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1. GENERAL DESCRIPTION

The N76E616 is an embedded flash type, 8-bit high performance 1T 8051-based microcontroller. The

instruction set is fully compatible with the standard 80C51 and performance enhanced.

The N76E616 contains an up to 18K Bytes of main Flash called APROM, in which the contents of
User Code reside. The N76E616 Flash supports In-Application-Programming (IAP) function, which
enables on-chip firmware updates. IAP also makes it possible to configure any block of User Code
array to be used as non-volatile data storage, which is written by IAP and read by IAP or MOVC
instruction. There is an additional Flash called LDROM, in which the Boot Code normally resides for
carrying out In-System-Programming (ISP). The LDROM size is configurable with a maximum of 4K
Bytes. To facilitate programming and verification, the Flash allows to be programmed and read
electronically by parallel Writer or In-Circuit-Programming (ICP). Once the code is confirmed, user can

lock the code for security.

The N76E616 provides rich peripherals including 256 Bytes of SRAM, 256 Bytes of auxiliary RAM
(XRAM), up to 46 general purpose I/O, two 16-bit Timers/Counters 0/1, one 16-bit Timer 2 group with
four auto-reload or PWM timers, one Watchdog Timer (WDT), one Self Wake-up Timer (WKT), one
16-bit auto-reload Timer 3 for general purpose or baud rate generator, two UARTs with frame error

detection and automatic address recognition, one I2C, eight-channel shared pin interrupt for all I1/O,
one 10-bit ADC, and the LCD driver for up to 180 pixels. The peripherals are equipped with 17

sources with 4-level-priority interrupts capability.

The N76E616 is equipped with five clock sources and supports switching on-the-fly via software. The
four clock sources include 2 MHz to 16 MHz high-speed external crystal/resonator, 32.768 kHz low-
speed external crystal/resonator, external clock input, 10 kHz internal oscillator, and one 11.059 MHz
internal precise oscillator that is factory trimmed to £1% at room temperature. The N76E616 provides
additional power monitoring detection such as power-on reset and 4-level brown-out detection, which

stabilizes the power-on/off sequence for a high reliability system design.

The N76E616 microcontroller operation consumes a very low power with two economic power modes
to reduce power consumption — Idle and Power-down mode, which are software selectable. Idle
mode turns off the CPU clock but allows continuing peripheral operation. Power-down mode stops the
whole system clock for minimum power consumption. The system clock of the N76E616 can also be
slowed down by software clock divider, which allows for flexibility between execution performance and

power consumption.

With high performance CPU core and rich well-designed peripherals, the N76E616 benefits to meet a

general purpose, home appliances, or motor control system accomplishment.
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2. FEATURES

® CPU:

Fully static design 8-bit high performance 1T 8051-based CMOS microcontroller.

Instruction set fully compatible with MCS-51.

4-priority-level interrupts capability.

Dual Data Pointers (DPTRS).
® Operating:

— Wide supply voltage from 2.4V to 5.5V.

— Wide operating frequency up to 16 MHz.

— Industrial temperature grade: -40°C to +105C.
® Memory:

— Up to 18K Bytes of APROM for User Code.

— Configurable 4K/3K/2K/1K/0OK Bytes of LDROM, which provides flexibility to user developed
Boot Code.

— Flash Memory accumulated with pages of 256 Bytes each.
— Built-in In-Application-Programmable (IAP).
— Flash Memory 20,000 writing cycle endurance.
— Code lock for security.
— 256 Bytes on-chip RAM.
— Additional 256 Bytes on-chip auxiliary RAM (XRAM) accessed by MOVX instruction.
— UID (unique code).
® Clock sources:
— 11.059 MHz high-speed internal oscillator trimmed to £1%, +5% in all conditions.
— 10 kHz low-speed internal oscillator.
— 2 MHz to 16 MHz high-speed external crystal/resonator.
— 32.768 kHz low-speed external crystal/resonator.
— External clock input.
— On-the-fly clock source switch via software.

— Programmable system clock divider up to 1/512.
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® Peripherals:

— Up to 45 general purpose I/O pins and one input-only pin. Four pins provide normal/high
current selected via software.

— Standard interrupt pins INTO and INT1.
— Two 16-bit Timers/Counters 0 and 1 compatible with standard 8051.

— One 16-bit Timer 2 group with four timers 2A/2B/2C/2D, auto-reload mode and PWM mode
supported.

— One 16-bit auto-reload Timer 3, which can be the baud rate clock source of UARTS.

— One programmable Watchdog Timer (WDT) clocked by 10 kHz internal source, functions as
time-out reset timer or general purpose timer.

— One dedicated Self Wake-up Timer (WKT) for self-timed wake-up for power-reduced modes.

— Two full-duplex UART ports with frame error detection and automatic address recognition.

— One I2C bus with master and slave modes, up to 400 kbps data rate.

— Eight channels of pin interrupt, shared for all I/0O ports, with variable configuration of edge/level
detection.

— One 10-bit ADC, up to 300 ksps sampling rate, with hardware conversion result compare.
— LCD driver with 4 COM / 32 SEG or 6 COM / 30 SEG configuration.

® Power management:
— Two power reduced modes: Idle and Power-down mode.

® Power monitor:

— Brown-out detection (BOD) with low power mode available, 4-level selection, interrupt or reset
options.

— Power-on reset (POR).
® Strong ESD and EFT immunity.
® Development Tools:
— Nuvoton On-Chip-Debugger (OCD) with KeiL™ development environment.
— Nuvoton In-Circuit-Programmer (ICP).
— Nuvoton In-System-Programming (ISP) via UARTs or Nuvoton ISP programmer.

® Part numbers and packages:

Part Number APROM LDROM Package

N76E616AL48 18K Bytes shared with LDROM Up to 4K Bytes LQFP-48

Feb 20, 2016 Page 7 of 179 Rev. 1.01



NUVvVOTON N76E616 Datasheet
=

3. BLOCK DIAGRAM

Figure 3-1 shows the N76E616 functional block diagram and gives the outline of the device. User can

find all the peripheral functions of the device in the diagram.
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Figure 3-1. Function Block Diagram
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4. PIN CONFIGURATION
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L1938/100zL/9ed ] | 22
81935/200zL/L'2d [ ]| €2
61o3s/0avLs/osd [ || v2

Figure 4-1. Pin Assignment of LQFP-48 Package
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Table 4-1. Pin Description

Pin Number

LQFP-48

Symbol

Multi-Function Description™

44

VDD

POWER SUPPLY: Supply voltage Vpp for operation.

45

GND

GROUND: Ground potential.

PO[7:0]

PO: Port 0 is a bit-addressable, 8-bit /0 port. After reset, all pins
are in input-only mode.

43

P0.0/AINO/TO

P0.0: Port 0 hit 0.

AINO: ADC input channel 0.

TO: External count input to Timer/Counter 0 or its toggle output.

42

P0.1/AIN1/INTO

PO0.1: Port O hit 1.

AIN1: ADC input channel 1.

INTO: External interrupt O input.

41

P0.2/AIN2

P0.2: Port 0 bit 2.

AIN2: ADC input channel 2.

40

P0.3/AIN3

P0.3: Port 0 bit 3.

AIN3: ADC input channel 3.

39

P0.4/AIN4

PO0.4: Port 0 bit 4.

AIN4: ADC input channel 4.

38

P0.5/AINS

PO0.5: Port 0 bit 5.

AIN5: ADC input channel 5.

37

P0.6/AING

P0.6: Port 0 bit 6.

AIN6: ADC input channel 6.

36

P0.7/AIN7/CLO/SEG31

PO0.7: Port 0 bit 7.

AIN7: ADC input channel 7.

CLO: System clock output.

SEG31: LCD segment 31 output.

P1[7:0]

P1: Port 1 is a bit-addressable, 8-bit /0 port. After reset, all pins
are in input-only mode.

P1.0/COMO

P1.0: Port 1 bit O.

COMO: LCD common 0 output.

P1.1/COM1

P1.1: Port 1 bit 1.

COM1: LCD common 1 output.

P1.2/COM2

P1.2: Port 1 bit 2.

COM2: LCD common 2 output.

P1.3/INT1/COM3

P1.3: Port 1 bit 3.

INT1: External interrupt 1 input.

COM3: LCD common 3 output.

12

P1.4/T1/SEG7

P1.4: Port 1 bit 4.

T1: External count input to Timer/Counter 1 or its toggle output.

SEG7: LCD segment 7 output.

13

P1.5/T2A01/SEG8

P1.5: Port 1 bit 5.

T2A01: Timer 2A output 1.

SEGS8: LCD segment 8 output.

14

P1.6/T2A02/SEG9

P1.6: Port 1 bit 6.

T2A02: Timer 2A output 2.

SEG9: LCD segment 9 output.

15

P1.7/T2BO1/SEG10

P1.7: Port 1 bit 7.

T2BO1: Timer 2B output 1.

SEG10: LCD segment 10 output.

Feb 20, 2016
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Table 4-1. Pin Description

Pin Number

Symbol Multi-Function Description™
LQFP-48

P2: Port 2 is a bit-addressable, 8-bit I/0 port. After reset, all pins
are in input-only mode.

P2.0: Port 2 bit 0.

16 P2.0/T2BO2/SEG11 T2BO2: Timer 2B output 2.

SEG11: LCD segment 11 output.

P2.1: Port 2 bit 1.

17 P2.1/RXD/SEG12 RXD: Serial port 0 receive input.
SEG12: LCD segment 12 output.

P2.2: Port 2 bit 2.

18 P2.2/TXD/SEG13 TXD: Serial port O transmit data output.
SEG13: LCD segment 13 output.

P2.3: Port 2 bit 3.

19 P2.3/SDA/SEG14 SDA: I'C data.
SEG14: LCD segment 14 output.
P2.4: Port 2 bit 4.

20 P2.4/SCLISEG15 SCL: I°C clock.

SEG15: LCD segment 15 output.

P2.5: Port 2 bit 5.

SEG16: LCD segment 16 output.

P2.6: Port 2 bit 6.

22 P2.6/T2CO1/SEG17 T2CO1L: Timer 2C output 1.

SEG17: LCD segment 17 output.

P2.7: Port 2 bit 7.

23 P2.7/T2CO2/SEG18 T2CO2: Timer 2C output 2.

SEG18: LCD segment 18 output.

P3: Port 3 is a bit-addressable, 7-bit 1/0 port. P3.6 is a dedicated
input-only pin if available.

P3.0: Port 3 bit 0.

32 P3.0/T2DO1/SEG27 T2DO1: Timer 2D output 1.

SEG27: LCD segment 27 output.

P3.1: Port 3 bit 1.

33 P3.1/T2DO2/SEG28 T2DO1: Timer 2D output 2.

SEG28: LCD segment 28 output.

P3.2: Port 3 bit 2 available only when HXT, LXT, or ECLK is not
used.

XIN: If HXT or LXT is used, XN is the input pin to the internal

P2[7:0]

21 P2.5/SEG16

P3[6:0]

34 P3.2/XINISEG29 inverting amplifier. If the ECLK mode is enabled, XN is the
external clock input pin.
SEG29: LCD segment 29 output.
P3.3: Port 3 bit 3 available when HXT or LXT is not used.
35 P3 3/XoUT/SEG30 Xour: If HXT or LXT is used, Xour is the output pin from the

internal inverting amplifier. It emits the inverted signal of XIN.
SEG30: LCD segment 30 output.

P3.4: Port 3 bit 4.

46 P3.4/ICPDA/OCDDA ICPDA: ICP data input or output.

OCDDA: OCD data input or output.
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Table 4-1. Pin Description

Pin Number

Symbol Multi-Function Description™
LQFP-48

P3.5: Port 3 bit 5.

47 P3.5/ICPCK/OCDCK ICPCK: ICP clock input.

OCDCK: OCD clock input.

P3.6: Port 3 bit 6 input pin available when RPD (CONFIGO0.2) is
programmed as 0.

RST: RST pin is a Schmitt trigger input pin for hardware device

48 P3.6IRST reset. A low on this pin resets the device. RST pin has an internal
pull-up resistor allowing power-on reset by simply connecting an
external capacitor to GND.

P4[6:0] P4: Port 4 is a byte-addressable, maximum 7-bit I/O port. After

reset, all pins are in input-only mode.
P4.0: Port 4 bit 0.

5 P4.0/SEGO/COM4 SEGO: LCD segment 0 output.
COM4: LCD common 4 output.
P4.1: Port 4 bit 1.

6 P4.1/SEG1/COM5 SEGL1: LCD segment 1 output.
COM5: LCD common 5 output.
P4.2: Port 4 bit 2.

19 P4.2/SEG2 SEG2: LCD segment 2 output.
7 P4.3/SEG3 gégspfg; :iztgilwent 3 output.
8 P4.4/SEG4 géé4pl(_)gl§ gatgiﬁent 4 output.
9 P4.5/SEG5 222;323 gggi}ent 5 outpu.
10 P4.6/SEG6 gégepfg; sletgilwent 6 output.
P5[7:0] P5: Port 5 is a bit-addressable, 8-bit /0 port. After reset, all pins

are in input-only mode.

P5.0: Port 5 bit 0.

24 P5.0/STADC/SEG19 STADC: External start ADC trigger.
SEG19: LCD segment 19 output.
P5.1: Port 5 bit 1.

> PS.1/SEG20 SEG20: LCD segment 20 output.
2 Ps.2/sEG21 gZé.ZE:OIr_tCSDbgezment 21 output.
°! Po-3ISEG22 EZ?;:ZEPIr_t(ZSDbiSteEment 22 output.
2 PS.4ISEG23 22(4;220 Ir_tC?Dbge‘;ment 23 output.
29 P5.5/SEG24 P5.5: Port 5 bit 5.

SEG24: LCD segment 24 output.

P5.6: Port 5 bit 6.

30 P5.6/RXD_1/SEG25 RXD_1: Serial port 1 receive input.

SEG25: LCD segment 25 output.

P5.7: Port 5 bit 7.

31 P5.7/TXD_1/SEG26 TXD_1: Serial port 1 transmit data output.

SEG26: LCD segment 26 output.

[1] All I/O pins can be configured as an interrupt pin. This feature is not listed in multi-function description. See
Section 16. “Pin Interrupt” on page 96.
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VDD [—*

Ci i

g —{ XIN
‘ as close to MCU
as possible
rR> L]
3 ‘—{ Xout GND
c2 = v
N76E616 ower sourcs.
as possible
Crystal Frequency R C1 Cc2
2 MHz to 16 MHz Without

Depending on crystal
32.768 kHz Without specifications

Figure 4-2. Application Circuit with External Crystal
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5. MEMORY ORGANIZATION

A standard 80C51 based microcontroller divides the memory into two different sections, Program
Memory and Data Memory. The Program Memory is used to store the instruction codes, whereas the

Data Memory is used to store data or variations during the program execution.

The Data Memory occupies a separate address space from Program Memory. In N76E616, there are
256 Bytes of internal scratch-pad RAM. For many applications those need more internal RAM, the
N76E616 provides another on-chip 256 Bytes of RAM, which is called XRAM, accessed by MOVX

instruction.

The whole embedded flash, functioning as Program Memory, is divided into three blocks: Application
ROM (APROM) normally for User Code, Loader ROM (LDROM) normally for Boot Code, and CONFIG
bytes for hardware initialization. Actually, APROM and LDROM function in the same way but have
different size. Each block is accumulated page by page and the page size is 256 Bytes. The flash
control unit supports Erase, Program, and Read modes. The external writer tools though specific I/O
pins, In-Application-Programming (IAP), or In-System-Programming (ISP) can both perform these

modes.
5.1 Program Memory

The Program Memory stores the program codes to execute as shown in Figure 5-1. After any reset,

the CPU begins execution from location 0000H.

To service the interrupts, the interrupt service locations (called interrupt vectors) should be located in
the Program Memory. Each interrupt is assigned with a fixed location in the Program Memory. The
interrupt causes the CPU to jump to that location with where it commences execution of the interrupt
service routine (ISR). External Interrupt O, for example, is assigned to location 0003H. If External
Interrupt O is going to be used, its service routine should begin at location 0003H. If the interrupt is not

going to be used, its service location is available as general purpose Program Memory.

The interrupt service locations are spaced at an interval of eight 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 the 8-
Byte interval. However longer service routines should use a JMP instruction to skip over subsequent

interrupt locations if other interrupts are in use.

The N76E616 provides two internal Program Memory blocks APROM and LDROM. Although they
both behave the same as the standard 8051 Program Memory, they play different rules according to
their ROM size. The APROM on N76E616 can be up to 18K Bytes. User Code is normally put inside.

CPU fetches instructions here for execution. The MOVC instruction can also read this region.
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The other individual Program Memory block is called LDROM. The normal function of LDROM is to
store the Boot Code for ISP. It can update APROM space and CONFIG bytes. The code in APROM
can also re-program LDROM. For ISP details and configuration bit setting related with APROM and
LDROM, see Section 21.4 “In-System-Programming (ISP)” on page 135. Note that APROM and
LDROM are hardware individual blocks, consequently if CPU re-boots from LDROM, CPU will

automatically re-vector Program Counter 0000H to the LDROM start address. Therefore, CPU

accounts the LDROM as an independent Program Memory and all interrupt vectors are independent

from APROM.
CONFIG1
7 6 5 4 3 2 | 1 | 0
- - - - - LDSIZE[2:0]
- - - - - R/W
Factory default value: 1111 1111b
Bit Name Description

2.0 LDSIZE[2:0] | LDROM size select

This field selects the size of LDROM.

111 = No LDROM. APROM is 18K Bytes.

110 = LDROM is 1K Bytes. APROM is 17K Bytes.
101 = LDROM is 2K Bytes. APROM is 16K Bytes.
100 = LDROM is 3K Bytes. APROM is 15K Bytes.
0xx = LDROM is 4K Bytes. APROM is 14K Bytes.

37FFH/
3BFFH/
3FFFH/
43FFH/
47FFHM
APROM
OFFFH/
OBFFH/
07FFH/
03FFH/
0000HT" LDROM
0000H 0000H
BS=0 BS =1
[1] The logic boundary addresses of APROM and LDROM are defined
by CONFIG1[2:0].

Figure 5-1. N76E616 Program Memory Map
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5.2 Data Memory

Figure 5-2 shows the internal Data Memory spaces available on N76E616. Internal Data Memory
occupies a separate address space from Program Memory. The internal Data Memory can be divided
into three blocks. They are the lower 128 Bytes of RAM, the upper 128 Bytes of RAM, and the 128
Bytes of SFR space. Internal Data Memory addresses are always 8-bit wide, which implies an address
space of only 256 Bytes. Direct addressing higher than 7FH will access the special function registers
(SFRs) space and indirect addressing higher than 7FH will access the upper 128 Bytes of RAM.
Although the SFR space and the upper 128 Bytes of RAM share the same logic address, 80H through
FFH, actually they are physically separate entities. Direct addressing to distinguish with the higher 128
Bytes of RAM can only access these SFRs. Sixteen addresses in SFR space are either byte-
addressable or bit-addressable. The bit-addressable SFRs are those whose addresses end in OH or
8H.

