. The carry flag will be set by the
Decimal Adjust instruction, indicating that a decimal overflow occurred. The true sum 56,
67,and 1 is 124.

BCD variables can be incremented or decremented by adding 01H or 99H. If the Accumula-
tor initially holds 30H (representing the digits of 30 decimal), then the instruction sequence,

ADD  A#99H
DA A

will leave the carry set and 29H in the Accumulator, since 30+99=129. The low-order byte
of the sum can be interpreted to mean 30 — 1 = 29.
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Bytes: 1
Cycles: 1
Encoding: [ 11 01 Jo10 0]
Operation: DA
-contents of Accumulator are BCD
IF [[(As) > 9] V[(AC) = 1]]
THEN(Ag,) < (Ago) + 6
AND
IF [[(A.) > 9] V[(C) = 1]]
THEN (A7) < (A7) +6
DEC byte
Function:  Decrement
Description:  The variable indicated is decremented by 1. An original value of 00H will underflow to
OFFH.
No flags are affected. Four operand addressing modes are allowed: accumulator, register,
direct, or register-indirect.
Note: When this instruction is used to modify an output port, the value used as the original
port data will be read from the output data latch, not the input pins.
Example: Register 0 contains 7FH (01111111B). Internal RAM locations 7EH and 7FH contain 00H
and 40H, respectively. The instruction sequence,
DEC @RO
DEC RO
DEC @RO
will leave register 0 set to 7EH and internal RAM locations 7EH and 7FH set to OFFH and
3FH.
DEC A
Bytes:
Cycles:
Encoding: [ 00 0 2 Jo100]
Operation: DEC
(A)—(A) -1
DEC Rn
Bytes: 1
Cycles: 1
Encoding: [ o001 [1rrr
Operation: DEC
(Rn)«—(Rn) - 1
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DEC direct
Bytes:
Cycles:
Encoding: | 0001 [0 10 1] [ direct address |
Operation: DEC
(direct)«—(direct) -1
DEC @RI
Bytes: 1
Cycles: 1
Encoding: [ o001 Jo11i
Operation: DEC
(Ri))—((Ri)) - 1
DIV AB
Function: Divide
Description: DIV AB divides the unsigned eight-bit integer in the Accumulator by the unsigned eight-bit
integer in register B. The Accumulator receives the integer part of the quotient; register B
receives the integer remainder. The carry and OV flags will be cleared.
Exception: if B had originally contained 00H, the values returned in the Accumulator and
B-register will be undefined and the overflow flag will be set. The carry flag is cleared in any
case.
Example:  The Accumulator contains 251(OFBH or 11111011B) and B contains 18(12H or 00010010B).
The instruction,
DIV AB
will leave 13 in the Accumulator (ODH or 00001101B) and the value 17 (11H or 00010010B)
in B, since 251 = (13x18) + 17. Carry and OV will both be cleared.
Bytes: 1
Cycles: 4
Encoding: [[1 0 0 00100 |
Operation: DIV

)~ @®
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DINZ <byte>, <rel-addr>
Function:  Decrement and Jump if Not Zero
Description:  DJNZ decrements the location indicated by 1, and branches to the address indicated by the
second operand if the resulting value is not zero. An original value of 00H will underflow to
OFFH. No flags are afected. The branch destination would be computed by adding the signed
relative-displacement value in the last instruction byte to the PC, after incrementing the PC
to the first byte of the following instruction.

The location decremented may be a register or directly addressed byte.
Note: When this instruction is used to modify an output port, the value used as the original
port data will be read from the output data latch, not the input pins.

Example: Internal RAM locations 40H, 50H, and 60H contain the values 01H, 70H, and 15H,
respectively. The instruction sequence,

DINZ 40H, LABEL_1
DINZ 50H, LABEL_2
DINZ 60H, LABEL_3

will cause a jump to the instruction at label LABEL_2 with the values 00H, 6FH, and 15H in
the three RAM locations. The first jump was not taken because the result was zero.

This instruction provides a simple way of executing a program loop a given number of times,
or for adding a moderate time delay (from 2 to 512 machine cycles) with a single instruction
The instruction sequence,

MOV R2,#8
TOOOLE: CPL P1.7

DINZ R2, TOOGLE
will toggle P1.7 eight times, causing four output pulses to appear at bit 7 of output Port 1.
Each pulse will last three machine cycles; two for DJNZ and one to alter the pin.

DINZ Rn,rel
Bytes: 2
Cycles: 2
Encoding: | 1101 [ 1rrr | [ reladdress |
Operation: DJINZ
(PC) « (PC) +2
(Rn) < (Rn) -1
IF (Rn)>0o0r(Rn)<0
THEN
(PC) « (PC)+ rel
DJINZ direct, rel
Bytes: 3
Cycles: 2
Encoding: [ 1101 [0 10 1] [ directaddress | [ rel address |
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Operation:

DJINZ

(PC) « (PC) +2

(direct) « (direct) — 1

IF (direct) >0 or (direct) <0

THEN
(PC) « (PC) +rel
INC <byte>
Function:  Increment
Description:  INC increments the indicated variable by 1. An original value of OFFH will overflow to
00H.No flags are affected. Three addressing modes are allowed: register, direct, or register-
indirect.
Note: When this instruction is used to modify an output port, the value used as the original
port data will be read from the output data latch, not the input pins.
Example: Register 0 contains 7EH (011111110B). Internal RAM locations 7EH and 7FH contain OFFH
and 40H, respectively. The instruction sequence,
INC @RO
INC RO
INC @RO
will leave register 0 set to 7FH and internal RAM locations 7EH and 7FH holding
(respectively) 0OH and 41H.
INC A
Bytes: 1
Cycles: 1
Encoding: [0 0 0 0J0100
Operation: INC
(A) «— (A)t1
INC Rn
Bytes: 1
Cycles: 1
Encoding: {00 0 o] 2 rrr
Operation: INC
(Rn) <« (Rn)+1
INC direct
Bytes: 2
Cycles: 1
Encoding: | 0000 [0 10 1] [ direct address |
Operation: INC

(direct)«—(direct) + 1
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INC Q@RI
Bytes: 1
Cycles: 1
Encoding: [ 0000 JoO11i
Operation: INC
(R))—(Ri)) +1
INC DPTR
Function:  Increment Data Pointer
Description:  Increment the 16-bit data pointer by 1. A 16-bit increment (modulo 2%) is performed; an
overflow of the low-order byte of the data pointer (DPL) from OFFH to 00H will increment
the high-order-byte (DPH). No flags are affected.
This is the only 16-bit register which can be incremented.
Example: Register DPH and DPL contains 12H and OFEH,respectively. The instruction sequence,
INC DPTR
INC DPTR
INC DPTR
will change DPH and DPL to 13H and 01H.
Bytes: 1
Cycles: 2
Encoding: [10 1 0] 0011 ]
Operation: INC
(DPTR) «<— (DPTR)+1
JB bit, rel
Function:  Jump if Bit set
Description:  If the indicated bit is a one, jump to the address indicated; otherwise proceed with the next
instruction. The branch destination is computed by adding the signed relative-displacement
in the third instruction byte to the PC, after incrementing the PC to the first byte of the next
instruction. The bit tested is not modified. No flags are affected.
Example: The data present at input port 1 is 11001010B. The Accumulator holds 56 (01010110B). The
instruction sequence,
JB P12 LABEL1
JB ACC.2, LABEL2
will cause program execution to branch to the instruction at label LABEL2.
Bytes: 3
Cycles: 2
Encoding: [ 0010 [0O00O bit address rel. address
Operation: JB
(PC) «— (PC)+3
IF (bit)=1
THEN
(PC) « (PC) +rel
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JBC bit, rel
Function:  Jump if Bit is set and Clear bit
Description:  If the indicated bit is one,branch to the address indicated;otherwise proceed with the next
instruction.The bit wili not be cleared if it is already a zero. The branch destination is
computed by adding the signed relative-displacement in the third instruction byte to the PC,
after incrementing the PC to the first byte of the next instruction. No flags are affected.
Note: When this instruction is used to test an output pin, the value used as the original data
will be read from the output data latch, not the input pin.
Example:  The Accumulator holds 56H (01010110B). The instruction sequence,
JBC ACC.3,LABEL1
JBC ACC.2,LABEL2
will cause program execution to continue at the instruction identified by the label LABEL2,
with the Accumulator modified to 52H (01010010B).
Bytes: 3
Cycles: 2
Encoding: [ o001 Joo0O00O | bit address | rel. address
Operation: JBC
(PC) < (PC)+3
IF (bit)=1
THEN
(bit) < 0
(PC) « (PC) +rel
JC el
Function:  Jump if Carry is set
Description:  If the carry flag is set, branch to the address indicated; otherwise proceed with the next
instruction. The branch destination is computed by adding the signed relative-displacement in
the second instruction byte to the PC, after incrementing the PC twice.No flags are affected.
Example: The carry flag is cleared. The instruction sequence,
JC LABEL1
CPL C
JC LABEL2s
will set the carry and cause program execution to continue at the instruction identified by the
label LABEL2.
Bytes: 2
Cycles: 2
Encoding: [ 0100 [0000O rel. address
Operation: JC
(PC) « (PC)+ 2
IF (C)=1
THEN
(PC) « (PC) +rel
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JMP @A+DPTR

Function:  Jump indirect
Description:  Add the eight-bit unsigned contents of the Accumulator with the sixteen-bit data pointer,
and load the resulting sum to the program counter. This will be the address for subsequent
instruction fetches. Sixteen-bit addition is performed (modulo 2%6): a carry-out from the low-
order eight bits propagates through the higher-order bits. Neither the Accumulator nor the
Data Pointer is altered. No flags are affected.
Example:  Aneven number from 0 to 6 is in the Accumulator. The following sequence of instructions
will branch to one of four AJMP instructions in a jJump table starting at IMP_TBL.:
MOV DPTR, #IMP_TBL
JMP @A+DPTR
JMP-TBL.: AIMP LABELO
AIMP LABEL1
AIMP LABEL2
AIMP LABEL3
If the Accumulator equals 04H when starting this sequence, execution will jump to label
LABEL2. Remember that AJMP is a two-byte instruction, so the jump instructions start at
every other address.
Bytes: 1
Cycles: 2
Encoding: [ 0111 [0o0 11]
Operation: JMP
(PC) < (A) + (DPTR)
JNB bit, rel
Function:  Jump if Bit is not set
Description:  If the indicated bit is a zero, branch to the indicated address; otherwise proceed with the next
instruction. The branch destination is computed by adding the signed relative-displacement
in the third instruction byte to the PC, after incrementing the PC to the first byte of the next
instruction. The bit tested is not modified. No flags are affected.
Example: The data present at input port 1 is 11001010B. The Accumulator holds 56H (01010110B).
The instruction sequence,
JNB P1.3, LABEL1
JNB ACC.3, LABEL2
will cause program execution to continue at the instruction at label LABEL2
Bytes: 3
Cycles: 2
Encoding: [ 0011 Joo0o00O bit address rel. address
Operation: INB
(PC) + (PC)+ 3
IF (bit)=0
THEN  (PC) « (PC) +rel
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JNC el
Function:  Jump if Carry not set
Description:  If the carry flag is a zero, branch to the address indicated; otherwise proceed with the next
instruction. The branch destination is computed by adding the signed relative-displacement
in the second instruction byte to the PC, after incrementing the PC twice to point to the next
instruction. The carry flag is not modified
Example:  The carry flag is set. The instruction sequence,
JNC LABEL1
CPL C
JNC LABEL2
will clear the carry and cause program execution to continue at the instruction identified by
the label LABEL2.
Bytes: 2
Cycles: 2
Encoding: | 0101 [0000 rel. address
Operation: JNC
(PC) « (PC)+2
IF (C)=0
THEN (PC) « (PC) +rel
INZ el
Function:  Jump if Accumulator Not Zero
Description: = If any bit of the Accumulator is a one, branch to the indicated address; otherwise proceed
with the next instruction. The branch destination is computed by adding the signed relative-
displacement in the second instruction byte to the PC, after incrementing the PC twice. The
Accumulator is not modified. No flags are affected.
Example:  The Accumulator originally holds 00H. The instruction sequence,
JNZ LABEL1
INC A
JNZ LAEEL2
will set the Accumulator to 01H and continue at label LABEL2.
Bytes: 2
Cycles: 2
Encoding: [ 0111 [0000 rel. address
Operation: JNZ
(PC) « (PC)+2
IF (A)#0
THEN (PC) « (PC) +rel
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JZ el
Function:  Jump if Accumulator Zero
Description:  If all bits of the Accumulator are zero, branch to the address indicated; otherwise proceed
with the next instruction. The branch destination is computed by adding the signed relative-
displacement in the second instruction byte to the PC, after incrementing the PC twice. The
Accumulator is not modified. No flags are affected.
Example:  The Accumulator originally contains 01H. The instruction sequence,
JZ LABEL1
DEC A
JZ LAEEL2
will change the Accumulator to 00H and cause program execution to continue at the
instruction identified by the label LABEL2.
Bytes: 2
Cycles: 2
Encoding: [ 0110 Joo000O [ rel.address |
Operation: JZ
(PC) « (PC)+ 2
IF (A)=0
THEN  (PC) « (PC) +rel
LCALL addrl6
Function: Long call
Description: LCALL calls a subroutine loated at the indicated address. The instruction adds three to the
program counter to generate the address of the next instruction and then pushes the 16-bit
result onto the stack (low byte first), incrementing the Stack Pointer by two. The high-order
and low-order bytes of the PC are then loaded, respectively, with the second and third bytes
of the LCALL instruction. Program execution continues with the instruction at this address.
The subroutine may therefore begin anywhere in the full 64K-byte program memory address
space. No flags are affected.
Example: Initially the Stack Pointer equals 07H. The label “SUBRTN?” is assigned to program memory
location 1234H. After executing the instruction,
LCALL SUBRTN
at location 0123H, the Stack Pointer will contain 09H, internal RAM locations 08H and 09H
will contain 26H and 01H, and the PC will contain 1234H.
Bytes: 3
Cycles: 2
Encoding: | 0001 | 0010 addr15-addr8 addr7-addr0
Operation: LCALL
(PC) — (PC) +3
(SP) — (SP) + 1
((SP)) « (PCy)
(SP) — (SP) + 1
((SP)) « (PCys5)

(PC) « addrs,
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LIJIMP addrl6

Function:  Long Jump

Description:  LIJMP causes an unconditional branch to the indicated address, by loading the high-order
and low-order bytes of the PC (respectively) with the second and third instruction bytes. The
destination may therefore be anywhere in the full 64K program memory address space. No
flags are affected.

Example: The label “JMPADR” is assigned to the instruction at program memory location 1234H. The
instruction,

LIMP JMPADR

at location 0123H will load the program counter with 1234H.

Bytes: 3
Cycles: 2
Encoding: | 0000 | 0010 addr15-addr8 addr7-addr0

Operation: LIJMP
(PC) « addr,s,

MOV <dest-byte> , <src-byte>
Function:  Move byte variable

Description:  The byte variable indicated by the second operand is copied into the location specified by the
first operand. The source byte is not affected. No other register or flag is affected.

This is by far the most flexible operation. Fifteen combinations of source and destination
addressing modes are allowed.

Example: Internal RAM location 30H holds 40H. The value of RAM location 40H is 10H. The data
present at input port 1 is 11001010B (OCAH).

MOV RO, #30H ;R0<=30H
MOV A @RO ;A< =40H

MOV  RL,A 'R1 < =40H

MOV  B,@RI  ;B<=10H

MOV @RI, Pl ;RAM (40H) < = 0CAH
MOV P2, P1 ;P2 #0CAH

leaves the value 30H in register 0,40H in both the Accumulator and register 1,10H in register
B, and 0CAH(11001010B) both in RAM location 40H and output on port 2.

MOV ARn
Bytes: 1
Cycles: 1
Encoding: [[11 1 0 J1rrr

Operation: MOV
(A) < (Rn)
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*MOV A,direct
Bytes:

Cycles:
Encoding:
Operation:

*MOV A, ACC is not a valid instruction

MOV A @RI
Bytes:
Cycles:
Encoding:

Operation:

MOV A #data
Bytes:

Cycles:
Encoding:

Operation:

MOV Rn, A
Bytes:
Cycles:
Encoding:

Operation:

MOV Rn,direct

Bytes:
Cycles:
Encoding:

Operation:

MOV Rn,#data

Bytes:
Cycles:
Encoding:
Operation:

2
1

[ 1110

[0101

 direct address |

MOV
(A)« (direct)

1

[11 10

[ 01

MOV
(A) — ((RD)

[ 0111

[0 1

0 | immediate data |

MOV
(A)« #data

1
1

[1111

[ 1+

MOV
(Rn)—(A)

2
2

[[1010

[ 1~

r [ directaddr. |

MOV
(Rn)«—(direct)

2
1

[ 0111

[ 1r

r immediate data

MOV
(Rn) < #data
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MOV direct, A
Bytes: 2
Cycles: 1
Encoding: [ 1111 Jo101 | direct address |
Operation: MOV
(direct) «— (A)
MOV direct, Rn
Bytes: 2
Cycles: 2
Encoding: [ 1000 [ 1rrr | direct address |
Operation: MOV
(direct) «— (Rn)
MOV direct, direct
Bytes: 3
Cycles: 2
Encoding: | 1000 [0 10 1] [ diraddr(src) |

Operation: MOV
(direct)« (direct)

MOV direct, @Ri

Bytes: 2
Cycles: 2
Encoding: | 1000 |01 1i | [ (directaddr |
Operation: MOV
(direct)—((Ri))
MOV direct,#data
Bytes: 3
Cycles: 2
Encoding: [0 111]0101 | direct address |

Operation: MOV
(direct) « #data

MOV @Ri, A
Bytes: 1
Cycles: 1
Encoding: [ 1111 Jo11i
Operation: MOV

((Ri)) < (A)
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MOV @RI, direct

Bytes:
Cycles:
Encoding:
Operation:

2
2

[ 1010 directaddr. |

MOV
((Ri)) « (direct)

[01 1 |

MOV @RI, #data

Bytes:
Cycles:
Encoding:
Operation:

2
1

[[0111

MOV
((Ri)) « #data

[01 1 [ immediate data |

MOV <dest-bit>, <src-bit>

Function:
Description:

Example:

MOV C,bit
Bytes:
Cycles:
Encoding:

Operation:

MOV bit,C

Bytes:
Cycles:
Encoding:

Operation:

Move bit data

The Boolean variable indicated by the second operand is copied into the location specified by
the first operand. One of the operands must be the carry flag; the other may be any directly
addressable bit. No other register or flag is affected.

The carry flag is originally set. The data present at input Port 3 is 11000101B. The data
previously written to output Port 1 is 35H (00110101B).

MOV P1.3,C
MOV C,P33
MOV P1.2,C

will leave the carry cleared and change Port 1 to 39H (00111001B).

[1 01

MOV
(C) « (bit)

0o 0 1 1] [ bit address |

2
2
[1 00

MOV
(bit)— (C)

1o 0 1 o] [ bitaddress |
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MOV DPTR, #data 16

Function: Load Data Pointer with a 16-bit constant

Description:  The Data Pointer is loaded with the 16-bit constant indicated.The 16-bit constant is loaded
into the second and third bytes of the instruction. The second byte (DPH) is the high-order
byte, while the third byte (DPL) holds the low-order byte. No flags are affected.

This is the only instruction which moves 16 bits of data at once.
Example:  The instruction,
MOV  DPTR, #1234H
will load the value 1234H into the Data Pointer: DPH will hold 12H and DPL will hold 34H.

Bytes: 3
Cycles: 2
Encoding: [ 1 0 0 1[0 0 0 0 | | immediate data15-8

Operation: MOV
(DPTR) « #data,,
DPH DPL « #data, ; #data,

MOVC A, @A+ <base-reg>
Function: Move Code byte

Description:  The MOVC instructions load the Accumulator with a code byte, or constant from program
memory. The address of the byte fetched is the sum of the original unsigned eight-bit.
Accumulator contents and the contents of a sixteen-bit base register, which may be either
the Data Pointer or the PC. In the latter case, the PC is incremented to the address of the
following instruction before being added with the Accumulator; otherwise the base register
is not altered. Sixteen-bit addition is performed so a carry-out from the low-order eight bits
may propagate through higher-order bits. No flags are affected.

Example: A value between 0 and 3 is in the Accumulator. The following instructions will translate the
value in the Accumulator to one of four values defimed by the DB (define byte) directive.
REL-PC: INC A
MOVC A, @A+PC

RET

DB 66H
DB T7H
DB 88H
DB 99H

If the subroutine is called with the Accumulator equal to O1H, it will return with 77H in the
Accumulator. The INC A before the MOVC instruction is needed to “get around” the RET
instruction above the table. If several bytes of code separated the MOVC from the table, the
corresponding number would be added to the Accumulator instead.

MOVC A @A+DPTR

Bytes: 1
Cycles: 2
Encoding: [[10 0 1 J0O0 11 ]

Operation: MOVC
(A) < ((A)+(DPTR))
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MOVC A @A+PC

Bytes:
Cycles:
Encoding:

Operation:

1
2

[ 1000 Joo11
MOvVC

(PC) — (PC)+1
(A) « ((A)*+(PC))

MOVX <dest-byte>, <src-byte>

Function:
Description:

Example:

MOVX A @Ri
Bytes:

Cycles:
Encoding:

Operation:

Move External

The MOV X instructions transfer data between the Accumulator and a byte of external data
memory, hence the “X” appended to MOV. There are two types of instructions, differing in
whether they provide an eight-bit or sixteen-bit indirect address to the external data RAM.

In the first type, the contents of RO or R1 in the current register bank provide an eight-bit
address multiplexed with data on PO. Eight bits are sufficient for external I/O expansion
decoding or for a relatively small RAM array. For somewhat larger arrays, any output port
pins can be used to output higher-order address bits. These pins would be controlled by an
output instruction preceding the MOV X.

In the second type of MOV X instruction, the Data Pointer generates a sixteen-bit address.

P2 outputs the high-order eight address bits (the contents of DPH) while PO multiplexes the
low-order eight bits (DPL) with data. The P2 Special Function Register retains its previous
contents while the P2 output buffers are emitting the contents of DPH. This form is faster and
more efficient when accessing very large data arrays (up to 64K bytes), since no additional
instructions are needed to set up the output ports.

It is possible in some situations to mix the two MOV X types. A large RAM array with its
high-order address lines driven by P2 can be addressed via the Data Pointer, or with code to
output high-order address bits to P2 followed by a MOV X instruction using RO or R1.

An external 256 byte RAM using multiplexed address/data lines (e.g., an Intel 8155 RAM/
1/0/Timer) is connected to the 8051 Port 0. Port 3 provides control lines for the external
RAM. Ports 1 and 2 are used for normal 1/0. Registers 0 and 1 contain 12H and 34H.
Location 34H of the external RAM holds the value 56H. The instruction sequence,

MOVX A, @R1
MOVX  @RO, A

copies the value 56H into both the Accumulator and external RAM location 12H.

[11 1 0Joo01i

MOVX
(A) — ((RD))
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MOVX A,@DPTR

Bytes: 1
Cycles: 2
Encoding: [ 1110 [000O ]
Operation: MOVX
(A) < ((DPTRY))
MOVX @Ri, A
Bytes: 1
Cycles: 2
Encoding: [ 1111 [00 1
Operation: MOVX
(Ri))— (A)
MOVX @DPTR, A
Bytes: 1
Cycles: 2
Encoding: [ 1111 [0000]
Operation: MOVX
(DPTR)«—(A)
MUL AB
Function:  Multiply
Description:  MUL AB multiplies the unsigned eight-bit integers in the Accumulator and register B. The
low-order byte of the sixteen-bit product is left in the Accumulator, and the high-order byte
in B. If the product is greater than 255 (OFFH) the overflow flag is set; otherwise it is cleared.
The carry flag is always cleared
Example:  Originally the Accumulator holds the value 80 (50H). Register B holds the value 160
(0OAOH). The instruction,
MUL AB
will give the product 12,800 (3200H), so B is changed to 32H (00110010B) and the
Accumulator is cleared. The overflow flag is set, carry is cleared.
Bytes: 1
Cycles: 4
Encoding: [1 01 0Jo 1 00
Operation: MUL
(A)r.o— (A)X(B)
(B)IS—S
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NOP
Function:  No Operation
Description:  Execution continues at the following instruction. Other than the PC, no registers or flags are
affected.

Example: Itis desired to produce a low-going output pulse on bit 7 of Port 2 lasting exactly 5 cycles. A
simple SETB/CLR sequence would generate a one-cycle pulse, so four additional cycles
must be inserted. This may be done (assuming no interrupts are enabled) with the instruction
sequence.

CLR p2.7
NOP
NOP
NOP
NOP
SETB p2.7
Bytes: 1
Cycles: 1
Encoding: [0 0 0 0o 0 0 o]
Operation: NOP

(PC) «— (PC)+1

ORL <dest-byte> , <src-byte>

Function:

Description:

Example:

Logical-OR for byte variables

ORL performs the bitwise logical-OR operation between the indicated variables, storing the
results in the destination byte. No flags are affected.

The two operands allow six addressing mode combinations. When the destination is the
Accumulator, the source can use register, direct, register-indirect, or immediate addressing;
when the destination is a direct address, the source can be the Accumulator or immediate
data.

Note: When this instruction is used to modify an output port, the value used as the original
port data will be read from the output data latch, not the input pins.

If the Accumulator holds 0C3H (11000011B) and RO holds 55H (01010101B) then the
instruction,

ORL A,RO

will leave the Accumulator holding the value 0D7H (11010111B).

When the destination is a directly addressed byte, the instruction can set combinations of bits
in any RAM location or hardware register. The pattern of bits to be set is determined by a
mask byte, which may be either a constant data value in the instruction or a variable
computed in the Accumulator at run-time.The instruction,

ORL P1, #00110010B
will set bits 5,4, and 1of output Port 1.
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ORL ARN
Bytes:
Cycles:
Encoding:

Operation:

ORL A,direct
Bytes:
Cycles:
Encoding:

Operation:

ORL A @RI
Bytes:
Cycles:
Encoding:

Operation:

ORL A #data
Bytes:
Cycles:
Encoding:

Operation:

ORL direct, A
Bytes:

Cycles:
Encoding:

Operation:

[010 01 rrr

ORL
(A)—=(A) (Rn)

2
1

[01 000101

ORL
(A)<— (A) (direct)

 direct address |

[01 00011

ORL
(A)—(A) ((Ri)

2
1

[0100]J0 100

ORL
(A)—(A) #data

| immediate data |

2
1
[001 00Joo010

ORL
(direct)« (direct) (A)

| direct address |

ORL direct, #data

Bytes:
Cycles:
Encoding:

Operation:

3
2
[0100]J0oo0 11

ORL
(direct) « (direct) #data

[ directaddress | | immediate data |
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ORL C, <src-hit>

Function:  Logical-OR for bit variables
Description:  Set the carry flag if the Boolean value is a logical 1; leave the carry in its current state
otherwise. A slash (* /) preceding the operand in the assembly language indicates that the
logical complement of the addressed bit is used as the source value, but the source bit itself is
not affected. No other flags are affected.
Example:  Set the carry flag if and only if P1.0 =1, ACC. 7=1,0r OV =0:
MOV C,P1.0 ;LOAD CARRY WITH INPUT PIN P10
ORL C,ACC.7 ;OR CARRY WITH THE ACC.BIT7
ORL C,/ov ;OR CARRY WITH THE INVERSE OF OV
ORL C, bit
Bytes:
Cycles:
Encoding: [0 1 1 1 Jo 0 1 0] [ bit address |
Operation: ORL
(©)—(C) (bir)
ORL C, /bit
Bytes: 2
Cycles: 2
Encoding: [ 1 0 1 0 Jo 0 0 0] [ bitaddress |
Operation: ORL -
(©) —(C) (bit)
POP direct
Function:  Pop from stack
Description:  The contents of the internal RAM location addressed by the Stack Pointer is read, and the
Stack Pointer is decremented by one. The value read is then transferred to the directly
addressed byte indicated. No flags are affected.
Example: The Stack Pointer originally contains the value 32H, and internal RAM locations 30H
through 32H contain the values 20H, 23H, and 01H, respectively. The instruction sequence,
POP DPH
POP DPL
will leave the Stack Pointer equal to the value 30H and the Data Pointer set to 0123H. At this
point the instruction,
POP SP
will leave the Stack Pointer set to 20H. Note that in this special case the Stack Pointer was
decremented to 2FH before being loaded with the value popped (20H).
Bytes: 2
Cycles: 2
Encoding: [ 1 1 01 Jo 0 0 0] [direct address |
Operation: POP

(diect) < ((SP))
(SP) — (SP) - 1
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PUSH direct
Function: Push onto stack
Description:  The Stack Pointer is incremented by one. The contents of the indicated variableis then copied
into the internal RAM location addressed by the Stack Pointer. Otherwise no flags are
affected.
Example:  On entering interrupt routine the Stack Pointer contains 09H. The Data Pointer holds the
value 0123H. The instruction sequence,
PUSH DPL
PUSH DPH
will leave the Stack Pointer set to 0BH and store 23H and 01H in internal RAM locations
0AH and OBH, respectively.
Bytes: 2
Cycles: 2
Encoding: [ 1 1 00 Jo 0 0 0] [direct address |
Operation: PUSH
(SP)«—(SP)+1
((SP)) « (direct)
RET
Function:  Return from subroutine
Description:  RET pops the high-and low-order bytes of the PC successively from the stack, decrementing
the Stack Pointer by two. Program execution continues at the resulting address, generally the
instruction immediately following an ACALL or LCALL. No flags are affected.
Example:  The Stack Pointer originally contains the value 0BH. Internal RAM locations 0OAH and 0BH
contain the values 23H and 01H, respectively. The instruction,
RET
will leave the Stack Pointer equal to the value 09H. Program execution will continue at
location 0123H.
Bytes: 1
Cycles: 2
Encoding: [0 0 10 Jo 0 1 0]
Operation: RET
(PCys.5) < ((SP))
(SP) < (SP) -1
(PCr0) < ((SP))

(SP) « (SP) -1
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RETI

Function:
Description:

Example:

Bytes:
Cycles:
Encoding:

Operation:

RL A

Return from interrupt

RETI pops the high- and low-order bytes of the PC successively from the stack, and restores
the interrupt logic to accept additional interrupts at the same priority level as the one just
processed. The Stack Pointer is left decremented by two. No other registers are affected; the
PSW is not automatically restored to its pre-interrupt status. Program execution continues at
the resulting address, which is generally the instruction immediately after the point at which
the interrupt request was detected. If a lower- or same-level interrupt had been pending when
the RETI instruction is executed, that one instruction will be executed before the pending
interrupt is processed.

The Stack Pointer originally contains the value 0BH. An interrupt was detected during the
instruction ending at location 0122H. Internal RAM locations 0AH and OBH contain the
values 23H and 01H, respectively. The instruction,

RETI

will leave the Stack Pointer equal to 09H and return program execution to location 0123H.

1
2
[0011Joo01o0

RETI

(PCys5) < ((SP))
(SP) < (SP) -1
(PCr0) < ((SP))
(SP) < (SP) -1

Function:
Description:

Example:

Bytes:
Cycles:
Encoding:

Operation:

Rotate Accumulator Left

The eight bits in the Accumulator are rotated one bit to the left. Bit 7 is rotated into the bit 0
position. No flags are affected.

The Accumulator holds the value 0C5H (11000101B). The instruction,
RL A
leaves the Accumulator holding the value 8BH (10001011B) with the carry unaffected.

1

1

[0010]Jo0oo01 1]
RL

(An+l) < (An) n=0-6
(A0) « (A7)
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RLC A
Function:  Rotate Accumulator Left through the Carry flag
Description:  The eight bits in the Accumulator and the carry flag are together rotated one bit to the left. Bit
7 moves into the carry flag; the original state of the carry flag moves into the bit 0 position.
No other flags are affected.
Example: The Accumulator holds the value 0C5H (11000101B), and the carry is zero. The instruction,
RLC A
leaves the Accumulator holding the value 8BH (10001011B) with the carry set.
Bytes: 1
Cycles: 1
Encoding: [ 0 0 11 [0 0 1 1]
Operation: RLC
(An+l) < (An) n=0-6
(A0) —(C)
(©) — (A7)
RR A
Function:  Rotate Accumulator Right
Description:  The eight bits in the Accumulator are rotated one bit to the right. Bit O is rotated into the bit 7
position. No flags are affected.
Example:  The Accumulator holds the value 0C5H (11000101B). The instruction,
RR A
leaves the Accumulator holding the value OE2H (11100010B) with the carry unaffected.
Bytes: 1
Cycles: 1
Encoding: [0 0 00 JO 0 1 1|
Operation: RR
(An) «— (An+l) n=0-6
(A7) < (A0)
RRC A
Function: Rotate Accumulator Right through the Carry flag
Description:  The eight bits in the Accumulator and the carry flag are together rotated one bit to the right.
Bit 0 moves into the carry flag; the original value of the carry flag moves into the bit 7
position.No other flags are affected.
Example:  The Accumulator holds the value 0C5H (11000101B), and the carry is zero. The instruction,
RRC A
leaves the Accumulator holding the value 62H (01100010B) with the carry set.
Bytes: 1
Cycles: 1
Encoding: [ 0 0 01 Jo 0 1 1 |
Operation: RRC
(Ant+l) — (An) n=0-6
(A7) —(C)
(C) «— (A0)
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SETB <bit>
Function:  Set bit
Description:  SETB sets the indicated bit to one. SETB can operate on the carry flag or any directly
addressable bit. No other flags are affected
Example: The carry flag is cleared. Output Port 1 has been written with the value 34H (00110100B).
The instructions,
SETB C
SETB P1.0
will leave the carry flag set to 1 and change the data output on Port 1 to 35H (00110101B).
SETB C
Bytes:
Cycles:
Encoding: [ 1 1 01 Jo 0 1 1]
Operation: SETB
©) <1
SETB bit
Bytes: 2
Cycles: 1
Encoding: [ 1 1 0 1 ]o 0 1 0] [ bitaddress |
Operation: SETB
(bit) « 1
SIMP el
Function:  Short Jump
Description:  Program control branches unconditionally to the address indicated. The branch destination is
computed by adding the signed displacement in the second instruction byte to the PC, after
incrementing the PC twice. Therefore, the range of destinations allowed is from 128bytes
preceding this instruction to 127 bytes following it.
Example: The label “RELADR?” is assigned to an instruction at program memory location 0123H. The
instruction,
SIMP  RELADR
will assemble into location 0100H. After the instruction is executed, the PC will contain the
value 0123H.
(Note: Under the above conditions the instruction following SIMP will be at 102H.Therefore,
the displacement byte of the instruction will be the relative offset (0123H - 0102H) = 21H.
Put another way, an SIMP with a displacement of OFEH would be an one-instruction infinite
loop).
Bytes: 2
Cycles: 2
Encoding: [ 1 0 00 o 0 0 0] [ reladdress |
Operation: SIMP
(PC) «— (PC)+2
(PC) « (PC)+rel
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SUBB

A, <src-byte>

Function:
Description:

Example:

SUBB A, Rn
Bytes:
Cycles:
Encoding:
Operation:

SUBB A, direct
Bytes:

Cycles:
Encoding:
Operation:

SUBB A, @Ri
Bytes:

Cycles:
Encoding:

Operation:

Subtract with borrow

SUBB subtracts the indicated variable and the carry flag together from the Accumulator,
leaving the result in the Accumulator. SUBB sets the carry (borrow)flag if a borrow is needed
for bit 7, and clears C otherwise.(If C was set before executing a SUBB instruction, this
indicates that a borrow was needed for the previous step in a multiple precision subtraction,
so the carry is subtracted from the Accumulator along with the source operand).AC is set if a
borrow is needed for bit 3, and cleared otherwise. OV is set if a borrow is needed into bit 6,
but not into bit 7, or into bit 7, but not bit 6.

When subtracting signed integers OV indicates a negative number produced when a negative
value is subtracted from a positive value, or a positive result when a positive number is
subtracted from a negative number.

The source operand allows four addressing modes: register, direct, register-indirect, or
immediate.

The Accumulator holds 0C9H (11001001B), register 2 holds 54H (01010100B), and the
carry flag is set. The instruction,

SUBB A R2

will leave the value 74H (01110100B) in the accumulator, with the carry flag and AC cleared
but OV set.

Notice that 0C9H minus 54H is 75H. The difference between this and the above result is due
to the carry (borrow) flag being set before the operation. If the state of the carry is not known
before starting a single or multiple-precision subtraction, it should be explicitly cleared by a
CLR C instruction.

1
1
[100 1 J1rrr]

SUBB
(A) —(A)-(C) - (Rn)

2
1
[1 00

SUBB
(A) « (A) - (C) - (direct)

1 Jo 1 0 1] [ directaddress |

1
1
[1 00

SUBB
(A) —(A)-(C) - ((RD))

1Jo 1 1 ]

Nantong Guoxin Micro-Electronics Co. Ltd.

Switchboard: 0513-5501 2928/ 2929/ 2966 Fax: 0513-5501 2969/ 2956/ 2947 247



STC15W4K3254 series MCU Manual

www.GXWMCU.com  Temporary Technical Adviser:(86)13922829991  Tel of R&D Adviser:(86)13922805190

SUBB A, #data

Bytes:
Cycles:
Encoding: [ 1 0 0 1 ]Jo 1 0 0] [ immediatedata |
Operation: SUBB
(A) « (A) - (C) - #data
SWAP A
Function:  Swap nibbles within the Accumulator
Description:  SWAP A interchanges the low- and high-order nibbles (four-bit fields) of the Accumulator
(bits 3-0 and bits 7-4). The operation can also be thought of as a four-bit rotate instruction.
No flags are affected.
Example:  The Accumulator holds the value 0C5H (11000101B). The instruction,
SWAP A
leaves the Accumulator holding the value 5CH (01011100B).
Bytes: 1
Cycles: 1
Encoding: [[1 1 00 Jo0o 1 00
Operation: SWAP

(Aso) << (Arl)

XCH A, <byte>

Function:
Description:

Example:

XCH A,/ Rn
Bytes:
Cycles:
Encoding:
Operation:

XCH A, direct
Bytes:

Cycles:
Encoding:
Operation:

Exchange Accumulator with byte variable

XCH loads the Accumulator with the contents of the indicated variable, at the same time
writing the original Accumulator contents to the indicated variable. The source/destination
operand can use register, direct, or register-indirect addressing.