The lower 128 Bytes of internal RAM are present in all 80C51 devices. The lowest 32 Bytes as
general-purpose registers are grouped into 4 banks of 8 registers. Program instructions call these
registers as RO to R7. Two bits RSO and RS1 in the Program Status Word (PSW[3:4]) select which
Register Bank is used. It benefits more efficiency of code space, since register instructions are shorter
than instructions that use direct addressing. The next 16 Bytes above the general-purpose registers
(byte-address 20H through 2FH) form a block of bit-addressable memory space (bit-address O0H
through 7FH). The 80C51 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
OOH through 7FH.

Either direct or indirect addressing can access the lower 128 Bytes space. But the upper 128 Bytes

can only be accessed by indirect addressing.

Another application implemented with the whole block of internal 256 Bytes RAM is used for the stack.
This area is selected by the Stack Pointer (SP), which stores the address of the top of the stack.
Whenever a JMP, CALL or interrupt is invoked, the return address is placed on the stack. There is no
restriction as to where the stack can begin in the RAM. By default however, the Stack Pointer contains
07H at reset. User can then change this to any value desired. The SP will point to the last used value.
Therefore, the SP will be incremented and then address saved onto the stack. Conversely, while

popping from the stack the contents will be read first, and then the SP is decreased.
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FFH U 128 Byt 00FFH

pper ytes

Internal RAM . SFR .

(indirect addressing) (direct addressing)

80H 256 Bytes XRAM
7FH1 Lower 128 Bytes (MOVX addressing)

Internal RAM

(direct or indirect

00H addressing) 0000H

Figure 5-2. Data Memory Map

FFH
Indirect Accessing RAM

80H
7FH

Direct or Indirect Accessing RAM

2FH| 7F 7E 7D | 7C 7B 7A 79 78
2EH| 77 76 75 74 73 72 71 70
2DH| 6F 6E 6D | 6C 6B 6A 69 68
2CH| 67 66 65 64 63 62 61 60
2BH| 5F 5E 5D | 5C 5B S5A 59 58
2AH| 57 56 55 54 53 52 51 50
29H| 4F 4E | 4D | 4C | 4B | 4A 49 48
28H| 47 46 45 44 43 42 41 40
27H| 3F 3E 3D | 3C 3B 3A 39 38
26H| 37 36 35 34 33 32 31 30
25H| 2F 2E | 2D | 2C | 2B 2A 29 28
24H| 27 26 25 24 23 22 21 20
23H| 1F 1E 1D 1C 1B 1A 19 18
22H| 17 16 15 14 13 12 11 10
21H| OF OE 0D | oC 0B OA 09 08
20H| 07 06 05 04 03 02 01 00 /

> Bit-addressable

Register Bank 3

Register Bank 2
ded > General Purpose Registers
Register Bank 1

Register Bank 0

Figure 5-3. Internal 256 Bytes RAM Addressing
5.3 On-Chip XRAM

The N76E616 provides additional on-chip 256 bytes auxiliary RAM called XRAM to enlarge the RAM
space. It occupies the address space from 00H through FFH. The 256 bytes of XRAM are indirectly
accessed by move external instruction MOVX @DPTR or MOVX @RIi. (See the demo code below.)

Note that the stack pointer cannot be located in any part of XRAM.

XRAM demo code:

MOV RO, #23H ;write #5AH to XRAM with address @23H
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MOV A, #5AH
MOVX  @RO,A

MOV R1, #23H ;read from XRAM with address @23H
MOVX A, @Rl
MOV DPTR, #0023H ;write #5BH to XRAM with address Q0023H

MOV A, #5BH

MOVX @DPTR, A

MOV DPTR, #0023H ;read from XRAM with address @Q0023H
MOVX A, @DPTR

5.4 Non-Volatile Data Storage

By applying IAP, any page of APROM or LDROM can be used as non-volatile data storage. For IAP
details, please see Section 21. “In-Application-Programming (IAP)” on page 129.
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6. SPECIAL FUNCTION REGISTER (SFR)

The N76E616 uses Special Function Registers (SFRs) to control and monitor peripherals and their
modes. The SFRs reside in the register locations 80 to FFH and are accessed by direct addressing
only. SFRs those end their addresses as OH or 8H are bit-addressable. It is very useful in cases where
user would like to modify a particular bit directly without changing other bits via bit-field instructions. All
other SFRs are byte-addressable only. The N76E616 contains all the SFRs presenting in the standard
8051. However, some additional SFRs are built in. Therefore, some of unused bytes in the original

8051 have been given new functions. The SFRs are listed below.

To accommodate more than 128 SFRs in the 0x80 to OxFF address space, SFR paging has been
implemented. By default, all SFR accesses target SFR page 0. During device initialization, some
SFRs located on SFR page 1 may need to be accessed. The register SFRS is used to switch SFR
addressing page. Note that this register has TA write protection. Most of SFRs are available on both
SFR page 0 and 1.

SFRS — SFR Page Selection (TA protected)

7 6 5 4 3 1 0
- - - - - - SFRPAGE
- - - - - - R/W
Address: 91H Reset value: 0000 0000b
Bit Name Description
0 SFRPAGE | SFR page select

0 = Instructions access SFR page 0.
1 = Instructions access SFR page 1.

Switch SFR page demo code:

MOV TA, #0AAH ;switch to SFR page 1
MOV TA, #55H

ORL SFRS, #01H

MOV TA, #0AAH ;switch to SFR page 0
MOV TA, #55H

ANL SFRS, #0FEH

Feb 20, 2016
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Table 6-1. SFR Memory Map

Page | Addr 0/8 1/9 2/A 3/B 4/C 5/D 6/E 7IF

9 | r8 [ scon | Lepcon | Lepcik | LeopTr | HCPPAT : EIP1 EIPH1
(1) FO B - ADCAQT - - - PODIDS EIPH
(1) E8 | ADCCONO PICON PINEN PIPEN PIF PITYP LCDSEG3 EIP
(1) EO ACC ADCCON1 | ADCCON2 | ADCMPL | ADCMPH | LCDSEGO | LCDSEG1 | LCDSEG2
(1) D8 P5 P4 P;zi\ﬂsl P4_I\/I2 PP55M31 P5-I\/I2 ) )
(1) DO PSW - - - R2CL R2CH R2DL R2DH
(1) C8 T2CON T2MODO T2MOD1 T20E R2AL R2AH R2BL R2BH
(1) Cco 12CON I2ADDR ADCRL ADCRH T3CON R3L R3H TA
(1) B8 IP SADEN SADEN_1 | SADDR_1 I2DAT I2STAT 12CLK 12TOC
(1) BO P3 P FE)CI)\/él PO_I\/I2 PPli\/Isl Eﬂ\)/lé P|322M51 P2_|\/I2 IPH
9| as IE SADDR | WDCON [BODCONL| "oit! P3M2 IAPFD | IAPCN
(1) A0 P2 - AUXR1 BODCONO [ IAPTRG IAPUEN IAPAL IAPAH
(1) 98 SCON SBUF SBUF_1 EIE EIE1 - - CHPCON
(1) 90 P1 SFRS - - - CKDIV CKSWT CKEN
(1) 88 TCON TMOD TLO TL1 THO TH1 CKCON WKCON
(1) 80 PO SP DPL DPH - - RWK PCON

Unoccupied addresses in the SFR space marked in -* are reserved for future use. Accessing

these areas will have an indeterminate effect and should be avoided.
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Table 6-2. SFR Definitions and Reset Values

Symbol Definition ﬁggz MSB LsB™ | Reset value?
EIPH1 E;gﬁ”ls"’e Interruptprionty | ey | - - - - - | PwKTH | PT3H | PSH_1 0000 0000b
EIP1 Sxiensive Interruptpriont | eepyg |- - - - - PWKT | PT3 | PS_1 [0000 0000b
LCDDAT LCD data FCHIO - - LCDDAT[5:0] 0000 0000b
LCDPTR LCD data pointer FBH - B - LCDPTR[4:0] 0000 0000b
LCDCLK LCD clock control FAH - B LCDCKS[L:.0] -] LCDDIV[2:0] 0000 0000b
LCDCON _|LCD control FOH | LCDEN |VLCDADJ - BIAS DUTY[L.0] RSEL[L:0] 0000 0000b

(FF) (FE) (FD) (FC) (FB) (FA) (F9) (F8)
SCON_1 Serial port 1 control F8H SMO_1/ 0000 0000b
FE1 | sm11 | smM2.1 | REN.1 | TB8 1 | RB8.1 | TIL2 RI_1
EIPH E;‘g;ﬁ”s"’e interrupt priority | £21y | propH . PT2CH | PWDTH | PT2BH | PT2aH | PPIH | PI2cH [0000 0000b
PODIDS PO digital input disable F6H | PO7DIDS | POSDIDS | PO5DIDS | PO4DIDS | PO3DIDS | PO2DIDS | PO1DIDS | POODIDS [0000 0000b
ADCAQT ADC acquisition time F2H ADCAQTI[7:0] 0000 0000b
) FD (F6) (F5) (F%) (F3) (F2) (F1) (FO)
2 13 gy FOH | g7 B.6 B.5 B.4 B.3 B.2 B.1 30 |P000 LEeOE
EIP Extensive interrupt priority | EFH PT2D - PT2C PWDT PT2B PT2A PPI PI2C [0000 0000b
LCDSEG3 _ |LCD segment 3 EEH |SEGB31EN|SEG30EN|SEG29EN|SEG28EN|SEG27EN [SEG26EN|SEG25EN|SEG24EN[0000 0000b
PITYP Pin interrupt type EDH | P77 PIT6 PIT5 PIT4 PIT3 PIT2 PITL PITO__[0000 0000b
PIF Pin interrupt flag ECH | PIF? PIF6 PIF5 PIF4 PIF3 PIF2 PIFL PIFO_ [0000 0000b
PIPEN Pin interrupt high EBH | PIPEN7 | PIPEN6 | PIPENS | PIPEN4 | PIPEN3 | PIPEN2 | PIPENL | PIPENO |0000 0000b
level/rising edge enable
PINEN Pin interrupt low EAH | PINEN7 | PINEN6 | PINEN5 | PINEN4 | PINEN3 | PINEN2 | PINEN1 | PINENO |0000 0000b
level/falling edge enable
PICON Pin interrupt control E9H - - - - - PIPS[2:0] 0000 0000b
(EP (EE) (ED) (EC) (EB) (EA) (E9) (E8)
ADEEOND | E Eaiel @ B8H | Apbck | Abcs = . ADCHS3 | ADCHS?2 | AbcHs1 | Apchso [0900 0000b
LCDSEG2 __ |LCD segment 2 E7H |SEG23EN|SEG22EN|SEG21EN|SEG20EN [SEG19EN|SEG18EN|SEGL7EN|SEG16EN][0000 0000b
LCDSEG1 _ |LCD segment 1 E6H |SEGI5EN|SEG14EN|SEG13EN|SEG12EN|SEG11EN|SEG10EN| SEGOEN | SEGSEN [0000 0000b
LCDSEGO __|LCD segment 0 E5H | SEG7EN | SEG6EN | SEG5EN | SEG4EN | SEG3EN | SEG2EN | SEGIEN | SEGOEN [0000 0000b
ADCMPH ADC compare high byte E4H ADCMP[9:2] 0000 0000b
ADCMPL ADC compare low byte E3H - - - - - - ADCMP[1:0] 0000 0000b
ADCCON2__|ADC control 2 E2H - ADCMPOP| ADCMPEN| ADCMPO - - - - |0000 0000b
ADCCON1 _|ADC control 1 ELH - ADCDIV[2:0 - - ADCEX | ADCEN [0010 0000b
(E7) (E6) (E5) (E4) (E3) (E2) (E1) (EO)
Aee AEBUTLELEr BOH | acc7 | acce | accs | acca | acca | accz | acca | acco [0000 0000b
P5M2 P5 mode select 2 DDH/O| P5M2.7 | P5M2.6 | P5M2.5 | P5M2.4 | P5M2.3 | P5M2.2 | P5M2.1 | P5M2.0 0000 0000b
P5S P5 Schmitt trigger input__|DCH/L| P5S.7 | P55.6 | P555 | P5s.4 | P5s3 | P5s.2 | P5S.1 | P55.0 [0000 0000b
P5ML P5 mode select 1 DCH/O| P5ML1.7 | P5M1.6 | P5ML1.5 | P5ML1.4 | P5ML.3 | P5ML2 | P5ML1 | P5ML.0 1111 1111b
PAM2 P4 mode select 2 DBH/0 - PAM2.6 | PAM2.5 | P4M2.4 | PAM2.3 | PAM2.2 | P4M2.1 | P4AM2.0 0000 0000b
P4S P4 Schmitt trigger input | DAH/L - P4S6 | P4S5 | P4S.4 | P4S3 | P4S2 | P4S.1 | P4s.0 |0000 0000b
PAML P4 mode select 1 DAH/O - PAML6 | PAML5 | P4ML.4 | PAML3 | PAML2 | P4ML1.1 | PAMLO |0111 1111b
Output latch,
P4 Port 4 D9H 0 P4.6 P45 P4.4 P43 P4.2 P4.1 P4.0 ?ntjtl 1111b
OXXX XXXXb[!
Output latch,
(DF) (DE) (DD) (DC) (DB) (DA) (D9) (8) |[1111 1111b
e D P g P5.6 P5.5 P5.4 P5.3 P5.2 P5.1 P50 |input,
XXXX XXXXbE!
R2DH Timer 2D reload high byte | D7H R2DH[7:0] 0000 0000b
R2DL Timer 2D reload low byte | D6H R2DL[7:0] 0000 0000b
R2CH Timer 2C reload high byte [ D5H R2CH[7:0] 0000 0000b
R2CL Timer 2C reload low byte | D4H R2CL[7:0] 0000 0000b
(D7) (D6) (D5) (D4) (D3) (D2) (D1) (DO)
PSW Program status word DOH cY AC Fo RS1 RSO oV 3 P 0000 0000b
R2BH Timer 2B reload high byte | CFH R2BH[7:0] 0000 0000b
R2BL Timer 2B reload low byte | CEH R2BL[7:0] 0000 0000b
R2AH Timer 2A reload high byte [ CDH R2AH[7:0] 0000 0000b
R2AL Timer 2A reload low byte | CCH R2AL[7:0] 0000 0000b
T20E Timer 2 output enable CBH | T2DOE2 | T2DOEL | T2COE2 | T2COEL | T2BOE2 | T2BOEL | T2AOE2 | T2A0EL [0000 0000b
T2MOD1 Timer 2 mode 1 CAH | T2DM T2DPS[2:0] T2CM T2CPS[2:0] 0000 0000b
T2MODO Timer 2 mode 0 CO9H | T2BM T2BPS[2:0] T2AM T2APS[2:0] 0000 0000b
) D) (CE) (CD) (CO) (CB) (CA) (C9) (C8)
ACE Uiy 2 il C8H | 1pop TF2C TF2B TF2A | TR2D | TR2C | TR2B Tran |PUNE DEEDE
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Table 6-2. SFR Definitions and Reset Values

Symbol Definition ﬁggz MSB LsB™ | Reset value?
TA Timed access protection C7H TA[7:0] 0000 0000b
R3H Timer 3 reload high byte C6H R3H[7:0] 0000 0000b
R3L Timer 3 reload low byte C5H R3L[7:0] 0000 0000b
T3CON Timer 3 control C4H [smop_1 [smopo_1] BRCK | TF3 | TR3 | T3PS[2:0] 0000 0000b
ADCRH ADC result high byte C3H ADCR[9:2] 0000 0000b
ADCRL ADC result low byte C2H - | - | - | - [ - [ - [ ADCR[1:0] 0000 0000b
12ADDR I°C own slave address C1H I2ADDR][7:1] GC 0000 0000b
12CON ’C control COH (0_7) lz(g?N (SCT‘R (S(':I"g ((;f) (Aci) (C_l) (C_O) 0000 0000b
12TOC I°C time-out counter BFH - - - - - I2TOCEN DIV I2TOF |0000 0000b
12CLK I°C clock BEH 12CLK][7:0] 0000 1110b
12STAT I°C status BDH 12STAT[7:3] | 0 0 0 1111 1000b
12DAT I"C data BCH 12DAT[7:0] 0000 0000b
SADDR_1 Slave 1 address BBH SADDR_1[7:0] 0000 0000b
SADEN_1 Slave 1 address mask BAH SADEN_1[7:0] 0000 0000b
SADEN Slave 0 address mask B9H SADEN][7:0] 0000 0000b

. BF BE BD BC BB BA B9 B8
P Interrupt priority B8H ( B ) P(AD)C P(BO?D (PS) (PTl) fDXl) SDT(g l(jxg 0000 0000b
IPH Interrupt priority high B7H - PADCH PBODH PSH PT1H PX1H PTOH PX0OH |0000 0000b
P2M2 P2 mode select 2 B6H/0| P2M2.7 | P2M2.6 | P2M2.5 | P2M2.4 | P2M2.3 | P2M2.2 | P2M2.1 | P2M2.0 {0000 0000b
P2S P2 Schmitt trigger input B5H/1| P2S.7 P2S.6 P2S.5 P2S.4 P2S.3 P2S.2 P2S.1 P2S.0 [0000 0000b
P2M1 P2 mode select 1 B5H/0| P2M1.7 P2M1.6 P2M1.5 P2M1.4 P2M1.3 P2M1.2 P2M1.1 P2M1.0 |1111 1111b
P10S P1 output strength B4H/1 - - - - P10S.3 | P10S.3 [ P10S.1 | P10S.0 |0000 0000b
P1M2 P1 mode select 2 B4H/0| P1M2.7 P1M2.6 P1M2.5 P1M2.4 P1M2.3 P1M2.2 P1M2.1 P1M2.0 |0000 0000b
P1S P1 Schmitt trigger input B3H/1| P1S.7 P1S.6 P1S.5 P1S.4 P1S.3 P1S.2 P1S.1 P1S.0 [0000 0000b
P1M1 P1 mode select 1 B3H/0| P1M1.7 P1M1.6 P1M1.5 P1M1.4 P1M1.3 P1M1.2 P1M1.1 P1M1.0 |1111 1111b
POM2 PO mode select 2 B2H/0| POM2.7 POM2.6 POM2.5 POM2.4 POM2.3 POM2.2 POM2.1 POM2.0 |[0000 0000b
POS PO Schmitt trigger input B1H/1| PO0S.7 P0S.6 P0S.5 P0S.4 P0S.3 P0S.2 P0S.1 P0OS.0 |0000 0000b
POM1 PO mode select 1 B1H/0| POM1.7 POM1.6 POM1.5 POM1.4 POM1.3 POM1.2 POM1.1 POM1.0 |1111 1111b
Output latch,
DF DE DD DC DB DA D9 D8 0011 1111b
P3 Port 3 gon | O G &R &) L = o =7 Input,
OXXX XXXXb')
IAPCN IAP control AFH IAPA[17:16] FOEN FCEN FCTRL[3:0] 0011 0000b
IAPFD IAP flash data AEH IAPFD[7:0] 0000 0000b
P3M2 P3 mode select 2 ADH/0[ CLOEN P36UP P3M2.5 P3M2.4 P3M2.3 P3M2.2 P3M2.1 P3M2.0 |0000 0000b
P3S P3 Schmitt trigger input ACH/1 - P3S.6 P3S.5 P3S.4 P3S.3 P3S.2 P3S.1 P3S.0 |[0000 0000b
P3M1 P3 mode select 1 ACH/0| T10E TOOE P3M1.5 P3M1.4 P3M1.3 P3M1.2 P3M1.1 P3M1.0 |0011 1111b
POR,
4] |Brown-out detection 0000 0001b
BODCON1!! control1 ABH - - - - - LPBOD[1:0] BODFLT |Gere.
0000 OUUUDb
POR,
0000 0111b
wpcoN™  [watchdog Timer control AAH | WDTEN | WDCLR | WDTF | WIDPD | WDTRF WDPS[2:0] \évoDon 10UUb
Others,
0000 UUUUDb
SADDR Slave 0 address A9H SADDR][7:0] 0000 0000b
(AF) (AE) (AD) (AC) (AB) (AA) (A9) (A8)
IE Interrupt enable A8H EA | EADC | EBOD | ES | ET1 | EX1 | ETO | EXO0 0000 0000b
IAPAH IAP address high byte A7H IAPA[15:8] 0000 0000b
IAPAL IAP address low byte A6H IAPA[7:0] 0000 0000b
JAPUEN IAP update enable A5H - - - - - CFUEN LDUEN | APUEN (0000 0000b
IAPTRGY  [IAP trigger A4H - - - - - - - IAPGO [0000 0000b
POR,
COCC XCOXb
4] |Brown-out detection 5 5 6 5 71 |BOD,
BODCONO! control 0 A3H [BODEN® - BoV[1:0]"” BoF® [BorsT®| BORF | BOS! UOUU XU1xb
Others,
UOUU XUUXb
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Table 6-2. SFR Definitions and Reset Values

Symbol Definition ﬁggz MSB LsB™ | Reset value?
POR,
0000 0000b
Software,
AUXR1 Auxiliary register 1 A2H | SWRF |RSTPINF| TILXTM | TOLXTM | GF2 - 0 DPS ;—gf Sino 000b
U100 0000b
Others,
UuU00 0000b
Output latch,
(A7) (A6) (A5) (A%) (A3) (A2) (A1) (A0) [1111 1111b
P2 [P AOH | py7 P2.6 P25 P2.4 P2.3 P22 P2.1 P2.0 |Input,
XXXX XXXXBE!
Software,
CcHPCON™  |chip control 9FH | SWRST | IAPFF ; - - - Bs® | IAPEN %?hgfs 00UOb
0000 00COb
EIEL Bxtensive interrupt enable | gcy - - - - - EWKT | ET3 | ES_1 [0000 0000b
EIE Extensive interrupt enable | 9BH | ET2D - ET2C_ | EWDT | ET2B ET2A EPI EI2C__|0000 0000b
SBUF_1 Serial port 1 data buffer 9AH SBUF_1[7:0] 0000 0000b
SBUF Serial port 0 data buffer 99H SBUF[7:0] 0000 0000b
) (9F) (9E) (9D) (9C) (9B) (9A) (99) (98)
SCON Serial port 0 control 98H SMO/FE SM1 SM2 REN TB8 RB8 T RI 0000 0000b
CKEN™ Clock enable 97H EXTEN[1:0] HIRCEN - - - - CKSWTF [0011 0000b
ckswT¥  [Clock switch 96H | HxTST | LXTST [ HIRCST - ECLKST 0SC[2:0] 0011 0000b
CKDIV Clock divider 95H CKDIV[7:0] 0000 0000b
sFrs! SFR page selection 91H - - - - - - - SFRPSEL[0000 0000b
Output latch,
(97) (96) (95) (94) (93) (92) (91) (90) 1111 1111b
P 1Pt i 90H | 17 P1.6 P15 P1.4 P1.3 P1.2 P1.1 P1.0 [Input, ,
XXXX XXXXBE!
WKCON fgr']ft:’c‘)’lake'”p Timer 8FH ; - |wkTtcks| wkTE | wkTR WKPS[2:0] 0000 0000b
CKCON Clock control 8EH - - - TiM TOM - [ - | - 0000 0000b
THL Timer 1 high byte 8DH THA[7:0] 0000 0000b
THO Timer 0 high byte 8CH THO[7:0] 0000 0000b
TLL Timer 1 low byte 8BH TL1[7:0] 0000 0000b
TLO Timer 0 low byte 8AH TLO[7:0] 0000 0000b
TMOD Timer 0 and 1 mode 89H | GATE CIT M1 MO GATE CIT M1 MO |0000 0000b
) (8F) (8E) (8D) (8C) (8B) (8A) (89) (88)
TCON Timer 0 and 1control 88H TFL TR1 TFO TRO E1 IT1 IEO ITo 0000 0000b
POR,
PCON Power control 87H | smop | smopo ; POF GF1 GFO PD IDL (())?h%rls 0000b
000U 0000b
RWK Self Wake-up Timer 86H RWK[7:0] 0000 0000b
reload byte
DPH Data pointer high byte 83H DPTR[15:8] 0000 0000b
DPL Data pointer low byte 82H DPTR[7:0] 0000 0000b
SP Stack pointer 81H SP[7:0] 0000 0111b
Output latch,
(87) (86) (85) (84) (83) (82) (81) (80) [1111 1111b
e IPEiE 80H | pg7 P0.6 P0.5 P0.4 P0.3 P0.2 P0.1 P0.0  |input,
XXXX XXXXbE!

[1] () item means the bit address in bit-addressable SFRs.

[2] Reset value symbol description. 0: logic O; 1: logic 1; U: unchanged; C: see [5]; X: see [3], [6], and [7].

[3] All I/O pins are default input-only mode (floating) after reset. Reading back P3.6 is always 0 if RPD
(CONFIGO0.2) remains un-programmed 1.

[4] These SFRs have TA protected writing. See Section 19. “Timed Access Protection (TA)” on page 117.

[5] These SFRs have bits those are initialized according to CONFIG values after specified resets. See Section 29.
“CONFIG Bytes” on page 164 for details.

[6] BOF reset value depends on different setting of CONFIG2 and Vpp voltage level. Please check Table 24-1.

[7] BOS is a read-only flag decided by Vpp level while brown-out detection is enabled.

Bits marked in ‘-‘ are reserved for future use. They must be kept in their own initial states.

Accessing these bits may cause an unpredictable effect.
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7. GENERAL 80C51 SYSTEM CONTROL

A or ACC — Accumulator (Bit-addressable)

I 6 5 4 3 2 1 0
ACC.7 ACC.6 ACC.5 ACC.4 ACC.3 ACC.2 ACC.1 ACC.0
R/W R/W R/W R/W R/W R/W R/W R/W
Address: EOH Reset value: 0000 0000b

Bit Name Description
7:0 ACC[7:0] | Accumulator
The A or ACC register is the standard 80C51 accumulator for arithmetic operation.

B — B Register (Bit-addressable)

7 6 5 4 3 2 1 0
B.7 B.6 B.5 B.4 B.3 B.2 B.1 B.0
R/W R/W R/W R/W R/W R/W R/W R/W
Address: FOH Reset value: 0000 0000b
Bit Name Description
7:0 B[7:0] B register

SP - Stack Pointer

The B register is the other accumulator of the standard 80C51 .1t is used mainly
for MUL and DIV instructions.

7 | 6 5 | 4 | 3 | 2 | 1 | 0
SP[7:0]
R/W
Address: 81H Reset value: 0000 0111b
Bit Name Description
7:0 SP[7:0] | Stack pointer

The Stack Pointer stores the scratch-pad RAM address where the stack begins. It
is incremented before data is stored during PUSH or CALL instructions. Note that
the default value of SP is 07H. It causes the stack to begin at location 08H.

DPL — Data Pointer Low Byte

7 | 6 5 | 4 | 3 | 2 | 1 | 0
DPL[7:0]
R/W
Address: 82H Reset value: 0000 0000b
Bit Name Description
7:0 DPL[7:0] | Data pointer low byte
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This is the low byte of 16-bit data pointer. DPL combined with DPH serve as a 16-
bit data pointer DPTR to access indirect addressed RAM or Program Memaory.
DPS (AUXR1.0) bit decides which data pointer, DPTR or DPTR1, is activated.
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DPH — Data Pointer High Byte
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
DPH[7:0]
R/W

Address: 83H Reset value: 0000 0000b

Bit Name
7:0 DPH[7:0]

Description

Data pointer high byte

This is the high byte of 16-bit data pointer. DPH combined with DPL serve as a
16-bit data pointer DPTR to access indirect addressed RAM or Program Memory.
DPS (AUXR1.0) bit decides which data pointer, DPTR or DPTRL, is activated.

PSW — Program Status Word (Bit-addressable)

I

6

5

4

1

0

CY

AC

FO

RS1

RSO

oV

F1

P

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R

Address: DOH

Reset value: 0000 0000b

Bit

Name

Description

Carry flag

For a adding or subtracting operation, CY will be set when the previous operation
resulted in a carry-out from or a borrow-in to the Most Significant bit, otherwise
cleared.

If the previous operation is MUL or DIV, CY is always O.

CY is affected by DA A instruction, which indicates that if the original BCD sum is
greater than 100.

For a CINE branch, CY will be set if the first unsigned integer value is less than
the second one. Otherwise, CY will be cleared.

Auxiliary carry
Set when the previous operation resulted in a carry-out from or a borrow-in to the
4th bit of the low order nibble, otherwise cleared.

User flag 0
The general-purpose flag that can be set or cleared by user.

4 RS1
3 RSO

Register bank selection bits
These two bits select one of four banks in which RO to R7 locate.
RS1 RSO Register Bank RAM Address
0 0 OOH to O7H
0 1 08H to OFH
1 2 10H to 17H
1 3 18H to 1FH

R OPRFr O

Overflow flag

OV is used for a signed character operands. For an ADD or ADDC instruction, OV
will be 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. OV indicates a negative number produced
as the sum of two positive operands or a positive sum from two negative
operands. For a SUBB, OV is set if a borrow is needed into bit6 but not into bit 7,
or into bit7 but not bit 6. Otherwise, OV is cleared. 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.

For a MUL, if the product is greater than 255 (00FFH), OV will be set. Otherwise, it
is cleared.

For a DIV, it is normally 0. However, if B had originally contained 00H, the values
returned in A and B will be undefined. Meanwhile, the OV will be set.
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Bit Name Description
1 F1 User flag 1
The general-purpose flag that can be set or cleared by user via software.
0 P Parity flag

Set to 1 to indicate an odd number of ones in the accumulator. Cleared for an
even number of ones. It performs even parity check.

Table 7-1. Instructions That Affect Flag Settings

Instruction CY (0)Y] AC Instruction CY ov AC
ADD X X CLRC 0
ADDC X X CPLC X
SUBB X X ANL C, bit X
MUL 0 X ANL C, /bit X
DIv 0 X ORL C, hit X
DA A X ORL C, /bit X
RRC A X MOV C, bit X
RLC A X CJINE X
SETB C 1
[1] X indicates the modification depends on the result of the instruction.
PCON - Power Control
7 6 5 4 3 2 1 0
SMOD SMODO - POF GF1 GFO PD IDL
R/W R/W - R/W R/W R/W R/W R/W
Address: 87H Reset value: see Table 6—2. SFR Definitions and Reset Values
Bit Name Description
3 GF1 General purpose flag 1
The general-purpose flag that can be set or cleared by user via software.
2 GFO General purpose flag 0
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The general-purpose flag that can be set or cleared by user via software.
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8. 1/0 PORT STRUCTURE AND OPERATION

The N76E616 has a maximum of 26 bit-addressable general I/O pins grouped as 6 ports, PO to P5.
Each port has its port control register (Px register). The writing and reading of a port control register
have different meanings. A write to port control register sets the port output latch logic value, whereas
a read gets the port pin logic state. All I/O pins (except P3.6) can be configured individually as one of
four I/O modes by software. These four modes are quasi-bidirectional (standard 8051 port structure),
push-pull, input-only, and open-drain modes. Each port spends two special function registers PxM1
and PxM2 to select the I/O mode of port Px. The list below illustrates how to select the /O mode of

Px.n. Note that the default configuration of is input-only (high-impedance) after any reset.

Table 8-1. Configuration for Different I/O Modes

PxM1.n PxM2.n I/0 Type
0 0 Quasi-bidirectional
0 1 Push-pull
1 0 Input-only (high-impedance)
1 1 Open-drain

All /O pins can be selected as TTL level inputs or Schmitt triggered inputs by selecting corresponding

bit in PxS register. Schmitt triggered input has better glitch suppression capability.

There are four 1/O pins support large source and sink current, including P1.0 to P1.3. By default, they
have the same output capability as other 1/O pins. By setting corresponding bits in P1OS register, they
can be individually configured as high output capability. It is suitable to drive LED or large loading

without additional BJT devices.

P3.6 is configured as an input-only pin when programming RPD (CONFIGO0.2) as 0. Meanwhile, P3.6
is permanent in input-only mode and Schmitt triggered type. P3.6 also has an internal pull-up enabled
by P36UP (P3M2.6). If RPD remains un-programmed, P3.6 pin functions as an external reset pin and

P3.6 is not available. A read of P3.6 bit is always 0. Meanwhile, the internal pull-up is always enabled.
8.1 Quasi-Bidirectional Mode

The quasi-bidirectional mode, as the standard 8051 I/O structure, can rule as both input and output.
When the port outputs a logic high, it is weakly driven, allowing an external device to pull the pin low.
When the pin is pulled low, it is driven strongly and able to sink a large current. In the quasi-
bidirectional 1/0 structure, there are three pull-high transistors. Each of them serves different
purposes. One of these pull-highs, called the “very weak” pull-high, is turned on whenever the port
latch contains logic 1. The “very weak” pull-high sources a very small current that will pull the pin high

if it is left floating.
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A second pull-high, called the “weak” pull-high, is turned on when the outside port pin itself is at logic 1
level. This pull-high provides the primary source current for a quasi-bidirectional pin that is outputting
1. If a pin which has logic 1 on it is pulled low by an external device, the “weak” pull-high turns off, and
only the “very weak” pull-high remains on. To pull the pin low under these conditions, the external
device has to sink enough current (larger than Iy) to overcome the “weak” pull-high and make the

voltage on the port pin below its input threshold (lower than V).

The third pull-high is the “strong” pull-high. This pull-high is used to speed up 0-to-1 transitions on a
guasi-bidirectional port pin when the port latch changes from logic O to logic 1. When this occurs, the
strong pull-high turns on for two-CPU-clock time to pull the port pin high quickly. Then it turns off and
“weak” and “very weak” pull-highs continue remaining the port pin high. The quasi-bidirectional port

structure is shown as follows.
V/DfD
Strong Q %szgk g Weak

. [ ] Port Pin

2-CPU-Clock
Delay

Port Latch —D@ o : N

-u
S o PR e I

Input <—O<]—<FO<F

Figure 8-1. Quasi-Bidirectional Mode Structure
8.2 Push-Pull Mode

The push-pull mode has the same pull-low structure as the quasi-bidirectional mode, but provides a
continuous strong pull-high when the port latch is written by logic 1. The push-pull mode is generally

used as output pin when more source current is needed for an output driving.
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P Strong
»—1{ | Port Pin
Port Latch N

Input <—©<]—O<F

Figure 8-2. Push-Pull Mode Structure

8.3 Input-Only Mode

Input-only mode provides true high-impedance input path. Although a quasi-bidirectional mode 1/O can
also be an input pin, but it requires relative strong input source. Input-only mode also benefits to power
consumption reduction for logic 0 input always consumes current from Vpp if in quasi-bidirectional
mode. User needs to take care that an input-only mode pin should be given with a determined voltage
level by external devices or resistors. A floating pin will induce leakage current especially in Power-

down mode.

Input «—0< }—O< }——i Port Pin

Figure 8-3. Input-Only Mode Structure
8.4 Open-Drain Mode

The open-drain mode turns off all pull-high transistors and only drives the pull-low of the port pin when
the port latch is given by logic 0. If the port latch is logic 1, it behaves as if in input-only mode. To be
used as an output pin generally as I°’c lines, an open-drain pin should add an external pull-high,
typically a resistor tied to Vpp. User needs to take care that an open-drain pin with its port latch as
logic 1 should be given with a determined voltage level by external devices or resistors. A floating pin

will induce leakage current especially in Power-down mode.
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[ ] Port Pin

Port Latch —D@—N{

Input <—o<]—o<}—

Figure 8-4. Open-Drain Mode Structure
8.5 Read-Modify-Write Instructions

Instructions that read a byte from SFR or internal RAM, modify it, and rewrite it back, are called “Read-
Modify-Write” instructions. When the destination is an 1/O port or a port bit, these instructions read the
internal output latch rather than the external pin state. This kind of instructions read the port SFR

value, modify it and write back to the port SFR. All “Read-Modify-Write” instructions are listed as

follows.
Instruction Description
ANL Logical AND. (ANL direct, A and ANL direct, #data)
ORL Logical OR. (ORL direct, A and ORL direct, #data)
XRL Logical exclusive OR. (XRL direct, A and XRL direct, #data)
JBC Jump if bit = 1 and clear it. (JBC bit, rel)
CPL Complement bit. (CPL bit)
INC Increment. (INC direct)
DEC Decrement. (DEC direct)
DJINZ Decrement and jump if not zero. (DJNZ direct, rel)
MOV  bit, C Move carry to bit. (MOV bit, C)
CLR bit Clear bit. (CLR bit)
SETB  bit Set bit. (SETB bit)

The last three seem not obviously “Read-Modify-Write” instructions but actually they are. They read

the entire port latch value, modify the changed bit, and then write the new value back to the port latch.
8.6 Control Registers of 1/0 Ports

The N76E616 has a lot of I/O control registers to provide flexibility in all kind of applications. The SFRs
related with I/O ports can be categorized into three groups: input and output control, output mode

control, and input type and sink current control. All of SFRs are listed as follows.
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8.6.1 Input and Output Data Control

These registers are 1/0 input and output data buffers. Reading gets the 1/O input data. Writing forces

the data output. All of these registers are bit-addressable.

PO — Port 0 (Bit-addressable)

I 6 5 4 3 2 1 0
PO.7 P0.6 P0.5 P0.4 P0.3 PO.2 PO.1 P0.0
R/W R/W R/W R/W R/W R/W R/W R/W
Address: 80H Reset value: 1111 1111b
Bit Name Description
7:0 PO[7:0] | Port0
Port 0 is an 8-bit general-purpose 1/O port.
P1 - Port 1 (Bit-addressable)
7 6 5 4 3 2 1 0
P1.7 P1.6 P1.5 P1.4 P1.3 P1.2 P1.1 P1.0
R/W R/W R/W R/W R/W R/W R/W R/W
Address: 90H Reset value: 1111 1111b
Bit Name Description
7:0 P1[7:0] | Port1l
Port 1 is an 8-bit general purpose 1/O port.
P2 — Port 2 (Bit-addressable)
I 6 5 4 3 2 1 0
P2.7 P2.6 P2.5 P2.4 P2.3 pP2.2 P2.1 P2.0
R/W R/W R/W R/W R/W R/W R/W R/W
Address: AOH Reset value: 1111 1111b
Bit Name Description
7:0 P2[7:0] | Port2
Port 2 is an 8-bit general-purpose 1/O port.
P3 — Port 3 (Bit-addressable)
7 6 5 4 3 2 1 0
0 P3.6 P3.5 P3.4 P3.3 P3.2 P31 P3.0
R R R/W R/W R/W R/W R/W R/W
Address: BOH Reset value: 0011 1111b
Bit Name Description
7 0 Reserved
This bit is always read as 0.
6 P3.6 Port 3 bit 6
P3.6 is an input-only pin when RPD (CONFIGO0.2) is programmed as 0. When
leaving RPD un-programmed, P3.6 is always read as 0.