RO contains the address 20H. The Accumulator holds the value 3FH (00111111B). Internal
RAM location 20H holds the value 75H (01110101B). The instruction,

XCH A, @RO

will leave RAM location 20H holding the values 3FH (00111111B) and 75H (01110101B) in
the accumulator.

[11 00 1rrr
XCH
(A) <= (Rn)

[1100]J0101
XCH
(A) <= (direct)

| direct address |
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XCH A, @Ri
Bytes: 1
Cycles: 1
Encoding: [ 1100 [0 11 i
Operation: XCH
(A) <= ((Ri))
XCHD A, @Ri
Function: Exchange Digit
Description:  XCHD exchanges the low-order nibble of the Accumulator (bits 3-0), generally representing
a hexadecimal or BCD digit, with that of the internal RAM location indirectly addressed by
the specified register. The high-order nibbles (bits 7-4) of each register are not affected. No
flags are affected.
Example: RO contains the address 20H. The Accumulator holds the value 36H (00110110B). Internal
RAM location 20H holds the value 75H (01110101B). The instruction,
XCHD A, @RO
will leave RAM location 20H holding the value 76H (01110110B) and 35H (00110101B) in
the accumulator.
Bytes: 1
Cycles: 1
Encoding: [ 1101 [011i
Operation: XCHD

(Aso) <= (Riso)

XRL <dest-byte>, <src-byte>

Function:
Description:

Example:

Logical Exclusive-OR for byte variables
XRL performs the bitwise logical Exclusive-OR operation between the indicated variables,
storing the results in the destination. No flags are affected.

The two operands allow six addressing mode combinations.When the destination is the
Accumulator, the source can use register, direct, register-indirect, or immediate addressing;
when the destination is a direct address,the source can be the Accumulator or immediate data.

(Note: When this instruction is used to modify an output port, the value used as the original
port data will be read from the output data latch, not the input pins.)

If the Accumulator holds 0C3H (11000011B) and register 0 holds 0OAAH (10101010B) then
the instruction,

XRL ARO

will leave the Accumulator holding the vatue 69H (01101001B).

When the destination is a directly addressed byte, this instruction can complement combinna-
tion of bits in any RAM location or hardware register. The pattern of bits to be complemented
is then determined by a mask byte, either a constant contained in the instruction or a variable
computed in the Accumulator at run-time. The instruction,

XRL P1, #00110001B

will complement bits 5,4 and 0 of outpue Port 1.
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XRL A/Rn
Bytes:
Cycles:
Encoding:

Operation:

XRL A, direct
Bytes:

Cycles:
Encoding:

Operation:

XRL A, @Ri
Bytes:
Cycles:
Encoding:

Operation:

XRL A, #data
Bytes:

Cycles:
Encoding:

Operation:

XRL direct, A
Bytes:

Cycles:
Encoding:

Operation:

Bytes:
Cycles:
Encoding:

Operation:

[01 10 ]1rrr

XRL

(A) < (A) A (Rn)

[0110]o0101

| direct address |

XRL

(A) < (A) A (direct)

1
1

[01 10 Jo11i

XRL

(A) — (A) # ((Ri)

2
1

[01 100100

| immediate data |

XRL

(A) « (A) A #data

2
1

[01 100010

| direct address |

XRL

(direct) «— (direct) A (A)
XRL direct, #data

3
2

[01 1 00011

| direct address

immediate data |

XRL

(direct) «— (direct) A # data
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Chapter 6 Interrupt System

Microcontrollers are normally found in situations wher the flow of a program will be subject to external events.
These will come from hardware either outside the microcontroller or within the chip itself. Therefore an important
feature of these devices is their ability to respond to signals known as interrupts which are received by the
microcontroller.

STC15W4K32S4 series MCU supports 21 interrupt sources. The 21 interrupt sources are external interrupt 0
(INTO), Timer 0 interrrupt, external interrupt 1(INTZ1), Timer 1 interrrupt, serial port 1 (UART1) interrupt, ADC
interrupt, low voltage detection (LVD) interrupt, CCP/PCA/PWM interrupt, serial port 2 (UARTZ2) interrupt, SPI
interrupt, external interrupt Z(W), external interrupt S(W), Timer 2 interrrupt, external interrupt 4 (m),
serial port 3(UARTZ3) interrupt, serial port 4(UART4) interrupt, Timer 3 interrrupt, Timer 4 interrrupt, comparator
interrupt, PWM interrupt and PWM anomaly detection interrupt. Except external interrupt 2 (ﬁ), external

interrupt 3 (INT3), Timer 2 interrrupt, serial port 3(UART3) interrupt, serial port 4(UART4) interrupt, Timer 3
interrrupt, Timer 4 interrrupt and comparator interrupt are fixed with the lowest priority, the other interrupts all

have two priority levels.

Each interrupt source has one or more associated interrupt-request flag(s) in SFRs. Associating with each interrupt
vector, the interrupt sources can be individually enabled or disabled by setting or clearing a bit (interrupt enalbe
control bit) in the SFRs IE, IE2, INT_CLKO(AUXR2) and CCON . However, interrupts must first be globally en-
abled by setting the EA bit (IE.7) to logic 1 before the individual interrupt enables are recognized. Setting the EA
bit to logic 0 disables all interrupt sources regardless of the individual interrupt-enable settings.

If interrupts are enabled for the source, an interrupt request is generated when the interrupt-request flag is set.
As soon as execution of the current instruction is complete, the CPU generates an LCALL to a predetermined
address to begin execution of an interrupt service routine (ISR). Each ISR must end with an RETI instruction,
which returns program execution to the next instruction that would have been executed if the interrupt request
had not occurred. If interrupts are not enabled, the interrupt-pending flag is ignored by the hardware and program
execution continues as normal. (The interrupt-pending flag is set to logic 1 regardless of the interrupt’s enable/
disable state.)

Except external interrupt 2(INT2), external interrupt 3(INT3), Timer 2 interrrupt, serial port 3(UART3) interrupt,
serial port 4(UART4) interrupt, Timer 3 interrrupt, Timer 4 interrrupt and comparator interrupt, each interrupt

source has one corresponding bit to represent its priority, which is located in SFR named IP and IP2 register.
Higher-priority interrupt will be not interrupted by lower-priority interrupt request. If two interrupt requests of
different priority levels are received simultaneously, the request of higher priority is serviced. If interrupt requests
of the same priority level are received simultaneously, an internal polling sequence determine which request is
serviced. The following table shows the internal polling sequence in the same priority level and the interrupt
vector address.
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6.1 Interrupt

Interrupt Enable Interrupt Prio_rity
Structure Conterol Registers Conte;ol Registers :?WE?tI Ptrlorltyt
evel Interrup - ..
Highest Priorit
means interrupt can generated on IE. INT CLKO. IE2 IP, 1P2 LE\g/efslt'lter:l)thy
@ rising, falling, or both edges. ! — !
Tcon.onTo=0p— | EX0 EA ox0 . /
o—oI
INTO —o0— IEO —o/—o)llc o 1 hiah
TCON.0/IT0=1 19
ETO | PTO 0
Timer0 / TFO —y—o/—o/|c 1
Nt
Teon 2nmi=ol || EX1 I X1 o
INT1 —o—~ IElH—o—ofo o 1
TCON.2/IT1=1 I
ET1 PTL [UN
o
Timerl/ TF1 —}—o/—o)l'c o, i 1y
_ - ES | PS 0
UARTL/ Serial port 1 7, :):)—}—o/—o/lc o 1
I PADC
ADC_FLAG EADC o D
CF ' ° o Ly
ECF vor | EwD ! = 0
CCFO0 ——P—o —To o, 1
ECCFO | PPCA 0
o
CCF1 40|/c o d 1,
ECCF1 AN ps2 . 4
o
UART2 / Serial port 2 g%?: :):)—)—o/—q/c oo 1
_ ESPI | PSEI 0, interrunk
SPI interrupt SPIF _’._o/_</|c o 1 Pfl)ﬁz:gp
il . ENPWM/ECBI | PPWM 0 S
. —" equenge
i PWM interrupt CBIE -;—)—o/_of: o] 1, a
: ! ENPWMI I PPWMFD '
| PWM anomaly ! ENFD/EFDI 0
1 detection interrupt FDIF ' —O/—O’T/c o\:_ l#
""""""""" - Ex2 | . — .
—_— . / | No interrupt priority control bit,
INT2 . l | The priority is the lowest level.
EX3 ; - :
— A ,l/ No interrupt priority control bit,
INT3 . ' | ° The priority is the lowest level.
ET2 ; - :
) g No interrupt priority control bit,
T2 | ° The priority is the lowest level.
EX4 PX4 0
INT2 —f—H— oo o !
ES3 : .- )
. S3RI :[)—ﬁ—o/ J’ No interrupt priority control bit,
UARTS / Serial port 3 S3TI s [°The priority is the lowest level.
UART4 / Serial port 4 S4RI =~ ¥ No interrupt priority control bit,
enalpor S4TI :ID_’ e priority is the lowest level.
I
ET3 ; - ’
,r No interrupt priority control bit,
T3 ° The priority is the lowest level.
Ta ET4 J‘ No interrupt priority control bit, | v
c " PIEINIE I ° The priority is the lowest level. low
omparator No interrupt priority control bit,
Y
Interrupt. CMPIF(CMPIF_pl[CMPIF_n) ° The priority is the lowest level. '—I
_}The polling sequences of PWM interrupt and PWM anomaly EA: Global Enable

detection interrupt are behind of the comparator interrupt's
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The External Interrupts INTO and INT1 can be generated on rising, falling or both edges, depending on bits
ITO/TCON.O and ITL/TCON.2 in Register TCON. The flags that actually request these interrupts are bits I1E0/
TCON.1 and IEZ/TCON.3 in register TCON, which would be automatically cleared when the external interrupts
service routine is vectored to. The External Interrupts INTO and INT1 can be generated on both rising and falling
edge if the bits ITx =0 (x = 0,1). The External Interrupts INTO and INT1 only can be generated on falling edge if
the bits ITx = 1 (x = 0,1). External interrupts also can be used to wake up MCU from Stop/Power-Down mode.

The request flags of Timer 0 and Timerl Interrupts are bits TFO and TF1, which are set by a rollover in their
respective Timer/Counter registers in most cases. When a timer interrupt are generated, the responding flags are
cleared by the on-chip hardware when the service routine is vectored to.

The External Interrupts INT2, INT3 and INT4 only can be falling-activated. The request flags of external interrupt
2~4 are invisible to users. When an external interrupt is generated, the interrupt request flag would be cleared by
the hardware if the service routine is vectored to or EXn =0 (n =2,3,4).

The request flag of Timer 2 interrupt is invisible to users. When Timer 2 interrupt is generated, the interrupt
request flag would be cleared by the hardware if the service routine is vectored to or ET2 = 0.

The request flags of Timer 3 interrupt and Timer 4 interrupt are invisible to users. When Timer 3 or Timer 4
interrupt is generated, the responding request flag would be cleared by the hardware if the service routine is
vectored to or ET3/ET4 = 0.

The Serial Port Interrupt is generated by the logical OR of RI and TI. Neither of these flags is cleared by
hardware when the service routine is vectored to. In fact, the service routine will normally have to determine
whether it was Rl and TI that generated the interrupt, and the bit will have to be cleared by software.

The secondary serial port interrupt is generated by the logical OR of S2RI and S2TI. Neither of these flags is
cleared by hardware when the service routine is vectored to. The service routine should poll S2RI and S2TI to
determine which one to request service and it will be cleared by software.

The UART3 interrupt is generated by the logical OR of S3RI and S3TI. Neither of these flags is cleared by
hardware when the service routine is vectored to. The service routine should poll S3RI and S3TI to determine
which one to request service and it will be cleared by software.

The UART4 interrupt is generated by the logical OR of S4RI and S4TI. Neither of these flags is cleared by
hardware when the service routine is vectored to. The service routine should poll S4RI and S4TI to determine
which one to request service and it will be cleared by software.

The ADC interrupt is generated by the flag — ADC_FLAG. It should be cleared by software.

The Low \oltage Detect interrupt is generated by the flag — LVDF(PCON.5) in PCON register. It should be
cleared by software.

The CCP/PCA/PWM interrupt is generated by the logical OR of CF, CCF0 ~ CCF1. The service routine should
poll CF and CCFO ~ CCF1 to determine which one to request service and it will be cleared by software.

The SPI interrupt is generated by the flag SPIF. It can only be cleared by writing a “1” to SPIF bit in software.

All of the bits that generate interrupts can be set or cleared by software, with the same result as though it had
been set or cleared by hardware. In other words, interrupts can be generated or pending interrupts can be canceled
in software.
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Interrupt Trigger Table

Interrupt Source

Trigger Behaviour

INTO
(External interrupt 0)

(ITO =1): fallingedge  (ITO = 0): both rising and falling edges

Timer 0

Timer 0 overflow

INT1
(External interrupt 1)

(ITL=1): fallingedge  (IT1=0): both rising and falling edges

Timerl Timer 1 overflow
UART1 finish sending or receiving of UART1
ADC finishi A/D converting
LVD the operation voltage drops to less than LVD voltage.
UART2 finish sending or receiving of UART2
SPI SPI dat transmission is completed
INT2 .
(External interrupt 2) falling edge
INT3 falling edge

(External interrupt 3)

Timer2

Timer 2 overflow

INT4
(External interupt 4)

falling edge

UART3 finish sending or receiving of UART3
UART4 finish sending or receiving of UART4
Timer3 Timer 3 overflow
Timer4 Timer 4 overflow
Comparator The result after comparing by comparator have changed from low to high or from

high to low
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6.2 Interrupt Vector Address/Priority/Request Flag Table

Interrupt Sources, vector address, priority and polling sequence Table

Interrupt Priority within| Interrupt Priority | Priority O | Priority 1 Interrupt Interrupt Enable
Interrupt Sources | Vector - - -
level setting (IP, IP2) | (lowest) | (highest) Request Control Bit
address
INTO 0003H 0 (highest) PXO0 0 1 IE0 EXO/EA
(External Interrupt 0)
Timer 0 000BH 1 PTO 0 1 TFO ETO/EA
INT1
(External Interrupt 1) 0013H 2 PX1 0 1 IE1 EX1/EA
Timerl 001BH 3 PT1 0 1 TFL1 ET1/EA
Serial port 1(UART1)| 0023B 4 PS 0 1 RI+TI ES/EA
ADC 002BH 5 PADC 0 1 ADC_FLAG EADC/EA
LVD 0033H 6 PLVD 0 1 LVDF ELVD/EA
CF+CCF0+CCF1 | (ECF+ECCFO+ECCF1
CCP/PCA 003BH 7 PPCA 0 1 +CCE2 ( +ECCF2)/EA
Serial port 2(UART2)| 0043H 8 PS2 0 1 S2RI+S2TI ES2/EA
SPI 004BH 9 PSPI 0 1 SPIF ESPI/EA
INT2 0053H 10 0 0 EX2/EA
(External Interrupt 2)
INT3 005BH 11 0 0 EX3/EA
(External Interrupt 3)
Timer 2 0063H 12 0 0 ET2/EA
INT4 0083H 16 PX4 0 1 EX4/EA
(External Interrupt 4)
Serial port (UARTS)| -~ gpy 17 0 0 S3RI+S3TI ES3/EA
interrupt
Serial port (UART4)| - 93, 18 0 0 SARI+S4TI ES4/EA
interrupt
Timer 3 interrupt 009BH 19 0 0 ET3/EA
Timer 4 interrupt 00A3H 20 0 0 ET4/EA
: cmpie|MPIF-P (PoStlisflfeAdge)
Comparator interrupt | 00ABH 21(lowest) 0 0
CMPIF_n NIE/EA
- (Negative-edge)
CBIF ENPWM/ECBI/EA
C2IF ENPWM / EPWM2I /
EC2T2SI || EC2T1SI / EA
C3IF ENPWM / EPWM3I /
EC3T2SI || EC3T1SI/EA
_ CalF ENPWM / EPWM4I /
PWM interrupt 00B3H 22 PPWM 0 1 ECAT2SI || ECAT1SI / EA
C5IF ENPWM / EPWMS5I /
EC5T2SI || EC5T1SI / EA
CHIF ENPWM / EPWM6I /
EC6T2SI || EC6T1SI/ EA
CTE ENPWM / EPWM7I /
EC7T2SI || EC7T1SI / EA
PWManomaly | gopp 23(lowest)  PPWMFD 0 1 FDIF ENPWM/ENFD/EFDI/
detection interrupt EA
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6.3 How to Declare Interrupt Function in Keil C

In C language program. the interrupt polling sequence number is equal to interrupt number, for example,

void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void

Int0_Routine(void)
Timer0_Rountine(void)
Intl_Routine(void)
Timerl_Rountine(void)
UART1_Routine(void)
ADC_Routine(void)
LVD_Routine(void)
PCA_Routine(void)
UART2_Routine(void)
SP1_Routine(void)
Int2_Routine(void)
Int3_Routine(void)
Timer2_Routine(void)
Int4_Routine(void)
S3_Routine(void)
S4_Routine(void)
Timer3_Routine(void)
Timer4_Routine(void)

Comparator_Routine(void)

PWM_Routine(void)
PWMFD_Routine(void)

interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt

Ly Ro

XNk RE

S e S S T i
Lo NN R O

21;

interrupt 22;
interrupt 23;
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6.4 Interrupt Registers

Value after
Symbol Description Address Bit Address and Symbol Power-on
MSB LSB| or Reset
IE Interrupt Enable A8H | EA |ELvD|EADC| ES | ETL | EX1 | ETO | EX0 |0000 0000B
IE2 Interrupt Enable2 | AFH | - | ET4 | ET3 | ES4 | ES3| ET2 | ESPI| ES2 |x000 00008
External Interrupt
INT_CLKO | enaple and Clock 8FH [Ex4]Exa] Ex2 [Mcko_s2[T2cLko[TicLKo[rocLKo| x000 00008
AUXR2 -
Output register
1P Interrupt Priority Low | B8H | PPCA [ PLVD [ PaDC | Ps | PT1 | Px1 | PTO | Pxo |0000 0000B
IP2 Z'd'”tfggi’ftt;”(’”ty BSH | - | - | - [pxa PPWMFD‘PPWM‘ PSPI ‘ PS2 | xx00 0000B
TCON Timer Control register | 88H | TFL | TRL | TFo | TRo | IEL | IT1 | IEO | ITO |0000 0000B
SCON Serial Control 98H [SMO/FE| SM1 | sM2 | REN| TB8 | RB8 | TI | RI |00000000B
socon | Serial ltjr'g‘lRTZ CoN 1 9aH |[sasmo| - |sasmz|s2Ren|s2TBs|s2rE8| s2Ti | S2Ri | 0000 0000B
S3CON UAF;Z;;‘;:”‘)' ACH  |S35Mo0 | $35T3 |S35M2|S3REN | S3TB8|S3RBS8| S3T1 | S3RI| 0000,0000
S4CON UAE;;ZPUO' 84H  [S4SMO | S4ST4|S4SM2| SAREN |S4TBB|S4RBE|S4TI | S4R1| 0000,0000
T4 and T3 Control and = =
T4T3M e Laisier DIH  [T4R[T4_C/T|T4x12|TACLKOT3R|T3_C/T|T3x12|T3CLKO| 0000 00008
PCON Power Control register | 87H | sMOD |smoDo| LVDF | POF | GF1 | GFo | PD | IDL {0011 0000B
ADC_CONTR| ADC control register BCH ADC_POWER|SPEED1|SPEEDO|ADC_FLAG| ADC_START |CHsz| CHSll cHiso | 0000 0000B
SPSTAT SPI Status register CDH | sPIF |wecoL| - | - - -] -] - | 00xx xoxB
CCON PCA Control Register | D8H | CF | cR | - | - | - | - |ccFi|ccro |ooxxx000B
CMOD PCA Mode Register | D9H |cibL| - | - | - |cpPs2|cpsi|cpso| ECF |0xxx 00008
ccapmo | PEA MROe‘;L;lfe? Mode | pap | - [Ecomo|cappo|capno| maTo | Toso | Pwvo |Eccro | x000 0000B
ccapmr | PEA MROe‘;‘:'sfelr Mode | pgp | - |ecomt|cappe|capnt|maTi | oGt | Pwmi [Eccr1 | x000 0000B
AUXR Auxiliary register BEH |T0x2| T1a2 | UART_Mox6 |T2R| T2_CIT | T2x12 | ExTRAM | s15T2| 0000 0001B
cMpcRr1 | Compartor control | ey ey | cMPIF | PIE | NIE | PIS | NIs | cMPOE | CMPRES | 0000 00008
Register 1
PWMCR PWRASQ%?Q:rOI F5SH  [ENPWM|ECBI|ENC70|ENCE0|ENC50|ENCA0|ENC30|ENC20| 0000 00008
pwmip | PWM InterruptFlag |- e | caiF | c7iF | ceiF | csiF | caiF | caiF | caiF |x000 00008
Register
PWM F_ception
PWMFDCR | Detection Control | F7H - | - |enFo|FLTFLIO| EFDI |FDCMP| FDIO | FDIF |xx00 0000B
Register
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SFRs of STC15W4K32S4 series MCU (continued)

L Bit Address and Symbol Value after Power-
Symbol | Description | Address a7 Tas T Taa | B3 B2 B1 BO on or Reset
PWM2CR Pwyeégt‘;’:tm' FroaH | - | - | - | - |pwm2 ps|Epwm2i|EC2T2SI|EC2TISI|  xxxx,00008
PWM3CR Pwyezgt‘;?tm' FFuaH | - | - | - | - |PwM3_PS|EPWM3I|EC3T2SI|EC3T1SI|  xxxx,0000B
PWMA4CR Pwyezgtz':tm' FE2an | - | - | - | - |PwMa_ps|EPwmal|ECaT2SI|ECATISI|  xxxx,00008
PWMSCR Pwaﬂezgt‘)e?tro' FF3aH | - | - | - | - |PwMs_PS|EPWMSI|EC5T2SI|EC5T1SI|  xxxx,00008
PWM6CR Pwyezgtc::tm' FFaaH | - | - | - | - |PwM6_PS|EPWMSI|ECET2SI|ECETLSI|  xxxx,00008
PWM7CR Pwye;igtoe’:tm' FFsaH | - | - | - | - |PwM7_PS|EPWM7I|ECTT2SI|ECTT1SI|  xxxx,0000B

1. Interrupt Enable control Registers IE, IE2 and INT_CLKO (AUXR2)

IE: Interrupt Enable Rsgister (Bit-addressable)

SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO
IE A8H name EA ELVD | EADC ES ET1 | EX1 | ETO EXO0

Enable Bit = 1 enables the interrupt .
Enable Bit = 0 disables it .

EA (IE.7): disables all interrupts.
If EA = 0, no interrupt would be acknowledged.
If EA =1, each interrupt source would be individually enabled or disabled by setting or clearing
its enable bit.
ELVD (IE.6): Low volatge detection interrupt enable bit.
If ELVD = 0, Low voltage detection interrupt would be diabled.
If ELVD = 1, Low voltage detection interrupt would be enabled.
EADC (IE.5): ADC interrupt enable bit.
If EADC = 0, ADC interrupt would be diabled.
If EADC = 1, ADC interrupt would be enabled.
ES (IE.4): Serial Port 1 (UARTL) interrupt enable bit.

If ES = 0, UARTL interrupt would be diabled.
If ES = 1, UARTL interrupt would be enabled.

ET1 (IE.3): Timer 1 interrupt enable bit.
If ET1 =0, Timer 1 interrupt would be diabled.
If ET1 =1, Timer 1 interrupt would be enabled.

EX1 (IE.2): External interrupt 1 enable bit.
If EX1 =0, external interrupt 1 would be diabled.
If EX1 =1, external interrupt 1 would be enabled.

ETO (IE.1): Timer O interrupt enable bit.
If ETO = 0, Timer 0 interrupt would be diabled.
If ETO = 1, Timer 0 interrupt would be enabled.

EXO (IE.0): External interrupt O enable bit.
If EXO = 0, external interrupt 0 would be diabled.
If EXO = 1, external interrupt 0 would be enabled.
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IE2: Interrupt Enable 2 Rsgister (Non bit-addressable)

SFR name | Address bit B7 B6 B5 B4 B3 B2 Bl BO
IE2 AFH name - ET4 ET3 ES4 ES3 ET2 ESPI ES2

ET4 (IE.6): Timer 4 interrupt enable bit.
If ET4 =0, Timer 4 interrupt would be diabled.
If ET4 =1, Timer 4 interrupt would be enabled.

ET3 (IE.5): Timer 3 interrupt enable bit.
If ET3 =0, Timer 3 interrupt would be diabled.
If ET3 =1, Timer 3 interrupt would be enabled.

ES4 (IE2.4): Serial Port 4 (UART4) interrupt enable bit.
If ES4 = 0, UART4 interrupt would be diabled.
If ES4 = 1, UART4 interrupt would be enabled.

ES3 (IE2.3): Serial Port 3 (UARTS3) interrupt enable bit.
If ES3 = 0, UARTS3 interrupt would be diabled.
If ES3 = 1, UARTS3 interrupt would be enabled.

ET2 (IE2.2) Timer 2 interrupt enable bit.
If ET2 = 0, Timer 2 interrupt would be diabled.
If ET2 = 1, Timer 2 interrupt would be enabled.

ESPI (IE2.1): SPI interrupt enalbe bit.
If ESPI = 0, SPI interrupt would be diabled.
If ESPI = 1, SPI interrupt would be enabled.

ES2 (IE2.0): Serial Port 2 (UART?2) interrupt enable bit.
If ES2 = 0, UART?2 interrupt would be diabled.
If ES2 = 1, UART?2 interrupt would be enabled.

INT_CLKO (AUXR2) : External Interrupt Enable and Clock Output register

SFR Name [SFR Address| Dbit B7 B6 B5 B4 B3 B2 Bl BO
IN;GS(;};O 8FH name EX4 | EX3 | EX2 |MCKO_S2| T2CLKO|T1CLKO|TOCLKO

EX4 (IE.6): Enable bit of External Interrupt 4(INT4 )
If EX4 =0, External Interrupt 4 (INT4 ) would be diabled.
If EX4 =1, External Interrupt 4 (INT4 ) would be enabled.

EX3 (IE.5): Enable bit of External Interrupt 3(INT3)
If EX3 =0, External Interrupt 3 (INT3) would be diabled.
If EX3 =1, External Interrupt 3 (INT3 ) would be enabled.

EX2 (IE.4): Enable bit of External Interrupt 2 (INT2)
If EX2 =0, External Interrupt 2 (INT2 ) would be diabled.
If EX2 =1, External Interrupt 2 (INT2 ) would be enabled.

T2CLKO, T1CLKO,TOCLKO btis are not introduced here because they are not related with interrupts.
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2. Interrupt Priority control Registers IP and 1P2

Except external interrupt Z(W), external interrupt S(W), Timer 2 interrrupt, external interrupt 4(@),
serial port 3(UART3) interrupt, serial port 4(UART4) interrupt, Timer 3 interrrupt and Timer 4 interrrup, each
interrupt source of STC15 all can be individually programmed to one of two priority levels by setting or clearing
the bit in Special Function Registers IP or IP2. A low-priority interrupt can itself be interrupted by a high-pority
interrupt, but not by another low-priority interrupt. A high-priority interrupt can’t be interrupted by any other
interrupt source.

IP: Interrupt Priority Register (Bit-addressable)
SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO
IP B8H name PPCA | PLVD | PADC PS PT1 [ PX1 | PTO PX0

PPCA: PCA interrupt priority control bit.
if PPCA=0, PCA interrupt is assigned lowest priority (priority 0).
if PPCA=1, PCA interrupt is assigned highest priority (priority 1).

PLVD: Low voltage detection interrupt priority control bit.
if PLVD=0, Low voltage detection interrupt is assigned lowest priority(priority 0).
if PLVD=1, Low voltage detection interrupt is assigned highest priority(priority 1).

PADC: ADC interrupt priority control bit.
if PADC=0, ADC interrupt is assigned lowest priority (priority 0).
if PADC=1, ADC interrupt is assigned highest priority (priority 1).

PS : Serial Port 1 (UARTL) interrupt priority control bit.
if PS=0, UART1 interrupt is assigned lowest priority (priority 0).
if PS=1, UART1 interrupt is assigned highest priority (priority 1).

PT1 : Timer 1 interrupt priority control bit.
if PT1=0, Timer 1 interrupt is assigned lowest priority (priority 0).
if PT1=1, Timer 1 interrupt is assigned highest priority (priority 1).

PX1 : External interrupt 1 priority control bit.
if PX1=0, External interrupt 1 is assigned lowest priority (priority 0).
if PX1=1, External interrupt 1 is assigned highest priority (priority 1).

PTO : Timer O interrupt priority control bit.
if PT0=0, Timer O interrupt is assigned lowest priority (priority 0).
if PTO=1, Timer O interrupt is assigned highest priority (priority 1).

PX0 : External interrupt O priority control bit.
if PX0=0, External interrupt 0 is assigned lowest priority (priority 0).
if PX0=1, External interrupt O is assigned highest priority (priority 1).

IP2: Interrupt Priority Register (Non bit-addressable)
SFR name | Address bit B7 B6 B5 B4 B3 B2 Bl BO
1P2 B5H name - - - PX4 | PPWMFD | PPWM | PSPI PS2
PX4 : External interrupt 4 priority control bit..

if PX4=0, External interrupt 4 is assigned lowest priority (priority 0).
if PX4=1, External interrupt 4 is assigned highest priority (priority 1).
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IP2: Interrupt Priority Register (Non bit-addressable)
SFR name | Address bit B7 B6 B5 B4 B3 B2 Bl BO
1P2 B5H name - - - PX4 | PPWMFD | PPWM | PSPI PS2

PSPI : SPI interrupt priority control bit.
if PSPI=0, SPI interrupt is assigned lowest priority (priority 0).
if PSPI=1, SPI interrupt is assigned highest priority (priority 1).

PS2 : Serial Port 2 (UART2) interrupt priority control bit.
if PS2=0, UART2 interrupt is assigned lowest priority (priority 0).
if PS2=1, UART2 interrupt is assigned highest priority (priority 1).

3. TCON register: Timer/Counter Control Register (Bit-Addressable)

SFR name | Address | bit B7 B6 B5 B4 B3 B2 B1 BO
TCON 88H name| TF1 | TR1 | TFO | TRO IE1 IT1 IEO ITO

TF1: Timer/Counter 1 Overflow Flag. Set by hardware on Timer/Counter 1 overflow. The flag can be cleared by
software but is automatically cleared by hardware when processor vectors to the Timer 1 interrupt routine.
If TF1 =0, No Timer 1 overflow detected.
If TF1 =1, Timer 1 has overflowed.

TR1: Timer/Counter 1 Run Control bit. Set/cleared by software to turn Timer/Counter on/off.
If TR1 =0, Timer 1 disabled.
If TR1 =1, Timer 1 enabled.

TFO: Timer/Counter 0 Overflow Flag. Set by hardware on Timer/Counter 0 overflow. The flag can be cleared by
software but is automatically cleared by hardware when processor vectors to the Timer O interrupt routine.
If TFO =0, No Timer 0 overflow detected.
If TFO =1, Timer 0 has overflowed.

TRO: Timer/Counter 0 Run Control bit. Set/cleared by software to turn Timer/Counter on/off.
If TRO =0, Timer O disabled.
If TRO = 1, Timer O enabled.

IE1: External Interrupt 1 request flag. Set by hardware when external interrupt rising or falling edge defined by
IT1 is detected. The flag can be cleared by software but is automatically cleared when the external interrupt
1 service routine has been processed.

IT1: External Intenupt 1 Type Select bit. Set/cleared by software to specify rising / falling edges triggered exter-
nal interrupt 1.
If ITL =0, INT1 is both rising and falling edges triggered.
If IT1 =1, INT1is only falling edge triggered.

IEO : External Interrupt O request flag. Set by hardware when external interrupt rising or falling edge defined by
ITO is detected. The flag can be cleared by software but is automatically cleared when the external interrupt
1 service routine has been processed.

ITO : External Intenupt O Type Select bit. Set/cleared by software to specify rising / falling edges triggered exter-
nal interrupt 0.
If ITO=0, INTO is both rising and falling edges triggered.
If ITO=1, INTO is only falling edge triggered.
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4. SCON register: Serial Port 1 (UART1) Control Register (Bit-Addressable)

SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO
SCON 98H name | SMO/FE SM1 SM2 REN TB8 RB8 Tl RI

TI : Transmit interrupt flag. Set by hardware when a byte of data has been transmitted by UART1 (after the 8th
bit in 8-bit UART Mode, or at the beginning of the STOP bit in 9-bit UART Mode). When the UART1 in-
terrupt is enabled, setting this bit causes the CPU to vector to the UARTL interrupt service routine. This bit
must be cleared manually by software.

Rl : Receive interrupt flag. Set to ‘1’ by hardware when a byte of data has been received by UART1 (set at the
STOP bit sam-pling time). When the UART1 interrupt is enabled, setting this bit to ‘1’ causes the CPU to
vector to the UART1 interrupt service routine. This bit must be cleared manually by software.

The other bits of SCON register without relation to the UART1 interrupt is not be introduced here.

5. S2CON register: Serial Port 2 (UART2) Control Register (No bit-Addressable)

SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO

S2CON 9AH name | S2SMO - S2SM2 | S2REN | S2TB8 | S2RB8 | S2TI S2RI
S2TI : Transmit interrupt flag. Set by hardware when a byte of data has been transmitted by UART2 (after
the 8th bit in 8-bit UART Mode, or at the beginning of the STOP bit in 9-bit UART Mode). When the
UART?2 interrupt is enabled, setting this bit causes the CPU to vector to the UART2 interrupt service
routine. This bit must be cleared manually by software.

S2RI : Receive interrupt flag. Set to ‘1’ by hardware when a byte of data has been received by UART2 (set at
the STOP bit sam-pling time). When the UART?2 interrupt is enabled, setting this bit to ‘1’ causes the
CPU to vector to the UART? interrupt service routine. This bit must be cleared manually by software.

The other bits of S2CON register without relation to the UART2 interrupt is not be introduced here.

6. S3CON register: Serial Port 3 (UART3) Control Register (No bit-Addressable)

SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO

S3CON ACH name | S3SMO0 | S3ST3 | S3SM2 | S3REN | S3TB8 | S3RB8 | S3TI S3RI
S3TIl : Transmit interrupt flag. Set by hardware when a byte of data has been transmitted by UART3 (after
the 8th bit in 8-bit UART Mode, or at the beginning of the STOP bit in 9-bit UART Mode). When the
UART3 interrupt is enabled, setting this bit causes the CPU to vector to the UART3 interrupt service
routine. This bit must be cleared manually by software.

S3RI : Receive interrupt flag. Set to ‘1’ by hardware when a byte of data has been received by UART3 (set at
the STOP bit sam-pling time). When the UARTS3 interrupt is enabled, setting this bit to ‘1’ causes the
CPU to vector to the UART3 interrupt service routine. This bit must be cleared manually by software.

The other bits of S3CON register without relation to the UART3 interrupt is not be introduced here.
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7. SACON register: Serial Port 4 (UART4) Control Register (No bit-Addressable)

SFR name | Address bit B7 B6 B5 B4 B3 B2 Bl BO

S4CON 84H name | S4SMO | S4ST3 | S4SM2 | SAREN | S4TB8 | SARB8 | S4TI S4RI
SATI : Transmit interrupt flag. Set by hardware when a byte of data has been transmitted by UART4 (after
the 8th bit in 8-bit UART Mode, or at the beginning of the STOP bit in 9-bit UART Mode). When the
UART4 interrupt is enabled, setting this bit causes the CPU to vector to the UART4 interrupt service
routine. This bit must be cleared manually by software.

S4RI : Receive interrupt flag. Set to ‘1’ by hardware when a byte of data has been received by UART4 (set at
the STOP bit sam-pling time). When the UART4 interrupt is enabled, setting this bit to ‘1’ causes the
CPU to vector to the UART4 interrupt service routine. This bit must be cleared manually by software.

The other bits of S4CON register without relation to the UART4 interrupt is not be introduced here.

8. Register related with LVD interrupt: Power Control register PCON (Non bit-Addressable)
SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO
PCON 87H name | SMOD |SMODO| LVDF POF GF1 GFO PD IDL

SMOD: double Baud rate control bit.
0 : Disable double Baud rate of the UART.
1 : Enable double Baud rate of the UART in mode 1,2,0r 3.

SMODO: Frame Error select.
0 : SCON.7 is SMO function.
1: SCON.7 is FE function. Note that FE will be set after a frame error regardless of the state of SMODO.

LVDF : Pin Low-Voltage Flag. Once low voltage condition is detected (VCC power is lower than LVD
voltage), it is set by hardware (and should be cleared by software).

POF  : Power-On flag. It is set by power-off-on action and can only cleared by software.
GF1 : General-purposed flag 1

GFO : General-purposed flag 0

PD : Power-Down bit.

IDL . ldle mode bit.

IE: Interrupt Enable Rsgister (Bit-addressable)

SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO
IE A8H name EA ELVD |EADC| ES ET1 | EX1 | ETO EXO0

EA: disables all interrupts.

If EA = 0,no interrupt will be acknowledged.
If EA = 1, each interrupt source is individually enabled or disabled by setting or clearing its enable bit.

ELVD: Low volatge detection interrupt enable bit.
If ELVD = 0, Low voltage detection interrupt would be diabled.
If ELVD = 1, Low voltage detection interrupt would be enabled.
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9. ADC_CONTR: AD Control register (Non bit-Addressable)

SFR name [Address| bit B7 B6 B5 B4 B3 B2 B1 | BO
ADC_CONTR| BCH |name]ADC_POWER|SPEED1|SPEEDO[ADC_FLAG|ADC_START|CHS2 |CHS1|CHSO
ADC_POWER : When clear, shut down the power of ADC bolck. When set, turn on the power of ADC block.

ADC_FLAG : ADC interrupt flag.It will be set by the device after the device has finished a conversion, and
should be cleared by the user's software.

ADC_STRAT : ADC start bit, which enable ADC conversion.It will automatically cleared by the device after the
device has finished the conversion

IE: Interrupt Enable Rsgister (Bit-addressable)

SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO
IE A8H name EA ELVD | EADC ES ET1 EX1 ETO EXO0

EA: disables all interrupts.
If EA = 0,no interrupt will be acknowledged.
If EA = 1, each interrupt source is individually enabled or disabled by setting or clearing its enable bit.

EADC: ADC interrupt enable bit.
If EADC = 0, ADC interrupt would be diabled.
If EADC = 1, ADC interrupt would be enabled.

10. Register related with PCA interrupt
CCON: PCA Control Register (bit-Addressable)

SFR name| Address bit B7 B6 B5 B4 B3 B2 B1 BO
CCON D8H name CF CR - - - - CCF1 CCFO0

CF: PCA Counter Overflow flag. Set by hardware when the counter rolls over. CF flags an interrupt if bit ECF
in CMOD is set. CF may be set by either hardware or software but can only be cleared by software.

CR: PCA Counter Run control bit. Set by software to turn the PCA counter on. Must be cleared by software to
turn the PCA counter off.

CCF1: PCA Module 1 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by
software.

CCFO0: PCA Module 0 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by
software.
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10. Register related with PCA interrupt (continued)
CMOD: PCA Mode Register (Non bit-Addressable)

SFR name | Address | bit B7 B6 B5 B4 B3 B2 B1 BO
CMOD D9H | name | CIDL - - - CPS2 CPS1 CPSO ECF

CIDL : Counter Idle control bit.
CIDL=0 programs the PCA Counter to continue functioning during idle mode.
CIDL=1 programs it to be gated off during idle.

CPS2, CPS1, CPS0O : PCA Counter Pulse Select bits, as shown below.
CPS2 | CPS1 | CPSO | PCA Counter Pulse Select bits.

0 0 0 |0, System clock, SYSclk/12

0 0 1 |1, System clock, SYSclk/2

0 1 0 |2, Timer 0 overflow pulse. the frequency of PWM output can be adjusted by changing
Timer 0 overflow.

3, External clock at ECI/P1.2 pin ( the maximum frequency = SY Sclk/2)
4, System clock, SYSclk

5, System clock/4, SYSclk/4

6, System clock/6, SYSclk/6

7, System clock/8, SYSclk/8

S =
Rl |lo|lo|r
R|lo|lrkr|lo|r

ECF : PCA Enable Counter Overflow interrupt. ECF=1 enables CF bit in CCON to generate an interrupt.

CCAPMN register (Non bit-Addressable)

SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO
CCAPMO DAH name - | ECOMO | CAPPO | CAPNO | MATO [ TOGO | PWMO | ECCFO
CCAPM1 DBH name - |ECOM1| CAPP1 | CAPN1 | MAT1 | TOG1 | PWM1 | ECCF1

ECOMn : Enable Comparator. ECOMnN=1 enables the comparator function.
CAPPn : Capture Positive, CAPPn=1 enables positive edge capture.
CAPNn : Capture Negative, CAPNNn=1 enables negative edge capture.

MATn . Match. When MATn=1, a match of the PCA counter with this module’s compare/capture register
causes the CCFn bit in CCON to be set.

TOGn : Toggle. When TOGn=1, a match of the PCA counter with this module’s compare/capture register
causes the CEXn pin to toggle.

PWMn : Pulse Width Modulation. PWMn=1 enables the CEXn pin to be used as a pulse width modulated
output.

ECCFn : Enable CCF interrupt. Enables compare/capture flag CCFn in the CCON register to generate
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11. Register related with SPI interrupt
SPSTAT: SPI Status Control Register (Non bit-Addressable)

SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO
SPSTAT CDH name SPIF | WCOL - - - - - -

SPIF : SPI transfer completion flag.When a serial transfer finishes, the SPIF bit is set and an interrupt is gener-
ated if both the ESPI(IE.6) bit and the EA(IE.7) bit are set. If SS is an input and is driven low when SPI
is in master mode with SSIG = 0, SPIF will also be set to signal the “mode change”.The SPIF is cleared
in software by “writing 1 to this bit”.

WCOL: SPI write collision flag. The WCOL bit is set if the SPI data register, SPDAT, is written during a data
transfer. The WCOL flag is cleared in software by “writing 1 to this bit”

IE: Interrupt Enable Rsgister (Bit-addressable)
SFR name | Address bit B7 B6 B5 B4 B3 B2 Bl BO
IE A8H name EA ELVD | EADC ES ET1 EX1 ETO EX0

EA : disables all interrupts.
If EA = 0,no interrupt will be acknowledged.
If EA =1, each interrupt source is individually enabled or disabled by setting or clearing its enable bit.

IE2: Interrupt Enable 2 Rsgister (Non bit-addressable)
SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO
IE2 AFH name - - - - - - ESPI ES2

ESPI: SPI interrupt enable bit.
If ESPI = 0, SPI interrupt would be diabled.
If ESPI = 1, SPI interrupt would be enabled.

6.5 Interrupt Priorities

Except external interrupt Z(W), external interrupt 3(m), Timer 2 interrrupt, serial port 3(UARTS3) interrupt,
serial port 4(UART4) interrupt, Timer 3 interrrupt, Timer 4 interrrupt and comparator interrupt, each interrupt
source of STC15W4K32S4 series MCU can be individually programmed to one of two priority evels by setting
or clearing the bit in Special Function Registers IP or IP2. A low-priority interrupt can itself be interrupted by a
high-pority interrupt, but not by another low-priority interrupt. A high-priority interrupt can’t be interrupted by
any other interrupt source.

If two requests of different priority levels are received simultaneously, the request of higher priority level
is serviced. If requests of the same priority level are received simultaneously, an internal polling sequence
determines which request is serviced. Thus within each priority level there is a second priority structure
determined by the polling sequence, as follows:
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23

Note that the “priority within level” structure is only used to resolve simultaneous requests of the same prionty level.

Interrupt Sourc Priority Within Level

INTO
Timer 0
INT1
Timer 1
UART1
ADC interrupt
LVD
PCA
UART?2
SPI
INT2
INT3
Timer 2

INT4
UART3
UART4
Timer 3
Timer 4

Comparator

PWM

PWMFED

(highest)

\4
(lowest)

In C language program. the interrupt polling sequence number is equal to interrupt number, for example,

void Int0_Routine(void) interrupt 0;
void Timer0_Rountine(void) interrupt 1;
void Intl_Routine(void) interrupt 2;
void Timerl_Rountine(void) interrupt 3;
void UART1_Routine(void) interrupt 4;
void ADC_Routine(void) interrupt 5;
void LVD_Routine(void) interrupt 6;
void PCA_Routine(void) interrupt 7;
void UART2_Routine(void) interrupt 8;
void SPI_Routine(void) interrupt 9;
void Int2_Routine(void) interrupt 10;
void Int3_Routine(void) interrupt 11;
void Timer2_Routine(void) interrupt 12;
void Int4_Routine(void) interrupt 16;
void S3_Routine(void) interrupt 17;
void S4_Routine(void) interrupt 18;
void Timer3_Routine(void) interrupt 19;
void Timer4_Routine(void) interrupt 20;
void Comparator_Routine(void) interrupt 21;
void PWM_Routine(void) interrupt 22;
void PWMFD_Routine(void) interrupt 23;
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6.6 Interrupt Handling

The CPU usually has serveral lines connected to it which can receive interrupts in the form of voltage changes,
When an interrupt is received, the following actions are carried out by the MCU:

1. The current instruction in the mian program is allowed to complete execution.

2. The address of the next instruction is pushed to the stack.

3. Control jump to the start of a subprogram, known as an Interrupt Service Routine (ISR).

4. The ISR code is executed.

5. When the instruction RETI (Return from Interrupt) is encountered in the ISR, the return address is popped from
the stack into the PC.

6. Control is returned to the original location in the main program.

An Interrupt Service Routine ISR (sometimes called interrupt handler) is similar in form to a subroutine. However
the great difference between the two is that the subroutine is called by an instruction within the program, while
the ISR is activated by a hardware voltage change into the CPU.

External interrupt pins and other interrupt sources are sampled at the rising edge of each instruction OPcode
fetch cycle. The samples are polled during the next instruction OPcode fetch cycle. If one of the flags was in a set
condition of the first cycle, the second cycle of polling cycles will find it and the interrupt system will generate an
hardware LCALL to the appropriate service routine as long as it is not blocked by any of the following conditions.

Block conditions :

*  Aninterrupt of equal or higher priority level is already in progress.

*  The current cycle (polling cycle) is not the final cycle in the execution of the instruction in progress.
*  The instruction in progress is RETI or any write to the IE, IE2, IP and IP2 registers.

*  The ISP/IAP activity is in progress.

Any of these four conditions will block the generation of the hardware LCALL to the interrupt service routine.
Condition 2 ensures that the instruction in progress will be completed before vectoring into any service routine.
Condition 3 ensures that if the instruction in progress is RETI or any access to IE, IE2, IP and IP2, then at least
one or more instruction will be executed before any interrupt is vectored to.

The polling cycle is repeated with the last clock cycle of each instruction cycle. Note that if an interrupt flag is
active but not being responded to for one of the above conditions, if the flag is not still active when the blocking
condition is removed, the denied interrupt will not be serviced. In other words, the fact that the interrupt flag
was once active but not being responded to for one of the above conditions, if the flag is not still active when the
blocking condition is removed, the denied interrupt will not be serviced. The interrupt flag was once active but
not serviced is not kept in memory. Every polling cycle is new.
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Note that if an interrupt of higher priority level goes active prior to the rising edge of the third machine cycle,
then in accordance with the above rules it will be vectored to during fifth and sixth machine cycle, without any
instruction of the lower priority routine having been executed.

Thus the processor acknowledges an interrupt request by executing a hardware-generated LCALL to the
appropriate servicing routine. In some cases it also clears the flag that generated the interrupt, and in other cases
it doesn’t. It never clears the Serial Port flags. This has to be done in the user’s software. It clears an external
interrupt flag (1EO or IE1) only if it was transition-activated. The hardware-generated LCALL pushes the contents
of the Program Counter onto the stack (but it does not save the PSW) and reloads the PC with an address that
depends on the source of the interrupt being vectored to, as shown be low.

Source Vector Address
External Interrupt 0 0003H
Timer 0 000BH
External Interrupt 1 0013H
Timer 1 001BH
S1(UART1) 0023H
ADC interrupt 002BH
LVD 0033H
PCA 003BH
S2(UART2) 0043H
SPI 004BH
External Interrupt 2 0053H
External Interrupt 3 005BH
Timer 2 0063H
/ 006BH
/ 0073H
/ 007BH
External Interrupt 4 0083H
S3(UART3) 008BH
S4(UART4) 0093H
Timer 3 009BH
Timer 4 00A3H
Comparator 00ABH
PWM 00B3H
PWMFD 00BBH

Execution proceeds from that location until the RETI instruction is encountered. The RETI instruction informs
the processor that this interrupt routine is no longer in progress, then pops the top two bytes from the stack and
reloads the Program Counter. Execution of the interrupted program continues from where it left off.

Note that a simple RET instruction would also have returned execution to the interrupted program, but it would
have left the interrupt control system thinking an interrupt was still in progress.
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6.7 Interrupt Nesting

The interrupt requests of a higher priority can preempt the interrupt requests and service routine of a lower
priority. Only the interrupt service routine of the higher priority has been accomplished, should the service of
routine of the lower priority be continue to execute. This is called interrupt nesting. The schematic diagram of
interrupt nesting is shown below.

Main

Lower Interrupt
Program

Service Routine

Higher Interrupt
Breakpoint Breakpoint Service Routine

Continue to execute
the main program

6.8 External Interrupts

The External Interrupts INTO and INT1 can be generated on rising, falling or both edges, depending on bits 1T0/
TCON.O and ITL/TCON.2 in Register TCON. The flags that actually request these interrupts are bits IEO/TCON.1
and IE1/TCON.3 in register TCON, which would be automatically cleared when the external interrupts service
routine is vectored to. The External Interrupts INTO and INT1 can be generated on both rising and falling edge if
the bits ITx = 0 (x = 0,1). The External Interrupts INTO and INT1 only can be generated on falling edge if the bits
ITx =1 (x = 0,1). External interrupts also can be used to wake up MCU from Stop/Power-Down mode.

The External Interrupts INT2, INT3 and INT4 only can be falling-activated. The request flags of external interrupt
2~4 are invisible to users. When an external interrupt is generated, the interrupt request flag would be cleared by
the hardware if the service routine is vectored to or EXn =0 (n = 2,3,4).

If the external interrupt is falling or rising edges-activated, the external source has to hold the request active until
the requested interrupt is actually generated. Then it has to deactivate the request before the interrupt service
routine is completed, or else another interrupt will be generated. Since the external interrupt pins are sampled
once each machine cycle, an input high or low should hold for at least one system clocks to ensure sampling.
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6.9 Interrupt Demo Program (C and ASM)

6.9.1 External Interrupt O (INTO) Demo Program
6.9.1.1 External Interupt INTO (rising + falling edge) Demo Program (C and ASM)

1.C Program Listing

* */
/*--- STC MCU Limited. */
[* --- Exam Program of INTO */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

1

bit FLAG;

shit P10 = P170;
1

//External Interrupt Service Routine
void exint0() interrupt 0

//1: interrupt can be generated on rising edge
//0: interrupt can be generated on falling edge

//INTO, interrupt O (location at 0003H)

/lsave the state of INTO pin, INTO=0(falling); INTO=1(rising)

{
P10 = 1P10;
FLAG = INTO;

}

Il

void main()

{
INTO = 1;
ITO = 0;
EX0 = 1;
EA = 1;
while (1);

}

//Setting INTO interrupt type
//(L:only falling O:both falling and rising edges)
/lenable INTO interrupt
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2.Assembler Listing

I* */
[*--- STC MCU Limited. */
[* --- Exam Program of INTO */
/* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
[*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

FLAG BIT 20H.0
1
ORG  0000H
LIMP  MAIN
ORG  0003H
LIMP  EXINTO
1
ORG  0100H
MAIN:
MOV SR, #3FH
CLR ITO
SETB  EXO
SETB EA
SIMP  $
1
/[External Interrupt Service Routine
EXINTO:
CPL P1.0
PUSH PSW
MOV  C, INTO
MOV  FLAG, C
POP  PSW
RETI
END

//1: interrupt can be generated on rising edge
//0: interrupt can be generated on falling edge

/IINTO, interrupt O (location at 0003H)

//Setting INTO interrupt type
/[(1:only falling 0:both falling and rising edges)
/lenable INTO interrupt

/Iread the status of INTO pin
//save, INTO=0(falling edge); INTO=1(rising edge)
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6.9.1.2 External Interrupt INTO (falling edge) Demo Program (C and ASM)

1.C Program Listing

* */
/*--- STC MCU Limited. */
[* --- Exam Program of INTO */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
[*---- And only contain < reg51.h > as header file */
* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

1
shit P10 = P170;
1
/[External interruptO service routine
void exintO() interrupt O /IINTO, interrupt O (location at 0003H)
{
P10 = 1P10;
}
1
void main()
{
INTO = 1;
ITO = 1; //Setting INTO interrupt type
//(L:only falling O:both falling and rising edges)
EXO0 = 1; /lenable INTO interrupt
EA = 1;
while (1);
}
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2.Assembler Listing

/*

[*--- STC MCU Limited.
/* --- Exam Program of INTO
/* --- Mobile: (86)13922805190
/* --- Fax: 86-755-82905966
/* --- Tel: 86-755-82948412
[* --- Web: www.STCMCU.com
/* If you want to use the program or the program referenced in the
[I* article, please specify in which data and procedures from STC

/*---- In Keil C development environment, select the Intel 8052 to compiling
/*---- And only contain < reg51.h > as header file

/*

//suppose the frequency of test chip is 18.432MHz

ORG 0000H
LIMP  MAIN
ORG 0003H
LIMP  EXINTO
1
ORG 0100H
MAIN:
MOV SR, #3FH
SETB ITO
SETB  EXO
SETB EA
SIMP  §
1
//External Interrupt Service Routine
EXINTO:
CPL P1.0
RETI
END
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6.9.2 External Interrupt 1(INT1) Demo Program
6.9.2.1 External Interrupt INT1 (rising + falling edge) Demo Program (C and ASM)

1.C Program Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program of INT1 */
/* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ---------===-=------ */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

1

bit FLAG;

sbit P10 = P170;
1

//External Interrupt Service Routine
void exint1() interrupt 2

//1: interrupt can be generated on rising edge
//0: interrupt can be generated on falling edge

/IINTL, interrupt O (location at 0013H)

//Save the status of INT1 pin, INT1=0(falling); INT1=1(rising)

P10 = 1P10;
FLAG = INTZ;

}

1

void main()

{
INTL = 1;
IT1 = 0;
EX1 = 1;
EA = 1;
while (1);

}

//Setting INT1 interrupt type
/[(1:only falling 0:both falling and rising edges)
/lenable INT1 interrupt
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2.Assembler Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program of INT1 */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

FLAG BIT 20H.0
I
ORG 0000H
LIMP  MAIN
ORG 0013H
LIMP  EXINT1
I
ORG 0100H
MAIN:
MOV  SP, #3FH
CLR IT1
SETB EX1
SETB EA
SIMP  $
I
//External Interrupt Service Routine
EXINT1:
CPL P1.0
PUSH PSW
MOV  C, INT1
MOV  FLAG, C
POP PSW
RETI
END

//1: interrupt can be generated on rising edge
//0: interrupt can be generated on falling edge

/IINTZY, interrupt O (location at 0013H)

//Setting INT1 interrupt type
//(L:only falling O:both falling and rising edges)
/lenable INT1 interrupt

/Iread the status of INT1 pin
/Isave, INT1=0(falling); INTO=1(rising)
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6.9.2.2 External Interrupt INT1 (falling edge) Demo Program (C and ASM)

1.C Program Listing

* */
/*--- STC MCU Limited. */
/* --- Exam Program of INT1 */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
I* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
[*---- And only contain < reg51.h > as header file */
* */

/Isuppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

1
shit P10 = P170;
1
/[External Interrupt Service Routine
void exint1() interrupt 2 /IINTZ, interrupt 0 (location at 0013H)
{
P10 = 1P10;
}
1
void main()
{
INT1 = 1;
IT1 = 1; //Setting INT1 interrupt type
/[(1:only falling 0:both falling and rising edges)
EX1 = 1; /[Enable INT1 interrupt
EA = 1;
while (1);
}
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2.Assembler Listing

* */
/* --- STC MCU Limited. */
/* --- Exam Program of INT1 */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
/* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
[I* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
* */
//suppose the frequency of test chip is 18.432MHz

ORG 0000H

LIMP  MAIN

ORG 0013H /IINTZ, interrupt O (location at 0013H)

LIMP  EXINT1
Il

ORG 0100H
MAIN:

MOV  SP, #3FH

SETB IT1 //Setting INT1 interrupt type

//(L:only falling O:both falling and rising edges)

SETB EX1 /lenable INT1 interrupt

SETB EA

SIMP  $
Il
//External Interrupt Service Routine
EXINTL:

CPL P1.0

RETI

END
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6.9.3 External Interrupt 2 (INT2) (falling) Demo Program (C and ASM)

1.C Program Listing

* */
/*--- STC MCU Limited. */
[* --- Exam Program of (ﬁ) (falling edge) */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
/* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
[I* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

1
sfr INT_CLKO = 0x8f; //External interrupt control register
shit P10 = P170;
1
/[External Interrupt Service Routine
void exint2() interrupt 10 /IINT2, interrupt 2 (location at 0053H)
{
P10 = 1P10;
1 INT_CLKO &= OxEF;
1 INT_CLKO = 0x10;
}
void main()
{
INT_CLK = 0x10; /I(EX2 = 1), enable INT2 interrupt
EA = 1;
while (1);
}
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I* */
/*--- STC MCU Limited. */
[* --- Exam Program of (INT2) (falling edge) */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
[I* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */
//suppose the frequency of test chip is 18.432MHz
INT_CLKO DATA 08FH /[External interrupt control register
Il

ORG 0000H

LIMP  MAIN

ORG 0053H /IINT2, interrupt 2 (location at 0053H)

LIMP  EXINT2
Il

ORG 0100H
MAIN:

MOV  SP, #3FH

ORL INT_CLKO, #10H /I(EX2 = 1), enable INT2 interrupt

SETB EA

SIMP  $
Il
/[External Interrupt Service Routine
EXINT2:

CPL P1.0
1 ANL INT_CLKO, #OEFH
1 ORL INT_CLKO, #10H

RETI

END
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6.9.4 External Interrupt 3 (INT3)(falling) Demo Program (C and ASM)

1.C Program Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program of (m) (falling edge) */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

I
sfr INT_CLKO = 0x8f; //External interrupt control register
shit P10 = P110;
I
/[External Interrupt Service Routine
void exint3() interrupt 11 /IINT3, interrupt 3 (location at 005BH)
{
P10 = 1P10;
1 INT_CLKO &= 0xDF;
1 INT_CLKO |= 0x20;
}
void main()
{
INT_CLK = 0x20; /I(EX3 = 1), enable INT3 interrupt
EA = 1;
while (1);
}
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I* */
/*--- STC MCU Limited. */
[* --- Exam Program of (INT3) (falling edge) */
[* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
[I* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
[*---- And only contain < reg51.h > as header file */
I* */
//suppose the frequency of test chip is 18.432MHz
INT_CLKO DATA 08FH /[External Interrupt control
Il

ORG 0000H

LIMP  MAIN

ORG 005BH /IINT3, interrupt 3 (location at 005BH)

LIMP  EXINT3
Il

ORG 0100H
MAIN:

MOV  SP, #3FH

ORL INT_CLKO, #20H /I(EX3 = 1), enable INT3 interrupt

SETB EA

SIMP  $
Il
//External Interrupt Service Routine
EXINT3:

CPL P1.0
1 ANL INT_CLKO, #ODFH
1 ORL INT_CLKO, #20H

RETI

END

282 Nantong Guoxin Micro-Electronics Co. Ltd. Switchboard: 0513-5501 2928/ 2929/ 2966

Fax: 0513-5501 2969/ 2956/ 2947



STC15WA4K3254 series MCU Manual ~ www.STCMCU.com  QQ of R&D:800003751  STC—the biggest design company of 8051 MCU in the world

6.9.5 External Interrupt 4 (INT4) (falling) Demo Program (C and ASM)

1.C Program Listing

I* */
[*--- STC MCU Limited. */
/* --- Exam Program of (W) (falling edge) */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

1
sfr INT_CLKO = 0x8f; //External interrupt control register
shit P10 = P170;
1
/[External Interrupt Service Routine
void exint4() interrupt 16 /IINT4, interrupt 4 (location at 0083H)
{
P10 = 1P10;
1 INT_CLKO &= OxBF;
1 INT_CLKO |= 0x40;
}
void main()
{
INT_CLK = 0x40; /[(EX4 = 1), enable INT4 interrupt
EA = 1;
while (1);
}
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I* */
/*--- STC MCU Limited. */
[* --- Exam Program of (INT4) (falling edge) */
[* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
[I* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */
//suppose the frequency of test chip is 18.432MHz
INT_CLKO DATA 08FH /[External interrupt control register
Il

ORG 0000H

LIMP  MAIN

ORG 0083H /[INT4, interrupt 4 (location at 0083H)

LIMP  EXINT4
Il

ORG 0100H
MAIN:

MOV  SP, #3FH

ORL INT_CLKO, #40H /I(EX4 = 1), enable INT4 interrupt

SETB EA

SIMP  $
Il
/[External Interrupt Service Routine
EXINT4:

CPL P1.0
1 ANL INT_CLKO, #0BFH
1 ORL INT_CLKO, #40H

RETI

END
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6.9.6 Demo Program using TO to expand External Interrupt (Falling)

—— TO as Counter (C and ASM)

1.C Program Listing

* */
/*--- STC MCU Limited. */
/* --- Exam Program using TO to extend external interrupt (falling edge) -------------======-=--- */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
/* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
[I* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ---------====------ */
/*---- And only contain < reg51.h > as header file */
* */

/Isuppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

1
sfr AUXR = 0x8e; //Auxiliary register
shit P10 = P170;
1
/[Timer O Interrupt Service Routine
void t0int() interrupt 1 /[Timer O interrupt, location at 000BH
{
P10 = 1P10;
}
void main()
{
AUXR = 0x80; /ITO in 1T mode
TMOD = 0x04; /TO as external counter
/land TO in 16-bit auto-relaod mode
THO = TLO = Oxff; //Set the initial value of TO
TRO = 1; /lstart up TO
ETO = 1; //[Enable TO interrupt
EA = 1;
while (1);
}

Nantong Guoxin Micro-Electronics Co. Ltd. Switchboard: 0513-5501 2928/ 2929/ 2966 Fax: 0513-5501 2969/ 2956/ 2947 285



STC15WA4K3254 series MCU Manual ~ www.GXWMCU.com  Temporary Technical Adviser:(86)13922829991

Tel of R&D Adviser:(86)13922805190

2.Assembler Listing

I* */
[*--- STC MCU Limited. */
/* --- Exam Program using TO to extend external interrupt (falling edge) --------------=-=--=---- */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */
/Isuppose the frequency of test chip is 18.432MHz
AUXR DATA 08EH /[Auxiliary register
1

ORG  0000H

LIMP  MAIN

ORG 000BH /[Timer O interrupt, location at 000BH

LIMP  TOINT
1

ORG  0100H
MAIN:

MOV  SP, #3FH

MOV  AUXR, #80H /TO in 1T mode

MOV  TMOD, #04H /ITO as external counter

/land TO in 16-bit auto-relaod mode
MOV A #OFFH //Set the initial value of TO

MOV  TLO, A
MOV  THO, A

SETB TRO /lstart up TO
SETB  ETO //[Enable TO interrupt
SETB EA
SIMP  $
I
/[Timer 0 interrupt service routine
TOINT:
CPL P1.0
RETI
END
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6.9.7 Demo Program using T1 to expand External Interrupt (Falling)

—— T1 as Counter (C and ASM)

1.C Program Listing

I* */
[*--- STC MCU Limited. */
/* --- Exam Program using T1 to extend external interrupt (falling edge) --------------=-=-=-=--- */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling -------=-=---=------ */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

Il
sfr AUXR = 0x8e; //Auxiliary register
shit P10 = P170;
Il
/[Timer 1 Interrupt Service Routine
void tlint() interrupt 3 /[Timer 1 interrupt, location at 001BH
{
P10 = IP10;
}
void main()
{
AUXR = 0x40; /IT1in 1T mode
TMOD = 0x40; /IT1 as external counter
/land T1 in 16-bit auto-relaod mode
TH1=TL1= Oxff; //Set the initial value of T1
TR1 = 1; Ilstartup T1
ET1 = 1; //Enable T1 interrupt
EA = 1;
while (1);
}
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2.Assembler Listing
/*

/*--- STC MCU Limited.

/* --- Exam Program using T1 to extend external interrupt (falling edge) ---------------

/* - Mobile: (86)13922805190

[* --- Fax: 86-755-82905966

[* --- Tel: 86-755-82948412

/* --- Web: www.STCMCU.com

/* If you want to use the program or the program referenced in the

[I* article, please specify in which data and procedures from STC

[*---- In Keil C development environment, select the Intel 8052 to compiling ---------

[*---- And only contain < reg51.h > as header file
/*

//suppose the frequency of test chip is 18.432MHz

AUXR DATA 08EH //Auxiliary register
Il
ORG 0000H
LIMP  MAIN
ORG 001BH /[Timer 1 interrupt, location at 001BH
LIMP  TI1INT
Il
ORG 0100H
MAIN:
MOV  SP, #3FH
MOV  AUXR, #40H /IT1in 1T mode
MOV  TMOD, #40H /IT1 as external counter

/land T1 in 16-bit auto-relaod mode

MOV A, #OFFH //Set the initial value of T1
MOV TL1, A
MOV TH1, A

SETB TR1 /lstart up T1
SETB ET1 //[Enable T1 interrupt
SETB EA
SIMP  $
1
/[Timer 1 Interrupt Service Routine
T1INT:
CPL P1.0
RETI
END
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6.9.8 Demo Program using T2 to expand External Interrupt (Falling)

—— T2 as Counter (C and ASM)

1.C Program Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program using T2 to extend external interrupt (falling edge) ----------------=-=-=--- */
/* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ---------=--=------ */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

Il
sfr 1IE2 = Oxaf; /lInterrupt enable register 2
sfr AUXR = 0x8e; //Auxiliary register
sfr T2H = 0xD6;
sfr T2L = 0xD7;
shit P10 = P170;
Il
/[Timer 2 Interrupt Service Routine
void t2int() interrupt 12 /[Timer 2 interrupt, location at 0063H
{
P10 = 1P10;
I 1IE2 &= ~0x04;
1 IE2 |= 0x04;
}
void main()
{
AUXR |- 0x04; /[T2in 1T mode
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AUXR |= 0x08; /IT2_C/T=1, T2(P3.1) as Clock Source
T2H =T2L = Oxff; //Set the initial value of T2

AUXR |= 0x10; /lstart up T2

IE2 |= 0x04; //[Enable T2 interrupt

EA = 1;

while (1);

2.Assembler Listing

I* */
/*--- STC MCU Limited. */
/* --- Exam Program using T2 to extend external interrupt (falling edge) --------------=----=---- */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
I* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

1IE2 DATA O0AFH /lnterrupt enable register 2
AUXR DATA 08EH //Auxiliary register

T2H DATA  0D6H
T2L DATA 0D7H

Il
ORG 0000H
LIMP  MAIN
ORG 0063H /[Timer 2 interrupt, location at 0063H
LIMP  T2INT
Il
ORG 0100H
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MAIN:
MOV  SP, #3FH
ORL AUXR, #04H
ORL AUXR, #08H
MOV A, #OFFH
MOV  T2L, A
MOV  T2H, A
ORL AUXR, #10H
ORL IE2, #04H
SETB EA
SIMP  $

1

/[Timer 2 Interrupt Service Routine

T2INT:
CPL P1.0

1 ANL IE2, #0FBH

1 ORL IE2, #04H
RETI
END

/IT2in 1T mode
/IT2_CIT=1, T2(P3.1) as Clock Source

//Set the initial value of T2

/lstartup T2

//[Enable T2 interrupt
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6.9.9 Demo Program using CCP/PCA to expand External Interrupt

1.C Program Listing

I* */
[*--- STC MCU Limited. */
/* --- Exam Program using CCP/PCA to extend external interrupt (falling edge) --------------- */
/* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
[*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

/IThis demo program take CCP/PCA module 0 for example. the use of CCP/PCA module 1 and CCP/PCA module
/12 are same as CCP/PCA module 0

#include "reg51.h"

#include "intrins.h"

#define FOSC  18432000L

typedef unsigned char BYTE;

typedef unsigned int WORD;

typedef unsigned long DWORD;

sfr P_SW1 = 0xA2; /[Peripheral Function Switch register 1
#define CCP_SO 0x10 /IP_SW1.4

#define CCP_S1 0x20 /IP_SW1.5

sfr CCON = 0xD8; /IPCA Control Register

shit CCFO = CCONN0; /lthe interrupt request flag of PCA module 0
shit CCF1 = CCONAM; /lthe interrupt request flag of PCA module 1
shit CR = CCON"6; /lthe run bit of PCA timer

shit CF = CCONAT; [lthe overflow flag of PCA timer

sfr CMOD = 0xD9; /IPCA Mode register

sfr CL = OXE9;

sfr CH = O0xF9;

sfr CCAPMO = O0xDA,;

sfr CCAPOL = OxEA,;

sfr CCAPOH = OxFA;

sfr CCAPM1 = 0xDB;

sfr CCAPILL = OXEB;

sfr CCAP1H = O0xFB;

sfr CCAPM2 = 0xDC;

sfr CCAP2L = OXEC;
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sfr CCAP2H = OxFC;
sfr PCAPWMO = 0xf2;
sfr PCAPWM1 = 0xf3;
sfr PCA_ PWM2 = 0xf4;
shit PCA_LED = P170; /IPCA test LED
void PCA_isr() interrupt 7 using 1
{
CCFO0 =0; /lclear the interrupt request flag
PCA_LED = IPCA_LED;
}
void main()
{
ACC = P_SW1;
ACC &= ~(CCP_S0 | CCP_S1); //CCP_S0=0 CCP_S1=0
P_SW1 = ACC; /I(P1.2/ECI, P1.1/CCPO, P1.0/CCP1, P3.7/CCP2)
I ACC = P_SW1;
I ACC &= ~(CCP_S0 | CCP_S1); /ICCP_S0=1 CCP_S1=0
I ACC |= CCP_S0; /I(P3.4/ECI_2, P3.5/CCP0_2, P3.6/CCP1_2, P3.7/CCP2_2)
1 P_SW1 = ACC;
I
I ACC = P_SW1;
I ACC &= ~(CCP_S0 | CCP_S1); /ICCP_S0=0 CCP_S1=1
1 ACC = CCP_S1; /I(P2.4/ECI_3, P2.5/CCP0_3, P2.6/CCP1_3, P2.7/CCP2_3)
1 P_SW1 = ACC;
CCON = 0; /lInitialize the PCA control register
/ldisable PCA timer
/lclear CF bit
/lclear the interrupt request flag
CL = 0; IIreset PCA timer
CH = 0;
CMOD = 0x00;
CCAPMO = 0x11; /IPCA module 0 can be activated on falling edge
1 CCAPMO = 0x21; /IPCA module 0 can be activated on rising edge
1 CCAPMO = 0x31; /IPCA module 0 can be activated
/lboth on falling and rising edge
CR = 1 /Irun PCA timer
EA = 1;
while (1);
}
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2.Assembler Listing

* */
/*--- STC MCU Limited. */
/* --- Exam Program using CCP/PCA to extend external interrupt (falling edge) --------------- */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
[*---- And only contain < reg51.h > as header file */
* */

//suppose the frequency of test chip is 18.432MHz

/IThis demo program take CCP/PCA module 0 for example. the use of CCP/PCA module 1 and CCP/PCA module

/12 are same as CCP/PCA module 0

P_SW1 EQU 0A2H //Peripheral Function Switch register 1
CCP_SO0 EQU 10H /[P_SW1.4

CCP_S1 EQU 20H /IP_SW1.5

CCON EQU 0D8H ;PCA Control Register

CCFO0 BIT CCON.O ;the interrupt request flag of PCA module 0
CCF1 BIT CCON.1 ;the interrupt request flag of PCA module 1
CR BIT CCON.6 ;the run bit of PCA timer

CF BIT CCON.7 ;the overflow flag of PCA timer

CMOD EQU 0D9H ;PCA Mode register

CL EQU 0E9H
CH EQU OF9H

CCAPMO EQU ODAH
CCAPOL EQU OEAH
CCAPOH EQU OFAH
CCAPM1 EQU 0DBH
CCAPIL EQU OEBH
CCAP1H EQU OFBH
CCAPM2 EQU ODCH
CCAP2L EQU O0ECH
CCAP2H EQU OFCH

PCA_PWMO EQU OF2H
PCA_PWM1 EQU OF3H
PCA_PWM2 EQU OF4H

PCA_LED BIT P10 ;PCAtest LED
ORG 0000H
LIMP  MAIN
ORG 003BH
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PCA_ISR:
PUSH PSW
PUSH ACC
CKECK_CCFO:
JNB  CCFO, PCA_ISR_EXIT
CLR  CCFO0
CPL  PCA_LED
PCA_ISR_EXIT:
POP  ACC
POP  PSW
RETI
ORG  0100H
MAIN:
MOV  SP, #5FH
MOV A, P SW1
ANL A, #0CFH
MOV P SW1, A
I MOV A, P SW1
I ANL A, #0CFH
I ORL A, #CCP_S0
I MOV P SW1, A
I
I MOV A, P SW1
I ANL A, #0CFH
I ORL A, #CCP_S1
I MOV P SW1, A
MOV  CCON, #0
CLR A
MOV  CL, A
MOV CH, A
MOV  CMOD, #00H
MOV  CCAPMO, #11H
: MOV  CCAPMO, #21H
: MOV  CCAPMO, #31H
SETB CR
SETB EA
SIMP  $
END

;clear the interrupt request flag

/ICCP_S0=0 CCP_S1=0
/I(P1.2/ECI, P1.1/CCPO, P1.0/CCP1, P3.7/CCP2)

/ICCP_S0=1 CCP_S1=0
II(P3.4/ECI_2, P3.5/CCP0_2, P3.6/CCP1_2, P3.7/CCP2_2)

/ICCP_S0=0 CCP_S1=1
/I(P2.4/ECI_3, P2.5/CCP0_3, P2.6/CCP1_3, P2.7/CCP2_3)

;Initialize the PCA control register
:disable PCA timer

:clear CF bit

;clear the interrupt request flag

:reset PCA timer

;PCA module 0 capture the falling edge of CCPO(P1.3) pin
;PCA module 0 capture the rising edge of CCPO(P1.3) pin
;PCA module 0 capture falling as well as

;rising edge of CCPO(P1.3) pin

:run PCA timer
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Chapter 7 Timer/Counter

There are five 16-bit Timer/Counter: TO, T1, T2, T3 and T4, which all can be as Timer or Counter. For TO and
T1 which are compatible with convertional 8051, the “Timer” or “Counter” function is selected by control bits
CIT in the Special Function Register TMOD. For T2, the “Timer” or “Counter” function is selected by control
bits T2_Cﬁ in the Special Function Register AUXR. For T3, the “Timer” or “Counter” function is selected
by control bits T3_C/T in the Special Function Register T4T3M. For T4, the “Timer” or “Counter” function is

selected by control bits T4_Cﬁ in the Special Function Register T4T3M. Timer counts internal system clock, and
Counter counts external pulses from pins TO or T1 or T2 or T3 or T4.

For TO, T1 and T2, the timer register (TH and TL) is incremented every 12 system clocks or every system clock
depending on AUXR.7(T0x12) and AUXR.6(T1x12) and AUXR.2(T2x12) bits in the “Timer” function. In the
default state, it is fully the same as the conventional 8051. In the x12 mode, the count rate equals to the system
clock. For T3 and T4, the timer register (TH and TL) is incremented every 12 system clocks or every system
clock depending on TAT3M.1(T3x12) and T4T3M.5(T4x12) bits in the “Timer” function.

In the “Counter” function, the register (TH and TL) is incremented in response to a 1-to-0 transition at its
corresponding external input pin, TO or T1 or T2 or T3 or T4. In this function, the external input is sampled once
at the positive edge of every clock cycle. When the samples show a high in one cycle and a low in the next cycle,
the count is incremented. The new count value appears in the register during at the end of the cycle following the
one in which the transition was detected. Since it takes 2 machine cycles (24 system clocks) to recognize a I-to-0
transition, the maximum count rate is 1/24 of the system clock. There are no restrictions on the duty cycle of the
external input signal, but to ensure that a given level is sampled at least once before it changes, it should be held
for at least one full machine cycle.