Feb 20, 2016

Page 31 of 179

Rev. 1.01




NnUvoToN
—

N76E616 Datasheet

Bit Name Description
5 P3.5 Port 3 bit 5
P3.5 is a general-purpose 1/O pin, multi-function shared with ICPCK and OCDCK.
4 P3.4 Port 3 bit 4
P3.4 is a general-purpose 1/O pin, multi-function shared with ICPDA and OCDDA.
3 P3.3 Port 3 bit 3
P3.3 is available when HXT or LXT is not used. At this moment, P3.3 functions as
a general purpose I/O.
If HXT or LXT is used, P3.3 pin functions as XouT. A write to P3.3 is invalid and
P3.3 is always read as 0.
2 P3.2 Port 3 bit 2
P3.2 is available only when HXT, LXT, or ECLK is not used. At this moment, P3.2
functions as a general purpose /0.
If HXT, LXT, or ECLK is used, P3.2 pin functions as XiN. A write to P3.2 is invalid
and P3.2 is always read as 0.
1 P3.1 Port 3 bit 1
P3.1 is a general-purpose /O pin, multi-function shared with T2DO2 and SEG28.
0 P3.0 Port 3 bit 0
P3.0 is a general-purpose /O pin, multi-function shared with T2DO1 and SEG27.
P4 — Port 4
7 6 5 4 3 2 1 0
0 P4.6 P4.5 P4.4 P4.3 P4.2 P4.1 P4.0
R R/W R/W R/W R/W R/W R/W R/W
Address: D9H Reset value: 0111 1111b
Bit Name Description
7 - Reserved
This bit is always read as 0.
6:0 P4[6:0] | Port4
Port 4 is a 7-bit general-purpose 1/O port.

P5 — Port 5 (Bit-addressable)

I 6 5 4 3 2 1 0
P5.7 P5.6 P5.5 P5.4 P5.3 P5.2 P5.1 P5.0
R/W R/W R/W R/W R/W R/W R/W R/W
Address: D8H Reset value: 1111 1111b
Bit Name Description
7:0 P5[7:0] | Port5
Port 5 is an 8-bit general-purpose 1/O port.

8.6.2 Output Mode Control

These registers controls output mode, which is configurable among four modes: input-only, quasi-

bidirectional, push-pull, or open-drain. Each pin can be configured individually. There is also a pull-up

control for P3.6 in P3M6.2.
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POM1 — Port 0 Mode Select 11

N76E616 Datasheet

7 6 5 4 3 2 1 0
POM1.7 POM1.6 POM1.5 POM1.4 POM1.3 POM1.2 POM1.1 POM1.0
R/W R/W R/W R/W R/W R/W R/W R/W
Address: B1H, Page: 0 Reset value: 1111 1111b
Bit Name Description

7:0 POM1[7:0] | Port 0 mode select 1
POM2 — Port 0 Mode Select 2"

7 6 5 4 3 2 1 0
POM2.7 POM2.6 POM2.5 POM2.4 POM2.3 POM2.2 POM2.1 POM2.0
R/W R/W R/W R/W R/W R/W R/W R/W
Address: B2H, Page: 0 Reset value: 0000 0000b

Bit Name Description
7:0 POM2[7:0] | Port 0 mode select 2

[1] POM1 and POM2 are used in combination to determine the 1/O mode of each pin of PO. See Table 8-1.

Configuration for Different /O Modes.

P1M1 — Port 1 Mode Select 112

7 6 5 4 3 2 1 0
P1M1.7 P1M1.6 P1M1.5 P1M1.4 P1M1.3 P1M1.2 P1M1.1 P1M1.0
R/W R/W R/W R/W R/W R/W RW R/W
Address: B3H, Page: 0 Reset value: 1111 1111b
Bit Name Description

7:0 P1M1[7:0] | Port 1 mode select 1
P1M2 — Port 1 Mode Select 2!?

7 6 5 4 3 2 1 0
P1M2.7 P1M2.6 P1M2.5 P1M2.4 P1M2.3 P1M2.2 PiM2.1 P1M2.0
R/W R/W R/W R/W R/W R/W R/W R/W
Address: B4H, Page: 0 Reset value: 0000 0000b

Bit Name Description
7:0 P1M2[7:0] | Port 1 mode select 2

[2] P1M1 and P1M2 are used in combination to determine the 1/0O mode of each pin of P1. See Table 8-1.

Configuration for Different /O Modes.

P2M1 — Port 2 Mode Select 1%

7 6 5 4 3 2 1 0
P2M1.7 P2M1.6 P2M1.5 P2M1.4 P2M1.3 P2M1.2 pP2M1.1 P2M1.0
R/W R/W R/W R/W R/W R/W R/W R/W
Address: B5H, Page: 0 Reset value: 0111 1111b

Bit Name Description
7:0 P2M1[7:0] | Port 2 mode select 1
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P2M2 — Port 2 Mode Select 2%
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7 6 5 4 3 2 1 0
P2M2.7 P2M2.6 P2M2.5 P2M2.4 P2M2.3 P2M2.2 P2M2.1 P2M2.0
R/W R/W R/W R/W R/W R/W R/W R/W
Address: B6H, Page: 0 Reset value: 0000 0000b

Bit Name Description
7:0 P2M2[7:0] | Port 2 mode select 2

[3] P2M1 and P2M2 are used in combination to determine the 1/O mode of each pin of P2. See Table 8-1.

Configuration for Different /O Modes.

P3M1 - Port 3 Mode Select 1

7 6 5 4 3 2 1 0
T10E TOOE p3M1.5* | P3mM1.4" | p3m1.3" [ p3m1.2" | pP3m1.1" | P3M1.0™
R/W R/W R/W R/W R/W R/W R/W R/W
Address: ACH, Page: 0 Reset value: 0000 0011b
Bit Name Description
5:0 P3M1[5:0] | Port 3 mode select 1
P3M2 — Port 3 Mode Select 2
7 6 5 4 3 2 1 0
CLOEN P36UP P3mM2.5" | P3m2.4" | p3m2.3" | pP3m2.2" [ P3M2.1" [ P3m2.0"
R/W R/W R/W R/W R/W R/W R/W R/W
Address: ADH, Page: 0 Reset value: 0000 0000b
Bit Name Description
6 P36UP P3.6 pull-up enabled
0 = P3.6 pull-up Disabled.
1 = P3.6 pull-up Enabled.
This bit is valid only when RPD (CONFIGO0.2) is programmed as 0. When
selecting as a RST pin, the pull-up is always enabled.
5:0 P3M2[5:0] | Port 3 mode select 2.

[4] P3M1 and P3M2 are used in combination to determine the 1/0O mode of each pin of P1. See Table 8-1.

Configuration for Different 1/O Modes.

P4M1 — Port 4 Mode Select 1%

7 6 5 4 3 2 1 0
- PAM1.6 PAM1.5 PAM1.4 PAM1.3 PAM1.2 PAM1.1 P4AM1.0
- R/W R/W R/W R/W R/W R/W R/W
Address: DAH, Page: 0 Reset value: 1111 1111b
Bit Name Description
6:0 P4M1[6:0] | Port 4 mode select 1
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P4M2 — Port 4 Mode Select 2P

7 6 5 4 3 2 1 0
- P4M2.6 P4M2.5 P4AM2.4 P4AM2.3 P4M2.2 P4AM2.1 P4M2.0
- R/W R/W R/W R/W R/W R/W R/W

Address: DBH, Page: 0

Reset value: 0000 0000b

Bit

Name

Description

6:0

P4M2[6:0]

Port 4 mode select 2

[5] P4M1 and P4M2 are used in combination to determine the 1/O mode of each pin of P4. See Table 8-1.
Configuration for Different /O Modes.

P5M1 — Port 5 Mode Select 1%

7 6 5 4 3 2 1 0
P5M1.7 P5M1.6 P5M1.5 P5M1.4 P5M1.3 P5M1.2 P5M1.1 P5M1.0
R/W R/W R/W R/W R/W R/W R/W R/W

Address: DCH, Page: 0

Reset value: 1111 1111b

Bit

Name

Description

7:0

P5M1[7:0]

Port 5 mode select 1

P5M2 — Port 5 Mode Select 2%

7 6 5 4 3 2 1 0
P5M2.7 P5M2.6 P5M2.5 P5M2.4 P5M2.3 P5M2.2 P5M2.1 P5M2.0
R/W R/W R/W R/W R/W R/W R/W R/W

Address: DDH, Page: 0

Reset value: 0000 0000b

Bit

Name

Description

7:0

P5M2[7:0]

Port 5 mode select 2

[6] P5M1 and P5M2 are used in combination to determine the 1/0 mode of each pin of P5. See Table 8-1.
Configuration for Different /O Modes.

8.6.3 Input Type and Output Strength Control

Each /O pin can be configured individually as TTL input or Schmitt triggered input. P10OS[3:0] bits are

for output strength control of P1.0 to P1.3. These four pins support large sink and source current

capability. Note that all PxS and P10S registers are accessible by switching SFR page to page 1.

POS — Port 0 Schmitt Triggered Input

7 6 5 4 3 2 1 0
POS.7 P0S.6 P0S.5 P0S.4 P0S.3 POS.2 POS.1 P0S.0
R/W R/W R/W R/W R/W R/W R/W R/W
Address: B1H, Page: 1 Reset value: 0000 0000b

Bit Name Description
n P0OS.n PO.n Schmitt triggered input
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1 = Schmitt triggered input of PO.n.
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P1S — Port 1 Schmitt Triggered Input

I 6 5 4 3 2 1 0
P1S.7 P1S.6 P1S.5 P1S.4 P1S.3 P1S.2 P1S.1 P1S.0
R/W R/W R/W R/W R/W R/W R/W R/W
Address: B3H, Page: 1 Reset value: 0000 0000b

Bit Name Description
n P1S.n P1.n Schmitt triggered input
0 = TTL level input of P1.n.
1 = Schmitt triggered input of P1.n.
P2S — Port 2 Schmitt Triggered Input
I 6 5 4 3 2 1 0
P2S.7 P2S.6 P2S.5 P2S.4 P2S.3 P2S.2 P2S.1 P2S.0
R/W R/W R/W R/W R/W R/W R/W R/W
Address: B5H, Page: 1 Reset value: 0000 0000b
Bit Name Description
n P2S.n P2.n Schmitt triggered input
0 =TTL level input of P2.n.
1 = Schmitt triggered input of P2.n.
P3S — Port 3 Schmitt Triggered Input
7 6 5 4 3 2 1 0
- P3S.6 P3S.5 P3S.4 P3S.3 P3S.2 P3S.1 P3S.0
- R/W R/W R/W R/W R/W R/W R/W
Address: ACH, Page: 1 Reset value: 0000 0000b
Bit Name Description
n P3S.n P3.n Schmitt triggered input
0 = TTL level input of P3.n.
1 = Schmitt triggered input of P3.n.
P4S — Port 4 Schmitt Triggered Input
I 6 5 4 3 2 1 0
- P4S.6 P4S.5 P4S.4 P4S.3 P4S.2 P4S.1 P4S.0
- R/W R/W R/W R/W R/W R/W R/W
Address: DAH, Page: 1 Reset value: 0000 0000b
Bit Name Description
n P4S.n P4.n Schmitt triggered input
0 = TTL level input of P4.n.
1 = Schmitt triggered input of P4.n.
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P5S — Port 5 Schmitt Triggered Input

7 6 5 4 3 2 1 0
P5S.7 P5S.6 P5S.5 P5S.4 P5S.3 P5S.2 P5S.1 P5S.0
R/W R/W R/W R/W R/W R/W R/W R/W
Address: DCH, Page: 1 Reset value: 0000 0000b

Bit Name Description
n P5S.n P5.n Schmitt triggered input

0 =TTL level input of P5.n.
1 = Schmitt triggered input of P5.n.

P10OS — Port 1 Output Strength Control

I 6 5 4 3 2 1 0
- - - - P10S.3 P10S.2 P10S.1 P10S.0
- - - - R/W R/W R/W R/W
Address: B4H, Page: 1 Reset value: 0000 0000b
Bit Name Description
7:4 - Reserved
n P10OS.n P1.n output strength select

0 = P1.n has normal output strength.

1 = P1.n has large output strength.

Note that this bit is valid to switch normal/large source output strength only when
its corresponding I/O is configured in its push-pull mode.
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9. TIMER/COUNTER 0 AND 1

Timer/Counter 0 and 1 on N76E616 are two 16-bit Timers/Counters. Each of them has two 8-bit
registers those form the 16-bit counting register. For Timer/Counter 0, they are THO, the upper 8-hit
register, and TLO, the lower 8-bit register. Similarly, Timer/Counter 1 has two 8-bit registers, TH1 and
TL1. TCON and TMOD can configure modes of Timer/Counter O and 1.

The Timer or Counter function is selected by the C/T bit in TMOD. Each Timer/Counter has its own
selection bit. TMOD.2 selects the function for Timer/Counter 0 and TMOD.6 selects the function for

Timer/Counter 1

When configured as a "Timer", the timer counts the system clock cycles. The timer clock is 1/12 of the
system clock (Fsys) for standard 8051 capability or direct the system clock for enhancement, which is
selected by TOM (CKCON.3) bit for Timer 0 and T1M (CKCON.4) bit for Timer 1. In the "Counter"
mode, the countering register increases on the falling edge of the external input pin TO. If the sampled
value is high in one clock cycle and low in the next, a valid 1-to-0 transition is recognized on TO or T1
pin. The N76E616 supports the LXT input mode when TOLXTM (T1LXTM) is set. It provides a
constant overflow rate no matter how the system clock switches. In addition, each Timer/Counter can

be set to operate in any one of four possible modes. Bits MO and M1 in TMOD do the mode selection.

The Timers 0 and 1 can be configured to automatically toggle a port output whenever a timer overflow
occurs. The same device pins that are used for the TO and T1 count inputs are also used for the timer
toggle outputs. This function is enabled by control bits TOOE and T10E in the P1M1 register, and
applies to Timer 0 and Timer 1 respectively. The port outputs will be logic 1 prior to the first timer
overflow when this mode is turned on. In order for this mode to function, the C/T bit should be cleared

selecting the system clock as the clock source for the timer.

Note that the THO (TH1) and TLO (TL1) are accessed separately. It is strongly recommended that in
mode 0 or 1, user should stop Timer temporally by clearing TRO (TR1) bit before reading from or
writing to THO (TH1) and TLO (TL1). The free-running reading or writing may cause unpredictable

result.
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7 6 5 4 3 2 1 0
GATE C/IT M1 MO GATE CIT M1 MO
R/W R/W R/W R/W R/W R/W R/W R/W
Address: 89H Reset value: 0000 0000b
Bit Name Description
7 GATE Timer 1 gate control
0 = Timer 1 will clock when TR1 is 1 regardless of INT1 logic level.
1 = Timer 1 will clock only when TR1 is 1 and INT1 is logic 1.
6 C/T Timer 1 Counter/Timer select
0 = Timer 1 is incremented by internal system clock.
1 = Timer 1 is incremented by the falling edge of the external pin T1.
5 M1 Timer 1 mode select
M1 MO Timer 1 Mode
4 Mo 0 0 Mode 0: 13-bit Timer/Counter
0 1 Mode 1: 16-bit Timer/Counter
1 0 Mode 2: 8-bit Timer/Counter with auto-reload from TH1
1 1 Mode 3: Timer 1 halted
3 GATE | Timer O gate control
0 = Timer O will clock when TRO is 1 regardless of INTO logic level.
1 = Timer 0 will clock only when TRO is 1 and INTO is logic 1.
2 CIT Timer 0 Counter/Timer select
0 = Timer O is incremented by internal system clock.
1 = Timer 0 is incremented by the falling edge of the external pin TO.
1 M1 Timer 0 mode select
M M1 MO  Timer 0 Mode
0 0 0 0 Mode 0: 13-bit Timer/Counter
0 1 Mode 1: 16-bit Timer/Counter
1 0 Mode 2: 8-bit Timer/Counter with auto-reload from THO
1 1 Mode 3: TLO as a 8-bit Timer/Counter and THO as a 8-bit
Timer
TCON —Timer 0 and 1 Control (Bit-addressable)
I 6 5 4 3 2 1 0
TF1 TR1 TFO TRO IE1 IT1 IEO ITO
R (level) R (level)
R/W R/W R/W R/W RIW (edge) R/W RIW (edge) R/W
Address: 88H Reset value: 0000 0000b
Bit Name Description
7 TF1 Timer 1 overflow flag
This bit is set when Timer 1 overflows. It is automatically cleared by hardware
when the program executes the Timer 1 interrupt service routine. This bit can be
set or cleared by software.
6 TR1 Timer 1 run control
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0 = Timer 1 Disabled. Clearing this bit will halt Timer 1 and the current count will
be preserved in TH1 and TL1.
1 =Timer 1 Enabled.
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Description

Timer 0 overflow flag

This bit is set when Timer 0 overflows. It is automatically cleared via hardware
when the program executes the Timer O interrupt service routine. This bit can be
set or cleared by software.

Bit Name
5 TFO
4 TRO

TLO — Timer 0 Low Byte

Timer O run control

0 = Timer 0 Disabled. Clearing this bit will halt Timer 0 and the current count will
be preserved in THO and TLO.

1 = Timer 0 Enabled.

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
TLO[7:0]
R/W
Address: 8AH Reset value: 0000 0000b
Bit Name Description
7:0 TLO[7:0] | Timer O low byte
The TLO register is the low byte of the 16-bit counting register of Timer O.

THO — Timer 0 High Byte

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
THO[7:0]
R/W
Address: 8CH Reset value: 0000 0000b
Bit Name Description
7:0 THO[7:0] | Timer O high byte
The THO register is the high byte of the 16-bit counting register of Timer 0.

TL1-Timer 1 Low Byte

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
TL1[7:0]
R/W
Address: 8BH Reset value: 0000 0000b
Bit Name Description
7:0 TL1[7:0] | Timer 1 low byte
The TL1 register is the low byte of the 16-bit counting register of Timer 1.

TH1 - Timer 1 High Byte

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
TH1[7:0]
R/W
Address: 8DH Reset value: 0000 0000b
Bit Name Description
7:0 TH1[7:0] | Timer 1 high byte
The TH1 register is the high byte of the 16-bit counting register of Timer 1.
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CKCON - Clock Control

N76E616 Datasheet

7 6 5 4 3 2 1 0
- - - T1M TOM - - -
- - - R/W R/W - - -
Address: 8EH Reset value: 0000 0000b
Bit Name Description
4 TiM Timer 1 clock mode select
0 = The clock source of Timer 1 is the system clock divided by 12. It maintains
standard 8051 compatibility.
1 = The clock source of Timer 1 is direct the system clock.
3 TOM Timer O clock mode select

0 = The clock source of Timer 0 is the system clock divided by 12. It maintains
standard 8051 compatibility.
1 = The clock source of Timer 0 is direct the system clock.