In addition to the “Timer” or “Counter” selection, Timer/Counter 0 has four operating modes which are selected
by bit-pairs (M1, M0) in TMOD. These four modes are mode 0 (16-bit auto-reload timer/counter), mode 1 (16-bit
timer/counter), mode 2 (8-bit auto-reload timer/counter) and mode 3 (16-bit auto-reload timer/counter whose
interrupt can not be disabled). And for Timer/Counter 1, Modes 0, 1, and 2 are the same as Timer/Counter 0.
Mode 3 is different. the mode 3 of Timer/Counter 1 is invalid. The four operating modes are described in the
following text. For T2, T3 and T4, they only have one mode : 16-bit auto-reload timer/counter. Besides as Timer/
Counter, T2, T3 and T4 also can be as the baud-rate generator and programmable clock output.
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7.1 Special Function Registers about Timer/Counter

Value after
Symbol Description Address Bit Address and Symbol Power-on
MSB LSB| or Reset
TCON Timer Control 88H | TFL | TRL | TFO | TRo | 1EL | IT1 | IEO | ITO |0000 0000B
TMOD Timer Mode 89H |GATE| T | M1 | Mo |GATE| o7 | M1 | mo |00000000B
TLO Timer Low 0 8AH 0000 0000B
TL1 Timer Low 1 8BH 0000 0000B
THO Timer High 0 8CH 0000 0000B
TH1 Timer High 1 8DH 0000 0000B
IE Interrupt Enable A8H EA |ELvD|EADC| ES | ETL | EXt | ETO | EX0 |0000 0000B
[ Interrupt Enable 2 B8H | PPCA|PLVD|PADC| Ps | PT1 | Px1 | PTO [ PX0 | 0000 0000B
Ton | Thehigh8-bitof Timer | 0000 00008
2 register
oL The low 8-b_|t of Timer 2 D7H 0000 0000B
register
AUXR Auxiliary register 8EH | Toxi2| T1xa2 | UART Mox6 | T2R| T2_C/T | T2x12 | ExTRAM | s15T2 | 0000 0001B
INT CLKO External Interrupt
AUxRp |enable and Clock Output|  8FH |Ex4]Exs] Ex2 [Mcko_s2[T2cLko] T1cLKO [TocLKo] x000 0000B
register
T4 and T3 Control and = =
T4T3M Dlode register DIH  [T4R|T4_C/T|T4x12|T4CLKO[T3R|T3_C/T[T3x12[T3CLKO| 0000 00008
T4y | Thehigh8-bitof Timer | ), 0000 0000B
4 register
TaL The low 8—b_|t of Timer 4 D3H 0000 0000B
reglster
T3y | Tnehigh8-bitof Timer | ) 0000 0000B
3 register
TaL The low 8—b_|t of Timer 3 D5H 0000 0000B
reglster
IE2 Interrupt Enable register| ~ AFH - |ET4[ET3] ES4 |ES3] ET2 [ ESPI | ES2 |x0000000B
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1. TCON register: Timer/Counter Control Register (Bit-Addressable)

SFR name | Address| bit B7 B6 B5 B4 B3 B2 B1 BO
TCON 88H name TF1 TR1 TFO TRO IE1 IT1 IEO ITO
TF1: Timer/Counter 1 Overflow Flag. Set by hardware on Timer/Counter 1 overflow. The flag can be cleared by

TR1:

TFO:

TRO:

IE1:

IT1:

IEO :

ITO:

software but is automatically cleared by hardware when processor vectors to the Timer 1 interrupt routine.
If TF1 =0, No Timer 1 overflow detected.
If TF1 =1, Timer 1 has overflowed.

Timer/Counter 1 Run Control bit. Set/cleared by software to turn Timer/Counter on/off.
If TR1 =0, Timer 1 disabled.
If TR1 =1, Timer 1 enabled.

Timer/Counter 0 Overflow Flag. Set by hardware on Timer/Counter 0 overflow. The flag can be cleared by
software but is automatically cleared by hardware when processor vectors to the Timer O interrupt routine.
If TFO = 0, No Timer 0 overflow detected.

If TFO =1, Timer 0 has overflowed.

Timer/Counter 0 Run Control bit. Set/cleared by software to turn Timer/Counter on/off.
If TRO = 0, Timer 0 disabled.
If TRO =1, Timer 0 enabled.

External Interrupt 1 request flag. Set by hardware when external interrupt rising or falling edge defined by
IT1 is detected. The flag can be cleared by software but is automatically cleared when the external interrupt
1 service routine has been processed.

External Intenupt 1 Type Select bit. Set/cleared by software to specify rising / falling edges triggered exter-
nal interrupt 1.

If ITL =0, INT1 is both rising and falling edges triggered.

If ITL=1, INT1 is only falling edge triggered.

External Interrupt O request flag. Set by hardware when external interrupt rising or falling edge defined by
ITO is detected. The flag can be cleared by software but is automatically cleared when the external interrupt
1 service routine has been processed.

External Intenupt O Type Select bit. Set/cleared by software to specify rising / falling edges triggered exter-
nal interrupt 0.

If ITO=0, INTO is both rising and falling edges triggered.

If ITO=1, INTO is only falling edge triggered.
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2. TMOD register: Timer/Counter Mode Register
TMOD address: 89H (Non bit-addressable)

(MSB) _ (LSB)
I;GéTE| cm [ m1 [ Mo JGaTE] T | M1 | Mol

Timer 1 Timer 0

GATR / TMOD.7 : Timer/Counter Gate Control.
If GATE / TMOD.7 = 0, Timer/Counter 1 enabled when TR1 is set irrespective INT1 of logic level;
If GATE / TMOD.7 = 1, Timer/Counter 1 enabled only when TR1 is set AND INT1 pin is high.

C/T /TMOD.6 : Timer/Counter 1 Select bit.
If C/T / TMOD.6 = 0, Timer/Counter 1 is set for Timer operation (input from internal system clock);
If C/T / TMOD.6 = 1, Timer/Counter 1 is set for Counter operation (input from external T1 pin).
M1/TMOD.5 ~ M0/ TMOD.4 : Timer 1 Mode Select bits.
M1 MO Operating Mode
0 Mode 0: 16-bit auto-reload Timer/Counter for T1
Mode 1: 16-bit Timer/Counter. TH1and TL1 are cascaded; there is no prescaler.

1 0 Mode 2: 8-hit auto-reload Timer/Counter. TH1 holds a value which is to be reloaded into TL1 each time it
overflows.
1 1 Timer/Counter 1 is stopped

GATR / TMOD.3 : Timer/Counter Gate Control.
If GATE / TMOD.3 = 0, Timer/Counter 0 enabled when TRO is set irrespective of INTO logic level,
If GATE / TMOD.3 = 1, Timer/Counter 0 enabled only when TRO is set AND INTO pin is high.

C/T / TMOD.2 : Timer/Counter 0 Select bit.
If C/T / TMOD.2 = 0, Timer/Counter 0 is set for Timer operation (input from internal system clock);
If C/T / TMOD.2 = 1, Timer/Counter 0 is set for Counter operation (input from external TO pin).

M1/TMOD.1 ~ MO0/ TMOD.0 : Timer 0 Mode Select bits.

M1 MO Operating Mode
0 0  Mode 0: 16-bit auto-reload Timer/Counter for TO
0 1 Mode 1: 16-bit Timer/Counter. THO and TLO are cascaded; there is no prescaler.
1 0 Mode 2: 8-hit auto-reload Timer/Counter. THO holds a value which is to be reloaded into TLO each time it
overflows.
1 1 Mode 3: 16-bit auto-reload Timer/Counter whose interrupt can not be disabled for TO.
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3. AUXR: Auxiliary register (Non bit-addressable)

SFR name | Address| bit B7 B6 B5 B4 B3 B2 B1 BO
AUXR 8EH | name | TOx12 | T1x12 | UART_MOx6 | T2R T2 C/T | T2x12 | EXTRAM | S1ST2

B7 - TOx12 : Timer O clock source bit.
0 : The clock source of Timer 0 is SYSclk/12. It will compatible to the traditional 8051 MCU
1 : The clock source of Timer 0 is SYSclk/1. It will drive the TO faster than a traditional 8051 MCU

B6 - T1x12 : Timer 1 clock source bit.

0 : The clock source of Timer 1 is SYSclk/12. It will compatible to the traditional 8051 MCU

1 : The clock source of Timer 1 is SYSclk/1. It will drive the TO faster than a traditional 8051 MCU
If T1 is used as the baud-rate generator of UARTY, T1x12 will decide whether UART1 is 1T or 12T.

B5 - UART_MOx6 : Baud rate select bit of UART1 while it is working under Mode-0
0 : The baud-rate of UART in mode 0 is SYSclk/12.
1 : The baud-rate of UART in mode 0 is SYSclk/2.

B4 - T2R Timer 2 Run control bit
0 : notrun Timer 2;
1 : runTimer 2.

B3 - T2_C/T: Counter or timer 2 selector
0 : as Timer (namely count on internal system clock)
1 : as Counter (namely count on the external pulse input from T2/P3.1)

B2 - T2x12 : Timer 2 clock source bit.

0 : The clock source of Timer 2 is SYSclk/12.

1 : The clock source of Timer 2 is SYSclk/1.
If T2 is used as the baud-rate generator of UART1 or UART2, T1x12 will decide whether UART1 or UART?2 is
1T or 12T.

B1 - EXTRAM : Internal / external RAM access control bit.
0 : On-chip auxiliary RAM is enabled.
1 : On-chip auxiliary RAM is always disabled.

BO - S1ST2 : the control bit that UART1 select Timer 2 as its baud-rate generator.
0 : Select Timer 1 as the baud-rate generator of UART1
1 : Select Timer 2 as the baud-rate generator of UARTL. Timer 1 is released to use in other functions.
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4.T0, T1 and T2 Clock Output and External Interrupt Enable register : INT_CLKO (AUXR2)

The ouput clock frequency of TOCLKO is controlled by Timer 0. The ouput clock frequency of TLCLKO is con-
trolled by Timer 1. When they are used as programmable clcok output, Timer 0 anad Timer 1 must work in mode
0 (16-bit auto-reload timer/counter) or mode 2 (8-bit auto-reload timer/counter) and don’t enable thier interrupt
to avoid CPU entering interrupt repeatly unless special circumstances. The ouput clock frequency of T2CLKO
is controlled by Timer 2 which only has one mode (16-bit auto-reload timer/counter). Similarly, when T2 is used
as programmable clcok output, it also don’t enable thier interrupt to avoid CPU entering interrupt repeatly unless
special circumstances.

INT_CLKO (AUXR?2) : Clock Output and External Interrupt Enable register (Non bit-Addressable)

SFR Name | SFR Address | bit B7 | B6 | BS | B4 B3 B2 B1 BO
IN;GS(I&EO 8FH name EX4 | EX3 | EX2 [MCKO_S2| T2CLKO | T1CLKO | TOCLKO

BO - TOCLKO : Whether is P3.5/T1 configured for Timer 0(TO) programmable clock output TOCLKO or not.

1, P3.5/T1 is configured for TimerO programmable clock output TOCLKO, the clock output frequency = TO overflow/2
If Timer/Cou_nter 0 in mode 0 (16 bit auto-reloadable mode),
and if C/T = 0, namely Timer/Counter 0 count on the internal system clock,

When TO in 1T mode (AUXR.7/T0x12=1), the output frequency = (SYSclk)/(65536-[RL_THO, RL_TL0])/2
When TO in 12T mode (AUXR.7/T0x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_THO, RL_TLO0])/2

and if C/T = 1, namely Timer/Counter 0 count on the external pulse input from P3.4/T0,

the output frequency = (TO_Pin_CLK) / (65536-[RL_THO, RL_TLO])/2
If Timer/Counter 0 in mode 2 (8 bit auto-reloadable mode),

and if CT =0, namely Timer/Counter 0 count on the internal system clock,
When T0 in 1T mode(AUXR.7/T0x12=1), the output frequency = (SYSclk) / (256-THO0) / 2
When TO in 12T mode(AUXR.7/T0x12=0), the output frequency = (SYSclk) / 12 / (256-THO) / 2

and if C/T = 1, namely Timer/Counter 0 count on the external pulse input from P3.4/T0,
the output frequency = (TO_Pin_CLK) / (256-THO) / 2

0, P3.5/T1 is not configure for Timer 0 programmable clock output TOCLKO

B1 - TICLKO : Whether is P3.4/T0 configured for Timer 1(T1) programmable clock output TACLKO or not.

1, P3.4/T0 is configured for Timerl programmable clock output TICLKO, the clock output frequency = T1 overflow/2
If Timer/Cou_nter 1in mode 1 (16 bit auto-reloadable mode),
and if C/T = 0, namely Timer/Counter 1 count on the internal system clock,

When T1 in 1T mode (AUXR.6/T1x12=1), the output frequency = (SYSclk)/(65536-[RL_TH1, RL_TL1])/2
When T1 in 12T mode (AUXR.6/T1x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH1, RL_TL1])/2

and if C/T = 1, namely Timer/Counter 1 count on the external pulse input from P3.5/T1,
the output frequency = (T1_Pin_CLK) / (65536-[RL_TH1, RL_TL1])/2
If Timer/Counter 1 in mode 2 (8 bit auto-reloadable mode),
and if CT =0, namely Timer/Counter 1 count on the internal system clock,

When T1 in 1T mode(AUXR.6/T1x12=1), the output frequency = (SYSclk) / (256-TH1) / 2
When T1 in 12T mode(AUXR.6/T1x12=0), the output frequency = (SYSclk) / 12 / (256-TH1) / 2

and if C/T = 1, namely Timer/Counter 1 count on the external pulse input from P3.5/T1,
the output frequency = (T1_Pin_CLK) / (256-TH1) / 2
0, P3.4/T0 is not configure for Timer 1 programmable clock output TICLKO
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B2 - T2CLKO : Whether is P3.0 configured for Timer 2(T2) programmable clock output T2CLKO or not.

1, P3.0 is configured for Timer2 programmable clock output T2CLKO, the clock output frequency = T2 overflow/2
If T2_ C/T = 0, namely Timer/Counter 2 count on the internal system clock,
When T2 in 1T mode (AUXR.2/T2x12=1), the output frequency = (SY Sclk)/(65536-[RL_TH2, RL_TL2])/2
When T2 in 12T mode (AUXR.2/T2x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH2, RL_TL2])/2
If T2_C/T = 1, namely Timer/Counter 2 count on the external pulse input from P3.1/T2,
the output frequency = (T2_Pin_CLK) / (65536-[RL_TH2, RL_TL2])/2

0, P3.0 is not configure for Timer 2 programmable clock output T2CLKO

5. Register related to TO and T1 interrupt: IE and IP

IE: Interrupt Enable Rsgister (Bit-addressable)
SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO
IE A8H name EA ELVD | EADC ES ET1 EX1 ETO EXO0

EA: disables all interrupts.
If EA = 0,no interrupt will be acknowledged.
If EA = 1, each interrupt source is individually enabled or disabled by setting or clearing its enable bit.

ET1: Timer 1 interrupt enable bit.
If ET1 =0, Timer 1 interrupt would be diabled.
If ET1 =1, Timer 1 interrupt would be enabled.

ETO: Timer O interrupt enable bit.
If ETO = 0, Timer 0 interrupt would be diabled.
If ETO = 1, Timer O interrupt would be enabled.

IP: Interrupt Priority Register (Bit-addressable)
SFR name | Address bit B7 B6 B5 B4 B3 B2 Bl BO
IP B8H name | PPCA | PLVD | PADC PS PT1 PX1 PTO PX0
PT1 : Timer 1 interrupt priority control bit.
if PT1=0, Timer 1 interrupt is assigned lowest priority (priority 0).
if PT1=1, Timer 1 interrupt is assigned highest priority (priority 1).

PTO : Timer O interrupt priority control bit.
if PT0=0, Timer O interrupt is assigned lowest priority (priority 0).
if PTO=1, Timer O interrupt is assigned highest priority (priority 1).
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6. TAT3M : Timer 4 and Timer 3 Mode register (Non bit-addressable)

SFR name | Address| bit B7 B6 B5 B4 B3 B2 B1 BO
T4T3M D1H |name| T4R T4_C/T T4x12 |T4CLKO| T3R T3_C/T T3x12 | T3CLKO

B7 - T4R  Timer 4 Run control bit
0 : notrun Timer 4;
1 : runTimer4.

B6 - T4_C/T: Counter or timer 4 selector
0 : asTimer (namely count on internal system clock)
1 : as Counter (namely count on the external pulse input from T4/P0.7)

B5 - T4x12 : Timer 4 clock source bit.
0 : The clock source of Timer 4 is SYSclk/12.
1 : The clock source of Timer 4 is SYSclk/1.

B4 - T4CLKO : Whether is P0.6 configured for Timer 4(T4) programmable clock output T4ACLKO or not.
1, P0.6 is configured for Timer 4 programmable clock output T4ACLKO, the clock output frequency = T4 overflow/2

If T4_ CIT = 0, namely Timer/Counter 4 count on the internal system clock,
When T4 in 1T mode (T4T3.5/T4x12=1), the output frequency = (SYSclk)/(65536-[RL_TH4, RL_TLA4])/2
When T4 in 12T mode (T4T3.5/T4x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH4, RL_TLA4])/2
If T4_C/T =1, namely Timer/Counter 4 count on the external pulse input from P0.7/T4,
the output frequency = (T4_Pin_CLK) / (65536-[RL_TH4, RL_TL4])/2

0, P0.6 is not configure for Timer 4 programmable clock output T4ACLKO

B3 -T3R Timer 3 Run control bit
0 : notrun Timer 3;
1 : runTimer 3.

B2 - T3_C/T: Counter or timer 3 selector
0 : as Timer (namely count on internal system clock)
1 : as Counter (namely count on the external pulse input from T3/P0.5)

B1 - T3x12 : Timer 3 clock source bit.
0 : The clock source of Timer 3 is SYSclk/12.
1 : The clock source of Timer 3 is SYSclk/1.

BO - T3CLKO : Whether is P0.4 configured for Timer 3(T3) programmable clock output T3CLKO or not.
1, P0.4 is configured for Timer 3 programmable clock output T3CLKO, the clock output frequency = T3 overflow / 2

If T3_ C/T = 0, namely Timer/Counter 3 count on the internal system clock,

When T3 in 1T mode (T4T3.1/T3x12=1), the output frequency = (SYSclk)/(65536-[RL_TH3, RL_TL3])/2
When T3 in 12T mode (T4T3.1/T3x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH3, RL_TL3])/2

If T3_C/T = 1, namely Timer/Counter 3 count on the external pulse input from P0.5/T3,
the output frequency = (T3_Pin_CLK) / (65536-[RL_TH3, RL_TL3])/2
0, P0.4 is not configure for Timer 3 programmable clock output T3CLKO
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7.T2, T3 and T4 Interrupt Enable Register : 1E2
IE2: Interrupt Enable 2 Rsgister (Non bit-addressable)
SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO
IE2 AFH name - ET4 ET3 ES4 ES3 ET2 ESPI ES2

ET4 : Timer 4 interrupt enable bit.
If ET4 =0, Timer 4 interrupt would be diabled.
If ET4 =1, Timer 4 interrupt would be enabled.

ET3: Timer 3 interrupt enable bit.
If ET3 =0, Timer 3 interrupt would be diabled.
If ET3 =1, Timer 3 interrupt would be enabled.

ES4 : Serial Port 4 (UARTA4) interrupt enable bit.
If ES4 = 0, UART4 interrupt would be diabled.
If ES4 = 1, UART4 interrupt would be enabled.

ES3: Serial Port 3 (UART3) interrupt enable bit.
If ES3 = 0, UARTS interrupt would be diabled.
If ES3 = 1, UART3 interrupt would be enabled.

ET2 : Timer 2 interrupt enable bit.
If ET2 =0, Timer 2 interrupt would be diabled.
If ET2 = 1, Timer 2 interrupt would be enabled.

ESPI: SPI interrupt enalbe bit.
If ESPI = 0, SPI interrupt would be diabled.
If ESPI = 1, SPI interrupt would be enabled.

ES2 : Serial Port 2 (UARTZ2) interrupt enable bit.
If ES2 = 0, UART2 interrupt would be diabled.
If ES2 = 1, UART2 interrupt would be enabled.
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7.2 Timer/Counter 0 Modes

Timer/Counter 0 can be configured for four modes by setting M1(TMOD.1) and MO(TMOD.0) in sepcial function
register TMOD.

7.2.1 Mode 0 (16-Bit Auto-Relaod Timer/Counter) and Demo Program

In this mode, the timer/counter 0 is configured as a 16-bit auto-reload timer/counter, which is shown below.

AUXR.7/TOx12=0
L Interrupt
SYSclk AN
= Toggle
AUXR.7/TOx12=1
o TLO THO
TO Pin 4* (8 bits) | (8 bits) |_>{ TOCLKO
P35

TOCLKO

[ ]
RL_TLO | RL_THO
1o

Timer/Counter 0 Mode 0: 16-Bit Auto-Relaod Timer/Counter

The counted input is enabled to the timer when TRO = 1 and either GATE = 0 or INTO = 1.(Setting GATE = 1 al-
lows the Timer to be controlled by external input INTO, to facilitate pulse width measurements.) TRO is a control
bit in the Special Function Register TCON. GATE is in TMOD. There are two different GATE bits. one for Timer
1 (TMOD.7) and one for Timer 0 (TMOD.3).

If C/T / TMOD.2 = 0, Timer/Counter 0 would be set for Timer operation (input from internal system clock). How-
erver, if C/T / TMOD.2 = 1, Timer/Counter 0 would be set for Counter operation (input from external T0/P3.4
pin).

In the “Timer” function, the timer register [TLO, THO] is incremented every 12 system clocks or every system
clock depending on AUXR.7(T0x12) bit. If TOx12 = 0, the register [TLO, THO] will be incremented every 12
system clocks.If TOx12 = 1, the register [TLO, THO] will be incremented every system clock.

There are two hidden registers RL_THO and RL_TLO for Timer/Counter 0. the address of RL_THO is the same
as THO's. And, RL_TLO and TLO share in the same address. When TR0 = 0 disable Timer/Counter 0, the content
written into register [TLO, THO] will be written into [RL_TLO, RL_THO] too. When TRO = 1 enable Timer/
Counter 0, the content written into register [TLO, THO] actually don not be writen into [TLO, THO], but into
[RL_TLO, RL_THO]. When users read the content of [TLO, THO0], it is the content of [TLO, THO] to read instead
of [RL_TLO, RL_THO].

When Timer/Counter 0 work in mode 0 (TMOD[1: 0]/ [M1, MO]=00B), overflow from [TLO, THO] will not only

set TFO, but also reload [TLO, THO] with the content of [RL_TLO, RL_THO], which is preset by software. The
reload leaves [RL_TLO, RL_THO] unchanged.
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When TOCLKO/INT_CLKO.0=1, P3.5/T1 is configured for Timer0 programmable clock output TOCLKO.

The clock output frequency = TO overflow/2
If Timer/Counter 0 in mode 0 (16 bit auto-reloadable mode),
and if C/T = 0, namely Timer/Counter 0 count on the internal system clock,

When TO in 1T mode (AUXR.7/T0x12=1), the output frequency = (SYSclk)/(65536-[RL_THO, RL_TL0])/2
When TO in 12T mode (AUXR.7/T0x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_THO, RL_TL0])/2

and if C/T = 1, namely Timer/Counter 0 count on the external pulse input from P3.4/T0,
the output frequency = (TO_Pin_CLK) / (65536-[RL_THO, RL_TLO])/2
RL_THO is the reloaded register of THO, RL_TLO is the reload register of TLO.

7.2.1.1 Demo Program of 16-bit Auto-Reload Timer/Counter 0 (C and ASM)
1.C Program Listing

* */
/*--- STC MCU Limited. */
/* --- Exam Program of 16-bit auto-reload timer/counter 0 */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"

typedef unsigned char BYTE;
typedef unsigned int WORD;
I

#define FOSC  18432000L

#define TIMS  (65536-FOSC/1000) /I1T mode, 18.432KHz
[/[#define TIMS  (65536-FOSC/12/1000) //12T mode, 18.432KHz
sfr AUXR = 0x8e; //Auxiliary register

shit P10 = P170;

I
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/* TimerO interrupt routine */
void tmO_isr() interrupt 1 using 1

{

P10 = 1 P10;
}
1l
/* main program */
void main()
{

AUXR |= 0x80; /ITO in 1T mode
/i AUXR &= OX7f; /ITO in 12T mode

TMOD = 0x00; /Iset TO as 16-bit auto-reload timer/counter

TLO = TIMS; /linitialize the timing value

THO = TIMS >> §;

TRO = 1; /frun TO

ETO = 1; //Enable TO interrupt

EA = 1;

while (1);
}
2. Assembler Listing
I* */
[* --- STC MCU Limited. */
/* --- Exam Program of 16-bit auto-reload timer/counter O */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
I* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */
IIsuppose the frequency of test chip is 18.432MHz
AUXR DATA 08EH /[Auxiliary register
TIMS EQU 0B80OH /I1T mode, the timing value of 1ms is (65536-18432000/1000)
/ITIMS EQU OFAOQOH //12Tmode, the timing value of 1ms is (65536-18432000/1000/12)
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ORG 0000H
LIMP  MAIN
ORG 000BH
LIMP  TOINT
ORG 0100H
MAIN:
MOV  SP, #3FH
ORL AUXR, #80H
1 ANL AUXR, #7FH
MOV ~ TMOD, #00H
MOV  TLO, #LOW T1IMS
MOV  THO, #HIGH T1IMS
SETB  TRO
SETB  ETO
SETB EA
SIMP  $
1
/[Timer0 interrupt routine
TOINT:
CPL P1.0
RETI
END

/linterrupt entrance

/ITOin 1T mode
/ITO in 12T mode

/Iset TO as 16-bit auto-reload timer/counter

/linitialize the timing value

//Enable TO interrupt

308
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7.2.1.2 Demo Program of TO Programmable Clock Output (C and ASM)
—— TO as 16-bit Auto-Reload Timer/Counter

The following is the example program that Timer 0 output programmable clock by dividing the frequency of in-
ternal system clock or the clock input from external pin TO/P3.4 (C and assembly):

1. C Program Listing

I* */
[*--- STC MCU Limited. */
/* --- Exam Program of Timer 0 porgrammable clock output */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
[*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz
#include "reg51.h"

typedef unsigned char BYTE;
typedef unsigned int WORD;

#define FOSC 18432000L

Il
sfr AUXR = 0x8e;
sfr INT_CLKO = 0x8f;
shit TOCLKO = P315;
#define F38_4KHz (65536-FOSC/2/38400) /I1T Mode
/[#define F38_4KHz (65536-FOSC/2/12/38400) /112T Mode
Il
void main()
{
AUXR |= 0x80; /[Timer 0 in 1T mode
I AUXR &= ~0x80; /[Timer 0 in 12T mode
TMOD = 0x00; //set TimerO in mode 0(16 bit auto-reloadable mode)
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TMOD &= ~0x04; /IC/T0=0, count on internal system clock
1 TMOD |= 0x04; /IC/T0=1, count on external pulse input from TO pin
TLO = F38_4KHz; /lInitial timing value
THO = F38_4KHz >> §;
TRO = 1;
INT_CLKO = 0x01;
while (1);

2. Assembler Listing

I* */
[*--- STC MCU Limited. */
/* --- Exam Program of Timer 0 porgrammable clock output */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

AUXR DATA  08EH
INT_CLKO DATA  08FH
TOCLKO BIT P3.5
F38_4KHz EQU OFF10H //38.4KHz(1T mode, 65536-18432000/2/38400)
/IF38_4KHz EQU OFFECH 1/38.4KHz(12T mode,(65536-18432000/2/12/38400)
Il
ORG 0000H
LIMP  MAIN
Il
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ORG 0100H
MAIN:
MOV  SP, #3FH
ORL AUXR, #80H /[Timer 0 in 1T mode
I ANL AUXR, #7FH /[Timer 0 in 12T mode
MOV  TMOD, #00H //set TimerO in mode 0(16 bit auto-reloadable mode)
ANL TMOD, #O0FBH /IC/T0=0, count on internal system clock
1 ORL TMOD, #04H /IC/T0=1, count on external pulse input from TO pin
MOV  TLO, #LOW F38_4KHz /lInitial timing value
MOV  THO, #HIGH F38_4KHz
SETB  TRO
MOV  INT_CLKO, #01H
SIMP  $
END
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7.2.1.3 Demo Program using 16-bit auto-reload Timer 0 to Simulate 10 or 16 bits PWM

1. C Program Listing

* */
/*--- STC MCU Limited. */
[* --- Exam Program using 16-bit auto-reload timer/counter to simulate 10 or 16 bits PWM -*/
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
[I* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"

[l#define PWMG6BIT 64 1/6-bit PWM periodicity

#define PWMS8BIT 256 [//8-bit PWM periodicity

[l#define PWM10BIT 1024 //10-bit PWM periodicity

[l#define PWM16BIT 65536 //16-bit PWM periodicity

#define HIGHDUTY 64 I/ high duty (duty ratio 64/256=25%)
#define LOWDUTY (PWMS8BIT-HIGHDUTY)  //low duty

sfr AUXR = 0x8e; //Auxiliary register

sfr INT_CLKO = 0x8f; //Clock Output register

shit TOCLKO P375; /ITO Clock Output
bit flag;

// Timer 0O interrupt service routine
void tmO() interrupt 1

{
flag = Iflag;
if (flag)
{
TLO = (65536-HIGHDUTY);
THO = (65536-HIGHDUTY) >> 8;
}
else
{
TLO = (65536-LOWDUTY);
THO = (65536-LOWDUTY) >> 8;
}
}
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void main()
{
AUXR = 0x80; /ITO in 1T mode
INT_CLKO = 0x01; /lenable the function of Timer 0 Clock Output
TMOD &= 0xf0; /ITO in mode 0(16-bit auto-reload timer/counter)
TLO = (65536-LOWDUTY); /linitialize the reload value
THO = (65536-LOWDUTY) >> §;
TOCLKO = 1; /linitialize the pin of clock output (soft PWM port)
flag = 0;
TRO = 1; /frun Timer 0
ETO = 1; /lenable Timer O interrupt
EA = 1;
while (1);
}

2. Assembler Listing

* */
/*--- STC MCU Limited. */
[* --- Exam Program using 16-bit auto-reload timer/counter to simulate 10 or 16 bits PWM -*/
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
/* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
[I* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
* */

//suppose the frequency of test chip is 18.432MHz

;PWM6BIT EQU 64 ;6-bit PWM periodicity
PWMS8BIT EQU 256 ;8-bit PWM periodicity
:PWM10BIT EQU 1024 :10-bit PWM periodicity
PWM16BIT EQU 65536 :16-bit PWM periodicity
HIGHDUTY EQU 64 ‘high duty (duty ratio 64/256=25%)
LOWDUTY EQU  (PWMB8BIT-HIGHDUTY) ‘low duty

AUXR DATA  08EH ;Auxiliary register

INT_CLKO DATA 08FH ;Clock Output register

TOCLKO BIT P3.5 ;TO Clock Output

FLAG BIT 20H.0
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ORG 0000H

LIMP  MAIN

ORG 000BH

LIMP  TMO_ISR
MAIN:

MOV  AUXR, #80H

MOV  INT_CLKO, #01H

ANL TMOD, #0FOH

MOV  TLO,

MOV  THO,

SETB  TOCLKO

CLR FLAG

SETB  TRO

SETB ETO

SETB EA

SIMP  §

;Timer O interrupt service routine

TMO_ISR:

CPL  FLAG

JNB FLAG, READYLOW
READYHIGH:

MOV  TLO,

MOV  THO,

JMP  TMOISR_EXIT
READYLOW:

MOV  TLO,

MOV  THO,
TMOISR_EXIT:

RETI

END

#LOW (65536-LOWDUTY)
#HIGH (65536-LOWDUTY)

:TO in 1T mode

;enable the function of Timer 0 clock output

;TO in mode 0(16-bit auto-reload timer/counter)
;initialize the reload value

;initialize the pin of clock output (soft PWM port)

:run Timer O
;enable Timer 0 interrupt

#LOW (65536-HIGHDUTY)
#HIGH (65536-HIGHDUTY)

#LOW (65536-LOWDUTY)
#HIGH (65536-LOWDUTY)
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7.2.1.4 Demo Program using TO to expand External Interrupt (Falling edge)

—— TO as 16-bit Auto-Relaod Counter (C and ASM)
1.C Program Listing

* */
/*--- STC MCU Limited. */
/* --- Exam Program using TO to extend external interrupt (falling edge) -------------======-=--- */
/* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

I/suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

Il
sfr AUXR = 0x8e; //Auxiliary register
shit P10 = P170;
Il
/[Timer O Interrupt Service Routine
void t0int() interrupt 1 /[Timer 0 interrupt, location at 000BH
{
P10 = 1P10;
}
void main()
{
AUXR = 0x80; /ITO in 1T mode
TMOD = 0x04; /ITO as external counter
/land TO in 16-bit auto-relaod mode
THO = TLO = Oxff; //Set the initial value of TO
TRO = 1; [/start up TO
ETO = 1; //Enable TO interrupt
EA = 1;
while (1);
}
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2.Assembler Listing

I* */
[*--- STC MCU Limited. */
/* --- Exam Program using TO to extend external interrupt (falling edge) --------------=-=--=---- */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */
/Isuppose the frequency of test chip is 18.432MHz
AUXR DATA 08EH /[Auxiliary register
1

ORG  0000H

LIMP  MAIN

ORG 000BH /[Timer O interrupt, location at 000BH

LIMP  TOINT
1

ORG  0100H
MAIN:

MOV  SP, #3FH

MOV  AUXR, #80H /TO in 1T mode

MOV  TMOD, #04H /ITO as external counter

/land TO in 16-bit auto-relaod mode
MOV A #OFFH //Set the initial value of TO

MOV  TLO, A
MOV  THO, A

SETB TRO /lstart up TO
SETB  ETO //[Enable TO interrupt
SETB EA
SIMP  $
I
/[Timer 0 interrupt service routine
TOINT:
CPL P1.0
RETI
END
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7.2.2 Mode 1 (16-bit Timer/Counter) and Demo Program (C and ASM)

In this mode, the timer/counter 0 is configured as a 16-bit timer/counter, which is shown below.

AUXR.7/T0x12=0

+12
AUXR.7/T0x12=1 l

TO Pin 4+

TRO

SYSclk

Interrupt

GATE
INTO

Timer/Counter 0 Mode 1 : 16-Bit Timer/Counter

In this mode, the timer register is configured as a 16-bit register. The 16-Bit register consists of all 8 bits of THO
and the lower 8 bits of TLO. Setting the run flag (TRO) does not clear the registers. As the count rolls over from
all 1s to all Os, it sets the timer interrupt flag TFO.

The counted input is enabled to the timer when TRO = 1 and either GATE =0 or INTO = 1.(Setting GATE =1 al-
lows the Timer to be controlled by external input INTO, to facilitate pulse width measurements.) TRO is a control
bit in the Special Function Register TCON. GATE is in TMOD. There are two different GATE bits. one for Timer
1 (TMOD.7) and one for Timer 0 (TMOD.3).

If C/T / TMOD.2 = 0, Timer/Counter 0 would be set for Timer operation (input from internal system clock). How-
erver, if C/T / TMOD.2 = 1, Timer/Counter 0 would be set for Counter operation (input from external T0/P3.4
pin).

In the “Timer” function, the timer register [TLO, THO] is incremented every 12 system clocks or every system
clock depending on AUXR.7(T0x12) bit. If TOx12 = 0, the register [TLO, THO] will be incremented every 12
system clocks.If TOx12 = 1, the register [TLO, THO] will be incremented every system clock.

There are two simple programs that demonstrates Timer 0 as 16-bit Timer/Counter, one written in C language
while other in Assembly language.

1. C Program:

* */
[* --- STC MCU International Limited */
/* --- STC 1T Series 16-bit Timer Demo */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
* */
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#include "reg51.h"

typedef unsigned char BYTE;
typedef unsigned int WORD;
1
/* define constants */
#define FOSC 18432000L
#define MODELT

#ifdef MODELT

/ITimer clock mode, comment this line is 12T mode, uncomment is 1T mode

#define TIMS (65536-FOSC/1000)  //1ms timer calculation method in 1T mode

#else

#define TIMS (65536-FOSC/12/1000) //1ms timer calculation method in 12T mode

#endif

/* define SFR */
sfr AUXR
shit TEST_LED

0x8e;
POMO;

/* define variables */
WORD count;

1
/* Timer0 interrupt routine */
void tmO_isr() interrupt 1 using 1

{
TLO =T1MS;
THO =T1MS >> 8;
if (count-- == 0)
{
count = 1000;
TEST_LED =!TEST_LED;
}
}
Il
/* main program */
void main()
{
#ifdef MODEILT
AUXR = 0x80;
#endif
TMOD = 0x01;
TLO =T1MS;
THO =T1MS >> 8;
TRO=1;
ETO=1;
EA=1;
count = 0;
while (1);
}

/[Auxiliary register
/lwork LED, flash once per second

/11000 times counter

/Ireload timer0 low byte
/Ireload timer0 high byte
/l1ms * 1000 -> 1s

/Ireset counter
/lwork LED flash

/ltimer0 work in 1T mode

/lset timer0 as model (16-bit)
/finitial timer0 low byte
/linitial timer0 high byte
/ltimer0 start running
/lenable timer0 interrupt
/lopen global interrupt switch
[linitial counter

//loop
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2. Assembly Program:

;/* */

:/* --- STC MCU International Limited */

:/* --- STC 1T Series 16-bit Timer Demo */

;/* --- Mobile: (86)13922805190 */

;/* --- Fax: 86-755-82905966 */

;/* --- Tel: 86-755-82948412 */

% --- Web: www.STCMCU.com */

;/* If you want to use the program or the program referenced in the */

;/* article, please specify in which data and procedures from STC */

;/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */

;/*---- And only contain < reg51.h > as header file */

i !

:/* define constants */

#define MODELT ;Timer clock mode, comment this line is 12T mode, uncomment is 1T mode
#ifdef MODELT

TIMS EQU 0B800H ;Ams timer calculation method in 1T mode is (65536-18432000/1000)
#else

T1IMS EQU OFAOQOH ;Ams timer calculation method in 12T mode is (65536-18432000/12/1000)
#endif

:/* define SFR */

AUXR DATA 8EH ;Auxiliary register

TEST_LED BIT P1.0 ;work LED, flash once per second
:/* define variables */

COUNT DATA 20H ;1000 times counter (2 bytes)

ORG 0000H

LIMP  MAIN

ORG 000BH

LIMP  TMO_ISR

;/* main program */

MAIN:
#ifdef MODEILT
MOV  AUXR, #80H :timer0O work in 1T mode
#endif
MOV  TMOD, #01H ;set timer0 as model (16-bit)
MOV  TLO, #LOW T1MS ;initial timer0 low byte
MOV  THO, #HIGH T1MS ;initial timer0 high byte
SETB TRO ;timer0 start running
SETB ETO ;enable timer0 interrupt
SETB EA ;open global interrupt switch
CLR A
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MOV
MOV
SIMP

COUNT, A
COUNT+1, A
$

;/* TimerOQ interrupt routine */

TMO_ISR:
PUSH ACC
PUSH PSW
MOV  TLO, #LOW T1MS
MOV  THO,  #HIGH T1MS
MOV A, COUNT
ORL A, COUNT+1
INZ  SKIP
MOV  COUNT, #LOW 1000
MOV  COUNT+1#HIGH 1000
CPL  TEST_LED

SKIP:
CLR C
MOV A, COUNT
SUBB A, #1
MOV  COUNT, A
MOV A, COUNT+1
SUBB A, #0
MOV  COUNT+1,A
POP  PSW
POP  ACC
RETI
END

;initial counter

;reload timer0 low byte
;reload timer0 high byte

;check whether count(2byte) is equal to 0

:Ims * 1000 -> 1s

:work LED flash

;count--

320
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7.2.3 Mode 2 (8-bit Auto-Reload Timer/Counter) and Demo Program

Mode 2 configures the timer register as an 8-bit Timer/Counter(TLO) with automatic reload. Overflow from TLO

not only set TFO, but also reload TLO with the content of THO, which is preset by software. The reload leaves
THO unchanged.

TFO Interrupt

Timer/Counter 0 Mode 2: 8-Bit Auto-Reload

When TOCLKO/INT_CLKO.0=1, P3.5/T1 is configured for Timer 0 programmable clock output TOCLKO.
The clock output frequency = TO overflow/2
If Timer/Counter 0 in mode 2 (8 bit auto-reloadable mode),
and if CT =0, namely Timer/Counter O count on the internal system clock,
When TO in 1T mode(AUXR.7/T0x12=1), the output frequency = (SYSclk) / (256-THO0) / 2
When TO in 12T mode(AUXR.7/T0x12=0), the output frequency = (SYSclk) / 12 / (256-THO) / 2
and if C/T =1, namely Timer/Counter 0 count on the external pulse input from P3.4/T0,
the output frequency = (TO_Pin_CLK) / (256-THO) / 2
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;TO Interrupt (falling edge) Demo programs, where TO operated in Mode 2 (8-bit auto-relaod mode)
; The Timer Interrupt can not wake up MCU from Power-Down mode in the following programs

1. C program

I* */
[* --- STC MCU International Limited */
/* --- STC 1T Series MCU TO (Falling edge) Demo */
[* --- Mobile: (86)13922805190 */

[* --- Fax: 86-755-82905966 */

[* --- Tel: 86-755-82948412 */

[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */

/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

#include "reg51.h"
sfr AUXR = 0x8e;

/ITO interrupt service routine
void t0int( ) interrupt 1

{

}

void main()

{
AUXR = 0x80;
TMOD = 0x06;
TLO = THO = Oxff;
TRO = 1;
ETO = 1;
EA = 1;
while (1);

}

//Auxiliary register

/ITO interrupt (location at 000BH)

/ltimer0 work in 1T mode

//set timer0 as counter mode2 (8-bit auto-reload)

[/fill with Oxff to count one time
//timerO0 start run

/lenable TO interrupt

/lopen global interrupt switch
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2. Assembly program

I* */
[* --- STC MCU International Limited */
[* --- STC 1T Series MCU TO (Falling edge) Demo */
/* --- Mobile: (86)13922805190 */

/* --- Fax: 86-755-82905966 */

[* --- Tel: 86-755-82948412 */

[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */

/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
[*---- And only contain < reg51.h > as header file */
I* */

AUXR DATA 08EH ;Auxiliary register

;interrupt vector table

ORG 0000H
LIMP MAIN
ORG 000BH ;TO interrupt (location at 000BH)
LIMP  TOINT
ORG 0100H
MAIN:
MOV SP, #7FH ;initial SP
MOV  AUXR, #80H ;timer0 work in 1T mode
MOV  TMOD, #06H ;set timer0 as counter mode2 (8-bit auto-reload)
MOV A, #OFFH
MOV  TLO, A ;fill with Oxff to count one time
MOV THO, A
SETB TRO ;timer0 start run
SETB ETO ;enable TO interrupt
SETB EA ;open global interrupt switch
SIMP $

;TO interrupt service routine

TOINT:
RETI

END
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7.2.4 Mode 3 (16-bit Auto-Relaod Timer/Couter whose Interrupt can not be disabled)

Timer/Counter 1 in Mode 3 simply holds its count, the effect is the same as setting TR1 = 0.

For Timer/Counter 0, mode 3 is the same as Mode 0, except that the timer interrupt in mode 3 can not be disabled
by EA or ETO bits. The principle diagram of mode 3 is shown below.

When TO in mode 3, only can ETO/IE.1=1 enable its interrupt irrespective of EA/IE.7. Once the TO interrupt
is enabled by ETO/IE.1, it will not be disabled by any bit including ETO and EA bits and will be in the highest
priority, which will not be interrupted by any interrupt.

AUXR.7/T0x12=0
L TFO Interrupt
SYSclk AN
= Toggle
AUXR.7/T0x12=1 —
TLO THO e
TO Pin T= : (8 bits) (Sbits)b_ E>{T0cu<o
P3.5
GATE [] H
INTO (8 bits) | (8bits)

Timer/Counter 0 Mode 3: 16-bit auto-reload Timer/Counter whose interrupt can not be disabled

If Timer/Counter 0 works in mode 3, how is the TO interrupt enabled.

Setting using C Language:

TMOD = 0x11; //set Timer/Counter 0 in mode 3
TRO = 1; /frun Timer/Counter 0
/IEA = 1; //[Comment EA=1,
/lthe interrupt of TO in mode 3 is irrespective of EA
ETO = 1; //[Enable TO interrupt
Setting using assembly:
MOV  TMOD, #00H //set Timer/Counter 0 in mode 3
SETB TRO /Irun Timer/Counter 0
/ISETB EA //IComment EA=1,
/lthe interrupt of TO in mode 3 is irrespective of EA
SETB ETO //[Enable TO interrupt
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7.3 Timer/Counter 1 Modes

Timer/Counter 1 can be configured for three modes by setting M1(TMOD.5) and MO(TMOD.4) in sepcial
function register TMOD.

7.3.1 Mode 0 (16-Bit Auto-Relaod Timer/Counter) and Demo Program

In this mode, the timer/counter 1 is configured as a 16-bit auto-reload timer/counter, which is shown below.

Interrupt

Toggle
TL1 TH1 /
(8 bits) | (8 bits) b— ; TlCLKO
{ P3.4

T1CLKO

[ ]
RL_TL1 | RL_THL
(8 bits) | (8bits)

Timer/Counter 1 Mode 0: 16-Bit Auto-Relaod Timer/Counter

The counted input is enabled to the timer when TR1 = 1 and either GATE = 0 or INT1 = 1.(Setting GATE = 1 al-
lows the Timer to be controlled by external input INT1, to facilitate pulse width measurements.) TR1 is a control
bit in the Special Function Register TCON. GATE is in TMOD. There are two different GATE bits. one for Timer
1 (TMOD.7) and one for Timer 0 (TMOD.3).

If C/T / TMOD.6 = 0, Timer/Counter 1 would be set for Timer operation (input from internal system clock). How-
erver, if C/T / TMOD.6 = 1, Timer/Counter 1 would be set for Counter operation (input from external T1/P3.5

pin).

In the “Timer” function, the timer register [TL1, TH1] is incremented every 12 system clocks or every system
clock depending on AUXR.6(T1x12) bit. If T1x12 = 0, the register [TL1, TH1] will be incremented every 12
system clocks.If T1x12 = 1, the register [TL1, TH1] will be incremented every system clock.

There are two hidden registers RL_TH1 and RL_TL1 for Timer/Counter 1. the address of RL_TH1 is the same
as TH1's. And, RL_TL1 and TL1 share in the same address. When TR1 = 0 disable Timer/Counter 1, the content
written into register [TL1, TH1] will be written into [RL_TL1, RL_TH1] too. When TR1 = 1 enable Timer/
Counter 1, the content written into register [TL1, TH1] actually don not be writen into [TL1, TH1], but into
[RL_TLZ1, RL_TH1]. When users read the content of [TL1, TH1], it is the content of [TL1, TH1] to read instead
of [RL_TL1, RL_TH1].

When Timer/Counter 1 work in mode 0(TMOD[5:4]/[M1,M0]=00B), overflow from [TL1, TH1] will not only

set TF1, but also reload [TL1, TH1] with the content of [RL_TL1, RL_TH1], which is preset by software. The
reload leaves [RL_TL1, RL_TH1] unchanged.
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When TICLKO/INT_CLKO.1=1, P3.4/T0 is configured for Timer 1 programmable clock output TICLKO.

The clock output frequency = T1 overflow/2

If Timer/Cou_nter 1 in mode 2 (8 bit auto-reloadable mode),
and if C/T = 0, namely Timer/Counter 1 count on the internal system clock,

When T1 in 1T mode(AUXR.6/T1x12=1), the output frequency = (SYSclk) / (256-TH1) / 2
When T1 in 12T mode(AUXR.6/T1x12=0), the output frequency = (SYSclk) / 12 / (256-TH1) / 2

and if C/T = 1, namely Timer/Counter 1 count on the external pulse input from P3.5/T1,
the output frequency = (T1_Pin_CLK) / (256-TH1) / 2
RL_TH1 is the reloaded register of TH1, RL_TL1 is the reload register of TL1.

7.3.1.1 Demo Program of 16-bit Auto-Reload Timer/Counter 1 (C and ASM)

1.C Program Listing
/*

*/

/*--- STC MCU Limited.

[* --- Exam Program of 16-bit auto-reload timer/counter 1

/* - Mobile: (86)13922805190

*/
*/

*/

[* --- Fax: 86-755-82905966
[* --- Tel: 86-755-82948412

*/
*/

/* --- Web: www.STCMCU.com

*/

/* If you want to use the program or the program referenced in the
[I* article, please specify in which data and procedures from STC

[*---- In Keil C development environment, select the Intel 8052 to compiling
/*---- And only contain < reg51.h > as header file

/*

I/suppose the frequency of test chip is 18.432MHz

#include "reg51.h"

typedef unsigned char BYTE;
typedef unsigned int WORD;

1

#define FOSC  18432000L

#define TIMS  (65536-FOSC/1000)
/l#define TIMS  (65536-FOSC/12/1000)

sfr AUXR = 0x8e;
shit P10 = P110;
Il

/11T mode, 18.432KHz
/12T mode, 18.432KHz

//Auxiliary register
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/* Timerl interrupt routine */
void tmZ1_isr() interrupt 3 using 1

{

P10 = 1 P10;
}
1
/* main program */
void main()
{

AUXR |- 0x40; /IT1 in 1T mode
1l AUXR &= Oxdf; /IT1 in 12T mode

TMOD = 0x00; /Iset T1 as 16-bit auto-reload timer/counter

TL1 = TIMS; /linitialize the timing value

TH1 = TIMS >>8;

TR1 = 1; /frun T1

ET1 = 1; /[Enable T1 interrupt

EA = 1;

while (1);
}
2. Assembler Listing
I* */
[* --- STC MCU Limited. */
[* --- Exam Program of 16-bit auto-reload timer/counter 1 */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

AUXR DATA 08EH //Auxiliary register
TIMS EQU 0B80OOH /I1T mode, the timing value of 1ms is (65536-18432000/1000)
/ITIMS EQU OFAQ0OH //12Tmode, the timing value of 1ms is (65536-18432000/1000/12)

Nantong Guoxin Micro-Electronics Co. Ltd. Switchboard: 0513-5501 2928/ 2929/ 2966 Fax: 0513-5501 2969/ 2956/ 2947 327



STC15W4K3254 series MCU Manual

www.GXWMCU.com

Temporary Technical Adviser:(86)13922829991

Tel of R&D Adviser:(86)13922805190

ORG 0000H
LIMP  MAIN
ORG 001BH
LIMP  TI1INT
ORG 0100H
MAIN:
MOV  SP, #3FH
ORL AUXR, #40H
1 ANL AUXR, #0DFH
MOV  TMOD, #00H
MOV  TL1, #LOW T1MS
MOV  TH1, #HIGH T1IMS
SETB TR1
SETB ET1
SETB EA
SIMP  §
1
/[Timerl interrupt routine
T1INT:
CPL P1.0
RETI
END

/IT1 in 1T mode
/IT1 in 12T mode

/Iset T1 as 16-bit auto-reload timer/counter

/linitialize the timing value

/IrunT1
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7.3.1.2 Demo Program of T1 Programmable Clock Output (C and ASM)
—— T1 as 16-bit Auto-Reload Timer/Counter

The following is the example program that Timer 1 output programmable clock by dividing the frequency of in-
ternal system clock or the clock input from external pin T1/P3.5 (C and assembly):

1. C Program Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program of Timer 1 porgrammable clock output */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz
#include "reg51.h"

typedef unsigned char BYTE;
typedef unsigned int WORD;

#define FOSC  18432000L

/I
sfr AUXR = 0x8e;
sfr INT_CLKO = 0x8f;
shit TICLKO = P374;
#define F38_4KHz (65536-FOSC/2/38400) /11T Mode
[l#define F38_4KHz (65536-FOSC/2/12/38400) /12T Mode
Il
void main()
{
AUXR |= 0x40; /[Timer 1 in 1T mode
/i AUXR &= ~0x40; /[Timer 1 in 12T mode
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TMOD = 0x00; /set Timer 1 in mode 0(16 bit auto-reloadable mode)
TMOD &= ~0x40; /IC/T1=0, count on internal system clock
1 TMOD |= 0x40; /IC/T1=1, count on external pulse input from T1 pin
TL1 = F38_4KHz; /lInitial timing value
TH1 = F38_4KHz >> §;
TR1 = 1;
INT_CLKO = 0x02;
while (1);

2. Assembler Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program of Timer 1 porgrammable clock output */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

/Isuppose the frequency of test chip is 18.432MHz

AUXR DATA 08EH
INT_CLKO DATA 08FH
T1CLKO BIT P3.4
F38_4KHz EQU OFF10H //38.4KHz(1T mode, 65536-18432000/2/38400)
/I[F38_4KHz EQU OFFECH 1/38.4KHz(12T mode, (65536-18432000/2/12/38400)
ORG 0000H
LIMP  MAIN
Il
ORG 0100H
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MAIN:
MOV SR, #3FH
ORL AUXR, #40H
I ANL AUXR, #0BFH
MOV  TMOD, #00H
ANL TMOD, #0BFH
I ORL TMOD, #40H
MOV  TL1, #LOW F38_4KHz
MOV  TH1, #HIGH F38_4KHz
SETB TR1
MOV  INT_CLKO, #02H
SIMP  §
END

/ITimer 1 in 1T mode
/ITimer 1 in 12T mode

/Iset Timer 1 in mode 0(16 bit auto-reloadable mode)

/IC/T1=0, count on internal system clock
/ICIT1=1, count on external pulse input from T1 pin

/lnitial timing value
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7.3.1.3 Demo Program using 16-bit auto-reload Timer 1 as UART1 baud-rate Generator

1. C Program Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program using 16-bit auto-reload timer/counter 1 as UART1 baud-rate generator */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------=------ */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

typedef unsigned char BYTE;

typedef unsigned int WORD;

#define FOSC  18432000L //system frequency
#define BAUD 115200 //baud-rate

#define NONE_PARITY 0 /Inone parity
#define ODD_PARITY 1 //odd parity

#define EVEN_PARITY 2 /leven parity

#define MARK_PARITY 3 /Imark parity
#define SPACE_PARITY 4 /Ispace parity
#define PARITYBIT EVEN_PARITY //define the parity bit
sfr AUXR = 0x8e; //Auxiliary register
shit p22 = P2/2;

bit busy;

void SendData(BYTE dat);
void SendString(char *s);
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void main()

{

#if (PARITYBIT == NONE_PARITY)
SCON = 0x50; //8-bit variable baud-rate

#elif (PARITYBIT == ODD_PARITY) || (PARITYBIT == EVEN_PARITY) || (PARITYBIT == MARK_PARITY)
SCON = Oxda; /19-bit variable baud-rate

[lthe parity bit is initialized for 1
#elif (PARITYBIT == SPACE_PARITY)
SCON = 0xd2; //9-bit variable baud-rate
[lthe parity bit is initialized for 0

#endif
AUXR = 0x40; /IT1in 1T mode
TMOD = 0x00; /IT1 in mode 0 (16-bit auto-reload timer/counter)
TL1 = (65536 - (FOSC/32/BAUD)); //set the preload value
TH1 = (65536 - (FOSC/32/BAUD))>>8;
TR1 = 1; [lrun T1
ES = 1; /lenable UART1 interrupt
EA = 1;
SendString("STC15W4K32S4\r\nUart Test \r\n");
while(1);
}
/*
UART Interrupt Service Routine
*/
void Uart() interrupt 4 using 1
{
if (RI)
{
RI =0; /lclear RI
PO = SBUF; /lserial data is shown in PO
P22 = RBS; /IP2.2 display parity bit
}
if (TI)
{
TI=0; /lclear TI
busy = 0; /lclear busy flag
}
}
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/*
Send UART data

*/
void SendData(BYTE dat)
{
while (busy); /Iwait to finish sending the previous data
ACC = dat; /I access to the parity bit ---- P (PSW.0)
if (P)
{
#if (PARITYBIT == ODD_PARITY)
TB8=0; /Ilthe parity bit is set for 0
#elif (PARITYBIT == EVEN_PARITY)
TB8=1; /Ithe parity bit is set for 1
#endif
}
else
{
#if (PARITYBIT == ODD_PARITY)
TB8=1; /Ithe parity bit is set for 1
#elif (PARITYBIT == EVEN_PARITY)
TB8=0; /Ilthe parity bit is set for 0
#endif
}
busy = 1;
SBUF = ACC; /lwrite the data into SBUF of UART
}
/*
Send string
*/
void SendString(char *s)
{
while (*s)
{
SendData(*s++); //send the current char
}
}
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2. Assembler Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program using 16-bit auto-reload timer/counter 1 as UART1 baud-rate generator */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

#define  NONE_PARITY O /Inone parity
#define ODD_PARITY 1 //odd parity
#define EVEN_PARITY 2 /leven parity
#define MARK_PARITY 3 /Imark parity
#define SPACE_PARITY 4 /Ispace parity
#define PARITYBIT EVEN_PARITY /ldefine the parity bit
Il
AUXR EQU 08EH //Auxiliary register
BUSY BIT 20H.0
Il
ORG 0000H
LIMP  MAIN
ORG 0023H
LIMP  UART_ISR
Il
ORG 0100H
MAIN:
CLR BUSY
CLR EA
MOV  SP, #3FH
#if (PARITYBIT == NONE_PARITY)
MOV SCON, #50H /18-bit variable baud-rate
#elif (PARITYBIT == ODD_PARITY) || (PARITYBIT == EVEN_PARITY) || (PARITYBIT == MARK_PARITY)
MOV SCON, #0DAH //9-bit variable baud-rate, the parity bit is initialized for 1
#elif (PARITYBIT == SPACE_PARITY)
MOV SCON, #0D2H //9-bit variable baud-rate, the parity bit is initialized for 0
#endif

Nantong Guoxin Micro-Electronics Co. Ltd. Switchboard: 0513-5501 2928/ 2929/ 2966 Fax: 0513-5501 2969/ 2956/ 2947 335



STC15WA4K3254 series MCU Manual ~ www.GXWMCU.com  Temporary Technical Adviser:(86)13922829991  Tel of R&D Adviser:(86)13922805190

1

MOV  AUXR, #40H /IT1in 1T mode

MOV  TMOD, #00H /IT1 in mode 0 (16-bit auto-reload timer/counter)
MOV  TL1, #0FBH /Iset the preload value (65536-18432000/32/115200)
MOV  TH1, #OFFH

SETB TR1 /lrun T1

SETB ES /lenable UART1 interrupt

SETB EA

MOV  DPTR, #TESTSTR
LCALL SENDSTRING

SIMP  $
TESTSTR:
DB "STC15W4K32S4 Uartl Test !",0DH,0AH,0
I
;UART Interrupt Service Routine
; */
UART_ISR:
PUSH ACC
PUSH PSW
JNB RI, CHECKTI
CLR RI /lclear RI
MOV PO, SBUF //serial data is shown in PO
MOV  C, RB8
MOV P22, C //P2.2 display parity bit
CHECKTI:
JNB TI, ISR_EXIT
CLR Tl /lclear TI
CLR BUSY /lclear busy flag
ISR_EXIT:
POP PSW
POP ACC
RETI
I
:Send UART data
; */
SENDDATA:
JB BUSY, $ /Iwait to finish sending the previous data
MOV  ACC, A /laccess to the parity bit ---- P (PSW.0)
JNB P, EVEN1INACC
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ODD1INACC:
#if (PARITYBIT == ODD_PARITY)
CLR TB8
#elif (PARITYBIT == EVEN_PARITY)
SETB TBS8
#endif
SIMP PARITYBITOK
EVENI1INACC:
#if (PARITYBIT == ODD_PARITY)
SETB TBS8
#elif (PARITYBIT == EVEN_PARITY)
CLR TB8
#endif
PARITYBITOK:
SETB BUSY
MOV SBUF, A
RET
I
;Send string
Il */
SENDSTRING:
CLR A
MOVC A, @A+DPTR
JZ STRINGEND
INC DPTR

LCALL SENDDATA
SIMP  SENDSTRING
STRINGEND:
RET
1

END

[Ithe parity bit is set for 0

[lthe parity bit is set for 1

[lthe parity bit is set for 1

[lthe parity bit is set for 0

/write the data into SBUF of UART
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7.3.1.4 Demo Program using T1 to expand External Interrupt (Falling edge)

—— T1 as 16-bit Auto-Relaod Counter (C and ASM)
1.C Program Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program using T1 to extend external interrupt (falling edge) ----------------=-=----- */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

Il
sfr AUXR = 0x8e; //Auxiliary register
shit P10 = P170;
Il
/[Timer 1 Interrupt Service Routine
void tlint() interrupt 3 /[Timer 1 interrupt, location at 001BH
{
P10 = IP10;
}
void main()
{
AUXR = 0x40; //T1in 1T mode
TMOD = 0x40; /IT1 as external counter
/land T1 in 16-bit auto-relaod mode
TH1 = TL1 = Oxff; //Set the initial value of T1
TR1 = 1; Ilstartup T1
ET1 = 1; //[Enable T1 interrupt
EA = 1;
while (1);
}
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2.Assembler Listing

* */
/*--- STC MCU Limited. */
/* --- Exam Program using T1 to extend external interrupt (falling edge) ------------=======-=--- */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
[I* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
[*---- And only contain < reg51.h > as header file */
* */

//suppose the frequency of test chip is 18.432MHz

AUXR DATA 08EH //Auxiliary register
I/
ORG 0000H
LIMP MAIN
ORG 001BH /[Timer 1 interrupt, location at 001BH
LIMP  T1INT
I/
ORG 0100H
MAIN:
MOV SP, #3FH
MOV AUXR, #40H /IT1in 1T mode
MOV  TMOD, #40H /IT1 as external counter
/land T1 in 16-bit auto-relaod mode
MOV A #OFFH //Set the initial value of T1

MOV  TLI, A
MOV  THI, A

SETB TR1 /lstart up T1
SETB ET1 //[Enable T1 interrupt
SETB EA
SIMP  $
1
/[Timer 1 Interrupt Service Routine
T1INT:
CPL P1.0
RETI
END
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7.3.2 Mode 1 (16-bit Timer/Counter) and Demo Programs (C and ASM)

In this mode, the timer/counter 1 is configured as a 16-bit timer/counter, which is shown below.

AUXR.6/T1x12=0

SYSclk

TLL | THL |—>Interru t
(8 Bits)| (8 bits TH P

control

INT1

Timer/Counter 1 Mode 1 : 16-Bit Timer/Counter

In this mode, the timer register is configured as a 16-bit register. The 16-Bit register consists of all 8 bits of TH1
and the lower 8 bits of TL1. Setting the run flag (TR1) does not clear the registers. As the count rolls over from
all 1s to all Os, it sets the timer interrupt flag TF1.

The counted input is enabled to the timer when TR1 = 1 and either GATE =0 or INT1 = 1.(Setting GATE =1 al-
lows the Timer to be controlled by external input INT1, to facilitate pulse width measurements.) TR1 is a control
bit in the Special Function Register TCON. GATE is in TMOD. There are two different GATE bits. one for Timer
1 (TMOD.7) and one for Timer 0 (TMOD.3).

If C/T / TMOD.6 = 0, Timer/Counter 1 would be set for Timer operation (input from internal system clock). How-
erver, if C/T / TMOD.6 = 1, Timer/Counter 1 would be set for Counter operation (input from external T1/P3.5
pin).

In the “Timer” function, the timer register [TL1, TH1] is incremented every 12 system clocks or every system
clock depending on AUXR.6(T1x12) bit. If T1x12 = 0, the register [TL1, TH1] will be incremented every 12
system clocks.If T1x12 = 1, the register [TL1, TH1] will be incremented every system clock.

There are another two simple programs that demonstrates Timer 1 as 16-bit Timer/Counter, one written in C
language while other in Assembly language.

1. C Program

I* */
[* --- STC MCU International Limited */
/* --- STC 1T Series 16-bit Timer Demo */
/* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */
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#include "reg51.h"

typedef unsigned char BYTE;
typedef unsigned int WORD;
1
/* define constants */

#define FOSC 18432000L

#define MODELT /ITimer clock mode, comment this line is 12T mode, uncomment is 1T mode
#ifdef MODEILT

#define TLMS (65536-FOSC/1000) //1ms timer calculation method in 1T mode
#else

#define TIMS (65536-FOSC/12/1000) //1ms timer calculation method in 12T mode
#endif

/* define SFR */

sfr  AUXR = 0x8e; //Auxiliary register

shit TEST_LED = PO"0; /lwork LED, flash once per second

/* define variables */

WORD count; /11000 times counter

1
/* TimerO interrupt routine */
void tmZ1_isr() interrupt 3 using 1

{
TL1 =T1MS; /Ireload timerl low byte
TH1=T1MS >> 8; /lreload timerl high byte
if (count-- ==0) //1ms * 1000 -> 1s
{
count = 1000; /lreset counter
TEST _LED =!TEST _LED; /lwork LED flash
}
}
Il
/* main program */
void main()
{
#ifdef MODEILT
AUXR = 0x40; /ftimerl work in 1T mode
#endif
TMOD = 0x10; //set timerl as model (16-bit)
TL1=T1MS; /finitial timerl low byte
TH1=T1MS >>8; /linitial timerl high byte
TR1=1; /ltimer1 start running
ET1=1; /lenable timerl interrupt
EA=1; /lopen global interrupt switch
count = 0; /finitial counter
while (1); //loop
}
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2. Assembly Program

I* */

[* --- STC MCU International Limited */

[* --- STC 1T Series 16-bit Timer Demo */

/* --- Mobile: (86)13922805190 */

/* --- Fax: 86-755-82905966 */

[* --- Tel: 86-755-82948412 */

[* --- Web: www.STCMCU.com */

/* If you want to use the program or the program referenced in the */

I* article, please specify in which data and procedures from STC */

/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */

[*---- And only contain < reg51.h > as header file */

I* */

;/* define constants */

#define MODEILT ;Timer clock mode, comment this line is 12T mode, uncomment is 1T mode
#ifdef MODEILT

TIMS EQU 0B80OOH ;1ms timer calculation method in 1T mode is (65536-18432000/1000)
#else

TIMS EQU OFAQ0H ;1ms timer calculation method in 12T mode is (65536-18432000/12/1000)
#endif

:/* define SFR */

AUXR DATA 8EH ;Auxiliary register
TEST_LED BIT P1.0 ;work LED, flash once per second
;/* define variables */
COUNT DATA 20H ;1000 times counter (2 bytes)
ORG 0000H
LIMP  MAIN
ORG 001BH

LIMP  TM1_ISR

;/* main program */

MAIN:
#ifdef MODEILT
MOV  AUXR, #40H ;timerl work in 1T mode
#endif
MOV  TMOD, #10H ;set timerl as model (16-bit)
MOV  TL1, #LOW T1MS ;initial timerl low byte
MOV  TH1, #HIGH T1MS ;initial timer2 high byte
SETB TR1 ;timer1 start running
SETB ET1 ;enable timerl interrupt
SETB EA ;open global interrupt switch
CLR A
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MOV
MOV
SIMP

COUNT, A
COUNT+L,A

$

;/* Timerl interrupt routine */

TM1_ISR:
PUSH ACC
PUSH PSW
MOV  TL1,  #LOWTIMS
MOV  TH1,  #HIGHTIMS
MOV A, COUNT
ORL A, COUNT+1
INZ  SKIP
MOV  COUNT, #LOW 1000
MOV COUNT+1#HIGH 1000
CPL  TEST LED

SKIP:
CLR C
MOV A, COUNT
SUBB A, #1
MOV  COUNT, A
MOV A, COUNT+1
SUBB A, #0
MOV  COUNT+LA
POP  PSW
POP  ACC
RETI
END

:initial counter

;reload timerl low byte
;reload timerl high byte

;check whether count(2byte) is equal to 0

:Ims * 1000 -> 1s

:work LED flash

:count--
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7.3.3 Mode 2 (8-bit Auto-Reload Timer/Counter) and Demo Program

Mode 2 configures the timer register as an 8-bit t Timer/Counter (TL1) with automatic reload. Overflow from

TL1 not only set TF1, but also reload TL1 with the content of TH1, which is preset by software. The reload leaves
TH1 unchanged.

Interrupt

TICLKO

Timer/Counter 1 Mode 2: 8-Bit Auto-Reload

When T1CLKO/INT_CLKO.1=1, P3.4/T0 is configured for Timer 1 programmable clock output TLCLKO.
The clock output frequency = T1 overflow/2
If Timer/Counter 1 in mode 2 (8 bit auto-reloadable mode),
and if CT =0, namely Timer/Counter 1 count on the internal system clock,
When T1 in 1T mode(AUXR.6/T1x12=1), the output frequency = (SYSclk) / (256-TH1) / 2
When T1 in 12T mode(AUXR.6/T1x12=0), the output frequency = (SYSclk) / 12 / (256-TH1) / 2
and if C/T =1, namely Timer/Counter 1 count on the external pulse input from P3.5/T1,
the output frequency = (T1_Pin_CLK) / (256-TH1) / 2
RL_TH1 is the reloaded register of TH1, RL_TL1 is the reload register of TL1.
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7.3.3.1 Demo Program using 8-bit auto-reload Timer 1 as UART1 baud-rate Generator
1. C Program Listing

* */
/*--- STC MCU Limited. */
[* --- Exam Program using 8-bit auto-reload timer/counter 1 as UART1 baud-rate generator -*/
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
/* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
[I* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
* */

//suppose the frequency of test chip is 18.432MHz
#include "reg51.h"

#include "intrins.h"

typedef unsigned char BYTE;

typedef unsigned int WORD;

#define FOSC ~ 18432000L //system frequency

#define BAUD 115200 //baud-rate

#define NONE_PARITY 0 /Inone parity

#define ODD_PARITY 1 /lodd parity

#define EVEN_PARITY 2 /leven parity

#define MARK_PARITY 3 /Imark parity

#define SPACE_PARITY 4 IIspace parity

#define PARITYBIT EVEN_PARITY //define the parity bit

sfr AUXR = 0x8e; //Auxiliary register

shit p22 = p22;

bit busy;

void SendData(BYTE dat);

void SendString(char *s);

void main()

{

#if (PARITYBIT == NONE_PARITY)
SCON = 0x50; //8-bit variable baud-rate

#elif (PARITYBIT == ODD_PARITY) || (PARITYBIT == EVEN_PARITY) || (PARITYBIT == MARK_PARITY)
SCON = 0xda; //9-bit variable baud-rate, the parity bit is initialized for 1
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#elif (PARITYBIT == SPACE_PARITY)

SCON = 0xd2; //9-hit variable baud-rate, the parity bit is initialized for 0
#endif
AUXR = 0x40; /IT1in 1T mode
TMOD = 0x20; /IT1 in mode2 (8-hit auto-reload timer/counter)
TL1 = (256 - (FOSC/32/BAUD));  /Iset the preload value
TH1 = (256 - (FOSC/32/BAUD));
TR1 = 1; /lrunT1
ES = 1; /lenable UART1 interrupt
EA = 1;
SendString("STC15W4K32S4\r\nUart Test '\r\n");
while(1);
}
/*
UART Interrupt Service Routine
*/
void Uart() interrupt 4 using 1
{
if (RI)
{
RI = 0; /lclear RI
PO = SBUF; /Iserial data is shown in PO
P22 = RBS; //P2.2 display parity bit
}
if (T1)
{
TI = 0; /lclear TI
busy = 0; /lclear busy flag
}
}
/*
Send UART data
*/
void SendData(BYTE dat)
{
while (busy); [Iwait to finish sending the previous data
ACC = dat; //access to the parity bit ---- P (PSW.0)
if (P)
{
#if (PARITYBIT == ODD_PARITY)
TB8 =0; [lthe parity bit is set for 0
#elif (PARITYBIT == EVEN_PARITY)
TB8=1; [lthe parity bit is set for 1
#endif
}
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else

{
#if (PARITYBIT == ODD_PARITY)

TB8 =1, [lthe parity bit is set for 1
#elif (PARITYBIT == EVEN_PARITY)
TB8 =0; /lthe parity bit is set for 0
#endif
}
busy = 1;
SBUF = ACC; /Iwrite the data into SBUF of UART
}
/*
Send string
*/
void SendString(char *s)
while (*s)
{
SendData(*s++);
}

2. Assembler Listing

I* */
[* --- STC MCU Limited. */
[* --- Exam Program using 8-bit auto-reload timer/counter 1 as UART1 baud-rate generator -*/
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#define NONE_PARITY O /Inone parity
#define ODD_PARITY 1 /lodd parity

#define EVEN_PARITY 2 /leven parity

#define MARK_PARITY 3 /Imark parity
#define SPACE_PARITY 4 IIspace parity
#define PARITYBIT EVEN_PARITY //define the parity bit

1
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AUXR EQU 08EH //Auxiliary register
BUSY BIT 20H.0
Il
ORG 0000H
LIMP  MAIN
ORG 0023H
LIMP  UART_ISR
Il
ORG 0100H
MAIN:
CLR BUSY
CLR EA
MOV  SP, #3FH
#if (PARITYBIT == NONE_PARITY)
MOV  SCON, #50H //8-bit variable baud-rate
#elif (PARITYBIT == ODD_PARITY) || (PARITYBIT == EVEN_PARITY) || (PARITYBIT == MARK_PARITY)
MOV  SCON, #0DAH //9-bit variable baud-rate, the parity bit is initialized for 1
#elif (PARITYBIT == SPACE_PARITY)
MOV  SCON, #0D2H //9-bit variable baud-rate, the parity bit is initialized for O
#endif
Il
MOV  AUXR, #40H /IT1in 1T mode
MOV  TMOD, #20H /IT1 in mode2 (8-bit auto-reload timer/counter)
MOV  TL1, #O0FBH //set the preload value (256-18432000/32/115200)
MOV  TH1, #OFBH
SETB TR1 IIrun T1
SETB ES /lenable UART1 interrupt
SETB EA
MOV  DPTR, #TESTSTR
LCALL SENDSTRING
SIMP  $
TESTSTR:
DB "STC15W4K32S4 Uartl Test !",0DH,0AH,0
I
;UART Interrupt Service Routine
; */
UART_ISR:
PUSH ACC
PUSH PSW
JNB RI, CHECKTI
CLR RI /lclear RI
MOV PO, SBUF //serial data is shown in PO
MOV  C, RB8
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MOV P2.2, C
CHECKTI:
JNB TI, ISR_EXIT
CLR Tl
CLR BUSY
ISR_EXIT:
POP PSW
POP ACC
RETI
I
:Send UART data
; */
SENDDATA:
JB BUSY, $
MOV ACC, A
JNB P, EVEN1INACC
ODD1INACC:
#if (PARITYBIT == ODD_PARITY)
CLR TB8
#elif (PARITYBIT == EVEN_PARITY)
SETB TBS8
#endif
SIMP PARITYBITOK
EVEN1INACC:

#if (PARITYBIT == ODD_PARITY)

SETB = TBS8

#elif (PARITYBIT == EVEN_PARITY)
CLR TBS8

#endif

PARITYBITOK:
SETB  BUSY
MOV  SBUF, A
RET

I

;Send string

Il */

SENDSTRING:
CLR A
MOVC A, @A+DPTR
JZ STRINGEND
INC DPTR
LCALL SENDDATA
SIMP  SENDSTRING

STRINGEND:
RET

Il
END

/IP2.2 display parity bit

/lclear TI
/[clear busy flag

[Iwait to finish sending the previous data
/laccess to the parity bit ---- P (PSW.0)

/lthe parity bit is set for 0

/lthe parity bit is set for 1

[lthe parity bit is set for 1

/lthe parity bit is set for 0

/Iwrite the data into SBUF of UART
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7.3.3.2 Demo Program using T1 to expand External Interrupt (Falling edge)
—— T1 as 8-bit Auto-Relaod Counter (C and ASM)

;T1 Interrupt (falling edge) Demo programs, where T1 operated in Mode 2 (8-bit auto-relaod mode)
; The Timer Interrupt can not wake up MCU from Power-Down mode in the following programs

1.C Program Listing

* */
/*--- STC MCU Limited. */
/* --- Exam Program using T1 to extend external interrupt (falling edge) ---------------=--=----- */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
[*---- And only contain < reg51.h > as header file */
* */

IIsuppose the frequency of test chip is 18.432MHz
#include "reg51.h"
sfr AUXR = 0x8e; /[Auxiliary register

/IT1 interrupt service routine

void tlint() interrupt 3 /IT1 interrupt (location at 001BH)
{
}
void main()
{
AUXR = 0x40; /ltimer1 work in 1T mode
TMOD = 0x60; /lset timerl as counter mode?2 (8-bit auto-reload)
TL1 =TH1 = Oxff; /fill with Oxff to count one time
TR1=1; /ltimer1 start run
ET1=1; /lenable T1 interrupt
EA=1,; /lopen global interrupt switch
while (1);
}
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2. Assembler Listing

* */
/*--- STC MCU Limited. */
/* --- Exam Program using T1 to extend external interrupt (falling edge) ---------------=--=-=--- */
/* --- Mobile: (86)13922805190 */
[/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
[*---- And only contain < reg51.h > as header file */
* */

//suppose the frequency of test chip is 18.432MHz
AUXR DATA 08EH ;Auxiliary register

;interrupt vector table

ORG 0000H
LIMP  MAIN
ORG 001BH ;T1 interrupt (location at 001BH)
LIMP  TI1INT
ORG 0100H
MAIN:
MOV  SP, #7FH ;initial SP
MOV  AUXR, #40H ;timerl work in 1T mode
MOV  TMOD, #60H ;set timerl as counter mode2 (8-bit auto-reload)
MOV A, #OFFH
MOV  TLI, A ;fill with Oxff to count one time
MOV  TH1, A
SETB TR1 ;timerl start run
SETB ET1 ;enable T1 interrupt
SETB EA ;open global interrupt switch
SIMP  $

;T1 interrupt service routine

T1INT:
RETI

END
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7.4 Timer/Counter 2

Timer/Counter 2 only have one mode : 16-bit auto-reload timer/counter. Besides as Timer/Counter, T2 also can be
as the baud-rate generator and programmable clock output.