AUXR1 — Auxiliary Register 1

I 6 5 4 3 2 1 0
SWRF RSTPINF T1LXTM TOLXTM GF2 - 0 DPS
R/W R/W R/W R/W R/W - R R/W
Address: A2H reset value: see Table 6—2. SFR Definitions and Reset Values
Bit Name Description
5 TILXTM | Timer 1 LXT input mode _
0 = Timer 1 counts the clock selected by C/T (TMOD.6) and T1M (CKCON.4).
1 = Timer 1 counts the LXT clock.
4 TOLXTM | Timer O LXT input mode

0 = Timer 0 counts the clock selected by C/T (TMOD.2) and TOM (CKCON.3).
1 = Timer 0 counts the LXT clock.

P3M1 - Port 3 Mode Select 1

I 6 5 4 3 2 1 0
T10E TOOE P3M1.5 P3M1.4 P3M1.3 P3M1.2 P3M1.1 P3M1.0
R/W R/W R/W R/W R/W R/W R/W R/W

Address: ACH, Page: 0

Reset value: 0011 1111b

Bit

Name

Description

T10E

Timer 1 output enable

0 = Timer 1 output Disabled.

1 = Timer 1 output Enabled from T1 pin.

Note that Timer 1 output should be enabled only when operating in its Timer
mode.
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TOOE

Timer O output enable

0 = Timer O output Disabled.

1 = Timer 0 output Enabled from TO pin.

Note that Timer 0 output should be enabled only when operating in its Timer
mode.
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9.1 Mode 0 (13-Bit Timer)

In Mode 0, the Timer/Counter is a 13-bit counter. The 13-bit counter consists of THO (TH1) and the
five lower bits of TLO (TL1). The upper three bits of TLO (TL1) are ignored. The Timer/Counter is
enabled when TRO (TR1) is set and either GATE is 0 or INTO (INT1) is 1. Gate setting as 1 allows the
Timer to calculate the pulse width on external input pin INTO (INT1). When the 13-bit value moves
from 1FFFH to 0000H, the Timer overflow flag TFO (TF1) is set and an interrupt occurs if enabled.

TOM (CKCON.3)
(T1M (CKCON.4))

112

0 _

o LF o
0

1
TO (T1) Pin T 0

TLO (TL1)
of [ [ [4] [ [7]

of [ [ [T T[]7 ($E(1)) —»Timer Interrupt
THO (THT)
o » L [>T Pin

TOOE (P3M1.6)
(T10E(P3M1.7))

Fixr
TOLXTM (AUXR1.4)
(T1LXTM (AUXR1.5))

TRO (TR1)

GATE

INTO (INTT) pin

Figure 9-1. Timer/Counters 0 and 1 in Mode 0

9.2 Mode 1 (16-Bit Timer)

Mode 1 is similar to Mode O except that the counting registers are fully used as a 16-bit counter. Roll-
over occurs when a count moves FFFFH to O000H. The Timer overflow flag TFO (TF1) of the relevant

Timer/Counter is set and an interrupt will occur if enabled.

TOM (CKCON.3)
(T1M (CKCON.4))

112
0 _
Fsys % ] CIT
0

1
TO (T1) Pin T 0

TLO (TL1)

u ol [ T[T 1[17 JE?) -—»Timer Interrupt
THO (TH1) _
H}t» T0 (T1) Pin

TOOE (P3M1.6)
(T10E(P3M1.7))

FLXT
TOLXTM (AUXR1.4)
(T1LXTM (AUXR1.5))

TRO (TR1)

GATE

INTO (INTT) pin

Figure 9-2. Timer/Counters 0 and 1 in Mode 1
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9.3 Mode 2 (8-Bit Auto-Reload Timer)

In Mode 2, the Timer/Counter is in auto-reload mode. In this mode, TLO (TL1) acts as an 8-bit count
register whereas THO (TH1) holds the reload value. When the TLO (TL1) register overflow, the TFO
(TF1) bit in TCON is set, TLO (TL1) is reloaded with the contents of THO (TH1), and the counting
process continues from here. The reload operation leaves the contents of the THO (TH1) register
unchanged. This feature is best suitable for UART baud rate generator for it runs without continuous
software intervention. Note that only Timerl can be the baud rate source for UART. Counting is
enabled by setting the TRO (TR1) bit as 1 and proper setting of GATE and INTO (INT1) pins. The
functions of GATE and INTO (INT1) pins are just the same as Mode 0 and 1.

TOM (CKCON.3)
(T1M (CKCON.4))

1112

0 _

Fsvs % X cIT
0

. T " yo TLO (TL1)
70 (T1) Pin 1 o] [ ] s HRE ($E?) —» Timer Interrupt
I:LXT —
TOLXTM (AUXR1.4) .
(TILXTM (AUXR1.5)) ZA TOOE (P3°m)’ X: —»T0 (T1) Pin
TRO(TRT) o T 117 (T10E(P3M1.7))
GATE THO (TH1)

INTO (INTT) pin

Figure 9-3. Timer/Counters 0 and 1 in Mode 2
9.4 Mode 3 (Two Separate 8-Bit Timers)

Mode 3 has different operating methods for Timer 0 and Timer 1. For Timer/Counter 1, Mode 3 simply
freezes the counter. Timer/Counter 0, however, configures TLO and THO as two separate 8 bit count
registers in this mode. TLO uses the Timer/Counter O control bits C/T, GATE, TRO, INTO, and TFO.
The TLO also can be used as a 1-to-0 transition counter on pin TO as determined by C/T (TMOD.2).
THO is forced as a clock cycle counter and takes over the usage of TR1 and TF1 from Timer/Counter
1. Mode 3 is used in case that an extra 8 bit timer is needed. If Timer/Counter O is configured in Mode
3, Timer/Counter 1 can be turned on or off by switching it out of or into its own Mode 3. It can still be
used in Modes 0, 1 and 2 although its flexibility is restricted. It no longer has control over its overflow
flag TF1 and the enable bit TR1. However Timer 1 can still be used as a Timer/Counter and retains
the use of GATE, INT1 pin, T1IM, and T1LXTM. It can be used as a baud rate generator for the serial

port or other application not requiring an interrupt.
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Figure 9-4. Timer/Counter 0 in Mode 3
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10. TIMER 2A/2B/2C/2D

The entire Time 2 block is combined with four identical timers: Timer 2A, Timer 2B, Timer 2C, and
Timer 2D. Each timer is implemented simply by an auto-reload, down-counting counter. Note that
each timer has the same structure and function. Its own control bits can control each of them
individually. Each timer supports two operating modes including auto-reload mode and PWM mode,
which is selected by T2xM in T2MODO or T2MOD1 register. User can select the pre-scale value by
T2xPS[2:0] field. There are two output pins, which generate complementary 50% duty cycle or PWM
waveform. In following descriptions and figures, Timer 2A is used as an illustration. The other three

timers have the control method the same as Timer 2A.
10.1 Auto-Reload Mode

In auto-reload mode, contents in R2AH and R2AL registers are combined as a 16-bit reload value that
determines the underflow rate of Timer 2A. After deciding the pre-scale value and filling proper values
in R2AH and R2AL, user can set TR2A (T2CON.0) to start counting. After TR2A is set, R2AH and
R2AL are loaded into the internal 16-bit counter and the counter starts down counting. When the
counter underflows, TF2A (T2CON.4) is set as 1 by hardware which causes contents of the R2AH and
R2AL registers to be reloaded again into the internal 16-bit down counter. If ET2A (EIE.2) is set as 1,
the Timer 2A interrupt service routine will be served. In auto-reload mode, TF2A is auto-cleared by
hardware after entering its interrupt service routine. There are two complementary output pins
available and they toggle whenever the timer underflows. Control bits T2AOE1 and T2AOE2 in the
T20OE register enable this function. T2A01 will be logic 1 prior to the first underflow. The underflow

period follows the equation below:

256 x R2AH + R2AL + 1

Period =
Fsys / Pre-scale
Timer 2A
Fsvs Pre-scalar - | Underflow TF2A )
(111~1/1024) | > 18-t Down Counter | (T2CON.4) | > Timer 2A Interrupt
: ! C -
N o—» T2AO1
(T2CON.0) T2APS[2:0] R oo 0)o pin
(T2MODO[2:0]) .
o T2A02 pin
ol [ T[T J7fol [T T[T 17] T2AOE2(T20E.1)

R2AL R2AH
Figure 10-1. Timer 2A Auto-Reload Mode Block Diagram

10.2 PWM Mode

In PWM mode, the down counter is configured as an 8-bit width. R2AH and R2AL are reloaded to the

counter alternately when every matching 0 event occurs. R2AH determines the width of PWM output
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high duty and R2AL the low duty. After setting proper pre-scale values in T2MODO and T2MOD1, user
can set TR2A (T2CON.0) to start PWM output. Meanwhile, R2AH is loaded into the internal 8-bit
counter and the counter starts down counting. T2A01 is logic 1 output before a matching O event
occurs. Once a matching O event occurs, R2AL is reloaded and T2A01 toggles its output to logic O.
After the next matching 0 event, R2AH is reloaded again and T2AO1 toggles back to logic 1. The timer
runs so on repeatedly to generate continuous PWM waveform. The state of the other output pin
T2A02 is just the inverse of T2A01. When every matching 0O event occurs, TF2A will be set as 1 to
require a Timer 2A interrupt. In PWM mode, TF2A needs to be cleared via software by user. The

PWM output duty cycle and period follow equations below:

. . R2AH
PWM hlgh duty CyCle. R2AH + R2AL
) R2AL
PWM low duty cycle. R2AH + R2AL
. R2AH + R2AL
PWM period: .
Fsys/ Pre-scale
Timer 2A
_ - Match 0 Event 2
Fsvs (1'3/;315/?%'32) —»{  8-bit Down Counter | (TzTgoﬁ. 4) [ Timer 2A Interrupt

TR2A ) Repeat Control [« X: o—> T2A01 pin
(T2CON.0) (TEZI\;IACI?S([J?Z?(])]) T2AOE1(T20E.0)
o—» T2A02 pin
o] [ | L[ 7] [o] | ] | [ [7] T2AOE2(T20E.1)
R2AL R2AH

Figure 10-2. Timer 2A PWM Mode Block Diagram
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T2AO01is 1. R2AL is loaded into new R2AL is
8-bit down counter. loaded. The output
The output of of T2A01is 0.
T2A01is 0.
Figure 10-3. Timer 2A PWM Waveform
10.3 Control Registers of Timer 2
T2CON - Timer 2 Control (Bit-addressable)
7 6 5 4 3 2 1 0
TF2D TF2C TF2B TF2A TR2D TR2C TR2B TR2A
R/W R/W R/W R/W R/W R/W R/W R/W
Address: C8H Reset value: 0000 0000b
Bit Name Description
7 TF2D Timer 2D flag

This bit is set when Timer 2D underflows/matches 0. In auto-reload mode, TF2D
is automatically cleared by hardware when the program executes the Timer 2D
interrupt service routine. This bit can be set or cleared by software.

6 TF2C Timer 2C lag

This bit is set when Timer 2C underflows/matches 0. In auto-reload mode, TF2C
is automatically cleared by hardware when the program executes the Timer 2C
interrupt service routine. This bit can be set or cleared by software.

5 TF2B Timer 2B flag

This bit is set when Timer 2B underflows/matches 0. In auto-reload mode, TF2B is
automatically cleared by hardware when the program executes the Timer 2B
interrupt service routine. This bit can be set or cleared by software.
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Bit

Name

Description

TF2A

Timer 2A flag

This bit is set when Timer 2A underflows/matches 0. In auto-reload mode, TF2A is
automatically cleared by hardware when the program executes the Timer 2A
interrupt service routine. This bit can be set or cleared by software.

TR2D

Timer 2D run control

0 = Timer 2D is stopped and reset.

1 = Timer 2D starts running.

Note that in auto-reload mode, the reload registers R2DH and R2DL can only be
written when Timer 2D is halted (TR2D bit is 0). If any of R2DH or R2DL is written
while TR2D is 1, the result is unpredictable.

TR2C

Timer 2C run control

0 = Timer 2C is stopped and reset.

1 = Timer 2C starts running.

Note that in auto-reload mode, the reload registers R2CH and R2CL can only be
written when Timer 2C is halted (TR2C bit is 0). If any of R2CH or R2CL is written
while TR2C is 1, the result is unpredictable.

TR2B

Timer 2B run control

0 = Timer 2B is stopped and reset.

1 = Timer 2B starts running.

Note that in auto-reload mode, the reload registers R2BH and R2BL can only be
written when Timer 2B is halted (TR2B bit is 0). If any of R2BH or R2BL is written
while TR2B is 1, the result is unpredictable.

T2MODO - Timer 2 Mode O

TR2A

Timer 2A run control

0 = Timer 2A is stopped and reset.

1 = Timer 2A starts running.

Note that in auto-reload mode, the reload registers R2AH and R2AL can only be
written when Timer 2A is halted (TR2A bit is 0). If any of R2AH or R2AL is written
while TR2A is 1, the result is unpredictable.

7 6 | 5 | 4 3 2 | 1 | 0
T2BM T2BPS[2:0] T2AM T2APS[2:0]
R/W R/W R/W R/W
Address: C9H Reset value: 0000 0000b

Bit Name Description

7 T2BM Timer 2B mode
This bit selects the operation mode of Timer 2B.
0 = Auto-reload mode.
1 =PWM mode.
Note that changing this bit may cause unpredictable result when TR2B is 1.

6:4 T2BPS[2:0] | Timer 2B pre-scalar

Feb 20, 2016

These bits determine the scale of the clock divider for Timer 2B.

000 = 1/1.

001 = 1/2.

010 =1/8.

011 =1/16.

100 = 1/64.

101 =1/128.

110 = 1/512.

111 =1/1024.

Note that changing this field may cause unpredictable result when TR2B is 1.
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Bit Name Description
3 T2AM Timer 2A mode
This bit selects the operation mode of Timer 2A.
0 = Auto-reload mode.
1 =PWM mode.
Note that changing this bit may cause unpredictable result when TR2A is 1.
2:0 T2APS[2:0] | Timer 2A pre-scalar

T2MOD1 - Timer 2 Mode 1

These bits determine the scale of the clock divider for Timer 2A.
000 = 1/1.

001 =1/2.

010 =1/8.

011 =1/16.

100 = 1/64.

101 =1/128.

110 = 1/512.

111 = 1/1024.

Note that changing this field may cause unpredictable result when TR2A is 1.

7

6

5 | 4 3 2 | 1 | 0

T2DM

T2DPS[2:0] T2CM T2CPS[2:0]

R/W

R/W R/W R/W

Address: CAH

Reset value: 0000 0000b

Bit

Name

Description

7

T2DM

Timer 2D mode

This bit selects the operation mode of Timer 2D.

0 = Auto-reload mode.

1 =PWM mode.

Note that changing this bit may cause unpredictable result when TR2D is 1.

6:4

T2DPS[2:0]

Timer 2D pre-scalar

These bits determine the scale of the clock divider for Timer 2D.
000 = 1/1.

001 = 1/2.

010 =1/8.

011 =1/16.

100 = 1/64.

101 =1/128.

110 = 1/512.

111 =1/1024.

Note that changing this field may cause unpredictable result when TR2D is 1.
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T2CM

Timer 2C mode

This bit selects the operation mode of Timer 2C.
0 = Auto-reload mode.

1 =PWM mode.

Note that changing this bit may cause unpredictable result when TR2C is 1.
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Bit

Name

Description

2:0

T2CPS[2:0]

Timer 2C pre-scalar

These bits determine the scale of the clock divider for Timer 2C.
000 = 1/1.

001 = 1/2.

010 = 1/8.

011 = 1/16.

100 = 1/64.

101 = 1/128.

110 = 1/512.

111 = 1/1024.

Note that changing this field may cause unpredictable result when TR2C is 1.

T20E — Timer 2 Output Enable

7 6 5 4 3 2 1 0
T2DOE?2 T2DOE1 T2COE?2 T2COEL1 T2BOE2 T2BOE1 T2A0E2 T2A0E1
R/W R/W R/W R/W R/W R/W R/W R/W
Address: CBH Reset value: 0000 0000b

Bit Name Description
7 T2DOE2 | Timer 2D output enable 2
0 = T2DO2 output Disabled.
1 =T2DO2 output Enabled.
6 T2DOE1 | Timer 2D output enable 1
0 = T2DOL1 output Disabled.
1 =T2DO1 output Enabled.
5 T2COE2 | Timer 2C output enable 2
0 = T2CO2 output Disabled.
1 =T2CO2 output Enabled.
4 T2COE1 | Timer 2C output enable 1
0 = T2CO1 output Disabled.
1 =T2CO1 output Enabled.
3 T2BOE2 | Timer 2B output enable 2
0 = T2BO2 output Disabled.
1 =T2B0O2 output Enabled.
2 T2BOE1 | Timer 2B output enable 1
0 = T2BO1 output Disabled.
1 =T2BO1 output Enabled.
1 T2AOE2 | Timer 2A output enable 2
0 = T2A02 output Disabled.
1 =T2A02 output Enabled.
0 T2AOE1 | Timer 2A output enable 1
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0 = T2A01 output Disabled.
1 =T2AO01 output Enabled.

Page 50 of 179 Rev. 1.01



NUVvVOTON N76E616 Datasheet
—

R2AL — Timer 2A Reload Low Byte
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
R2AL[7:0]
R/W
Address: CCH Reset value: 0000 0000b

Bit Name Description

7:0 R2AL[7:0] | Timer 2A reload low byte
In auto-reload mode, it holds the low byte of the reload value of Timer 2A. In PWM
mode, it holds the low duty value.

R2AH — Timer 2A Reload High Byte
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
R2AH[7:0]
R/W
Address: CDH Reset value: 0000 0000b

Bit Name Description

7:0 R2AH[7:0] | Timer 2A reload high byte
In auto-reload mode, it holds the high byte of the reload value of Timer 2A. In
PWM mode, it holds the high duty value.

R2BL — Timer 2B Reload Low Byte
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
R2BL[7:0]
R/W
Address: CEH Reset value: 0000 0000b

Bit Name Description

7:0 R2BL[7:0] | Timer 2B reload low byte
In auto-reload mode, it holds the low byte of the reload value of Timer 2B. In PWM
mode, it holds the low duty value.

R2BH — Timer 2B Reload High Byte
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
R2BH[7:0]
R/W
Address: CFH Reset value: 0000 0000b

Bit Name Description

7:0 R2BH[7:0] | Timer 2B reload high byte
In auto-reload mode, it holds the high byte of the reload value of Timer 2B. In
PWM mode, it holds the high duty value.
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R2CL — Timer 2C Reload Low Byte
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
R2CL[7:0]
R/W
Address: D4H Reset value: 0000 0000b

Bit Name Description

7:0 R2CL[7:0] | Timer 2C reload low byte
In auto-reload mode, it holds the low byte of the reload value of Timer 2C. In
PWM mode, it holds the low duty value.

R2CH — Timer 2C Reload High Byte
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
R2CH][7:0]
R/W
Address: D5H Reset value: 0000 0000b

Bit Name Description

7:0 R2CH[7:0] | Timer 2C reload high byte
In auto-reload mode, it holds the high byte of the reload value of Timer 2C. In
PWM mode, it holds the high duty value.