7.4.1 Special Function Registers about Timer/Counter 2

Value after
Symbol Description Address Bit Address and Symbol Power-on
MSB LSB| or Reset
Ton | Thehigh8-bitof Timer | e, 0000 0000B
2 register
ToL The low 8-b_|t of Timer 2 D7H 0000 0000B
register
AUXR Auxiliary register 8EH T0x12|T1x12 | UART_MO0x6 |T2R| T2_CIT | T2x12 |EXTRAM | s1sT2 | 0000 0001B
INT CLKO External Interrupt
AUXR2 _|enable and Clock Output|  8FH [Ex4]Exs] Ex2 [Mcko_s2[T2cLKo[T1CLKO[TOCLKO] X000 00008
register
IE2 Interrupt Enable register| ~ AFH - | ET4|ET3| ES4 |ES3| ET2 | ESPI | ES2 |x000 00008
1. AUXR: Auxiliary register (Non bit-addressable)
SFR name | Address| bit B7 B6 B5 B4 B3 B2 Bl BO

AUXR 8EH | name | TOx12 | T1x12 | UART_MOx6 | T2R | T2_C/T | T2x12 |EXTRAM | S1ST2

B4 - T2R Timer 2 Run control bit
0 : notrun Timer 2;
1 : runTimer 2.

B3 - T2_C/T: Counter or timer 2 selector
0 : asTimer (namely count on internal system clock)
1 : as Counter (namely count on the external pulse input from T2/P3.1)

B2 - T2x12 : Timer 2 clock source bit.

0 : The clock source of Timer 2 is SYSclk/12.

1 : The clock source of Timer 2 is SYSclk/1.
If T2 is used as the baud-rate generator of UART1 or UART2, T1x12 will decide whether UART1 or UART?2 is
1T or 12T.

BO - S1ST2 : the control bit that UART1 select Timer 2 as its baud-rate generator.
0 : Select Timer 1 as the baud-rate generator of UART1
1 : Select Timer 2 as the baud-rate generator of UARTL. Timer 1 is released to use in other functions.

B7 - TOx12 : Timer O clock source bit.
0 : The clock source of Timer 0 is SYSclk/12. It will compatible to the traditional 8051 MCU
1 : The clock source of Timer 0 is SYSclk/1. It will drive the TO faster than a traditional 8051 MCU
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B6 - T1x12 : Timer 1 clock source bit.

0 : The clock source of Timer 1 is SYSclk/12. It will compatible to the traditional 8051 MCU

1 : The clock source of Timer 1 is SYSclk/1. It will drive the TO faster than a traditional 8051 MCU
If T1 is used as the baud-rate generator of UARTY, T1x12 will decide whether UART1 is 1T or 12T.

B5 - UART_MOXx6 : Baud rate select bit of UART1 while it is working under Mode-0
0 : The baud-rate of UART in mode 0 is SYSclk/12.
1 : The baud-rate of UART in mode 0 is SYSclk/2.

B1 - EXTRAM : Internal / external RAM access control bit.
0 : On-chip auxiliary RAM is enabled.
1 : On-chip auxiliary RAM is always disabled.

2. T2 Clock Output control bit : T2CLKO

The ouput clock frequency of T2CLKO is controlled by Timer 2 which only has one mode (16-bit auto-reload
timer/counter). Similarly, when T2 is used as programmable clcok output, it also don’t enable thier interrupt to
avoid CPU entering interrupt repeatly unless special circumstances.

INT_CLKO (AUXR?2) : Clock Output and External Interrupt Enable register (Non bit-Addressable)

SFR Name | SFR Address | bit | B7 | B6 | B5 | B4 B3 B2 Bl BO
IN;GS(;};O 8FH name EX4 | EX3 | EX2 | MCKO_S2 | T2CLKO | TICLKO | TOCLKO

B2 - T2CLKO : Whether is P3.0 configured for Timer 2(T2) programmable clock output T2CLKO or not.
1, P3.0 is configured for Timer2 programmable clock output T2CLKO, the clock output frequency = T2 overflow/2

IfT2_ CT=0, namely Timer/Counter 2 count on the internal system clock,
When T2 in 1T mode (AUXR.2/T2x12=1), the output frequency = (SYSclk)/(65536-[RL_TH2, RL_TL2])/2
When T2 in 12T mode (AUXR.2/T2x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH2, RL_TL2])/2

If T2_C/T = 1, namely Timer/Counter 2 count on the external pulse input from P3.1/T2,
the output frequency = (T2_Pin_CLK) / (65536-[RL_TH2, RL_TL2])/2
0, P3.0 is not configure for Timer 2 programmable clock output T2CLKO

BO - TOCLKO : Whether is P3.5/T1 configured for Timer 0(TO) programmable clock output TOCLKO or not.
1, P3.5/T1 is configured for TimerO programmable clock output TOCLKO, the clock output frequency = TO overflow/2
If Timer/Counter 0 in mode 0 (16 bit auto-reloadable mode),
and if C/T = 0, namely Timer/Counter 0 count on the internal system clock,

When TO in 1T mode (AUXR.7/T0x12=1), the output frequency = (SYSclk)/(65536-[RL_THO, RL_TL0])/2
When TO in 12T mode (AUXR.7/T0x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_THO, RL_TL0])/2

and if C/T = 1, namely Timer/Counter 0 count on the external pulse input from P3.4/T0,
the output frequency = (TO_Pin_CLK) / (65536-[RL_THO, RL_TLO0])/2
If Timer/Counter 0 in mode 2 (8 bit auto-reloadable mode),
and if C/T = 0, namely Timer/Counter 0 count on the internal system clock,
When TO in 1T mode(AUXR.7/T0x12=1), the output frequency = (SYSclk) / (256-THO0) / 2
When TO in 12T mode(AUXR.7/T0x12=0), the output frequency = (SYSclk) / 12 / (256-THO) / 2

and if C/T = 1, namely Timer/Counter 0 count on the external pulse input from P3.4/T0,
the output frequency = (TO_Pin_CLK) / (256-THO0) / 2
0, P3.5/T1 is not configure for Timer 0 programmable clock output TOCLKO
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B1 - TICLKO : Whether is P3.4/TO configured for Timer 1(T1) programmable clock output TICLKO or not.

1, P3.4/T0 is configured for Timerl programmable clock output TICLKO, the clock output frequency = T1 overflow/2
If Timer/Cou_nter 1in mode 1 (16 bit auto-reloadable mode),
and if C/T = 0, namely Timer/Counter 1 count on the internal system clock,

When T1 in 1T mode (AUXR.6/T1x12=1), the output frequency = (SY Sclk)/(65536-[RL_TH1, RL_TL1])/2
When T1 in 12T mode (AUXR.6/T1x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH1, RL_TL1])/2

and if C/T = 1, namely Timer/Counter 1 count on the external pulse input from P3.5/T1,

the output frequency = (T1_Pin_CLK) / (65536-[RL_TH1, RL_TL1])/2
If Timer/Counter 1 in mode 2 (8 bit auto-reloadable mode),

and if C/T = 0, namely Timer/Counter 1 count on the internal system clock,
When T1 in 1T mode(AUXR.6/T1x12=1), the output frequency = (SYSclk) / (256-TH1) / 2
When T1 in 12T mode(AUXR.6/T1x12=0), the output frequency = (SYSclk) / 12 / (256-TH1) / 2

and if C/T = 1, namely Timer/Counter 1 count on the external pulse input from P3.5/T1,
the output frequency = (T1_Pin_CLK) / (256-TH1) / 2

0, P3.4/T0 is not configure for Timer 1 programmable clock output TICLKO

3. T2 Interrupt Enable bit: ET2
IE2: Interrupt Enable 2 Rsgister (Non bit-addressable)

SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO
|=4 AFH name - ET4 ET3 ES4 ES3 ET2 ESPI ES2

ET4 : Timer 4 interrupt enable bit.
If ET4 =0, Timer 4 interrupt would be diabled.
If ET4 =1, Timer 4 interrupt would be enabled.

ET3: Timer 3 interrupt enable bit.
If ET3 =0, Timer 3 interrupt would be diabled.
If ET3 =1, Timer 3 interrupt would be enabled.

ES4 : Serial Port 4 (UART4) interrupt enable bit.
If ES4 = 0, UART4 interrupt would be diabled.
If ES4 = 1, UART4 interrupt would be enabled.

ES3: Serial Port 3 (UART3) interrupt enable bit.
If ES3 = 0, UART3 interrupt would be diabled.
If ES3 = 1, UART3 interrupt would be enabled.

ET2 : Timer 2 interrupt enable bit.
If ET2 =0, Timer 2 interrupt would be diabled.
If ET2 = 1, Timer 2 interrupt would be enabled.

ESPI: SPI interrupt enalbe bit.
If ESPI = 0, SPI interrupt would be diabled.
If ESPI = 1, SPI interrupt would be enabled.

ES2 : Serial Port 2 (UART?2) interrupt enable bit.
If ES2 = 0, UART2 interrupt would be diabled.
If ES2 = 1, UART2 interrupt would be enabled.
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7.4.2 Timer/Counter 2 as 16-Bit Auto-Reload Timer/Counter

The schematic of Timer/Counter 2 is shown below :

AUXR 2/T2x12=0
. ————» T2 Interrupt

SYSclk
L
AUXR.2/T2x12=1 > oo Toggle
\\. T2 C/T= _/ T2L | T2H e
T2 Pin/ Pa.L } T2 CT=1 (8 bits) | (8 bits) ; T2CLKO

control
RL_TL2 [ RL_TH2
(8bits) | (8 bits

Timer/Counter 2 mode : 16-bit auto-reload timer/counter

T2R

T2CLKO

The counted input is enabled to the timer when T2R = 1. T2R/AUXR.4 is a control bit in the Special Function
Register AUXR.

If T2_C/T / AUXR.3 = 0, Timer/Counter 2 would be set for Timer operation (input from internal system clock).
Howerver, if T2_C/T / AUXR.3 = 1, Timer/Counter 2 would be set for Counter operation (input from external T2/
P3.1 pin).

In the “Timer” function, the timer register [T2L, T2H] is incremented every 12 system clocks or every system
clock depending on AUXR.2(T2x12) bit. If T2x12 = 0, the register [T2L, T2H] will be incremented every 12
system clocks.If T2x12 = 1, the register [T2L, T2H] will be incremented every system clock.

There are two hidden registers RL_TH2 and RL_TL2 for Timer/Counter 2. the address of RL_TH2 is the same
as T2H's. And, RL_TL2 and T2L share in the same address. When T2R = 0 disable Timer/Counter 2, the content
written into register [T2L, T2H] will be written into [RL_TL2, RL_TH2] too. When T2R = 1 enable Timer/
Counter 2, the content written into register [T2L, T2H] actually don not be writen into [T2L, T2H], but into
[RL_TL2, RL_TH2]. When users read the content of [T2L, T2H], it is the content of [T2L, T2H] to read instead
of [RL_TL2, RL_TH2].

The overflow from [T2L, T2H] will not only set the T2 interrupt request flag (which is invisible for users), but
also reload [T2L, T2H] with the content of [RL_TL2, RL_TH2], which is preset by software. The reload leaves
[RL_TL2, RL_TH2] unchanged.
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7.5.2.1 Demo Program of 16-bit Auto-Reload Timer/Counter 2 (C and ASM)

1.C Program Listing

I* */
[*--- STC MCU Limited. */
/* --- Exam Program of 16-bit auto-reload timer/counter 2 */
/* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz
#include "reg51.h"

typedef unsigned char BYTE;
typedef unsigned int WORD;

I

/* define constants */
#define FOSC 18432000L

#define T38_4KHz (256-18432000/12/38400/2) //38.4KHz

/* define SFR */

sfr 1IE2 = OXAF; /I(IE2.2)timer2 interrupt control bit
sfr AUXR = Ox8E;

sfr T2H = 0xD6;

sfr T2H = 0xD7;

shit TEST_PIN = POMO; [ltest pin

I

/* Timer2 interrupt routine */
void t2_isr() interrupt 12 using 1

TEST_PIN = ITEST_PIN;
}

I
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/* main program */

void main()

{
T2L = T38_4KHz; //set timer2 reload value
T2H = T38 4KH >>8;
AUXR |= 0x10; [ltimer2 start run
IE2 |= 0x04; /lenable timer2 interrupt
EA = 1; /lopen global interrupt switch
while (1); /lloop

}

2. Assembler Listing

* */

/*--- STC MCU Limited. */

[* --- Exam Program of 16-bit auto-reload timer/counter 2 */

/* --- Mobile: (86)13922805190 */

/* --- Fax: 86-755-82905966 */

[* --- Tel: 86-755-82948412 */

[* --- Web: www.STCMCU.com */

/* If you want to use the program or the program referenced in the */

[I* article, please specify in which data and procedures from STC */

/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */

/*---- And only contain < reg51.h > as header file */

* */

I/suppose the frequency of test chip is 18.432MHz

1IE2 DATA 0AFH //(IE2.2)timer2 interrupt control bit
AUXR DATA 08EH //Auxiliary register

T2H DATA 0OD6H

T2L DATA OD7H

F38_4KHz EQU  OFF10H //38.4KHz(LT mode, 65536-18432000/2/38400)
Il

ORG  0000H

LIMP  MAIN

ORG  0063H

LIMP  T2INT
Il
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ORG 0100H

MAIN:
MOV  SP, #3FH
ORL AUXR, #04H /IT2 in 1T mode
MOV  T2L, #LOW F38_4KHz //set timer2 reload value
MOV  T2H, #HIGH F38_4KHz
ORL AUXR, #10H /T2 start to run
ORL 1E2, #04H /lenable T2 interrupt
SETB EA
SIMP  $

Il

/[Timer2 interrupt routine

T2INT:
CPL P1.0

1l ANL IE2, #OFBH

1l ORL IE2, #04H
RETI
END
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7.5.2.2 Demo Program using T2 to expand External Interrupt (Falling edge)
—— T2 as 16-bit Auto-Relaod Counter (C and ASM)
1.C Program Listing

I* */
[*--- STC MCU Limited. */
/* --- Exam Program using T2 to extend external interrupt (falling edge) ----------------=-=-=--- */
/* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------=------ */
[*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

Il
sfr 1IE2 = Oxaf; /lInterrupt enable register 2
sfr AUXR = 0x8e; //Auxiliary register
sfr T2H = 0xD6;
sfr T2L = 0xD7,;
shit P10 = P170;
Il
/[Timer 2 Interrupt Service Routine
void t2int() interrupt 12 /[Timer 2 interrupt, location at 0063H
{
P10 = 1P10;
1 1IE2 &= ~0x04;
1 1IE2 |= 0x04;
}
void main()
{
AUXR |= 0x04; /T2 in 1T mode
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AUXR |= 0x08; /IT2_C/T=1, T2(P3.1) as Clock Source
T2H =T2L = Oxff; //Set the initial value of T2

AUXR |= 0x10; /lstart up T2

IE2 |= 0x04; //[Enable T2 interrupt

EA = 1;

while (1);

2.Assembler Listing

I* */
/*--- STC MCU Limited. */
/* --- Exam Program using T2 to extend external interrupt (falling edge) --------------=----=---- */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
I* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

1IE2 DATA O0AFH /lnterrupt enable register 2
AUXR DATA 08EH //Auxiliary register

T2H DATA  0D6H
T2L DATA 0D7H

Il
ORG 0000H
LIMP  MAIN
ORG 0063H /[Timer 2 interrupt, location at 0063H
LIMP  T2INT
Il
ORG 0100H
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MAIN:
MOV  SP, #3FH
ORL AUXR, #04H
ORL AUXR, #08H
MOV A, #OFFH
MOV  T2L, A
MOV  T2H, A
ORL AUXR, #10H
ORL IE2, #04H
SETB EA
SIMP  $

1

/[Timer 2 Interrupt Service Routine

T2INT:
CPL P1.0

1 ANL IE2, #0FBH

1 ORL IE2, #04H
RETI
END

/IT2in 1T mode
/IT2_CIT=1, T2(P3.1) as Clock Source

//Set the initial value of T2

/lstartup T2

//[Enable T2 interrupt
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7.4.3 Timer/Counter 2 Programmable Clock Output and Demo Program

The schematic of Timer/Counter 2 is shown below :

L1 |AUXR2T2x12:0
i ——» T2 Interrupt

SYSclk
4
AUXR.2/T2x12=1 2 Toggle
. T2_C/T= _/ T2L | T2 e
T2 pin /Pl Ao @bits) | (8 bits) |_ : T2CLKO
control i P3.0
T2R

T2CLKO

RL_TL2 | RL_TH2
(8bits) | (8 bits

Timer/Counter 2 mode : 16-bit auto-reload timer/counter

Besides as Timer/Counter, T2 also can be as the programmable clock output. The ouput clock frequency of
T2CLKO is controlled by Timer 2. When it is used as programmable clcok output, Timer 2 interrupt don’t be en-
abled to avoid CPU entering interrupt repeatly unless special circumstances.

The clock output of T2CLKO/P3.0 is controlled by the bit T2CLKO of register INT_CLKO (AUXR2).

AUXR2.2 - T2CLKO : 1, enable clock output
0, disable clock output

INT_CLKO (AUXR2) (Address:8FH)

When T2CLKO/INT_CLKO.2=1, P3.0 is configured for Timer 2 programmable clock output T2CLKO.

The clock output frequency = T2 overflow/2

IfT2_ CT=0, namely Timer/Counter 2 count on the internal system clock,
When T2 in 1T mode (AUXR.2/T2x12=1), the output frequency = (SY Sclk)/(65536-[RL_TH2, RL_TL2])/2
When T2 in 12T mode (AUXR.2/T2x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH2, RL_TL2])/2

If T2_C/T = 1, namely Timer/Counter 2 count on the external pulse input from P3.1/T2,
the output frequency = (T2_Pin_CLK) / (65536-[RL_TH2, RL_TL2])/2
RL_TH2 is the reloaded register of T2H, RL_TL2 is the reload register of T2L.
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The following is the example program that Timer 2 output programmable clock by dividing the frequency of in-
ternal system clock or the clock input from external pin T2/P3.1 (C and assembly):

1. C Program Listing

* */
/*--- STC MCU Limited. */
/* --- Exam Program of Timer 2 porgrammable clock output */
/* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
[*---- And only contain < reg51.h > as header file */
* */

I/suppose the frequency of test chip is 18.432MHz
#include "reg51.h"

typedef unsigned char BYTE;
typedef unsigned int WORD;

#define FOSC 18432000L

Il
sfr AUXR = 0x8e;
sfr INT_CLKO = 0x8f;
sfr T2H = 0xD6;
sfr T2L = 0xD7;
shit T2CLKO = P370;
#define F38_4KHz (65536-FOSC/2/38400) //1T mode
[l#define F38_4KHz (65536-FOSC/2/12/38400) //12T mode
Il
void main()
{
AUXR |= 0x04; /[Timer 2 in 1T mode
I AUXR &= ~0x04; /[Timer 2 in 12T mode
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AUXR &= ~0x08; /IT2_C/T=0, count on internal system clock
I AUXR |= 0x08; /IT2_C/T=1, count on external pulse input from T2(P3.1) pin
T2L = F38 4KHz; /Nnitial timing value
T2H = F38_4KHz >> §;
AUXR |= 0x10;
INT_CLKO = 0x04;
while (1);

2. Assembler Listing

* */
/*--- STC MCU Limited. */
[* --- Exam Program of Timer 2 porgrammable clock output */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
/* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
[*---- And only contain < reg51.h > as header file */
* */

//suppose the frequency of test chip is 18.432MHz

AUXR DATA 08EH
INT_CLKO DATA 08FH

T2H DATA O0D6H

ToL DATA OD7H

T2CLKO BIT P30

F38 4KHz EQU  OFF10H //38.4KHz(LT mode, 65536-18432000/2/38400)
/IF38_4KHz EQU  OFFECH //38.4KHz(12T mode, (65536-18432000/2/12/38400)
Il
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ORG 0000H
LIMP  MAIN
Il
ORG 0100H
MAIN:
MOV  SP, #3FH
ORL AUXR, #04H /[Timer 2 in 1T mode
1l ANL AUXR, #O0FBH /ITimer 2 in 12T mode
ANL AUXR, #0F7H /IT2_C/T=0, count on internal system clock
1 ORL AUXR, #08H /IT2_C/T=1, count on external pulse input from T2(P3.1) pin
MOV  T2L, #LOW F38 4KHz [Nnitial timing value
MOV  T2H, #HIGH F38_4KHz
ORL AUXR, #10H
MOV  INT_CLKO, #04H
SIMP  $
END
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7.4.4 Timer/Counter 2 as Baud-Rate Generator of Serial Port (UART)

Besides as Timer/Counter and programmable clock output, T2 also can be as the UART baud-rate generator.
UART1 prefer to select Timer 2 as its baud-rate generator. UART2 only can choose Timer 2 as its its baud-rate
generator. UART3 and UART4 defaut to selecting Timer 2 as their baud-rate generator.

When UART1 works in mode 1 (8-bit UART with variable baud-rate) and mode 3 (9-bit UART variable with
baud-rate), its baud rate can be generated by T2. The Calculating Formula of buad-rate when UART1 select T2 as
its baud-rate generator is shown below :
Baud-Rate of UART1 = (T2 overflow)/4. Note: the bau-rate is independent of SMOD bit.
If T2 works in 1T mode (AUXR.2/T2x12=1), the T2 overflow = SYSclk / ( 65536 - [RL_TH2, RL_TL2]);
So, Baud-Rate of UART1 = SYSclk / ( 65536 - [[RL_TH2, RL_TL2])/ 4
If T2 works in 12T mode (AUXR.2/T2x12=0), the T2 overflow = SYSclk / 12 / (65536 - [RL_TH2, RL_TL2]);
So, Baud-Rate of UART1 = SYSclk / 12 / (65536 - [[RL_TH2, RL_TL2])/ 4

UART2 only has two modes : mode 0 (8-bit UART variable with baud-rate) and mode 1 (9-bit UART variable
with baud-rate). UART2 only can select Timer 2 as its baud-rate generator. The Calculating Formula of UART2
buad-rate is shown below :
Baud-Rate of UART2 = (T2 overflow)/4.
If T2 works in 1T mode (AUXR.2/T2x12=1), the T2 overflow = SYSclk / ( 65536 - [RL_TH2, RL_TL2]);
So, Baud-Rate of UART2 = SYSclk / ( 65536 - [[RL_TH2, RL_TL2])/4
If T2 works in 12T mode (AUXR.2/T2x12=0), the T2 overflow = SYSclk / 12 / (65536 - [RL_TH2, RL_TL2]);
So, Baud-Rate of UART2 = SYSclk / 12 / (65536 - [[RL_TH2, RL_TL2])/ 4

UART3 only has two modes : mode 0 (8-bit UART variable with baud-rate) and mode 1 (9-bit UART variable
with baud-rate). UARTS3 either can select Timer 2 or Timer 3 as its baud-rate generator. It defaut to choosing Tim-
er 2 as its baud-rate generator. The Calculating Formula of the buad-rate that UART3 select Timer 2 as its baud-
rate generator is shown below :
Baud-Rate of UART3 = (T2 overflow)/4.
If T2 works in 1T mode (AUXR.2/T2x12=1), the T2 overflow = SYSclk / ( 65536 - [RL_TH2, RL_TL2]);
So, Baud-Rate of UART3 = SYSclk / ( 65536 - [[RL_TH2, RL_TL2])/4
If T2 works in 12T mode (AUXR.2/T2x12=0), the T2 overflow = SYSclk / 12 / (65536 - [RL_TH2, RL_TL2]);
So, Baud-Rate of UART3 = SYSclk / 12/ (65536 - [[RL_TH2, RL_TL2])/ 4

UART4 only has two modes : mode 0 (8-bit UART variable with baud-rate) and mode 1 (9-bit UART variable
with baud-rate). UARTA4 either can select Timer 2 or Timer 4 as its baud-rate generator. It defaut to choosing Tim-
er 2 as its baud-rate generator. The Calculating Formula of the buad-rate that UART4 select Timer 2 as its baud-
rate generator is shown below :
Baud-Rate of UART4 = (T2 overflow)/4.
If T2 works in 1T mode (AUXR.2/T2x12=1), the T2 overflow = SYSclk / ( 65536 - [RL_TH2, RL_TL2]);
So, Baud-Rate of UART4 = SYSclk / ( 65536 - [[RL_TH2, RL_TL2])/ 4
If T2 works in 12T mode (AUXR.2/T2x12=0), the T2 overflow = SYSclk / 12 / (65536 - [RL_TH2, RL_TL2]);
So, Baud-Rate of UART4 = SYSclk / 12/ (65536 - [[RL_TH2, RL_TL2])/ 4

RL_TH2 is the reloaded register of T2H, and RL_TL2 is the reload register of T2L in above formula.
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7.5.4.1 Demo Program using Timer/Counter 2 as UART1 Baud-Rate Generator

1. C Program Listing

* */
/*--- STC MCU Limited. */
[* --- Exam Program using Timer 2 as UART1 baud-rate generator */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
/* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
[I* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

typedef unsigned char BYTE;

typedef unsigned int WORD;

#define FOSC  18432000L //System frequency
#define BAUD 115200 //UART1 baud-rate

#define NONE_PARITY 0 /Inone parity
#define ODD_PARITY 1 /lodd parity
#define EVEN_PARITY 2 /leven parity
#define MARK_PARITY 3 /Imark parity
#define SPACE_PARITY 4 IIspace parity
#define PARITYBIT EVEN_PARITY //define the parity bit
sfr AUXR = 0x8e; //Auxiliary register
sfr T2H = 0xd6;

sfr T2L = 0xd7;

shit P22 = p212;

bit busy;

void SendData(BYTE dat);
void SendString(char *s);
void main()

{
#if (PARITYBIT == NONE_PARITY)
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SCON = 0x50; /18-bit variable baud-rate
#elif (PARITYBIT == ODD_PARITY) || (PARITYBIT == EVEN_PARITY) || (PARITYBIT == MARK_PARITY)
SCON = Oxda; /19-bit variable baud-rate,

[lthe parity bit is initialized for 1
#elif (PARITYBIT == SPACE_PARITY)
SCON = 0xd2; //9-bit variable baud-rate,
[lthe parity bit is initialized for 0

#endif
T2L = (65536 - (FOSC/4/BAUD)); //Set the preload value
T2H = (65536 - (FOSC/4/BAUD))>>8;
AUXR = 0x14; /[T2in 1T mode, and run T2
AUXR |= 0x01; /lselect T2 as UART1 baud-rate generator
ES = 1; /lenable UART1 interrupt
EA = 1;
SendString("STC15W4K32S4\r\nUart Test '\r\n");
while(1);
}
/*
UART Interrupt Service Routine
*
/
void Uart() interrupt 4 using 1
if (RI)
{
RI'=0; /lclear RI
PO = SBUF; /[serial data is shown in PO
P22 = RBS; //P2.2 display the parity bit
}
if (TI)
{
TI=0; /lclear TI
busy = 0; /lclear busy flag
}
}
/*
Send UART data
*/
void SendData(BYTE dat)
{
while (busy); /Iwait to finish sending the previous data
ACC = dat; //access to the parity bit ---- P (PSW.0)
if (P)
{

#if (PARITYBIT == ODD_PARITY)
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TB8 =0; /Ithe parity bit is set for 0
#elif (PARITYBIT == EVEN_PARITY)
TB8=1; /Ithe parity bit is set for 1
#endif
}
else
{
#if (PARITYBIT == ODD_PARITY)
TB8=1; /Ithe parity bit is set for 1
#elif (PARITYBIT == EVEN_PARITY)
TB8 =0; /Ithe parity bit is set for 0
#endif
}
busy = 1;
SBUF = ACC;
}
/*
Send string
*/
void SendString(char *s)
{
while (*s)
{
SendData(*s++);
}
}
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2. Assembler Listing

/*
[*--- STC MCU Limited.

*/
*/

[* --- Exam Program using Timer 2 as UART1 baud-rate generator
[* --- Mobile: (86)13922805190

*/
*/

/* --- Fax: 86-755-82905966

*/

/* --- Tel: 86-755-82948412
/* --- Web: www.STCMCU.com

*/
*/

/* If you want to use the program or the program referenced in the
/* article, please specify in which data and procedures from STC

*/
*/

/*---- In Keil C development environment, select the Intel 8052 to compiling ----------

/*---- And only contain < reg51.h > as header file

/*
//suppose the frequency of test chip is 18.432MHz

#define NONE_PARITY 0 /Inone parity
#define ODD_PARITY 1 /lodd parity

#define EVEN_PARITY 2 /leven parity
#define MARK_PARITY 3 /Imark parity
#define SPACE_PARITY 4 IIspace parity

#define PARITYBIT EVEN_PARITY //define the parity bit
Il
AUXR EQU 08EH //Auxiliary register

T2H DATA 0D6H
T2L DATA 0D7H

1
BUSY BIT 20H.0
1
ORG 0000H
LIMP  MAIN
ORG 0023H
LIMP  UART_ISR
1
ORG 0100H
MAIN:
CLR BUSY
CLR EA
MOV  SP, #3FH

#if (PARITYBIT == NONE_PARITY)
MOV  SCON, #50H /18-bit variable baud-rate

#elif (PARITYBIT == ODD_PARITY) || (PARITYBIT == EVEN_PARITY) || (PARITYBIT == MARK_PARITY)
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MOV  SCON, #0DAH

#elif (PARITYBIT == SPACE_PARITY)
MOV  SCON, #0D2H

#endif
Il
MOV  T2L, #0D8H
MOV  T2H, #OFFH
MOV  AUXR, #14H
ORL AUXR, #01H
SETB ES
SETB EA
MOV  DPTR, #TESTSTR
LCALL SENDSTRING
SIMP  $
TESTSTR:
DB "STC15W4K32S4 Uartl Test !",0DH,0AH,0
I
;UART Interrupt Service Routine
; */
UART_ISR:
PUSH ACC
PUSH = PSW
JNB RI, CHECKTI
CLR RI
MOV PO, SBUF
MOV C, RB8
MOV P22, C
CHECKTI:
JNB TI, ISR_EXIT
CLR TI
CLR BUSY
ISR_EXIT:
POP PSW
POP ACC
RETI
I
:Send UART data
; */
SENDDATA:
JB BUSY, $
MOV ACC, A
JNB P, EVEN1INACC

//9-bit variable baud-rate
/lthe parity bit is initialized for 1

//9-bit variable baud-rate
/lthe parity bit is initialized for O

//Set the preload value (65536-18432000/4/115200)

//T2 in 1T mode, and run T2
/Iselect T2 as UART1 baud-rate generator
/lenable UART1 interrupt

/lclear RI
/Iserial data is shown in PO

//P2.2 display the parity bit

/lclear TI
/lclear busy flag

/Iwait to finish sending the previous data
/laccess to the parity bit ---- P (PSW.0)

Nantong Guoxin Micro-Electronics Co. Ltd.

Switchboard: 0513-5501 2928/ 2929/ 2966

Fax: 0513-5501 2969/ 2956/ 2947

371



STC15W4K3254 series MCU Manual ~ www.GXWMCU.com

Temporary Technical Adviser:(86)13922829991

Tel of R&D Adviser:(86)13922805190

ODDI1INACC:
#if (PARITYBIT == ODD_PARITY)
CLR TBS8
#elif (PARITYBIT == EVEN_PARITY)
SETB TBS8
#endif
SIMP  PARITYBITOK
EVEN1INACC:
#if (PARITYBIT == ODD_PARITY)
SETB TBS8
#elif (PARITYBIT == EVEN_PARITY)
CLR TBS8
#endif
PARITYBITOK:
SETB BUSY
MOV  SBUF, A
RET
i
;Send string
Il */
SENDSTRING:
CLR A
MOVC A, @A+DPTR
JZ STRINGEND
INC DPTR
LCALL SENDDATA
SIMP  SENDSTRING
STRINGEND:
RET
Il
END

/Ithe parity bit is set for 0

/Ithe parity bit is set for 1

/Ithe parity bit is set for 1

/Ithe parity bit is set for 0
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7.5.4.2 Demo Program using Timer/Counter 2 as UART2 Baud-Rate Generator
1. C Program Listing

* */
/*--- STC MCU Limited. */
[* --- Exam Program using Timer 2 as UART2 baud-rate generator */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
[*---- And only contain < reg51.h > as header file */
* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"

typedef unsigned char BYTE;

typedef unsigned int WORD;

#define FOSC  18432000L //System frequency
#define BAUD 115200 //UART2 baud-rate

#define T™M (65536 - (FOSC/4/BAUD))

#define  NONE_PARITY 0 /Inone parity

#define ODD_PARITY 1 /lodd parity

#define EVEN_PARITY 2 /leven parity

#define MARK_PARITY 3 /Imark parity

#define SPACE_PARITY 4 IIspace parity

#define PARITYBIT EVEN_PARITY //define the parity bit

sfr AUXR = 0x8e; /[Auxiliary register

sfr S2CON = 0x9a; //[UART2 Control register
sfr S2BUF = 0x9b; //UART?2 data register

sfr T2H = 0xd6;

sfr T2L = 0xd7;

sfr IE2 = Oxaf; /Nnterrupt Enable register 2
#define S2RI 0x01 //S2CON.0

#define S2TI 0x02 /[S2CON.1
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#define S2RB8 0x04
#define S2TB8 0x08

bit

busy;

void SendData(BYTE dat);
void SendString(char *s);

void main()

{

#if (PARITYBIT == NONE_PARITY)

#elif (PARITYBI

S2CON = 0x50;

S2CON = 0xda;

#elif (PARITYBIT == SPACE_PARITY)

#endif

}

S2CON = 0xd2;

T2L=TM;
T2H = TM>>8;
AUXR = 0x14;
IE2 = 0x01;
EA=1;

/IS2CON.2
/IS2CON.3

/18-hit variable baud-rate

/19-bit variable baud-rate

== ODD_PARITY) || (PARITYBIT == EVEN_PARITY) || (PARITYBIT == MARK_PARITY)

[lthe parity bit is initialized for 1

/19-bit variable baud-rate

[lthe parity bit is initialized for 0

//Set the preload value

/IT2in 1T mode, and run T2

/lenable UART2 interrupt

SendString("STC15W4K32S4\r\nUart2 Test '\r\n");

while(1);

/*

UART?2 Interrupt Service Routine

*/

void Uart2() interrupt 8 using 1

{

if (S2CON & S2RI)

{
S2CON &= ~S2Rl;
PO = S2BUF,;
P2 = (S2CON & S2RBS8);
}
if (S2CON & S2TI)
{
S2CON &= ~S2Tl,
busy = 0;
}

/lclear S2RI
/Iserial data is shown in PO

/IP2.2 display the parity bit

llclear S2TI
/lclear busy flag
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/*
Send UART data
*/
void SendData(BYTE dat)
{
while (busy); /Iwait to finish sending the previous data
ACC =dat; /laccess to the parity bit ---- P (PSW.0)
if (P)
{
#if (PARITYBIT == ODD_PARITY)
S2CON &= ~S2TBS; /Ithe parity bit is set for 0
#elif (PARITYBIT == EVEN_PARITY)
S2CON |= S2TBS; /Ithe parity bit is set for 1
#endif
}
else
{
#if (PARITYBIT == ODD_PARITY)
S2CON |= S2TBS; /Ithe parity bit is set for 1
#elif (PARITYBIT == EVEN_PARITY)
S2CON &= ~S2TBS; /Ithe parity bit is set for 0
#endif
}
busy = 1;
S2BUF = ACC;
}
/*
Send sting
*/
void SendString(char *s)
{
while (*s)
{
SendData(*s++);
}
}
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2. Assembler Listing
/*

*/

[*--- STC MCU Limited.
/* --- Exam Program using Timer 2 as UART2 baud-rate generator

*/
*/

/* - Mobile: (8613922805190
[* --- Fax: 86-755-82905966

*/
*/

[* --- Tel: 86-755-82948412

/* --- Web: www.STCMCU.com

*/
*/

*/

/* If you want to use the program or the program referenced in the
/* article, please specify in which data and procedures from STC

*/

/*---- In Keil C development environment, select the Intel 8052 to compiling ----------

/*---- And only contain < reg51.h > as header file

/*

/Isuppose the frequency of test chip is 18.432MHz

#define NONE_PARITY 0 /Inone parity
#define ODD_PARITY /lodd parity
#define EVEN_PARITY /leven parity

A w DN

#define MARK_PARITY /Imark parity
#define SPACE_PARITY /Ispace parity
#define PARITYBIT EVEN_PARITY /ldefine the parity bit
1
AUXR EQU 08EH /[Auxiliary register
S2CON EQU 09AH //UART2 Control register
S2BUF EQU 09BH //UART?2 data register
T2H DATA 0D6H
T2L DATA 0D7H
IE2 EQU 0AFH /linterrupt Enable register
S2RI EQU 01H /IS2CON.0
S2TI EQU 02H /IS2CON.1
S2RB8 EQU 04H /IS2CON.2
S2TB8 EQU 08H /IS2CON.3
1
BUSY BIT 20H.0
1
ORG  0000H
LIMP  MAIN
ORG  0043H

LIMP  UART2_ISR

2
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1

ORG 0100H
MAIN:
CLR BUSY
CLR EA
MOV SP, #3FH
#if (PARITYBIT == NONE_PARITY)
MOV  S2CON, #50H /18-bit variable baud-rate

#elif (PARITYBIT == ODD_PARITY) || (PARITYBIT == EVEN_PARITY) || (PARITYBIT == MARK_PARITY)

MOV  S2CON, #0DAH //9-bit variable baud-rate
/lthe parity bit is initialized for 1
#elif (PARITYBIT == SPACE_PARITY)
MOV  S2CON, #0D2H //9-bit variable baud-rate
/Ithe parity bit is initialized for 0

#endif
Il
MOV  T2L, #0D8H //Set the preload value (65536-18432000/4/115200)
MOV  T2H, #OFFH
MOV  AUXR, #14H /IT2in 1T mode, and run T2
ORL IE2, #01H /lenable UART?2 interrupt
SETB EA
MOV  DPTR, #TESTSTR
LCALL SENDSTRING
SIMP  $
TESTSTR:
DB "STC15W4K32S4 Uart2 Test !",0DH,0AH,0
*
;UART?2 Interrupt Service Routine
; *I
UART2_ISR:
PUSH ACC
PUSH PSW
MOV A, S2CON ;read the content of S2CON
JNB ACC.0, CHECKTI
ANL S2CON, #NOT S2RI ;clear S2RI
MOV PO, S2BUF ;serial data is shown in PO
ANL A, #S2RB8 :
MOV P2, A ;P2.2 display the parity bit
CHECKTI: :
MOV A, S2CON :read the content of S2CON
IJNB ACC.1, ISR_EXIT
ANL S2CON, #NOT S2TI :clear S2RI
CLR BUSY ;clear busy flag
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ISR_EXIT:
POP PSW
POP ACC
RETI
i
:Send UART data
; */
SENDDATA:
JB BUSY, $
MOV ACC, A
IJNB P, EVEN1INACC
ODD1INACC:
#if (PARITYBIT == ODD_PARITY)

ANL

S2CON, #NOT S2TB8

#elif (PARITYBIT == EVEN_PARITY)

ORL
#endif

SIMP
EVEN1INACC:

#if (PARITYBIT =

ORL

S2CON, #S2TB8

PARITYBITOK

= ODD_PARITY)

S2CON, #S2TB8

#elif (PARITYBIT == EVEN_PARITY)

ANL S2CON, #NOT S2TB8
#endif
PARITYBITOK:
SETB BUSY
MOV  S2BUF, A
RET
i
;Send sting
Il */
SENDSTRING:
CLR A
MOVC A, @A+DPTR
JZ STRINGEND
INC DPTR
LCALL SENDDATA
SIMP  SENDSTRING
STRINGEND:
RET
Il
END

/Iwait to finish sending the previous data
/laccess to the parity bit ---- P (PSW.0)

/Ilthe parity bit is set for 0

/Ithe parity bit is set for 1

/Ithe parity bit is set for 1

/Ithe parity bit is set for 0
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7.5 Timer/Counter 3 and Timer/Counter 4

Another two 16-bit timers/counters also are added to STC15W4K32S4 series MCU : Timer/Counter 3 and Timer/
Counter 4. Just like T2, T3 and T4 all only have one mode : 16-bit auto-reload timer/counter. Besides as Timer/
Counter, T3 and T4 also can be as the baud-rate generator and programmable clock output.