R2DL — Timer 2D Reload Low Byte
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
R2DL[7:0]
R/W
Address: D6H Reset value: 0000 0000b

Bit Name Description

7:0 R2DL[7:0] | Timer 2D reload low byte
In auto-reload mode, it holds the low byte of the reload value of Timer 2D. In
PWM mode, it holds the low duty value.

R2DH — Timer 2D Reload High Byte
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
R2DH[7:0]
R/W
Address: D7H Reset value: 0000 0000b

Bit Name Description

7:0 R2DH[7:0] | Timer 2D reload high byte
In auto-reload mode, it holds the high byte of the reload value of Timer 2D. In
PWM mode, it holds the high duty value.
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11. TIMER 3

Timer 3 is implemented simply as a 16-bit auto-reload, up-counting timer. The user can select the pre-
scale with T3PS[2:0] (T3CON]J2:0]) and fill the reload value into R3H and R3L registers to determine
its overflow rate. User then can set TR3 (T3CON.3) to start counting. When the counter rolls over
FFFFH, TF3 (T3CON.4) is set as 1 and a reload is generated and causes the contents of the R3H and
R3L registers to be reloaded into the internal 16-bit counter. If ET3 (EIE1.1) is set as 1, Timer 3
interrupt service routine will be served. TF3 is auto-cleared by hardware after entering its interrupt

service routine.

Timer 3 can also be the baud rate clock source of both UARTSs. For details, please see Section 14.5

“Baud Rate” on page 70.

Timer 3
Fsvs Pre-scalar - | Overflow TF3 .
(1/1~1/128) e 16-bit Up Counter ! (T3CON.4)| > Timer 3 Interrupt
TR3 2\‘
(T3CON.3) T3PS[2:0] f
(racoNiz0) - o[ TT [ [ [ [7[ol T T[T T17]
R3L R3H
Figure 11-1. Timer 3 Block Diagram
T3CON — Timer 3 Control
7 6 5 4 3 2 | 1 | 0
SMOD_1 SMODO_1 BRCK TF3 TR3 T3PS[2:0]
R/W R/W R/W R/W R/W R/W
Address: C4H Reset value: 0000 0000b
Bit Name Description
4 TF3 Timer 3 overflow flag
This bit is set when Timer 3 overflows. It is automatically cleared by hardware
when the program executes the Timer 3 interrupt service routine. This bit can be
set or cleared by software.
3 TR3 Timer 3 run control

Feb 20, 2016

0 = Timer 3 is halted.
1 = Timer 3 starts running.
Note that the reload registers R3H and R3L can only be written when Timer 3 is
halted (TR3 bit is 0). If any of R3H or R3L is written if TR3 is 1, result is

unpredictable.
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Bit

Name

Description

2:0

T3PS[2:0]

Timer 3 pre-scalar

These bits determine the scale of the clock divider for Timer 3.
000 = 1/1.

001 =1/2.

010 =1/4.

011 =1/8.

100 = 1/16.

101 =1/32.

110 = 1/64.

111 =1/128.

R3L — Timer 3 Reload Low Byte

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
R3L[7:0]
R/W
Address: C5H Reset value: 0000 0000b
Bit Name Description
7:0 R3L[7:0] | Timer 3reload low byte

It holds the low byte of the reload value of Timer 3.

R3H — Timer 3 Reload High Byte

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
R3H[7:0]
R/W
Address: C6H Reset value: 0000 0000b
Bit Name Description
7:0 R3H[7:0] | Timer 3 reload high byte
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It holds the high byte of the reload value of Time 3.
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12. WATCHDOG TIMER (WDT)

The N76E616 provides one Watchdog Timer (WDT). It can be configured as a time-out reset timer to

reset whole device. Once the device runs in an abnormal status or hangs up by outward interference,

a WDT reset recover the system. It provides a system monitor, which improves the reliability of the

system. Therefore, WDT is especially useful for system that is susceptible to noise, power glitches, or

electrostatic discharge. The WDT also can be configured as a general purpose timer, of which the

periodic interrupt serves as an event timer or a durational system supervisor in a monitoring system,
which is able to operate during Idle or Power-down mode. WDTEN[3:0] (CONFIG4[7:4]) initialize the

WDT to operate as a time-out reset timer or a general purpose timer.

CONFIG4
7 | 6 | 5 | 4 3 2 1 0
WDTEN[3:0] - - - -
R/W - - - -
Factory default value: 1111 1111b
Bit Name Description
74 WDTEN[3:0] | WDT enable

This field configures the WDT behavior after MCU execution.
1111 =WDT is Disabled. WDT can be used as a general-purpose timer via
software control.
0101 = WDT is Enabled as a time-out reset timer and it stops running during
Idle or Power-down mode.
Others = WDT is Enabled as a time-out reset timer and it keeps running during
Idle or Power-down mode.

The WDT is implemented with a set of divider that divides the LIRC clock nominal 10 kHz. The divider

output is selectable and determines the time-out interval. When the time-out interval is fulfilled, it will

wake the system up from Idle or Power-down mode and an interrupt event will occur if WDT interrupt

is enabled. If WDT is initialized as a time-out reset timer, a system reset will occur after a period of

delay if without any software action.

WDCON - Watchdog Timer Control (TA protected)

7 6 5 4 3 2 | 1 | 0
WDTR WDCLR WDTF WIDPD WDTRF" WDPSJ[2:0]*
R/IW R/W R/IW R/IW R/IW R/W
Address: AAH Reset value: see Table 6—2. SFR Definitions and Reset Values
Bit Name Description
7 WDTR | WDT run
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This bit is valid only when control bits in WDTEN][3:0] (CONFIG4[7:4]) are all 1.
At this time, WDT works as a general-purpose timer.

0 = WDT Disabled.

1 =WDT Enabled. The WDT counter starts running.
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Bit Name Description

6 WDCLR | WDT clear

Setting this bit will reset the WDT count to O0H. It puts the counter in a known
state and prohibits the system from unpredictable reset. The meaning of writing
and reading WDCLR bit is different.

Writing:

0 = No effect.
1 = Clearing WDT counter.
Reading:
0 = WDT counter is completely cleared.
1 =WDT counter is not yet cleared.

5 WDTF WDT time-out flag
This bit indicates an overflow of WDT counter. This flag should be cleared by
software.

4 WIDPD WDT running in Idle or Power-down mode

This bit is valid only when control bits in WDTEN][3:0] (CONFIGA4[7:4]) are all 1. It
decides whether WDT runs in Idle or Power-down mode when WDT works as a
general purpose timer.

0 = WDT stops running during Idle or Power-down mode.

1 = WDT keeps running during Idle or Power-down mode.

3 WDTRF | WDT reset flag
When the CPU is reset by WDT time-out event, this bit will be set via hardware.
This flag is recommended to be cleared via software after reset.

2.0 WDPSJ[2:0] | WDT clock pre-scalar select
These bits determine the pre-scale of WDT clock from 1/1 through 1/256. See
Table 12-1. The default is the maximum pre-scale value.

[1] WDTRF will be cleared after power-on reset, be set after WDT reset, and remains unchanged after any other
resets.
[2] WDPSJ2:0] are all set after power-on reset and keep unchanged after any reset other than power-on reset.

1
The Watchdog time-out interval is determined by the equation — x 64, where
Firc % clockdividerscalar

Furc is the frequency of 10 kHz internal oscillator. The following table shows an example of the

Watchdog time-out interval with different pre-scales.
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Table 12-1. Watchdog Timer-out Interval Under Different Pre-scalars

wops.2 | wops.1 | wops.o CIocSkcgliZider Watch(lti(LalgR;CTi?iboELIZr)lterval
0 0 0 1/1 6.40 ms
0 0 1 1/4 25.60 ms
0 1 0 1/8 51.20 ms
0 1 1 1/16 102.40 ms
1 0 0 1/32 204.80 ms
1 0 1 1/64 409.60 ms
1 1 0 1/128 819.20 ms
1 1 1 1/256 1.638s

12.1 Time-Out Reset Timer

When the CONFIG bits WDTEN[3:0] (CONFIGA4[7:4]) is not FH, the WDT is initialized as a time-out
reset timer. If WDTEN]3:0] is not 5H, the WDT is allowed to continue running after the system enters
Idle or Power-down mode. Note that when WDT is initialized as a time-out reset timer, WDTR and
WIDPD has no function.

Pre-scalar WDT Counter |Overflow | 512-Clock
HRC (111711256) [ (6-bit) Delay WOTRF WDT Reset
A clear *clear
WDPS[2:0] WDCLR

WDT Interrupt

Figure 12-1. WDT as A Time-Out Reset Timer

After the device is powered and it starts to execute software code, the WDT starts counting
simultaneously. The time-out interval is selected by the three bits WDPS[2:0] (WDCON[2:0]). When
the selected time-out occurs, the WDT will set the interrupt flag WDTF (WDCON.5). If the WDT
interrupt enable bit EWDT (EIE.4) and global interrupt enable EA are both set, the WDT interrupt
routine will be executed. Meanwhile, an additional 512 clocks of the LIRC delays to expect a counter
clearing by setting WDCLR to avoid the system reset by WDT if the device operates normally. If no
counter reset by writing 1 to WDCLR during this 512-clock period, a WDT reset will happen. Setting
WDCLR bit is used to clear the counter of the WDT. This bit is self-cleared for user monitoring it. Once
a reset due to WDT occurs, the WDT reset flag WDTRF (WDCON.3) will be set. This bit keeps
unchanged after any reset other than a power-on reset. User may clear WDTRF via software. Note

that all bits in WDCON require timed access writing.
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The main application of the WDT with time-out reset enabling is for the system monitor. This is
important in real-time control applications. In case of some power glitches or electro-magnetic
interference, CPU may begin to execute erroneous codes and operate in an unpredictable state. If this
is left unchecked the entire system may crash. Using the WDT during software development requires
user to select proper “Feeding Dog” time by clearing the WDT counter. By inserting the instruction of
setting WDCLR, it allows the code to run without any WDT reset. However If any erroneous code
executes by any interference, the instructions to clear the WDT counter will not be executed at the
required instants. Thus, the WDT reset will occur to reset the system state from an erroneously

executing condition and recover the system.
12.2 General Purpose Timer

There is another application of the WDT, which is used as a simple, long period timer. When the
CONFIG bits WDTEN[3:0] (CONFIG4[7:4]) is FH, the WDT is initialized as a general purpose timer. In

this mode, WDTR and WIDPD are fully accessed via software.

LIRC Pre-scalar WDT Counter |overflow
(11~1/256) [ ™| (6-bit) > WDTF |—> WDT Interrupt
IDL (PCON.0) T TC'%"
PD (PCON.1)
WDPS[2:0] WDCLR
WIDPD
WDTR

Figure 12-2. Watchdog Timer Block Diagram

The WDT starts running by setting WDTR as 1 and halts by clearing WDTR as 0. The WDTF flag will
be set while the WDT completes the selected time interval. The software polls the WDTF flag to detect
a time-out. An interrupt will occur if the individual interrupt EWDT (EIE.4) and global interrupt enable
EA is set. WDT will continue counting. User should clear WDTF and wait for the next overflow by

polling WDTF flag or waiting for the interrupt occurrence.

In some application of low power consumption, the CPU usually stays in Idle mode when nothing
needs to be served to save power consumption. After a while the CPU will be woken up to check if
anything needs to be served at an interval of programmed period implemented by Timer 0 to Timer 3.
However, the current consumption of Idle mode still keeps at a “mA” level. To further reducing the
current consumption to “yA” level, the CPU should stay in Power-down mode when nothing needs to
be served, and has the ability of waking up at a programmable interval. The N76E616 is equipped with
this useful function by WDT waking up. It provides a very low power LIRC as the clock source of the

WDT. It is also able to count under Power-down mode and wake CPU up.
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The demo code to accomplish this feature is shown below.

ORG 0000H
LJMP START

ORG 0053H
LJMP WDT_TISR

ORG 0100H

;********************************************************************

;WDT interrupt service routine
;********************************************************************
WDT _ISR:

CLR EA

MOV TA, #0ARH

MOV TA, #55H

ANL WDCON, #11011111B ;clear WDT interrupt flag
SETB EA
RETT

;********************************************************************

;Start here
;********************************************************************

START:

MOV TA, #0AAH

MOV TA, #55H

ORL WDCON, #00010111B ;choose interval length and enable WDT running
during ; Power-down

SETB EWDT ;enable WDT interrupt

SETB EA

MOV TA, #0AAH
MOV TA, #55H
ORL WDCON, #10000000B ; WDT run

;********************************************************************

;Enter Power-down mode
;********************************************************************
LOOP:

ORL PCON, #02H

LJMP LOOP
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13. SELF WAKE-UP TIMER (WKT)

The N76E616 has a dedicated Self Wake-up Timer (WKT), which serves for a periodic wake-up timer
in low power mode or for general-purpose timer. WKT remains counting in Idle or Power-down mode.
When WKT is being used as a wake-up timer, a start of WKT can occur just prior to entering a power
management mode. WKT has two clock sources, LIRC or LXT, determined by WKTCKS (WKCON.5)
bit. Note that the system clock frequency must be twice over WKT clock. If WKT starts counting, the
selected clock source will remain active once the device enters Idle or Power-down mode. Note that
the selected clock source of WKT will not automatically enable along with WKT configuration. User
should manually enable the selected clock source and waiting for stability to ensure a proper

operation.

The WKT is implemented simply as a 8-bit auto-reload, up-counting timer with pre-scale 1/1 to 1/512
selected by WKPS[2:0] (WKCONTJ2:0]). User fills the reload value into RWK register to determine its
overflow rate. The WKTR (WKCON.3) can be set to start counting. When the counter rolls over FFH,
WKTF (WKCON.4) is set as 1 and a reload is generated and causes the contents of the RWK register
to be reloaded into the internal 8-bit counter. If EWKT (EIE1.2) is set as 1, WKT interrupt service

routine will be served.

LIRC
WKT
Pre-scalar - | Overflow WKTE
T1 (1/1~1/2048) *‘ 8-bit Up Counter | (WKCON.4) —» WKT Interrupt

LXT

WKTCKS

(WKCON.5) WKPS[2:0] rY

TR (WKCONZ0) [o] ] | ] ] 7]

(WKCON.3) AWK

Figure 13-1. Self Wake-Up Timer Block Diagram

WKCON - Self Wake-up Timer Control

7 6 5 4 3 2 | 1 | 0
- - WKTCKS WKTF WKTR WKPS[2:0]
- - R/W R/W R/W R/W
Address: 8FH Reset value: 0000 0000b
Bit Name Description
5 WKTCKS | WKT clock source select
0 =LIRC.
1=LXT.

Note that this bit cannot be switched on-the-fly when WKT is running. It must be
selected before WKTR is set as 1.

4 WKTF WKT overflow flag

This bit is set when WKT overflows. If the WKT interrupt and the global interrupt
are enabled, setting this bit will make CPU execute WKT interrupt service
routine. This bit is not automatically cleared via hardware and should be cleared
via software.
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Bit Name Description
3 WKTR WKT run control
0 = WKT is halted.
1 = WKT starts running.
Note that the reload register RWK can only be written when WKT is halted
(WKTR bit is 0). If WKT is written while WKTR is 1, result is unpredictable.
2:0 WKPS[2:0] | WKT pre-scalar

These bits determine the pre-scale of WKT clock.
000 = 1/1.

001 = 1/4.

010 = 1/16.

011 =1/64.

100 = 1/256.

101 = 1/512.

110 =1/1024.

111 =1/2048.

RWK — Self Wake-up Timer Reload Byte

7 | 6 5 | 4 | 3 | 2 | 1 | 0
RWK][7:0]
R/W
Address: 86H Reset value: 0000 0000b
Bit Name Description
7:0 RWK]7:0] | WKT reload byte

Feb 20, 2016

It holds the 8-bit reload value of WKT. Note that RWK should not be FFH if the
pre-scale is 1/1 for implement limitation.
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14. SERIAL PORT (UART)

The N76E616 includes two enhanced full duplex serial ports enhanced with automatic address
recognition and framing error detection. As control bits of these two serial ports are implemented the
same, the bit names (including interrupt enabling or priority setting bits) end with “_1" (e.g. SCON_1)
to indicate serial port 1 control bits for making a distinction between these two serial ports. General
speaking, in the following contents, there will not be any reference to serial port 1, but only to serial

port O.

Each serial port supports one synchronous communication mode, Mode 0, and three modes of full
duplex UART (Universal Asynchronous Receiver and Transmitter), Mode 1, 2, and 3. This means it
can transmit and receive simultaneously. The serial port is also receiving-buffered, meaning it can
commence reception of a second byte before a previously received byte has been read from the
register. The receiving and transmitting registers are both accessed at SBUF. Writing to SBUF loads
the transmitting register, and reading SBUF accesses a physically separate receiving register. There
are four operation modes in serial port. In all four modes, transmission initiates by any instruction that

uses SBUF as a destination register.

SCON - Serial Port Control (Bit-addressable)

7 6 5 4 3 2 1 0
SMO/FE SM1 SM2 REN TB8 RB8 TI RI
R/W R/W R/W R/W R/W R/W R/W R/W
Address: 98H Reset value: 0000 0000b
Bit Name Description
7 SMO/FE | Serial port mode select
6 SM1 SMODO (PCON.6) = 0:

See Table 14-1. Serial Port 0 Mode Description for details.

SMODO (PCON.6) = 1:

SMO/FE bit is used as frame error (FE) status flag. It is cleared by software.
0 = Frame error (FE) did not occur.
1 = Frame error (FE) occurred and detected.
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Bit Name Description
5 SM2 Multiprocessor communication mode enable
The function of this bit is dependent on the serial port 0 mode.
Mode 0:

This bit selects the baud rate between Fsys/12 and Fsys/2.
0 = The clock runs at Fsys/12 baud rate. It maintains standard 8051
compatibility.
1 = The clock runs at Fsys/2 baud rate for faster serial communication.

Mode 1:
This bit checks valid stop bit.
0 = Reception is always valid no matter the logic level of stop bit.
1 = Reception is valid only when the received stop bit is logic 1 and the
received data matches “Given” or “Broadcast” address.

Mode 2 or 3:
For multiprocessor communication.
0 = Reception is always valid no matter the logic level of the 9th bit.
1 = Reception is valid only when the received 9th bit is logic 1 and the
received data matches “Given” or “Broadcast” address.

4 REN Receiving enable

0 = Serial port O reception Disabled.

1 = Serial port O reception Enabled in Mode 1,2, or 3. In Mode 0, reception is
initiated by the condition REN =1 and Rl = 0.

3 TB8 9th transmitted bit
This bit defines the state of the 9th transmission bit in serial port 0 Mode 2 or 3. It
is not used in Mode O or 1.

2 RB8 9th received bit

The bit identifies the logic level of the 9th received bit in serial port 0 Mode 2 or 3.
In Mode 1, RB8 is the logic level of the received stop bit. SM2 bit as logic 1 has
restriction for exception. RB8 is not used in Mode 0.

1 TI Transmission interrupt flag

This flag is set by hardware when a data frame has been transmitted by the serial
port O after the 8th bit in Mode 0 or the last data bit in other modes. When the
serial port 0 interrupt is enabled, setting this bit causes the CPU to execute the
serial port 0 interrupt service routine. This bit should be cleared manually via
software.

0 RI Receiving interrupt flag

This flag is set via hardware when a data frame has been received by the serial
port O after the 8th bit in Mode 0 or after sampling the stop bit in Mode 1, 2, or 3.
SM2 bit as logic 1 has restriction for exception. When the serial port O interrupt is
enabled, setting this bit causes the CPU to execute to the serial port O interrupt
service routine. This bit should be cleared manually via software.
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SCON_1 — Serial Port 1 Control (bit-addressable)

7 6 5 4 3 2 1 0
SMO_1/FE_1 SM1_1 SM2_1 REN_1 TB8_1 RB8_1 TI_1 RI_1
R/W R/W R/W R/W R/W R/W R/W R/W
Address: F8H Reset value: 0000 0000b
Bit Name Description

7 SMO_1/FE_1 | Serial port 1 mode select

6 SM1_1 SMODO_1 (T3CON.6) = 0:
See Table 14-2. Serial Port 1 Mode Description for details.

SMODO_1 (T3CON.6) = 1:
SMO_1/FE_1 bit is used as frame error (FE) status flag. It is cleared by
software.

0 = Frame error (FE) did not occur.

1 = Frame error (FE) occurred and detected.

5 SM2_1 Multiprocessor communication mode enable
The function of this bit is dependent on the serial port 1 mode.

Mode 0:
No effect.

Mode 1:
This bit checks valid stop bit.
0 = Reception is always valid no matter the logic level of stop bit.
1 = Reception is valid only when the received stop bit is logic 1 and
the received data matches “Given” or “Broadcast” address.

Mode 2 or 3:
For multiprocessor communication.
0 = Reception is always valid no matter the logic level of the 9th bit.
1 = Reception is valid only when the received 9th bit is logic 1 and
the received data matches “Given” or “Broadcast” address.

4 REN_1 Receiving enable

0 = Serial port 1 reception Disabled.

1 = Serial port 1 reception Enabled in Mode 1,2, or 3. In Mode 0, reception is
initiated by the condition REN_1 =1 and RI_1 =0.

3 TB8_ 1 9th transmitted bit
This bit defines the state of the 9th transmission bit in serial port 1 Mode 2 or 3.
It is not used in Mode O or 1.

2 RBS_1 9th received bit

The bit identifies the logic level of the 9th received bit in serial port 1 Mode 2 or
3. In Mode 1, RB8_1 is the logic level of the received stop bit. SM2_1 bit as
logic 1 has restriction for exception. RB8_1 is not used in Mode 0.

1 TL_1 Transmission interrupt flag

This flag is set by hardware when a data frame has been transmitted by the
serial port 1 after the 8th bit in Mode O or the last data bit in other modes.
When the serial port 1 interrupt is enabled, setting this bit causes the CPU to
execute the serial port 1 interrupt service routine. This bit must be cleared
manually via software.

0 RI_1 Receiving interrupt flag

This flag is set via hardware when a data frame has been received by the serial
port 1 after the 8th bit in Mode 0 or after sampling the stop bit in Mode 1, 2, or
3. SM2_1 bit as logic 1 has restriction for exception. When the serial port 1
interrupt is enabled, setting this bit causes the CPU to execute to the serial port
1 interrupt service routine. This bit must be cleared manually via software.
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PCON - Power Control

7 6 5 4 3 2 1 0
SMOD SMODO - POF GF1 GFO PD IDL
R/W R/W - R/W R/W R/W R/W R/W
Address: 87H Reset value: see Table 6—2. SFR Definitions and Reset Values
Bit Name Description
7 SMOD Serial port 0 double baud rate enable
Setting this bit doubles the serial port baud rate when UARTO is in Mode 2 or
when Timer 1 overflow is used as the baud rate source of UARTO Mode 1 or 3.
See Table 14-1. Serial Port 0 Mode Description for details.
6 SMODO | Serial port O framing error flag access enable
0 = SCON.7 accesses to SMO bit.
1 = SCON.7 accesses to FE bit.

T3CON — Timer 3 Control

7 6 5 4 3 2 | 1 | 0
SMOD_1 SMODO0_1 BRCK TF3 TR3 T3PS[2:0]
R/W R/W R/W R/W R/W R/W
Address: C4H Reset value: 0000 0000b

Bit Name Description

7 SMOD_1 Serial port 1 double baud rate enable
Setting this bit doubles the serial port baud rate when UARTL1 is in Mode 2. See
Table 14-2. Serial Port 1 Mode Description for details.

6 SMODO0_1 | Serial port 1 framing error access enable
0 = SCON_1.7 accesses to SMO_1 bit.
1 =SCON_1.7 accesses to FE_1 bit.

Table 14-1. Serial Port 0 Mode Description

Mode SMO SM1 Description | Frame Bits Baud Rate
0 0 0 Synchronous 8 Fsys divided by 12 or by 21"
1 0 1 Asynchronous 10 'kl)';/mltzrml/Tlmer 3 overflow rate divided by 32 or divided
2 1 0 Asynchronous 11 Fsys divided by 32 or 64%
3 1 1 Asynchronous 11 'tl)';/mleGr[Z]l/Tlmer 3 overflow rate divided by 32 or divided
[1] While SM2 (SCON.5) is logic 1.
[2] While SMOD (PCON.7) is logic 1.
Table 14-2. Serial Port 1 Mode Description
Mode SMO SM1 Description | Frame Bits Baud Rate
0 0 0 Synchronous 8 Fsys divided by 12 or by 2"
1 0 1 Asynchronous 10 Timer 3 overflow rate divided by 16
2 1 0 Asynchronous 11 Fsys divided by 32 or 64%
3 1 1 Asynchronous 11 Timer 3 overflow rate divided by 16
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[1] While SM2_1 (SCON_1.5) is logic 1.
[2] While SMOD_1 (T3CON.7) is logic 1.

SBUF — Serial Port 0 Data Buffer

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
SBUF[7:0]
R/W
Address: 99H Reset value: 0000 0000b
Bit Name Description
7:0 SBUF[7:0] | Serial port O data buffer

This byte actually consists two separate registers. One is the receiving resister,
and the other is the transmitting buffer. When data is moved to SBUF, it goes to
the transmitting buffer and is shifted for serial transmission. When data is moved
from SBUF, it comes from the receiving register.

The transmission is initiated through giving data to SBUF.

SBUF 1 - Serial Port 1 Data Buffer

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
SBUF_1[7:0]
R/W
Address: 9AH Reset value: 0000 0000b
Bit Name Description
7:0 SBUF_1[7:0] | Serial port 1 data buffer

This byte actually consists two separate registers. One is the receiving resister,
and the other is the transmitting buffer. When data is moved to SBUF_1, it
goes to the transmitting buffer and is shifted for serial transmission. When data
is moved from SBUF_1, it comes from the receiving register.
The transmission is initiated through giving data to SBUF_1.

14.1 Mode O

Mode O provides synchronous communication with external devices. Serial data enters and exits
through RXD pin. TXD outputs the shift clocks. 8-bit frame of data are transmitted or received. Mode O
therefore provides half-duplex communication because the transmitting or receiving data is via the
same data line RXD. The baud rate is enhanced to be selected as Fsys/12 if SM2 (SCON.5) is O or as
Fsys/2 if SM2 is 1. Note that whenever transmitting or receiving, the serial clock is always generated
by the MCU. Thus any device on the serial port in Mode 0 should accept the MCU as the master.
Figure 14-1 shows the associated timing of the serial port in Mode 0.

Rev. 1.01
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TRANSMIT TIMING

LDSBUF [l WRITE TO SBUF

SHIET I 1 ft 1 [Tl

(R[?;.[%AOUT} b0 X D1 X p2 X p3 X D4 X D5 X D6 X D7 /

R e T Y e e e T T

(DATA CLOCK)
I

RECEIVE TIMING

RDSBUF [ WRITE TO SCON (CLEAR RI)

SHIET [ EE N N A S

RXD

(DATA IN) {00 X_Xo1X_Xoz2X_Xp3X_ Xpa}_ XpsX_ XosX_ Xp7

TXD

(DATA CLOCK) I I O
RI

Figure 14-1. Serial Port Mode 0 Timing Diagram

As shown there is one bi-directional data line (RXD) and one shift clock line (TXD). The shift clocks
are used to shift data in or out of the serial port controller bit by bit for a serial communication. Data

bits enter or emit LSB first. The band rate is equal to the shift clock frequency.

Transmission is initiated by any instruction writes to SBUF. The control block will then shift out the
clocks and begin to transfer data until all 8 bits are complete. Then the transmitted flag Tl (SCON.1)

will be set 1 to indicate one byte transmitting complete.

Reception is initiated by the condition REN (SCON.4) = 1 and RI (SCON.0) = 0. This condition tells the
serial port controller that there is data to be shifted in. This process will continue until 8 bits have been
received. Then the received flag Rl will be set as 1. User can clear RI to triggering the next byte

reception.
14.2 Mode 1

Mode 1 supports asynchronous, full duplex serial communication. The asynchronous mode is
commonly used for communication with PCs, modems or other similar interfaces. In Mode 1, 10 bits
are transmitted through TXD or received through RXD including a start bit (logic 0), 8 data bits (LSB
first) and a stop bit (logic 1). The Timer 1 determines the baud rate. SMOD (PCON.7) setting 1 makes
the baud rate double. Figure 14-2 shows the associated timings of the serial port in Mode 1 for

transmitting and receiving.
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TRANSMIT TIMING

LDsBUF ]|
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O ~ \starT/ po X b1 X b2 X b3 X pa X ps X pe X D7 /STOP
i

RECEIVE TIMING

RXD START/ Do X D1 X D2 X D3 X D4 X D5 X D6 X D7 / STOP
BIT DETECTOR N Y 1
SAMPLING
- (A O O O O Y
RI [

Figure 14-2. Serial Port Mode 1 Timing Diagram

Transmission is initiated by any writing instructions to SBUF. Transmission takes place on TXD pin.
First, the start bit comes out; the 8-bit data follows to be shifted out and then ends with a stop bit. After
the stop bit appears, Tl (SCON.1) will be set to indicate one-byte transmission complete. All bits are

shifted out depending on the rate determined by the baud rate generator.

Once the baud rate generator is activated and REN (SCON.4) is 1, the reception can begin at any
time. Reception is initiated by a detected 1-to-0 transition at RXD. Data will be sampled and shifted in
at the selected baud rate. In the midst of the stop bit, certain conditions should be met to load SBUF

with the received data:
1. RI (SCON.0) =0, and

2. Either SM2 (SCON.5) = 0, or the received stop bit = 1 while SM2 = 1 and the received data matches

“‘Given” or “Broadcast” address. (For enhancement function, see 14.7 “Multiprocessor

Communication” and 14.8 “Automatic Address Recognition”.)

If these conditions are met, then the SBUF will be loaded with the received data, the RB8 (SCON.2)
with stop bit, and RI will be set. If these conditions fail, there will be no data loaded and RI will remain
0. After above receiving progress, the serial control will look forward another 1-to-0 transition on RXD
pin to start next data reception.

14.3 Mode 2

Mode 2 supports asynchronous, full duplex serial communication. Different from Model, there are 11
bits to be transmitted or received. They are a start bit (logic 0), 8 data bits (LSB first), a programmable
9th bit TB8 or RB8 bit and a stop bit (logic 1). The most common use of 9th bit is to put the parity bit in

it or to label address or data frame for multiprocessor communication. The baud rate is fixed as 1/32
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or 1/64 the system clock frequency depending on SMOD (PCON.7) bit. Figure 14-3 shows the

associated timings of the serial port in Mode 2 for transmitting and receiving.

TRANSMIT TIMING

Lossur |
SHIFT i Jr J Jr [ —
O\ srart/ D0 X o1 X 02 X 05 X 04 X 05 X b6 X o7 X 788 /sToP
T
RECEIVE TIMING
RXD ~ ]stArT/ Do X D1 X D2 X D3 X pa X D5 X D6 X D7 X RBS / STOP
BIT DETECTOR N e 1 s 1 N A A N
SAMPLING
SHIFT e Jr Jr T [ M J 7 I
SMODO =0, RI
SMODO =1, RI [

Figure 14-3. Serial Port Mode 2 and 3 Timing Diagram

Transmission is initiated by any writing instructions to SBUF. Transmission takes place on TXD pin.
First, the start bit comes out, the 8-bit data and bit TB8 (SCON.3) follows to be shifted out and then

ends with a stop bit. After the stop bit appears, Tl will be set to indicate the transmission complete.

While REN is set, the reception is allowed at any time. A falling edge of a start bit on RXD will initiate
the reception progress. Data will be sampled and shifted in at the selected baud rate. In the midst of

the stop bit, certain conditions should be met to load SBUF with the received data:
1. RI (SCON.0) =0, and

2. Either SM2 (SCON.5) = 0, or the received 9th bit = 1 while SM2 = 1 and the received data matches

“Given” or “Broadcast” address. (For enhancement function, see 14.7 “Multiprocessor

Communication” and 14.8 “Automatic Address Recognition”.)

If these conditions are met, the SBUF will be loaded with the received data, the RB8(SCON.2) with the
received 9th bit and RI will be set. If these conditions fail, there will be no data loaded and RI will
remain 0. After above receiving progress, the serial control will look forward another 1-to-0 transition

on RXD pin to start next data reception.
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14.4 Mode 3

Mode 3 has the same operation as Mode 2, except its baud rate clock source uses Timer 1 overflows
as its baud rate clocks. See Figure 14-3 for timing diagram of Mode 3. It has no difference from Mode
2.

14.5 Baud Rate

The baud rate source and speed for different modes of serial port is quite different from one another.
All cases are listed in Table 14—3. The user should calculate the baud rate according to their system

configuration.

In Mode 1 or 3, the baud rate clock source of UARTO can be selected from Timer 1 or Timer 3. User
can select the baud rate clock source by BRCK (T3CON.5). For UART1, its baud rate clock comes

only from Timer 3 as its unique clock source.

T3CON —Timer 3 Control

7 6 5 4 3 2 | 1 | 0
SMOD_1 [ SMODO_1 BRCK TF3 TR3 T3PS[2:0]
RIW RIW R/W R/W RIW R/W

Address: C4H

Reset value: 0000 0000b

Bit

Name

Description

5

BRCK Serial port 0 baud rate clock source

This bit selects which Timer is used as the baud rate clock source when serial
port 0 is in Mode 1 or 3.

0 = Timer 1.

1 =Timer 3.

When using Timer 1 as the baud rate clock source, note that the Timer 1 interrupt should be disabled.
Timer 1 itself can be configured for either “Timer” or “Counter” operation. It can be in any of its three
running modes. However, in the most typical applications, it is configured for “Timer” operation, in the
auto-reload mode (Mode 2). If using Timer 3 as the baud rate generator, its interrupt should also be
disabled.

Table 14-3. UART Baud Rate Equations

UART Mode Baud Rate Clock Source Baud Rate
0 System clock Fsys/12 or Fgyg/2!
2 System clock Fsys/64 or Fgyg/32%
D
25V Fsys 2SMOD b o
lor3 ' v f 3l X or x 4]
Timer 1 (only for UARTO) 32 12x(256-THY) 32 256-THL
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UART Mode Baud Rate Clock Source Baud Rate

SMoD
2 Fsvs "

X
32 Pre-scalex (65536 - {R3H,R3L})

Timer 3 (for UARTO)

. 1 Fsvs 51
Timer 3 (for UART1) —X
16 Pre-scalex (65536 - {R3H,R3L})

[1] SM2 (SCON.5) or SM2_1(SCON_1.5) is set as logic 1.

[2] SMOD (PCON.7) or SMOD_1(T3CON.7) is set as logic 1.

[3] Timer 1 is configured as a timer in auto-reload mode (Mode 2).

[4] TAM (CKCON.4) is set as logic 1. While SMOD is 1, TH1 should not be FFH.

[5] {R3H,R3L} in the equation means 256 xRH3+RL3 . While SMOD is 1 and pre-scale is 1/1, {R3H,R3L} should
not be FFFFH.

Table 14-4 lists various commonly used baud rates and how they can be obtained with Timer 1. In

this mode, Timer 1 operates as an auto-reload Timer with SMOD (PCON.7) is 0 and T1M (CKCON.4)

is 0. Table 14-5 is related to UARTO for Timer 3. This table illustrates that when SMOD is 0. The

same setting doubles the baud rate for UARTL1.

Table 14-4. Commonly Used Baud Rates by Timer 1

Oscillator Frequency (MHz)
Baud Rate [ 5 gagy 7.3728 11.0592 | 14.7456
(bps)
TH1 reload value
57600 - - - -
38400 - - - FFH
19200 - FFH - FEH
9600 FFH FEH FDH FCH
4800 FEH FCH FAH F8H
2400 FCH F8H F4H FOH
1200 F8H FOH E8H EOH
300 EOH COH AOH 80H

Table 14-5. Commonly Used Baud Rates by Timer 3

Oscillator Frequency (MHz)
Ba;’bdpsR)ate 3.6864 4 7.3728 8 11.0592 12 14.7456 16
{R3H,R3L} Reload Value

115200 FFFFH - FFFEH - FFFDH - FFFCH -

57600 FFFEH - FFFCH - FFFAH - FFF8H -
38400 FFFDH - FFFAH - FFF7H - FFF4H FFF3H
19200 FFFAH - FFF4H FFF3H FFEEH - FFESH FFE6H
9600 FFF4H FFF3H FFESH FFE6H FFDCH FFDOH FFDOH FFCCH

Feb 20, 2016 Page 71 of 179 Rev. 1.01



NUVvVOTON N76E616 Datasheet
—

Oscillator Frequency (MHz)
BafbdpsR)ate 3.6864 4 7.3728 8 11.0592 12 14.7456 16
{R3H,R3L} Reload Value
4800 FFESH FFE6H FFDOH FFCCH FFBSH FFB2H FFAOH FF98H
2400 FFDOH FFCCH FFAOH FF98H FF70H FF64H FF40H FF30H
1200 FFAOH FF98H FF40H FF30H FEEOH FECSH FESOH FESFH
300 FESOH FESFH FDOOH FCBFH FBSOH FB1EH FAOOH F97DH

14.6 Framing Error Detection

Framing error detection is provided for asynchronous modes. (Mode 1, 2, or 3.) The framing error
occurs when a valid stop bit is not detected due to the bus noise or contention. The UART can detect

a framing error and notify the software.

The framing error bit, FE, is located in SCON.7. This bit normally serves as SM0. While the framing
error accessing enable bit SMODO (PCON.6) is set 1, it serves as FE flag. Actually, SMO and FE

locate in different registers.

The FE bit will be set 1 via hardware while a framing error occurs. FE can be checked in UART
interrupt service routine if necessary. Note that SMODO should be 1 while reading or writing to FE. If
FE is set, any following frames received without frame error will not clear the FE flag. The clearing has

to be done via software.
14.7 Multiprocessor Communication

The N76E616 multiprocessor communication feature lets a master device send a multiple frame serial
message to a slave device in a multi-slave configuration. It does this without interrupting other slave
devices that may be on the same serial line. This feature can be used only in UART Mode 2 or 3. User
can enable this function by setting SM2 (SCON.5) as logic 1 so that when a byte of frame is received,
the serial interrupt will be generated only if the 9th bit is 1. (For Mode 2, the 9th bit is the stop bit.)
When the SM2 bit is 1, serial data frames that are received with the 9th bit as 0 do not generate an

interrupt. In this case, the 9th bit simply separates the slave address from the serial data.