7.5.1 Special Function Registers about Timer/Counter 3 and 4

Value after
Symbol Description Address Bit Address and Symbol Power-on
MSB LSB| or Reset
T4 and T3 Control and =] =

T4T3M Mode register D1H  [T4R[T4_C/T|Tax12|T4cLKOT3R|T3 C/T[T3x12|racLKol 0000 00008

Tqp | TNehigh8-bitof Timer | ) 0000 00008
4 register

TaL The low 8-b_|t of Timer 4 D3H 0000 0000B
reglster

T3y | Tnehigh8-bitof Timer | ) 0000 0000B
3 register

TaL The low 8—b_|t of Timer 3 D5H 0000 0000B
reglster

IE2 Interrupt Enable register| ~ AFH - | ET4|ET3| ES4 [ES3| ET2 | ESPI | ES2 |[x0000000B

1. T4T3M : Timer 4 and Timer 3 Mode register (Non bit-addressable)

SFR name | Address| bit B7 B6 B5 B4 B3 B2 B1 BO
TAT3M | DIH |name| T4R |T4 C/T| T4x12 |T4CLKO| T3R [T3_C/T| T3x12 | T3CLKO

B7 - T4AR Timer 4 Run control bit
0 : notrun Timer 4;
1 : runTimer 4.

B6 - T4_C/T: Counter or timer 4 selector
0 : as Timer (namely count on internal system clock)
1 : as Counter (namely count on the external pulse input from T4/P0.7)

B5 - T4x12 : Timer 4 clock source bit.
0 : The clock source of Timer 4 is SYSclk/12.
1 : The clock source of Timer 4 is SYSclk/1.

B4 - T4CLKO : Whether is P0.6 configured for Timer 4(T4) programmable clock output T4CLKO or not.
1, P0.6 is configured for Timer 4 programmable clock output T4ACLKO, the clock output frequency = T4 overflow/2
If T4_ CIT = 0, namely Timer/Counter 4 count on the internal system clock,

When T4 in 1T mode (T4T3.5/T4x12=1), the output frequency = (SYSclk)/(65536-[RL_TH4, RL_TL4])/2
When T4 in 12T mode (T4T3.5/T4x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH4, RL_TLA4])/2

If T4_C/T = 1, namely Timer/Counter 4 count on the external pulse input from P0.7/T4,
the output frequency = (T4_Pin_CLK) / (65536-[RL_TH4, RL_TLA4])/2
0, P0.6 is not configure for Timer 4 programmable clock output T4ACLKO
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B3 -T3R Timer 3 Run control bit
0 : notrun Timer 3;
1 : runTimer 3.

B2 - T3_C/T: Counter or timer 3 selector
0 : asTimer (namely count on internal system clock)
1 : as Counter (namely count on the external pulse input from T3/P0.5)

B1 - T3x12 : Timer 3 clock source bit.
0 : The clock source of Timer 3 is SYSclk/12.
1 : The clock source of Timer 3 is SYSclk/1.

BO - T3CLKO : Whether is P0.4 configured for Timer 3(T3) programmable clock output T3CLKO or not.

1, P0.4 is configured for Timer 3 programmable clock output T3CLKO, the clock output frequency = T3 overflow / 2

IfT3 CT=0, namely Timer/Counter 3 count on the internal system clock,

When T3 in 1T mode (T4T3.1/T3x12=1), the output frequency = (SYSclk)/(65536-[RL_TH3, RL_TL3])/2

When T3 in 12T mode (T4T3.1/T3x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH3, RL_TL3])/2
If T3_C/T =1, namely Timer/Counter 3 count on the external pulse input from P0.5/T3,

the output frequency = (T3_Pin_CLK) / (65536-[RL_TH3, RL_TL3])/2
0, P0.4 is not configure for Timer 3 programmable clock output T3CLKO

2. T3 and T4 Interrupt Enable Register : 1E2
IE2: Interrupt Enable 2 Rsgister (Non bit-addressable)

SFR name | Address bit B7 B6 B5 B4 B3

B2

B1

BO

IE2 AFH name - ET4 ET3 ES4 ES3

ET2

ESPI

ES2

ET4 : Timer 4 interrupt enable bit.
If ET4 =0, Timer 4 interrupt would be diabled.
If ET4 =1, Timer 4 interrupt would be enabled.

ET3: Timer 3 interrupt enable bit.
If ET3 =0, Timer 3 interrupt would be diabled.
If ET3 =1, Timer 3 interrupt would be enabled.

ES4 : Serial Port 4 (UART4) interrupt enable bit.
If ES4 = 0, UART4 interrupt would be diabled.
If ES4 = 1, UART4 interrupt would be enabled.

ES3 : Serial Port 3 (UART3) interrupt enable bit.
If ES3 = 0, UART3 interrupt would be diabled.
If ES3 = 1, UART3 interrupt would be enabled.

ET2 : Timer 2 interrupt enable bit.
If ET2 =0, Timer 2 interrupt would be diabled.
If ET2 = 1, Timer 2 interrupt would be enabled.

ESPI: SPI interrupt enalbe bit.
If ESPI = 0, SPI interrupt would be diabled.
If ESPI = 1, SPI interrupt would be enabled.

ES2 : Serial Port 2 (UART?2) interrupt enable bit.
If ES2 = 0, UART2 interrupt would be diabled.
If ES2 = 1, UART2 interrupt would be enabled.
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7.5.2 Timer/Counter 3

T3 only has one mode : 16-bit auto-reload timer/counter. T3 either can be as Timer/Counter or as the baud-rate
generator or programmable clock output.

7.5.2.1 Timer/Counter 3 as 16-Bit Auto-Reload Timer/Counter

The schematic of Timer/Counter 3 is shown below :

g |T4TIM.UT3x12=0
j — T3 Interrupt

B
TAT3M.1/T3x12=1 Toggle

\o_T3-CT=0 Ef TL | T3H g
13 Pin /P05 | T ‘—‘I—i (@ bits) | (8 bits) : 0 T3CLKO
control PO.4
[ ]
RL_TL3 | RL_TH3

Timer/Counter 3 mode : 16-bit auto-reload timer/counter

SYSclk

T3R

T3CLKO

The counted input is enabled to the timer when T3R = 1. T3R/T4T3M.3 is a control bit in the Special Function
Register TAT3M.

If T3_C/T / TAT3M.2 = 0, Timer/Counter 3 would be set for Timer operation (input from internal system clock).
Howerver, if T3_C/T / TAT3M.2 = 1, Timer/Counter 3 would be set for Counter operation (input from external
T3/P0.5 pin).

In the “Timer” function, the timer register [T3L, T3H] is incremented every 12 system clocks or every system
clock depending on T4T3M.1(T3x12) bit. If T3x12 = 0, the register [T3L, T3H] will be incremented every 12
system clocks. If T3x12 = 1, the register [T3L, T3H] will be incremented every system clock.

There are two hidden registers RL_TH3 and RL_TL3 for Timer/Counter 3. the address of RL_TH3 is the same
as T3H's. And, RL_TL3 and T3L share in the same address. When T3R = 0 disable Timer/Counter 3, the content
written into register [T3L, T3H] will be written into [RL_TL3, RL_TH3] too. When T3R = 1 enable Timer/
Counter 3, the content written into register [T3L, T3H] actually don not be writen into [T3L, T3H], but into
[RL_TL3, RL_TH3]. When users read the content of [T3L, T3H], it is the content of [T3L, T3H] to read instead
of [RL_TL3, RL_TH3].

The overflow from [T3L, T3H] will not only set the T3 interrupt request flag (which is invisible for users), but
also reload [T3L, T3H] with the content of [RL_TL3, RL_TH3], which is preset by software. The reload leaves
[RL_TL3, RL_TH3] unchanged.
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7.5.2.2 Timer/Counter 3 Programmable Clock Output

The schematic of Timer/Counter 3 is shown below :

T4T3M.1/T3x12=0

— T3 Interrupt
SYSclk

En
TAT3M.1/T3x12=1 Toggle

.. T3.C/T=0 / TaL | a0 /
—+ T3_C/T=1 (8 bits) M— E T3CLKO

control P0.4
[ ]
RL_TL3 | RL_TH3
(8 bits) | (8 bits)

Timer/Counter 3 mode : 16-bit auto-reload timer/counter

T3 Pin/P0.5

T3R

T3CLKO

Besides as Timer/Counter, T3 also can be as the programmable clock output. The ouput clock frequency of
T3CLKO is controlled by Timer 3. When it is used as programmable clcok output, Timer 3 interrupt don’t be en-
abled to avoid CPU entering interrupt repeatly unless special circumstances.

The clock output of T3CLKO/P0.4 is controlled by the bit T3CLKO of register T4T3M.

T4AT3M.0 - T3CLKO : 1, enable clock output
0, disable clock output

T4T3M(Address:D1H)

When T3CLKO/T4T3M.0=1, P0.4 is configured for Timer 3 programmable clock output T3CLKO.

The clock output frequency = T3 overflow/2

If T3_ C/T = 0, namely Timer/Counter 3 count on the internal system clock,
When T3 in 1T mode (T4T3.1/T3x12=1), the output frequency = (SYSclk)/(65536-[RL_TH3, RL_TL3])/2
When T3 in 12T mode (T4T3.1/T3x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH3, RL_TL3])/2

If T3_C/T = 1, namely Timer/Counter 3 count on the external pulse input from P0.5/T3,
the output frequency = (T3_Pin_CLK) / (65536-[RL_TH3, RL_TL3])/2

RL_TH3 is the reloaded register of T3H, RL_TL3 is the reload register of T3L.
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7.5.2.3 Timer/Counter 3 as Baud-Rate Generator of Serial Port 3 (UART3)

Besides as Timer/Counter and programmable clock output, T3 also can be as the UART3 baud-rate generator.
UART3 defauts to selecting Timer 2 as their baud-rate generator. But it also can select Timer 3 as its baud-rate
generator by setting S3ST3/S3CON.6.

S3CON : Serial Port 3 Control Register
SFR name | Address | bit B7 B6 B5 B4 B3 B2 B1 BO
S3CON ACH name | S3SMO0 | S3ST3 | S3SM2 | S3REN | S3TB8 | S3RB8 | S3TI S3RI

S3ST3: the control bit whether UART3 choose T3 as its baud-rate generator or not.
0, Choose T2 as UART3 baud-rate generator
1, Choose T3 as UART3 baud-rate generator

UART3 only has two modes : mode 0 (8-bit UART variable with baud-rate) and mode 1 (9-bit UART variable
with baud-rate). UART3 either can select Timer 2 or Timer 3 as its baud-rate generator. When UART3 select
Timer 3 as its baud-rate generator, the Calculating Formula is shown below :

Baud-Rate of UART3 = (T3 overflow)/4.

If T3 works in 1T mode (T4T3M.1/T3x12=1), the T3 overflow = SYSclk / ( 65536 - [RL_TH3, RL_TL3] ) ;
So, Baud-Rate of UART3 = SYSclk / ( 65536 - [[RL_TH3, RL_TL3])/ 4

If T3 works in 12T mode (T4T3M.1/T3x12=0), the T3 overflow = SYSclk / 12 / ( 65536 - [RL_TH3, RL_TL3]);
So, Baud-Rate of UART3 = SYSclk / 12 / (65536 - [[RL_TH3, RL_TL3])/ 4

RL_TH3 is the reloaded register of T3H, and RL_TL3 is the reload register of T3L in above formula.
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7.5.3 Timer/Counter 4

T4 only has one mode : 16-bit auto-reload timer/counter. T4 either can be as Timer/Counter or as the baud-rate
generator or programmable clock output.

7.5.3.1 Timer/Counter 4 as 16-Bit Auto-Reload Timer/Counter

The schematic of Timer/Counter 4 is shown below :

17 |T4TIM5ITAx12=0
i — T4 Interrupt

[
T4T3M.5/T4x12=1 T4 60 Toggle
No——"_= { TAL | T4H e
T4 Pin/P0.7 —+ T4_CIT=1 (8 bits) | (8 bits) ; >{ T4CLKO

control P0.6
[ ]
RL_TL4 | RL_TH4
(8 bits) 8 bits

Timer/Counter 4 mode : 16-bit auto-reload timer/counter

SYSclk

T4R H
T4CLKO

The counted input is enabled to the timer when T4R = 1. TAR/T4T3M.7 is a control bit in the Special Function
Register T4T3M.

If T4_C/T / TAT3M.6 = 0, Timer/Counter 4 would be set for Timer operation (input from internal system clock).
Howerver, if T4_C/T / TAT3M.6 = 1, Timer/Counter 4 would be set for Counter operation (input from external
T4/P0.7 pin).

In the “Timer” function, the timer register [T4L, T4H] is incremented every 12 system clocks or every system
clock depending on T4T3M.5 (T4x12) bit. If T4x12 = 0, the register [T4L, T4H] will be incremented every 12
system clocks. If T4x12 = 1, the register [T4L, T4H] will be incremented every system clock.

There are two hidden registers RL_TH4 and RL_TL4 for Timer/Counter 4. the address of RL_TH4 is the same
as T4H's. And, RL_TL4 and T4L share in the same address. When T4R = 0 disable Timer/Counter 3, the content
written into register [T4L, T4H] will be written into [RL_TL4, RL_TH4] too. When T4R = 1 enable Timer/
Counter 4, the content written into register [T4L, T4H] actually don not be writen into [T4L, T4H], but into
[RL_TL4, RL_TH4]. When users read the content of [T4AL, T4H], it is the content of [T4L, T4H] to read instead
of [RL_TL4, RL_THA4].

The overflow from [T4L, T4H] will not only set the T4 interrupt request flag (which is invisible for users), but
also reload [T4L, T4H] with the content of [RL_TL4, RL_TH4], which is preset by software. The reload leaves
[RL_TL4, RL_THA4] unchanged.
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7.5.3.2 Timer/Counter 4 Programmable Clock Output

The schematic of Timer/Counter 4 is shown below :

T4T3M.5/T4x12=0
j — T4 Interrupt

s ¥
T4T3M.5/T4x12=1 Toggle

T4_CIT=0
NoT4 o T4H e
A m'_ : >§ T4CLKO
control
[ ]
RL_TL4 | RL_TH4
@bits) | (@bits)

P0.6
Timer/Counter 4 mode : 16-bit auto-reload timer/counter

SYSclk

T4 Pin/P0.7

T4R

T4CLKO

Besides as Timer/Counter, T4 also can be as the programmable clock output. The ouput clock frequency of
TACLKO is controlled by Timer 4. When it is used as programmable clcok output, Timer 4 interrupt don’t be en-
abled to avoid CPU entering interrupt repeatly unless special circumstances.

The clock output of TACLKO/PO0.6 is controlled by the bit T4ACLKO of register T4T3M.

T4T3M.4 - TACLKO : 1, enable clock output
0, disable clock output

T4T3M(Address:D1H)

When T4CLKO/T4T3M.4=1, P0.6 is configured for Timer 4 programmable clock output TACLKO.

The clock output frequency = T4 overflow/2

If T4_ C/T = 0, namely Timer/Counter 4 count on the internal system clock,

When T4 in 1T mode (T4T3.5/T4x12=1), the output frequency = (SYSclk)/(65536-[RL_TH4, RL_TLA4])/2
When T4 in 12T mode (T4T3.5/T4x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH4, RL_TL4])/2

If T4_C/T = 1, namely Timer/Counter 4 count on the external pulse input from P0.7/T4,
the output frequency = (T4_Pin_CLK) / (65536-[RL_TH4, RL_TLA4])/2
RL_THA4 is the reloaded register of T4H, RL_TL4 is the reload register of T4L.
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7.5.3.3 Timer/Counter 4 as Baud-Rate Generator of Serial Port 4 (UART4)

Besides as Timer/Counter and programmable clock output, T4 also can be as the UART4 baud-rate generator.
UART4 defauts to selecting Timer 2 as their baud-rate generator. But it also can select Timer 4 as its baud-rate
generator by setting S4ST4/S4CON.6.

S4CON : Serial Port 4 Control Register

SFR name | Address | bit B7 B6 B5 B4 B3 B2 B1 BO
S4CON 84H | name | S4SMO | S4ST4 | SASM2 | SAREN | SATB8 | S4ARB8 | S4TI | S4RI
S4ST4 : the control bit whether UART4 choose T4 as its baud-rate generator or not.

0, Choose T2 as UART4 baud-rate generator
1, Choose T4 as UART4 baud-rate generator

UART4 only has two modes : mode 0 (8-bit UART variable with baud-rate) and mode 1 (9-bit UART variable
with baud-rate). UART4 either can select Timer 2 or Timer 4 as its baud-rate generator. When UART4 select
Timer 4 as its baud-rate generator, the Calculating Formula is shown below :

Baud-Rate of UART4 = (T4 overflow)/4.

If T4 works in 1T mode (T4T3M.5/T4x12=1), the T4 overflow = SYSclk / ( 65536 - [RL_TH4, RL_TL4]) ;
So, Baud-Rate of UART4 = SYSclk / ( 65536 - [[RL_TH4, RL_TL4])/ 4

If T4 works in 12T mode (T4T3M.5/T4x12=0), the T4 overflow = SYSclk / 12 / ( 65536 - [RL_TH4, RL_TL4]);
So, Baud-Rate of UART4 = SYSclk / 12 / (65536 - [[RL_TH4, RL_TLA4])/ 4

RL_THA4 is the reloaded register of T4H, and RL_TL4 is the reload register of T4L in above formula.
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7.6 How to Increase TO/T1/T2/T3/T4 Speed by 12 times

1. The speed control bits of TO/T1/T2 : TOx12 / T1x12 / T2x12
AUXR: Auxiliary register (Non bit-addressable)

SFR name |Address| bit B7 B6 B5 B4 B3 B2 B1 BO
AUXR 8EH | name | TOx12 | T1x12 | UART_MOx6 | T2R T2 C/T | T2x12 | EXTRAM | S1ST2

B7 - TOx12 : Timer 0 clock source bit.
0 : The clock source of Timer 0 is SYSclk/12. It will compatible to the traditional 8051 MCU
1 : The clock source of Timer 0 is SYSclk/1. It will drive the TO faster than a traditional 8051 MCU

B6 - T1x12 : Timer 1 clock source bit.

0 : The clock source of Timer 1 is SYSclk/12. It will compatible to the traditional 8051 MCU

1 : The clock source of Timer 1 is SYSclk/1. It will drive the TO faster than a traditional 8051 MCU
If T1 is used as the baud-rate generator of UARTY, T1x12 will decide whether UART1 is 1T or 12T.

B2 - T2x12 : Timer 2 clock source bit.

0 : The clock source of Timer 2 is SYSclk/12.

1 : The clock source of Timer 2 is SYSclk/1.
If T2 is used as the baud-rate generator of UART1 or UART2, T1x12 will decide whether UART1 or UART?2 is
1T or 12T.

B5 - UART_MOXx6 : Baud rate select bit of UART1 while it is working under Mode-0
0 : The baud-rate of UART in mode 0 is SYSclk/12.
1 : The baud-rate of UART in mode 0 is SYSclk/2.

B4 - T2R Timer 2 Run control bit
0 : notrun Timer 2;
1 : runTimer 2.

B3 - T2_C/T: Counter or timer 2 selector
0 : as Timer (namely count on internal system clock)
1 : as Counter (namely count on the external pulse input from T2/P3.1)

B1 - EXTRAM : Internal / external RAM access control bit.
0 : On-chip auxiliary RAM is enabled.
1 : On-chip auxiliary RAM is always disabled.

BO - S1ST2 : the control bit that UART1 select Timer 2 as its baud-rate generator.
0 : Select Timer 1 as the baud-rate generator of UART1
1 : Select Timer 2 as the baud-rate generator of UARTL. Timer 1 is released to use in other functions.
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2. The speed control bits of T4/T3: T4x12 / T3x12
T4T3M : Timer 4 and Timer 3 Mode register (Non bit-addressable)

SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO
T4T3M DIH | name | T4R | T4 C/T | T4x12 |TACLKO| T3R | T3_C/T | T3x12 |T3CLKO

B5 - T4x12 : Timer 4 clock source bit.
0 : The clock source of Timer 4 is SYSclk/12.
1 : The clock source of Timer 4 is SYSclk/1.

B1 - T3x12 : Timer 3 clock source bit.
0 : The clock source of Timer 3 is SYSclk/12.
1 : The clock source of Timer 3 is SYSclk/1.

B7 - T4R Timer 4 Run control bit
0 : notrun Timer 4;
1 : runTimer4.

B6 - T4_C/T: Counter or timer 4 selector
0 : asTimer (namely count on internal system clock)
1 : as Counter (namely count on the external pulse input from T4/P0.7)

B4 - TACLKO : Whether is P0.6 configured for Timer 4(T4) programmable clock output T4ACLKO or not.
1, P0.6 is configured for Timer 4 programmable clock output TACLKO, the clock output frequency = T4 overflow/2

IfT4_ CT=0, namely Timer/Counter 4 count on the internal system clock,

When T4 in 1T mode (T4T3.5/T4x12=1), the output frequency = (SYSclk)/(65536-[RL_TH4, RL_TL4])/2
When T4 in 12T mode (T4T3.5/T4x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH4, RL_TL4])/2

If T4_C/T = 1, namely Timer/Counter 4 count on the external pulse input from P0.7/T4,
the output frequency = (T4_Pin_CLK) / (65536-[RL_TH4, RL_TL4])/2
0, P0.6 is not configure for Timer 4 programmable clock output T4ACLKO

B3 -T3R Timer 3 Run control bit
0 : notrun Timer 3;
1 : runTimer 3.

B2 - T3_C/T: Counter or timer 3 selector
0 : as Timer (namely count on internal system clock)
1 : as Counter (namely count on the external pulse input from T3/P0.5)

BO - T3CLKO : Whether is P0.4 configured for Timer 3(T3) programmable clock output T3CLKO or not.
1, P0.4 is configured for Timer 3 programmable clock output T3CLKO, the clock output frequency = T3 overflow / 2
If T3_ C/T = 0, namely Timer/Counter 3 count on the internal system clock,

When T3 in 1T mode (T4T3.1/T3x12=1), the output frequency = (SYSclk)/(65536-[RL_TH3, RL_TL3])/2
When T3 in 12T mode (T4T3.1/T3x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH3, RL_TL3])/2

If T3_C/T = 1, namely Timer/Counter 3 count on the external pulse input from P0.5/T3,
the output frequency = (T3_Pin_CLK) / (65536-[RL_TH3, RL_TL3])/2
0, P0.4 is not configure for Timer 3 programmable clock output T3CLKO

388 Nantong Guoxin Micro-Electronics Co. Ltd. Switchboard: 0513-5501 2928/ 2929/ 2966 Fax: 0513-5501 2969/ 2956/ 2947



STC15WA4K3254 series MCU Manual ~ www.STCMCU.com  QQ of R&D:800003751  STC—the biggest design company of 8051 MCU in the world

7.7 Programmable Clock Output (or as Frequency Divider)

STC15W4K32S4 series MCU has six channel programmable clock outputs. They are Master clock output
MCLKO/P5.4, Timer 0 programmable clock output TOCLKO/P3.5, Timer 1 programmable clock output
T1CLKO/P3.4, Timer 2 programmable clock output T2CLKO/P3.0, Timer 3 programmable clock output
T3CLKO/P0.4, Timer 4 programmable clock output TACLKO/P0.6. The speed of external programmable clock
output is also not more than 13.5MHz, because the output speed of I/0O port of STC15 series MCU is not more
than 13.5MHz.

7.7.1 Special Function Registers Related to Programmable Clock Output

Bit Address and Symbol Value after Power-
MSB LSB on or Reset

AUXR Auxiliary register 8EH T0x12| T1x12 | UART_MOx6 |T2R| T2 CIT | T2x12 |EXTRAM | S1ST2 0000 0001B

External Interrupt
enable and Clock | 8FH | Ex4 | Ex3]Ex2| Mcko_s2 [T2cLko]TicLKo[ToCLKO| X000 0000B
output register

CLK_DIV | Clock Division
(PCON2) register
Timer 4 and Timer

TaTaM | S deregister | D T4R[T4_C/T[T4x12]TACLKO|T3R|T3 C/T[T3x12[T3CLKO| 0000 0000B

Symbol Description  |Address

INT_CLKO
AUXR2

97H  [mcko_sivcko_sifabriftx_RmcLko_2cLksz|cLksicLkso] 0000 00008

The satement (used in C language) of Special function registers INT_CLKO/AUXR/CLK_DIV/T4T3M:

sfr INT_CLKO = Ox8F; /IThe address statement of special function register INT_CLKO
sfr AUXR = Ox8E; /IThe address statement of Special function register AUXR

sfr CLK_DIV = 0x97; /IThe address statement of Special function register CLK_DIV
sfr T4T3M = 0xD1,; /IThe address statement of Special function register T4T3M

The satement (used in Assembly language) of Special function registers INT_CLKO/AUXR/CLK_DIV/T4T3M:

INT_CLKO EQU 8FH ;The address statement of special function register INT_CLKO
AUXR EQU 8EH ;The address statement of Special function register AUXR
CLK_DIV EQU 97H ;The address statement of Special function register CLK_DIV
T4T3M EQU D1H ;The address statement of Special function register T4T3M
1. CLK_DIV (PCONZ2) : Clock Division register(Non bit addressable)
SFR Name | SFR Address | bit B7 B6 B5 B4 B3 B2 B1 BO
%';gaﬁ'z\)/ 97H name | MCKO_S1 | MCKO_s0 | ADRI| Tx Rx| MCLKO 2 | cLKsS2 | cLKs1 | cLKs0

ADRJ the adjustment bit of ADC result
0 ADC_RES[7:0] store high 8-bit ADC result ADC_RESL[1:0] store low 2-bit ADC result
1 ADC_RES[1:0] store high 2-bit ADC result ADC_RESL[7:0] store low 8-bit ADC result

Tx_Rx the set bit of relay and broadcast mode of UART1
0 UART1 works on normal mode
1 UART1 works on relay and broadcast mode that to say output the input level state of RxD port to the outside
TxD pin in real time, namely the external output of TxD pin can reflect the input level state of RxD port.
the RxD and TxD of UART1 can be switched in 3 groups of pins: [RxD/P3.0, TxD/P3.1];
[RxD_2/P3.6, TxD_2/P3.7];
[RxD_3/P1.6, TxD_3/P1.7].
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Mnemonic| Add Name 7 6 5 4 3 2 1 0 \F;;’fj;
%L_é(ézlz\)/ 97H | Clock Division register MCKO_S1{MCKO_S0| ADRJ TX_Rx |[MCLKO_2|CLKS2|CLKS1|CLKSO 8888
”(\'ATL—JS("R’;)O 8FH Er:(c}e(;rl]g(l:Il(nc:fjigrat’:trsg?s?r; - Exa | EX3 EX2  |MCKO_S2{T2CLKO[TICLKQITOCLKO| 000
the control bit of master clock output by dividing the frequency
MCKO_S2|MCKO_S1IMCKO_S0| (The master clock can either be internal R/C clock or the external input clock
or the external crystal oscillator)
0 0 0 Master clock do not output external clock
0 0 1 Master clock output external clock but its frequency do not be divided
and the output clock frequency = MCLK / 1
0 1 0 Master clock output external clock but its frequency is divided by 2 and
the output clock frequency = MCLK / 2
0 1 1 Master clock output external clock but its frequency is divided by 4 and
the output clock frequency = MCLK / 4
1 0 0 Master clock output external clock but its frequency is divided by 4 and
the output clock frequency = MCLK / 16

The master clock can either be internal R/C clock or the external input clock or the external crystal oscillator.
MCLK is the frequency of master clock.
STC15W4K32S4 series MCU output master clock on MCLKO/P5.4

MCLKO 2

to select Master Clock output on where
0 Master Clock output on MCLKO/P5.4
1 Master Clock output on MCLKO_2/XTAL2/P1.6
The master clock can either be internal R/C clock or the external input clock or the external crystal oscillator.

the control bit of system clock
CLKS2 [ CLKS1 | CLKSO [(System clock refers to the master clock that has been divided frequency, which is
offered to CPU, UARTS, SPI, Timers, CCP/PWM/PCA and A/D Converter)
0 0 0 Master clock frequency/1, No division
0 0 1 Master clock frequency/2
0 1 0 Master clock frequency/4
0 1 1 Master clock frequency/8
1 0 0 Master clock frequency/16
1 0 1 Master clock frequency/32
1 1 0 Master clock frequency/64
1 1 1 Master clock frequency/128

The master clock can either be internal R/C clock or the external input clock or the external crystal oscillator.
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2. INT_CLKO (AUXR?2) : External Interrupt Enable and Clock Output register

SFR Name | SFR Address bit B7 B6 B5 B4 B3 B2 Bl BO
IN;—GiIE;;o 8FH name EX4 EX3 EX2 MCKO_S2 |T2CLKO|T1CLKO|TOCLKO

BO - TOCLKO : Whether is P3.5/T1 configured for Timer 0(TO) programmable clock output TOCLKO or not.
1, P3.5/T1 is configured for TimerO programmable clock output TOCLKO, the clock output frequency = TO overflow/2
If Timer/Counter 0 in mode 0 (16 bit auto-reloadable mode),
and if C/T = 0, namely Timer/Counter 0 count on the internal system clock,

When TO in 1T mode (AUXR.7/T0x12=1), the output frequency = (SY Sclk)/(65536-[RL_THO, RL_TL0])/2
When TO in 12T mode (AUXR.7/T0x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_THO, RL_TL0])/2

and if C/T = 1, namely Timer/Counter 0 count on the external pulse input from P3.4/T0,

the output frequency = (TO_Pin_CLK) / (65536-[RL_THO, RL_TLO0])/2
If Timer/Counter 0 in mode 2 (8 bit auto-reloadable mode),

and if C/T = 0, namely Timer/Counter 0 count on the internal system clock,
When TO in 1T mode(AUXR.7/T0x12=1), the output frequency = (SYSclk) / (256-THO0) / 2
When TO in 12T mode(AUXR.7/T0x12=0), the output frequency = (SYSclk) / 12 / (256-THO) / 2

and if C/T = 1, namely Timer/Counter 0 count on the external pulse input from P3.4/T0,
the output frequency = (TO_Pin_CLK) / (256-THO) / 2

0, P3.5/T1 is not configure for Timer 0 programmable clock output TOCLKO

B1 - TICLKO : Whether is P3.4/T0 configured for Timer 1(T1) programmable clock output TACLKO or not.
1, P3.4/T0 is configured for Timerl programmable clock output TLICLKO, the clock output frequency = T1 overflow/2
If Timer/Counter 1 in mode 1 (16 bit auto-reloadable mode),
and if C/T = 0, namely Timer/Counter 1 count on the internal system clock,

When T1 in 1T mode (AUXR.6/T1x12=1), the output frequency = (SYSclk)/(65536-[RL_TH1, RL_TL1])/2
When T1 in 12T mode (AUXR.6/T1x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH1, RL_TL1])/2

and if C/T = 1, namely Timer/Counter 1 count on the external pulse input from P3.5/T1,
the output frequency = (T1_Pin_CLK)/ (65536-[RL_TH1, RL_TL1])/2
If Timer/Counter 1 in mode 2 (8 bit auto-reloadable mode),
and if C/T = 0, namely Timer/Counter 1 count on the internal system clock,
When T1 in 1T mode(AUXR.6/T1x12=1), the output frequency = (SYSclk) / (256-TH1) / 2
When T1 in 12T mode(AUXR.6/T1x12=0), the output frequency = (SYSclk) / 12 / (256-TH1) / 2

and if C/T = 1, namely Timer/Counter 1 count on the external pulse input from P3.5/T1,
the output frequency = (T1_Pin_CLK) / (256-TH1) / 2
0, P3.4/T0 is not configure for Timer 1 programmable clock output TICLKO

B2 - T2CLKO : Whether is P3.0 configured for Timer 2(T2) programmable clock output T2CLKO or not.
1, P3.0 is configured for Timer2 programmable clock output T2CLKO, the clock output frequency = T2 overflow/2

If T2_ C/T = 0, namely Timer/Counter 2 count on the internal system clock,

When T2 in 1T mode (AUXR.2/T2x12=1), the output frequency = (SY Sclk)/(65536-[RL_TH2, RL_TL2])/2
When T2 in 12T mode (AUXR.2/T2x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH2, RL_TL2])/2

If T2_C/T = 1, namely Timer/Counter 2 count on the external pulse input from P3.1/T2,
the output frequency = (T2_Pin_CLK) / (65536-[RL_TH2, RL_TL2])/2
0, P3.0 is not configure for Timer 2 programmable clock output T2CLKO
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2. INT_CLKO (AUXR2) : External Interrupt Enable and Clock Output register

SFR Name | SFR Address bit B7 B6 B5 B4 B3 B2 Bl BO
INT_CLKO
AUXR2 8FH name EX4 EX3 EX2 MCKO_S2 |T2CLKO|T1CLKO|TOCLKO

B4 - EX2 : Enable bit of External Interrupt 2(INT2)
B5 - EX3 : Enable bit of External Interrupt 3(INT3)
B6 - EX4 : Enable bit of External Interrupt 4(INT4 )

3. AUXR : Aucxiliary register (Address:8EH, Non bit-addressable)

SFR name | Address| bit B7 B6 B5 B4 B3 B2 B1 BO
AUXR 8EH | name | TOx12 | T1x12 | UART_MOx6 | T2R T2 C/T | T2x12 |EXTRAM | S1ST2

B7 - TOx12 : Timer O clock source bit.
0 : The clock source of Timer 0 is SYSclk/12. It will compatible to the traditional 8051 MCU
1 : The clock source of Timer 0 is SYSclk/1. It will drive the TO faster than a traditional 8051 MCU

B6 - T1x12 : Timer 1 clock source bit.

0 : The clock source of Timer 1 is SYSclk/12. It will compatible to the traditional 8051 MCU

1 : The clock source of Timer 1 is SYSclk/1. It will drive the TO faster than a traditional 8051 MCU
If T1 is used as the baud-rate generator of UART1, T1x12 will decide whether UART1 is 1T or 12T.

B5 - UART_MOx6 : Baud rate select bit of UART1 while it is working under Mode-0
0 : The baud-rate of UART in mode 0 is SYSclk/12.
1 : The baud-rate of UART in mode 0 is SYSclk/2.

B4 -T2R Timer 2 Run control bit
0 : notrun Timer 2;
1 : runTimer 2.

B3 - T2_C/T: Counter or timer 2 selector
0 : as Timer (namely count on internal system clock)
1 : as Counter (namely count on the external pulse input from T2/P3.1)

B2 - T2x12 : Timer 2 clock source bit.

0 : The clock source of Timer 2 is SYSclk/12.

1 : The clock source of Timer 2 is SYSclk/1.
If T2 is used as the baud-rate generator of UART1 or UART2, T1x12 will decide whether UART1 or UART?2 is
1T or 12T.

B1 - EXTRAM : Internal / external RAM access control bit.
0 : On-chip auxiliary RAM is enabled.
1 : On-chip auxiliary RAM is always disabled.

BO - S1ST2 : the control bit that UART1 select Timer 2 as its baud-rate generator.
0 : Select Timer 1 as the baud-rate generator of UART1
1 : Select Timer 2 as the baud-rate generator of UART1. Timer 1 is released to use in other functions.
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4. T4T3M : Timer 4 and Timer 3 Mode register (Non bit-addressable)

SFR name | Address| bit B7 B6 B5 B4 B3 B2 B1 BO
T4T3M DIH |name| T4R T4_C/T T4x12 |TACLKO| T3R T3_C/T T3x12 | T3CLKO

B7 - T4AR Timer 4 Run control bit
0 : notrun Timer 4;
1 : runTimer 4.

B6 - T4_C/T: Counter or timer 4 selector
0 : as Timer (namely count on internal system clock)
1 : as Counter (namely count on the external pulse input from T4/P0.7)

B5 - T4x12 : Timer 4 clock source bit.
0 : The clock source of Timer 4 is SYSclk/12.
1 : The clock source of Timer 4 is SYSclk/1.

B4 - T4CLKO : Whether is P0.6 configured for Timer 4(T4) programmable clock output T4ACLKO or not.
1, P0.6 is configured for Timer 4 programmable clock output TACLKO, the clock output frequency = T4 overflow/2

If T4_ CIT = 0, namely Timer/Counter 4 count on the internal system clock,
When T4 in 1T mode (T4T3.5/T4x12=1), the output frequency = (SYSclk)/(65536-[RL_TH4, RL_TL4])/2
When T4 in 12T mode (T4T3.5/T4x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH4, RL_TL4])/2

If T4_C/T = 1, namely Timer/Counter 4 count on the external pulse input from P0.7/T4,
the output frequency = (T4_Pin_CLK) / (65536-[RL_TH4, RL_TL4])/2
0, P0.6 is not configure for Timer 4 programmable clock output T4ACLKO

B3 -T3R Timer 3 Run control bit
0 : notrun Timer 3;
1 : runTimer 3.

B2 - T3_C/T: Counter or timer 3 selector
0 : as Timer (namely count on internal system clock)
1 : as Counter (namely count on the external pulse input from T3/P0.5)

B1 - T3x12 : Timer 3 clock source bit.
0 : The clock source of Timer 3 is SYSclk/12.
1 : The clock source of Timer 3 is SYSclk/1.

BO - T3CLKO : Whether is P0.4 configured for Timer 3(T3) programmable clock output T3CLKO or not.
1, P0.4 is configured for Timer 3 programmable clock output T3CLKO, the clock output frequency = T3 overflow / 2
If T3_ C/T = 0, namely Timer/Counter 3 count on the internal system clock,

When T3 in 1T mode (T4T3.1/T3x12=1), the output frequency = (SYSclk)/(65536-[RL_TH3, RL_TL3])/2
When T3 in 12T mode (T4T3.1/T3x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH3, RL_TL3])/2

If T3_C/T = 1, namely Timer/Counter 3 count on the external pulse input from P0.5/T3,
the output frequency = (T3_Pin_CLK) / (65536-[RL_TH3, RL_TL3])/2
0, P0.4 is not configure for Timer 3 programmable clock output T3CLKO
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7.7.2 Master Clock Output and Demo Program(C and ASM)

The master clock can either be internal R/C clock or the external input clock or the external crystal oscillator. The
speed of external programmable clock output of 5V MCU is also not more than 13.5MHz, because the output
speed of 1/0 port of STC15 series 5V MCU is not more than 13.5MHz. The speed of external programmable
clock output of 3.3V MCU is also not more than 8MHz, because the output speed of I/O port of STC15 series 3.3V
MCU is not more than 8MHz.

CLK_DIV (PCON2) : Clock Division Register (Non bit-addressable)

SFR Name|SFR Address| bit B7 B6 B5 B4 B3 B2 B1 BO
((:IID_CI?O_BIZ\)/ 97H name |MCKO_S1|{MCKO_SO[ADRJ|Tx_Rx| MCLKO_2|CLKS2|CLKS1|CLKSO

INT_CLKO (AUXR2) : External Interrupt Enable and Clock Output register

SFR Name |SFR Address| bit B7 B6 B5 B4 B3 B2 Bl BO
IN;GE:(IE;;O 8FH name EX4 | EX3 | EX2 |MCKO_S2|T2CLKO| T1CLKO | TOCLKO

How to output clock by using MCLKO/P5.4 or MCLKO_2/XTAL2/P1.6.

The clock output of MCLKO/P5.4 or MCLKO_2/XTAL2/P1.6 is controlled by the bits MCKO_S2 and
MCKO_S1 and MCKO_S0 of register CLK_DIV. MCLKO/P5.4 or MCLKO_2/XTAL2/P1.6 can be configured
for master clcok output whose frequency also can be choose by setting MCKO_S2 (INT_CLKO.3) and
MCKO_S1 (CLK_DIV.7) and MCKO_S0 (CLK_DIV.6).

the control bit of master clock output by dividing the frequency
MCKO_S2|MCKO_S1|MCKO_S0| (The master clock can either be internal R/C clock or the external input clock
or the external crystal oscillator)

0 0 0 Master clock do not output external clock

Master clock output external clock but its frequency do not be divided

0 0 ! and the output clock frequency = MCLK /1

0 1 0 Master clock output external clock but its frequency is divided by 2 and
the output clock frequency = MCLK / 2

0 1 1 Master clock output external clock but its frequency is divided by 4 and
the output clock frequency = MCLK / 4

1 0 0 Master clock output external clock but its frequency is divided by 4 and

the output clock frequency = MCLK / 16

The master clock can either be internal R/C clock or the external input clock or the external crystal oscillator.
MCLK is the frequency of master clock.
STC15W4K32S4 series MCU output master clock on MCLKO/P5.4

The speed of external programmable clock output of 5V MCU is also not more than 13.5MHz, because the
output speed of 1/O port of STC15 series 5V MCU is not more than 13.5MHz.

The speed of external programmable clock output of 3.3V MCU is also not more than 8MHz, because the
output speed of 1/O port of STC15 series 3.3V MCU is not more than 8MHz.
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the following is the demo program of Master clock output:

1. C Program Listing

I* */

[*--- STC MCU Limited. */

/* --- Exam Program of Master clock output */

[* --- Mobile: (86)13922805190 */

[* --- Fax: 86-755-82905966 */

[* --- Tel: 86-755-82948412 */

[* --- Web: www.STCMCU.com */

/* If you want to use the program or the program referenced in the */

/* article, please specify in which data and procedures from STC */

/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */

/*---- And only contain < reg51.h > as header file */

I* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"

typedef unsigned char BYTE;

typedef unsigned int WORD;

#define FOSC  18432000L

1

sfr CLK_DIV = 0x97; /IClock divider register

sfr INT_CLKO = 0x8f; //External Interrupt Enable and Clock Output register

I

void main()

{
CLK_DIV = 0x40; //0100,0000 the output frequency of P5.4 is SYSclk
INT_CLKO = 0x00;

I CLK_DIV = 0x80; //1000,0000 the output frequency of P5.4 is SYSclk/2

1 INT_CLKO = 0x00;

I CLK_DIV = 0xCO; //1100,0000 the output frequency of P5.4 is SYSclk/4

1 INT_CLKO = 0x00;

1 CLK_DIV = 0x00; //0000,0000

I INT_CLKO = 0x08; //0000,1000 the output frequency of P5.4 is SYSclk/16
while (1);

}

Nantong Guoxin Micro-Electronics Co. Ltd. Switchboard: 0513-5501 2928/ 2929/ 2966 Fax: 0513-5501 2969/ 2956/ 2947 395



STC15WA4K3254 series MCU Manual ~ www.GXWMCU.com  Temporary Technical Adviser:(86)13922829991  Tel of R&D Adviser:(86)13922805190

2. Assembler Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program of Master clock output */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

CLK_DIV DATA  97H /[Clock divider register
INT_CLKO DATA  8FH; //External Interrupt Enable and Clock Output register

;interrupt vector table

ORG 0000H
LIMP  MAIN
ORG 0100H
MAIN:
MOV  SP, #3FH /finitial SP
MOV  CLK_DIV, #40H //0100,0000 the output frequency of P5.4 is SYSclk
MOV INT_CLKO #00H
I MOV  CLK_DIV, #80H //1000,0000 the output frequency of P5.4 is SYSclk/2
I MOV INT_CLKO #00H
I MOV  CLK_DlV, #COH //1100,0000 the output frequency of P5.4 is SY Sclk/4
I MOV INT_CLKO #00H
1 MOV  CLK_DIV, #00H //0000,0000
I MOV  INT_CLKO #08H //0000,1000 the output frequency of P5.4 is SYSclk/16
SIMP  $
1l
END
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7.7.3 Timer 0 Programmable Clock Output and Demo Program
INT_CLKO (AUXR2) : External Interrupt Enable and Clock Output register

SFR Name |SFR Address| bit | B7 | B6 | B5 | B4 | B3 B2 B1 BO
Ny | 8FH name EX4 | EX3 | EX2 [MCKO_S2|T2CLKO| TICLKO | TOCLKO

How to output clock by using TOCLKO/P3.5.
The clock output of TOCLKO/P3.5 is controlled by the bit TOCLKO of register INT_CLKO (AUXR2).

INT_CLKO .0-TOCLKO : 1,enable T0 clock output

0, disable TO clock output
The ouput clock frequency of TOCLKO is controlled by Timer 0. When it is used as programmable clcok output,
Timer 0 must work in mode 0 (16-bit auto-reload timer/counter) or mode 2 (8-bit auto-reload timer/counter) and
don’t enable its interrupt to avoid CPU entering interrupt repeatly unless special circumstances.

When TOCLKO/INT_CLKO.0=1, P3.5/T1 is configured for Timer0 programmable clock output TOCLKO.
The clock output frequency = TO overflow/2
If Timer/Cou_nter 0 in mode 0 (16 bit auto-reloadable mode),
and if C/T = 0, namely Timer/Counter 0 count on the internal system clock,

When TO in 1T mode (AUXR.7/T0x12=1), the output frequency = (SY Sclk)/(65536-[RL_THO, RL_TL0])/2
When TO in 12T mode (AUXR.7/T0x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_THO, RL_TL0])/2

and if C/T = 1, namely Timer/Counter 0 count on the external pulse input from P3.4/T0,
the output frequency = (TO_Pin_CLK) / (65536-[RL_THO, RL_TL0])/2
RL_THO is the reloaded register of THO, RL_TLO is the reload register of TLO.

AUXR.7/T0x12=0
Interrupt

= Toggle
AUXR.7/T0x12=1
THO /
TO Pin ; (8 bits) b— : >{ TOCLKO

P3.5
[ ]
RL_TLO | RL_THO
INTO (8bits) | (8 bits)

Timer/Counter 0 mode 0: 16 bit auto-reloadable mode

SYSclk

TOCLKO

When TOCLKO/INT_CLKO.0=1, P3.5/T1 is configured for Timer 0 programmable clock output TOCLKO.

The clock output frequency = TO overflow/2
If Timer/Counter 0 in mode 2 (8 bit auto-reloadable mode),
and if C/T = 0, namely Timer/Counter 0 count on the internal system clock,
When TO in 1T mode(AUXR.7/T0x12=1), the output frequency = (SYSclk) / (256-THO0) / 2
When TO in 12T mode(AUXR.7/T0x12=0), the output frequency = (SYSclk) / 12 / (256-THO) / 2
and if C/T = 1, namely Timer/Counter 0 count on the external pulse input from P3.4/T0,
the output frequency = (TO_Pin_CLK) / (256-THO) / 2
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1y JAUXR7TOKI2=0 p— Interrupt
SYSclk
Toggle
> |rocLko
P3.5
TOC:LKO

Timer/Counter 0 mode 2: 8 bit auto-reloadable mode

The following is the example program that Timer 0 output programmable clock by dividing the frequency of in-
ternal system clock or the clock input from external pin TO/P3.4 (C and assembly):

1. C Program Listing

I* */
[*--- STC MCU Limited. */
/* --- Exam Program of Timer 0 porgrammable clock output */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
/* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"

typedef unsigned char BYTE;
typedef unsigned int WORD;

#define FOSC 18432000L

Il

sfr AUXR = 0x8e;

sfr INT_CLKO = 0x8f;

shit TOCLKO = P315;

#define F38_4KHz (65536-FOSC/2/38400) /11T Mode
[l#define F38_4KHz (65536-FOSC/2/12/38400) /12T Mode
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I
void main()
{
AUXR |[|= 0x80; /ITimer 0 in 1T mode
1l AUXR &= ~0x80; /ITimer 0 in 12T mode
TMOD = 0x00; /lset Timer0 in mode 0(16 bit auto-reloadable mode)
TMOD &= ~0x04; /IC/T0=0, count on internal system clock
1 TMOD |= 0x04; /IC/T0=1, count on external pulse input from TO pin
TLO = F38_4KHz; /lInitial timing value
THO = F38_4KHz >> §;
TRO = 1;
INT_CLKO = 0x01;
while (1);
}

2. Assembler Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program of Timer 0 porgrammable clock output */
[* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

AUXR DATA  08EH

INT_CLKO DATA  08FH

TOCLKO BIT P3.5

F38_4KHz EQU OFF10H //38.4KHz(1T mode, 65536-18432000/2/38400)
/IF38_4KHz EQU OFFECH 1/38.4KHz(12T mode,(65536-18432000/2/12/38400)
Il
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ORG 0000H
LIMP  MAIN
Il
ORG 0100H
MAIN:
MOV  SP, #3FH
ORL AUXR, #80H /[Timer 0 in 1T mode
I ANL AUXR, #7FH /[Timer 0 in 12T mode
MOV  TMOD, #00H //set TimerO in mode 0(16 bit auto-reloadable mode)
ANL TMOD, #O0FBH /IC/T0=0, count on internal system clock
1 ORL TMOD, #04H /IC/T0=1, count on external pulse input from TO pin
MOV  TLO, #LOW F38_4KHz /lInitial timing value
MOV  THO, #HIGH F38_4KHz
SETB TRO
MOV  INT_CLKO, #01H
SIMP  $
END
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7.7.4 Timer 1 Programmable Clock Output and Demo Program

INT_CLKO (AUXR2) : External Interrupt Enable and Clock Output register

SFR Name |SFR Address| bit B7 B6 B5 B4 B3 B2 Bl BO
IN;G(;(I&};O 8FH name EX4 | EX3 | EX2 |MCKO_S2|T2CLKO| T1CLKO | TOCLKO

How to output clock by using TLCLKO/P3.4.
The clock output of T1ICLKO/P3.4 is controlled by the bit TLICLKO of register INT_CLKO (AUXR2).

INT_CLKO.1-T1CLKO 1, enable T1 clock output
0, disable T1 clock output

The ouput clock frequency of TICLKO is controlled by Timer 1. When it is used as programmable clcok output,
Timer 1 must work in mode 1 (16-bit auto-reload timer/counter) or mode 2(8-bit auto-reload timer/counter) and
don’t enable its interrupt to avoid CPU entering interrupt repeatly unless special circumstances.

When TICLKO/INT_CLKO.1=1, P3.4/T0 is configured for Timer 1 programmable clock output TICLKO.
The clock output frequency = T1 overflow/2

If Timer/Counter 1 in mode 1 (16 bit auto-reloadable mode),
and ifCT =0, namely Timer/Counter 1 count on the internal system clock,
When T1 in 1T mode (AUXR.6/T1x12=1), the output frequency = (SYSclk)/(65536-[RL_TH1, RL_TL1])/2
When T1 in 12T mode (AUXR.6/T1x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH1, RL_TL1])/2
and if C/T = 1, namely Timer/Counter 1 count on the external pulse input from P3.5/T1,
the output frequency = (T1_Pin_CLK) / (65536-[RL_TH1, RL_TL1])/2
RL_TH1 is the reloaded register of TH1, RL_TL1 is the reload register of TL1.

AUXR 6/T1x12=0
TF1 Interrupt
SYSclk o
= Toggle
AUXR 6/T1x12=1
THL
N I e
i P3.4
GATE [ ] :
@bhits) | @bits)

Timer/Counter 1 mode 0: 16 bit auto-reloadable mode

When T1CLKO/INT_CLKO.1=1, P3.4/T0 is configured for Timer 1 programmable clock output TLCLKO.

The clock output frequency = T1 overflow/2
If Timer/Cou_nter 1 in mode 2 (8 bit auto-reloadable mode),
and if C/T = 0, namely Timer/Counter 1 count on the internal system clock,

When T1 in 1T mode(AUXR.6/T1x12=1), the output frequency = (SYSclk) / (256-TH1) / 2
When T1 in 12T mode(AUXR.6/T1x12=0), the output frequency = (SYSclk) / 12 / (256-TH1) / 2

and if C/T = 1, namely Timer/Counter 1 count on the external pulse input from P3.5/T1,
the output frequency = (T1_Pin_CLK) / (256-TH1) / 2
RL_TH1 is the reloaded register of TH1, RL_TL1 is the reload register of TL1.
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AUXR.6/T1x12=0

TF1

TICLKO

T1CLKO

Interrupt

Toggle

P3.4

Timer/Counter 1 mode 2: 8 bit auto-reloadable mode

The following is the example program that Timer 1 output programmable clock by dividing the frequency of in-

ternal system clock or the clock input from external pin T1/P3.5 (C and assembly):

1. C Program Listing
/*

[*--- STC MCU Limited.

/* --- Exam Program of Timer 1 porgrammable clock output

/* --- Mobile: (86)13922805190
/* --- Fax: 86-755-82905966

[* --- Tel: 86-755-82948412

[* --- Web: www.STCMCU.com
/* If you want to use the program or the program referenced in the

/* article, please specify in which data and procedures from STC

/*---- In Keil C development environment, select the Intel 8052 to compiling ---------

/*---- And only contain < reg51.h > as header file

/*

//suppose the frequency of test chip is 18.432MHz
#include "reg51.h"

typedef unsigned char BYTE;
typedef unsigned int WORD;

#define FOSC  18432000L

Il

sfr AUXR = 0x8e;

sfr INT_CLKO = 0x8f;

shit TICLKO = P374;

#define F38_4KHz (65536-FOSC/2/38400) /11T Mode
[l#define F38_4KHz (65536-FOSC/2/12/38400) /12T Mode
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I
void main()
{
AUXR |= 0x40; /ITimer 1 in 1T mode
1 AUXR &= ~0x40; /ITimer 1 in 12T mode
TMOD = 0x00; /set Timer 1 in mode 0(16 bit auto-reloadable mode)
TMOD &= ~0x40; /IC/T1=0, count on internal system clock
1 TMOD |= 0x40; /IC/T1=1, count on external pulse input from T1 pin
TL1 = F38_4KHz; /lInitial timing value
TH1 = F38_4KHz >> §;
TR1 = 1;
INT_CLKO = 0x02;
while (1);
}
2. Assembler Listing
* */
/*--- STC MCU Limited. */
/* --- Exam Program of Timer 1 porgrammable clock output */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
* */
//suppose the frequency of test chip is 18.432MHz
AUXR DATA 08EH
INT_CLKO DATA 08FH
T1CLKO BIT P3.4
F38_4KHz EQU OFF10H //38.4KHz(1T mode, 65536-18432000/2/38400)
/IF38_4KHz EQU OFFECH //38.4KHz(12T mode, (65536-18432000/2/12/38400)
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ORG 0000H
LIMP  MAIN
1
ORG 0100H
MAIN:
MOV  SP, #3FH
ORL AUXR, #40H /ITimer 1 in 1T mode
1l ANL AUXR, #0BFH /[Timer 1 in 12T mode
MOV  TMOD, #00H /Iset Timer 1 in mode 0(16 bit auto-reloadable mode)
ANL TMOD, #0BFH /IC/T1=0, count on internal system clock
1 ORL TMOD, #40H /ICIT1=1, count on external pulse input from T1 pin
MOV  TL1, #LOW F38_4KHz /lnitial timing value
MOV  THI, #HIGH F38_4KHz
SETB TR1
MOV INT_CLKO, #02H
SIMP  $
END
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7.7.5 Timer 2 Programmable Clock Output and Demo Program

INT_CLKO (AUXR?2) : External Interrupt Enable and Clock Output register

SFR Name [SFR Address| bit B7 B6 B5 B4 B3 B2 B1 BO
IN;GE:(IE;;O 8FH name EX4 | EX3 | EX2 |MCKO_S2|T2CLKO|T1CLKO | TOCLKO

How to output clock by using T2CLKO/P3.0.
The clock output of T2CLKO/P3.0 is controlled by the bit T2CLKO of register INT_CLKO (AUXR2).
INT_CLKO.2 - T2CLKO : 1, enable T2 clock output

0, disable T2 clock output

The ouput clock frequency of T2CLKO is controlled by Timer 2. When it is used as programmable clcok output,
Timer 2 interrupt don’t be enabled to avoid CPU entering interrupt repeatly unless special circumstances.

When T2CLKO/INT_CLKO.2=1, P3.0 is configured for Timer 2 programmable clock output T2CLKO.
The clock output frequency = T2 overflow/2

IfT2_ CT=0, namely Timer/Counter 2 count on the internal system clock,

When T2 in 1T mode (AUXR.2/T2x12=1), the output frequency = (SYSclk)/(65536-[RL_TH2, RL_TL2])/2
When T2 in 12T mode (AUXR.2/T2x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH2, RL_TL2])/2

If T2_C/T = 1, namely Timer/Counter 2 count on the external pulse input from P3.1/T2,
the output frequency = (T2_Pin_CLK) / (65536-[RL_TH2, RL_TL2])/2
RL_TH?2 is the reloaded register of T2H, RL_TL2 is the reload register of T2L.

Internal Structure Diagram of Timer 2 is shown below:

L1 |AUXR2T2x12:0
j — T2 Interrupt
T o ¢
AUXR.2/T2x12=1 Toggle

o T2 C/T=0 Ef ToL | ToH e
PP — 4§ Tmeom (8 bits) _|(8 bits) : TacLko

control P3.0

SYSclk

T2R

T2CLKO

[ ]
RL_TL2 | RL_TH2
(8bits) | (8 bits)

Timer / Counter 2 Operating Mode : 16 bit auto-reloadable Mode
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The following is the example program that Timer 2 output programmable clock by dividing the frequency of in-
ternal system clock or the clock input from external pin T2/P3.1 (C and assembly):

1. C Program Listing

/* */
/*--- STC MCU Limited. */
[* --- Exam Program of Timer 2 porgrammable clock output */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
[I* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
* */

/Isuppose the frequency of test chip is 18.432MHz

#include "reg51.h"

typedef unsigned char BYTE;

typedef unsigned int WORD;
#define FOSC 18432000L

Il

sfr AUXR = 0x8e;

sfr INT_CLKO = 0x8f;

sfr T2H = 0xD6;
sfr T2L = 0xD7;
shit T2CLKO = P370;

#define F38_4KHz
[l#define F38_4KHz

(65536-FOSC/2/38400)
(65536-FOSC/2/12/38400)

Il
void main()
{
AUXR |= 0x04;
1 AUXR &= ~0x04;

/11T mode
/12T mode

/ITimer 2 in 1T mode
/ITimer 2 in 12T mode
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AUXR &= ~0x08; /IT2_CI/T=0, count on internal system clock
I AUXR |= 0x08; /IT2_CI/T=1, count on external pulse input from T2(P3.1) pin
T2L = F38 4KHz; /Nnitial timing value
T2H = F38 4KHz >> 8;
AUXR |= 0x10;
INT_CLKO = 0x04;
while (1);

2. Assembler Listing

* */
/*--- STC MCU Limited. */
[* --- Exam Program of Timer 2 porgrammable clock output */
/* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
[*---- And only contain < reg51.h > as header file */
* */

//suppose the frequency of test chip is 18.432MHz

AUXR DATA 08EH

INT_CLKO DATA 08FH

T2H DATA 0D6H

T2L DATA 0D7H

T2CLKO BIT P3.0

F38_4KHz EQU OFF10H /138.4KHz(1T mode, 65536-18432000/2/38400)
/IF38_4KHz EQU OFFECH //38.4KHz(12T mode, (65536-18432000/2/12/38400)
I
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ORG 0000H
LIMP  MAIN
Il
ORG 0100H
MAIN:
MOV  SP, #3FH
ORL AUXR, #04H /[Timer 2 in 1T mode
1 ANL AUXR, #O0FBH /[Timer 2 in 12T mode
ANL AUXR, #O0F7H /IT2_C/T=0, count on internal system clock
I ORL AUXR, #08H /IT2_C/T=1, count on external pulse input from T2(P3.1) pin
MOV  T2L, #LOW F38_4KHz /Nnitial timing value

MOV  T2H, #HIGH F38_4KHz
ORL AUXR, #10H
MOV  INT_CLKO, #04H

SIMP  §

END
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7.7.6 Timer 3 Programmable Clock Output and Demo Program

TAT3M : Timer 4 and Timer 3 Mode register (Non bit-addressable)

SFR name |Address| bit B7 B6 B5 B4 B3 B2 B1 BO
T4T3M DI1IH |name| T4R T4_C/T T4x12 |TACLKO| T3R T3_C/T T3x12 | T3CLKO

How to output clock by using T3CLKO/P0.4.
The clock output of T3CLKO/P0.4 is controlled by the bit T3CLKO of register T4AT3M.
T4T3M.0 - T3CLKO : 1, enable T3 clock output

0, disable T3 clock output

The ouput clock frequency of T3CLKO is controlled by Timer 3. When it is used as programmable clcok output,
Timer 3 interrupt don’t be enabled to avoid CPU entering interrupt repeatly unless special circumstances.

When T3CLKO/T4T3M.0=1, P0.4 is configured for Timer 3 programmable clock output T3CLKO.

The clock output frequency = T3 overflow/2

IfT3_ CIT =0, namely Timer/Counter 3 count on the internal system clock,
When T3 in 1T mode (T4T3.1/T3x12=1), the output frequency = (SYSclk)/(65536-[RL_TH3, RL_TL3])/2
When T3 in 12T mode (T4T3.1/T3x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH3, RL_TL3])/2

If T3_C/T = 1, namely Timer/Counter 3 count on the external pulse input from P0.5/T3,
the output frequency = (T3_Pin_CLK) / (65536-[RL_TH3, RL_TL3])/2
RL_TH3 is the reloaded register of T3H, RL_TL3 is the reload register of T3L.

Internal Structure Diagram of Timer 3 is shown below:

17 |TAT3M.UT3x12=0
- — T3 Interrupt

B
TAT3M.1/T3x12=1 Toggle

\o_T3-C/T=0 Ef TL | T3H g
T3Pin/POS | T ‘_‘I—‘ @bits) | (8 bits) : T3CLKO
control
[ ]
RL_TL3 | RL_TH3

Timer / Counter 3 Operating Mode : 16 bit auto-reloadable Mode

SYSclk

T3R

T3CLKO
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7.7.7 Timer 4 Programmable Clock Output and Demo Program

TAT3M : Timer 4 and Timer 3 Mode register (Non bit-addressable)

SFR name |Address| bit B7 B6 B5 B4 B3 B2 B1 BO
T4T3M DI1IH |name| T4R T4_C/T T4x12 |TACLKO| T3R T3_C/T T3x12 | T3CLKO

How to output clock by using TACLKO/PO.6.
The clock output of T4CLKO/PO0.6 is controlled by the bit T4ACLKO of register T4AT3M.

T4T3M.4 - TACLKO : 1, enable clock output
0, disable clock output

The ouput clock frequency of TACLKO is controlled by Timer 4. When it is used as programmable clcok output,
Timer 4 interrupt don’t be enabled to avoid CPU entering interrupt repeatly unless special circumstances.

When T4CLKO/T4T3M.4=1, P0.6 is configured for Timer 4 programmable clock output TACLKO.
The clock output frequency = T4 overflow/2

If T4_ CIT = 0, namely Timer/Counter 4 count on the internal system clock,
When T4 in 1T mode (T4T3.5/T4x12=1), the output frequency = (SYSclk)/(65536-[RL_TH4, RL_TLA4])/2
When T4 in 12T mode (T4T3.5/T4x12=0), the output frequency = (SYSclk) /12/ (65536-[RL_TH4, RL_TLA4])/2
If T4_C/T = 1, namely Timer/Counter 4 count on the external pulse input from P0.7/T4,
the output frequency = (T4_Pin_CLK) / (65536-[RL_TH4, RL_TLA4])/2

RL_THA4 is the reloaded register of T4H, RL_TL4 is the reload register of T4L.

Internal Structure Diagram of Timer 4 is shown below:

17 |T4T3MSITAx12=0
i — T4 Interrupt

ERC I
T4T3M.5/T4x12=1 4 &0 Toggle
No—=1= i TAL T4H e
f T4_CIT=1 (8 bits) | (8 bits)

control
[] :
e
(8 bits) | (8 bits)

Timer / Counter 4 Operating Mode : 16 bit auto-reloadable Mode

SYSclk

T4 Pin/P0.7

T4R
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7.8 Power-Down Wake-Up Special Timer and Demo Program

Power-down wake-up special Timer is added to parts of STC15W4K32S4 series MCU. Besides external inter-
rupts, power-down wake-up timer also can wake up MCU from Stop/PD mode after MCU go into Stop/Power-
Down (PD) mode.

The power consumption of power-down wake-up special Timer : 3uA (for 3V chip) and 5uA (for 5V chip).

Power-down wake-up special Timer is controlled and managed by registers WKTCH and WKTCL

WKTCL : Power-Down Wake-up Timer Control register low (Non bit-addressable)

SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO Reset Value
WKTCL AAH name 1111 11110B

WKTCH : Power-Down Wake-up Timer Control register high (Non bit-addressable)
SFR name | Address bit B7 B6 B5 B4 B3 B2 Bl BO Reset Value
WKTCH ABH name |WKTEN 0111 1111B

Internal power-down wake-up special Timer consists of a 15-bit timer {WKTCH[6:0], WKTCL[7:0]}. The
maximum count value of the 15-bit timer {WKTCH[6:0],WKTCL[7:0]} is 32768, while the minimum is 0.
WKTEN The enable bit of internal power-down wake-up special Timer

WKTEN=1 enable internal power-down wake-up special Timer

WKTEN=0 - disable internal power-down wake-up special Timer.

There are two hidden registers WKTCL_CNT and WKTCH_CNT designed for internal power-down wake-up
special Timer. The address of WKTCL_CNT is the same as WKTCL's, and WKTCH_CNT and WKTCH share
in the same address. In fact, WKTCL_CNT and WKTCH_CNT are used as counter, while WKTCL and WKTCH
are used as comparator. The writing on registers [WKTCH, WKTCL] only can be written into registers [WKTCH,
WKTCLY], but not into registers [WKTCH_CNT, WKTCL_CNT]. However, it is actually not to read the content
of registers [WKTCH, WKTCL] but the registers [WKTCH_CNT, WKTCL_CNT] that reads the content of
registers [WKTCH, WKTCL].

Special Function Registers WKTCL_CNT and WKTCH_CNT are shown below:

WKTCL_CNT
SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO | Reset Value
WKTCL_CNT| AAH name 1111 1111B

WKTCH_CNT
SFR name | Address bit B7 B6 B5 B4 B3 B2 B1 BO | Reset Value
WKTCH_CNT| ABH name - x111 1111B
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That can enable the internal power-down wake-up timer by setting the bit WKTEN(Power Down Wakeup Timer
Enable) for 1. Once MCU go into Stop/Power-Down mode, the register [WKTCH_CNT,WKTCL_CNT] would be
incremented from 7FFFH to the preload value of register{ WKTCH[6:0] WKTCL[7:0]}. If the value of register
[WKTCH_CNT,WKTCL_CNT] has been incremented to equal to the register{WKTCH[6:0], WKTCL[7:0]}, the
system clock would start to oscillate. If the internal system clock is used as the master clock (selected by STC-
ISP Writer/Programmer), MCU would be waked up from Stop/Power-Down mode after 64 clocks. If the external
crystal or clock is used as the master clock (selected by STC-ISP Writer/Programmer), MCU would be waked
up from Stop/Power-Down mode after 1024 clocks. The content of register [WKTCH_CNT,WKTCL_CNT]
leaves unchanged after MCU is waked up from Stop/Power-Down mode. The waiting time of MCU in Stop/
Power-Down mode can be reqgiured by reading the register [WKTCH,WKTCL] (actually read the register
[WKTCH_CNT,WKTCL_CNT]).

Note: The preload value of register {WKTCH[6:0], WKTCL[7:0]}equals to subtract 1 from the count value
that users want to. For example, if users want to count 10 times, the preload value of register {WKTCH][6:0],
WKTCL[7:0]} would be 9. And 7FFFH (that is 32767) would be written into the register {WKTCH][6:0],
WKTCL[7:0]} if the count value is 32768.

Internal power-down wake-up Timer has its own internal clock whcih decide the time taken by counting a
time. The clock frequency of internal power-down wake-up Timer is about 32768Hz. The frequency in normal
temperature can be accessed by reading the content of F8 and F9 units in RAM area for STC15 series MCU
(except STC15F101W series). For STC15F101W series, it can be obtained by reading the content of 78 and 79
units in RAM area. Take F8 and F9 units in RAM area for example to introduce the frequency of internal power-
down wake-up Timer.

If [WIRC_H,WIRC_L] represent the clock frequency of internal power-down wake-up Timer in normal
temperature accessed from the uints F8 and F9 in RAM area, the counting time of internal power-down wake-up

Timer is calculated by following equation:

10%uS .
Counting time of internal power-down wake-up Timer = X 16 x times
[WIRC_H, WIRC_L]

If the content of F8 unit is 80H and F9 is 00H, that is to say [WIRC_H,WIRC_L] (the frequency of internal
power-down wake-up Timer) is 32768Hz, the counting time of internal power-down wake-up Timer would be :

488.28uS x 1 = 488.28US when {WKTCH[6:0] WKTCL[7:0]} = 0
488.28uS x 10 = 4.8828mS when {WKTCH[6:0] WKTCL[7:0]} = 9
488.28uSx 100 = 48.828mS when {WKTCH[6:0] WKTCL[7:0]} = 99
488.28uS x 1000 = 488.28mS when {WKTCH[6:0], WKTCL[7:0]} = 999
488.28uS x 4096 = 2.0S when {WKTCH[6:0] WKTCL[7:0]} = 4095
488.28uS x 32768  =16S when {WKTCH[6:0 WKTCL[7:0]} = 32767
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If the content of F8 unit is 79H and F9 is 18H, that is to say [WIRC_H,WIRC_L] (the frequency of internal
power-down wake-up Timer) is 31000Hz, the counting time of internal power-down wake-up Timer would be :
when {WKTCH[6:0] WKTCL[7:0]} =0

when {WKTCH[6:0], WKTCL[7:0]} =9

when {WKTCH[6:0], WKTCL[7:0]} = 99

when {WKTCH[6:0], WKTCL[7:0]} = 999

when {WKTCH[6:0], WKTCL[7:0]} = 4095

when {WKTCH[6:0], WKTCL[7:0]} = 32767

516.13uS x 1
516.13uS x 10
516.13uS x 100

~516.13uS
~5.1613mS
~51.613mS
516.13uS x 1000 = 516.13mS
516.13uS x 4096  =2.1S
516.13uS x 32768  =16.9S

If the content of F8 unit is 80H and F9 is E8H, that is to say [WIRC_H,WIRC_L] (the frequency of internal
power-down wake-up Timer) is 31000Hz, the counting time of internal power-down wake-up Timer would be :
when {WKTCH[6:0],WKTCL[7:0]}=0

when {WKTCH[6:0], WKTCL[7:0]} =9

when {WKTCH[6:0], WKTCL[7:0]} = 99

when {WKTCH[6:0], WKTCL[7:0]} =999

when {WKTCH[6:0], WKTCL[7:0]} = 4095

when {WKTCH[6:0], WKTCL[7:0]} = 32767

484.85uS x 1
484. 85uS x 10
484. 85uS x 100

~484. 85uS
~4.8485mS
=~ 48.485mS
484.85uS x 1000 = 484. 85mS
484. 85uS x 4096 = 1.986S
484. 85uS x 32768 =15.89S

/*Demo program using internal power-down wake-up special Timer wake up Stop/Power-Down

mode(C and ASM) */

1. C Program Listing

I* */
[* --- STC MCU Limited. */
/* --- Exam Program using power-down wake-up Timer to wake up Stop/Power-Down mode */
/* --- Mobile: (86)13922805190 */
/* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
[*---- In Keil C development environment, select the Intel 8052 to compiling -------------=------- */
/*---- And only contain < reg51.h > as header file */
I* */

//suppose the frequency of test chip is 18.432MHz

#include "reg51.h"
#include "intrins.h"
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Il
sfr WKTCL = Oxaa;
sfr WKTCH = Oxab;

shit P10 = P170;

1
void main()
{
WKTCL = 49; /Iwake-up cycle: 488us*(49+1) = 24.4ms
WKTCH = 0x80;
while (1)
{
PCON = 0x02; /[Enter Stop/Power-Down Mode
_nhop_();
_nhop_();
P10 = IP10;
}
}

2. Assembler Listing

* */
/*--- STC MCU Limited. */
[* --- Exam Program using power-down wake-up Timer wake up Stop/Power-Down mode -*/
/* --- Mobile: (86)13922805190 */
[* --- Fax: 86-755-82905966 */
[* --- Tel: 86-755-82948412 */
[* --- Web: www.STCMCU.com */
/* If you want to use the program or the program referenced in the */
/* article, please specify in which data and procedures from STC */
/*---- In Keil C development environment, select the Intel 8052 to compiling ------------------- */
/*---- And only contain < reg51.h > as header file */
* */

//suppose the frequency of test chip is 18.432MHz

WKTCL DATA O0AAH
WKTCH DATA O0ABH
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I
ORG 0000H
LIMP  MAIN
I
ORG 0100H
MAIN:
MOV  SP, #3FH
MOV  WKTCL, #49
MOV  WKTCH,#80H
LOOFP:
MOV  PCON, #02H
NOP
NOP
CPL P1.0
JMP LOOP
SIMP  $
END

/Iwake-up cycle: 488us*(49+1) = 24.4ms

/[Enter Stop/Power-Down Mode
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7.9 Application Notes for Timer in practice

@)

)

Real-time Timer

Timer/Counter start running, When the Timer/Counter is overflow, the interrupt request generated, this
action handle by the hardware automatically, however, the process which from propose interrupt request to
respond interrupt request requires a certain amount of time, and that the delay interrupt request on-site with
the environment varies, it normally takes three machine cycles of delay, which will bring real-time processing
bias. In most occasions, this error can be ignored, but for some real-time processing applications, which
require compensation.

Such as the interrupt response delay, for timer mode 0 and mode 1, there are two meanings: the first,
because of the interrupt response time delay of real-time processing error; the second, if you require multiple
consecutive timing, due to interruption response delay, resulting in the interrupt service program once again
sets the count value is delayed by several count cycle.

If you choose to use Timer/Counter mode 1 to set the system clock, these reasons will produce real-time
error for this situation, you shou