When the master device wants to transmit a block of data to one of several slaves on a serial line, it
first sends out an address byte to identify the target slave. Note that in this case, an address byte
differs from a data byte. In an address byte, the 9th bit is 1 and in a data byte, it is 0. The address byte
interrupts all slaves so that each slave can examine the received byte and see if it is addressed by its
own slave address. The addressed slave then clears its SM2 bit and prepares to receive incoming
data bytes. The SM2 bits of slaves that were not addressed remain set, and they continue operating

normally while ignoring the incoming data bytes.
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Follow the steps below to configure multiprocessor communications:

1. Set all devices (masters and slaves) to UART Mode 2 or 3.

2. Write the SM2 bit of all the slave devices to 1.

3. The master device's transmission protocol is:
— First byte: the address, identifying the target slave device, (9th bit = 1).
— Next bytes: data, (9th bit = 0).

4. When the target slave receives the first byte, all of the slaves are interrupted because the 9th data
bit is 1. The targeted slave compares the address byte to its own address and then clears its SM2 bit

to receiving incoming data. The other slaves continue operating normally.
5. After all data bytes have been received, set SM2 back to 1 to wait for next address.

SM2 has no effect in Mode 0, and in Mode 1 can be used to check the validity of the stop bit. For
Mode 1 reception, if SM2 is 1, the receiving interrupt will not be issue unless a valid stop bit is

received.
14.8 Automatic Address Recognition

The automatic address recognition is a feature, which enhances the multiprocessor communication
feature by allowing the UART to recognize certain addresses in the serial bit stream by using
hardware to make the comparisons. This feature saves a great deal of software overhead by
eliminating the need for the software to examine every serial address, which passes by the serial port.
Only when the serial port recognizes its own address, the receiver sets RI bit to request an interrupt.
The automatic address recognition feature is enabled when the multiprocessor communication feature

is enabled, SM2 is set.

If desired, user may enable the automatic address recognition feature in Mode 1. In this configuration,
the stop bit takes the place of the ninth data bit. Rl is set only when the received command frame

address matches the device’s address and is terminated by a valid stop bit.

Using the automatic address recognition feature allows a master to selectively communicate with one
or more slaves by invoking the “Given” slave address or addresses. All of the slaves may be contacted
by using the “Broadcast” address. Two SFRs are used to define the slave address, SADDR, and the
slave address mask, SADEN. SADEN is used to define which bits in the SADDR are to be used and
which bits are “don’t care”. The SADEN mask can be logically ANDed with the SADDR to create the
“Given” address, which the master will use for addressing each of the slaves. Use of the “Given”

address allows multiple slaves to be recognized while excluding others.
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SADDR - Slave 0 Address

N76E616 Datasheet

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
SADDR][7:0]
R/W
Address: A9H Reset value: 0000 0000b
Bit Name Description
7:0 SADDRJ7:0] | Slave 0 address

This byte specifies the microcontroller’s own slave address for UATRO multi-
processor communication.

SADEN - Slave 0 Address Mask

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
SADEN][7:0]
R/W
Address: B9H Reset value: 0000 0000b
Bit Name Description
70 SADEN][7:0] | Slave 0 address mask

SADDR 1 -Slave 1 Address

This byte is a mask byte of UARTO that contains “don’t-care” bits (defined by
zeros) to form the device’s “Given” address. The don’t-care bits provide the
flexibility to address one or more slaves at a time.

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
SADDR_1[7:0]
R/W
Address: BBH Reset value: 0000 0000b
Bit Name Description
7:0 SADDR_1[7:0] | Slave 1 address
This byte specifies the microcontroller’'s own slave address for UART1 multi-
processor communication.

SADEN_1 - Slave 1 Address Mask

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
SADEN_1[7:0]
R/W
Address: BAH Reset value: 0000 0000b
Bit Name Description
7:0 SADEN_1[7:0] | Slave 1 address mask

This byte is a mask byte of UART1 that contains “don’t-care” bits (defined by
zeros) to form the device’s “Given” address. The don’t-care bits provide the
flexibility to address one or more slaves at a time.

The following examples will help to show the versatility of this scheme.

Example 1, slave 0O:
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SADDR = 11000000b
SADEN = 11111101b
Given = 110000X0b

Example 2, slave 1:

SADDR = 11000000b
SADEN = 11111110b
Given = 1100000Xb

In the above example, SADDR is the same and the SADEN data is used to differentiate between the
two slaves. Slave 0 requires 0 in bit 0 and it ignores bit 1. Slave 1 requires 0 in bit 1 and bit 0 is
ignored. A unique address for Slave 0 would be 1100 0010 since slave 1 requires 0 in bit 1. A unique
address for slave 1 would be 11000001b since 1 in bit O will exclude slave 0. Both slaves can be
selected at the same time by an address, which has bit 0 = 0 (for slave 0) and bit 1 = O (for slave 1).
Thus, both could be addressed with 11000000b as their “Broadcast” address.

In a more complex system, the following could be used to select slaves 1 and 2 while excluding slave
0:

Example 1, slave O:

SADDR = 11000000b
SADEN = 11111001b
Given = 11000XX0b

Example 2, slave 1:

SADDR = 11100000b
SADEN = 11111010b
Given = 11100X0Xb

Example 3, slave 2:

SADDR = 11000000b
SADEN = 11111100b
Given = 110000XXb

In the above example, the differentiation among the 3 slaves is in the lower 3 address bits. Slave 0
requires that bit 0 = 0 and it can be uniquely addressed by 11100110b. Slave 1 requires that bit 1 =0
and it can be uniquely addressed by 11100101b. Slave 2 requires that bit 2 = 0 and its unique address
is 11100011b. To select Slaves 0 and 1 and exclude Slave 2 use address 11100100b, since it is

necessary to make bit 2 = 1 to exclude slave 2.

The “Broadcast” address for each slave is created by taking the logical OR of SADDR and SADEN.

Zeros in this result are treated as “don’t-cares”, e.g.:

SADDR = 01010110b
SADEN = 11111100b
Broadcast = 1111111Xb
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The use of don't-care bits provides flexibility in defining the Broadcast address, however in most

applications, interpreting the “don’t-cares” as all ones; the broadcast address will be FFH.

On reset, SADDR and SADEN are initialized to 00H. This produces a “Given” address of all “don’t
care” as well as a “Broadcast” address of all XXXXXXXXb (all “don’t care” bits). This ensures that the
serial port will reply to any address, and so that it is backwards compatible with the standard 80C51

microcontrollers that do not support automatic address recognition.
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15. INTER-INTEGRATED CIRCUIT (IZC)

. . 2 L. .
The Inter-Integrated Circuit (I C) bus serves as a serial interface between the microcontrollers and the

I°C devices such as EEPROM, LCD module, temperature sensor, and so on. The I°C bus used two
wires design (a serial data line SDA and a serial clock line SCL) to transfer information between

devices.

2 . . .
The I C bus uses bi-directional data transfer between masters and slaves. There is no central master
and the multi-master system is allowed by arbitration between simultaneously transmitting masters.

The serial clock synchronization allows devices with different bit rates to communicate via one serial
2 . . . .
bus. The I C bus supports four transfer modes including master transmitter, master receiver, slave
. . 2 . . . .
receiver, and slave transmitter. The | C interface only supports 7-bit addressing mode. A special mode

General Call is also available. The IZC can meet both standard (up to 100kbps) and fast (up to 400k
bps) speeds.

15.1 Functional Description

For a bi-directional transfer operation, the SDA and SCL pins should be open-drain pads. These
implements a wired-AND function, which is essential to the operation of the interface. A low level on

an I2C bus line is generated when one or more I2C devices output a logic 0. A high level is generated
when all I2C devices output logic 1, allowing the pull-up resistors to pull the line high. In N76E616, user

should set output latches of P2.3 and P2.4. as logic 1 before enabling the IZC function by setting
I2CEN (I2CON.6).

Vb
Rup Rup
SDA ® ® ’
SCL T l T T
SDA SCL SDA  sCL SDA SCL
N76E616 © Other MCU Slave Device R

. 2 .
Figure 15-1. | C Bus Interconnection

The I°C is considered free when both lines are high. Meanwhile, any device, which can operate as a
master can occupy the bus and generate one transfer after generating a START condition. The bus
now is considered busy before the transfer ends by sending a STOP condition. The master generates
all of the serial clock pulses and the START and STOP condition. However if there is no START
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condition on the bus, all devices serve as not addressed slave. The hardware looks for its own slave
address or a General Call address. (The General Call address detection may be enabled or disabled

by GC (I2ADDR.0).) If the matched address is received, an interrupt is requested.

Every transaction on the I2C bus is 9 bits long, consisting of 8 data bits (MSB first) and a single
acknowledge bit. The number of bytes per transfer (defined as the time between a valid START and
STOP condition) is unrestricted but each byte has to be followed by an acknowledge bit. The master
device generates 8 clock pulse to send the 8-bit data. After the 8th falling edge of the SCL line, the
device outputting data on the SDA changes that pin to an input and reads in an acknowledge value on
the 9th clock pulse. After 9th clock pulse, the data receiving device can hold SCL line stretched low if
next receiving is not prepared ready. It forces the next byte transaction suspended. The data

transaction continues when the receiver releases the SCL line.

SPA E\E/MSBX X --------- LSB \ ACK i/_i_

[ [
START STOP
Condition Condition

Figure 15-2. IZC Bus Protocol

15.1.1 START and STOP Condition

The protocol of the IZC bus defines two states to begin and end a transfer, START (S) and STOP (P)
conditions. A START condition is defined as a high-to-low transition on the SDA line while SCL line is

high. The STOP condition is defined as a low-to-high transition on the SDA line while SCL line is high.

The master always generates a START or a STOP condition and I’C bus is considered busy after a
START condition and free after a STOP condition. After issuing the STOP condition successful, the

original master device will release the control authority and turn back as a not addressed slave.

- . 2 .
Consequently, the original addressed slave will become a not addressed slave. The | C bus is free

and listens to next START condition of next transfer.

A data transfer is always terminated by a STOP condition generated by the master. However, if a
master still wishes to communicate on the bus, it can generate a repeated START (Sr) condition and
address the pervious or another slave without first generating a STOP condition. Various combinations

of read/write formats are then possible within such a transfer.
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epeate

START STOP START START STOP

Figure 15-3. START, Repeated START, and STOP Conditions
15.1.2 7-Bit Address with Data Format

Following the START condition is generated, one byte of special data should be transmitted by the
master. It includes a 7-bit long slave address (SLA) following by an 8th bit, which is a data direction bit
(R/W), to address the target slave device and determine the direction of data flow. If R/W bit is O, it
indicates that the master will write information to a selected slave. Also, if R/W bit is 1, it indicates that
the master will read information from the addressed slave. An address packet consisting of a slave
address and a read (R) or a write (W) bit is called SLA+R or SLA+W, respectively. A transmission
basically consists of a START condition, a SLA+W/R, one or more data packets and a STOP
condition. After the specified slave is addressed by SLA+W/R, the second and following 8-bit data

bytes issue by the master or the slave devices according to the R/W bit configuration.

There is an exception called “General Call” address, which can address all devices by giving the first
byte of data all 0. A General Call is used when a master wishes to transmit the same message to
several slaves in the system. When this address is used, other devices may respond with an
acknowledge or ignore it according to individual software configuration. If a device response the

General Call, it operates as like in the slave-receiver mode. Note that the address 0x00 is reserved for

General Call and cannot be used as a slave address, therefore, in theory, a 7-bit addressing I2C bus

accepts 127 devices with their slave addresses 1 to 127.

ADDRESS W/R ACK DATA ACK DATA ACK

Figure 15-4. Data Format of One I2C Transfer

During the data transaction period, the data on the SDA line should be stable during the high period of

the clock, and the data line can only change when SCL is low.
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15.1.3 Acknowledge

The 9th SCL pulse for any transferred byte is dedicated as an Acknowledge (ACK). It allows receiving
devices (which can be the master or slave) to respond back to the transmitter (which also can be the
master or slave) by pulling the SDA line low. The master generates the acknowledge-related clock
pulse. The transmitter should release control of SDA line during the acknowledge clock pulse. The
ACK is an active-low signal, pulling the SDA line low during the clock pulse high duty, indicates to the
transmitter that the device has received the transmitted data. Commonly, a receiver, which has been
addressed is requested to generate an ACK after each byte has been received. When a slave receiver
does not acknowledge (NACK) the slave address, the slave should leave the SDA line high so that the

mater can generate a STOP or a repeated START condition.

If a slave-receiver does acknowledge the slave address, it switches itself to not addressed slave mode
and cannot receive any more data bytes. This slave leaves the SDA line high. The master should

generate a STOP or a repeated START condition.

If a master-receiver is involved in a transfer, because the master controls the number of bytes in the
transfer, it should signal the end of data to the slave-transmitter by not generating an acknowledge on
the last byte. The slave-transmitter then switches to not addressed mode and releases the SDA line to

allow the master to generate a STOP or a repeated START condition.

SDA Output By Transmitter —;—\ / X X X /
SDA Output By Receiver Y 7

SDA = 0, Acknowledge (ACK)
SDA =1, Not Acknowledge (NACK)

o
N\ N\ NAVAE

START Clock Pulse For
Condition Acknowledge Bit

SCL From Master

Figure 15-5. Acknowledge Bit
15.1.4 Arbitration

A master may start a transfer only if the bus is free. It is possible for two or more masters to generate
a START condition. In these situations, an arbitration scheme takes place on the SDA line, while SCL
is high. During arbitration, the first of the competing master devices to place a '1' (high) on SDA while
another master transmits a '0' (low) switches off its data output stage because the level on the bus
does not match its own level. The arbitration lost master switches to the not addressed slave
immediately to detect its own slave address in the same serial transfer whether it is being addressed

by the winning master. It also releases SDA line to high level for not affecting the data transfer
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continued by the winning master. However, the arbitration lost master continues generating clock

pulses on SCL line until the end of the byte in which it loses the arbitration.

All masters continuously monitoring the SDA line after outputting data carry out arbitration. If the value
read from the SDA line does not match the value that the master has to output, it has lost the
arbitration. Note that a master can only lose arbitration when it outputs a high SDA value while another
master outputs a low value. Arbitration will continue until only one master remains, and this may take
many bits. Its first stage is a comparison of address bits, and if both masters are trying to address the

same device, arbitration continues on to the comparison of data bits or acknowledge bit.

DATA 1 From Master 1 ! ' e — -
Master 1 loses arbitration for DATA 1 # SDA.

It immediately switches to not addressed slave
and outputs high level.

[\
| [/
T\ U\

DATA 2 From Master 2

SDA Line

START
condition

Figure 15-6. Arbitration Procedure of Two Masters

Since control of the IZC bus is decided solely on the address or master code and data sent by

competing masters, there is no central master, nor any order of priority on the bus.

Slaves are not involved in the arbitration procedure.

2
15.2 Control Registers of I C

There are five control registers to interface the I’c bus, including I2CON, I2STAT, I12DAT, 12ADDR,

and 12CLK. These registers provide protocol control, status, data transmitting and receiving functions,

. . . . 2 .
and clock rate configuration. The following registers relate to I C function.
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I2CON — I°C Control (Bit-addressable)

7

6

5

1

0

I2CEN

STA

STO

Sl

R/W

R/W

R/W

R/W

Address: COH Reset value: 0000 0000b

Bit Name Description

Reserved

6 I2CEN | °C bus enable

0= IzC bus Disabled.
1=1Cbus Enabled.2
Before enabling the I C, P2.3 and P0.6 port latches should be set to logic 1.

START flag

When STA is set, the I’c generates a START condition if the bus is free. If the bus
is busy, the I°C waits for a STOP condition and generates a START condition
following. )

If STA is set while the | C is already in tl;e master mode and one or more bytes
have been transmitted or received, the | C generates a repeated START
condition.

Note that STA can be set anytime even in a slave mode, but STA is not hardware
automatically cleared after START or repeated START condition has been
detected. User should take care of it by clearing STA manually.

STOP flag ,

When STO is set if the | C is in the master mode, a STOP condition is transmitted
to the bus. STO is automatically cleared by hardware once the STOP condition
has been detected on the bus. ,

The STO flag setting is also used to recover the | C device from the bus error2
state (I2STAT as 0O0H). In this case, no STOP condition is transmitted to the | C
bus.

If the STA aznd STO bits are both set and the device is original in the master
mode, the | C bus will generate a STOP condition and immediately follow a
START condition. If the device is in slave mgde, STA and STO simultaneous
setting should be avoid from issuing illegal I C frames.

5 STA

4 STO

IZC interrupt flag

Sl flag is set by hardware when one of 26 possible I°C statuses (besides F8H
status) is entered. After Sl is set, the software should read I2STAT register to
determine which step has been passed and take actions for next step.

Sl is cleared by software. Before the Sl is cleared, the low period of SCL line is
stretched. The transaction is suspended. It is useful for the slave device to deal
with previous data bytes until ready for receiving the next byte.

The seriaL transaction is suspended until Sl is cleared by software. After Sl is
cleared, I C bus will continue to generate START or repeated START condition,
STOP condition, 8-bit data, or so on depending on the software configuration of
controlling byte or bits. Therefore, user should take care of it by preparing suitable
setting of registers before Sl is software cleared.
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Bit Name Description

2 AA Acknowledge assert flag

If the AA flag is set, an ACK (low level on SDA) will be returned during the
acknowledge clock pulse of the SCL line while the IZC device is a receiver or an
own-address-matching slave.

If the AA flag is cleared, a NACK (high level on SDAZ) will be returned during the
acknowledge clock pulse of the SCL line while the | C device is a receiver or an
own-address-matching slave. A device with its own AA flag cleared will ignore its
own salve address and the General Call. Consequently, Sl will note be asserted
and no interrupt is requested.

Note that if an addressed slave does not return an ACK under slave receiver
mode or not receive an ACK under slave transmitter mode, the slave device will
become a not addressed slave. It cannot receive any data until its AA flag is set
and a master addresses it again.

There is a special case of I2STAT value C8H occurs under slave transmitter
mode. Before the slave device transmits the last data byte to the master, AA flag
can be cleared as 0. Then after the last data byte transmitted, the slave device will
actively switch to not addressed slave mode of disconnecting with the master. The
further reading by the master will be all FFH.

1:0 - Reserved

I2STAT — I°C Status

7 | 6 | 5 | 4 | 3 2 1 0
I2STAT[7:3] 0 0 0
R R R R
Address: BDH Reset value: 1111 1000b
Bit Name Description
7:3 I2STAT[7:3] | /°c status code

The MSB five bits of I2STAT contains the status code. There are 27 possible
status codes. When I2STAT is F8H, no relevant state information is available
and Sl flag keeps 0. All other 26 status codes correspond to the I2C states.
When each of these statuses is entered, Sl will be set as logic 1 and an
interrupt is requested.

2:0 0 Reserved
The least significant three bits of I2STAT are always read as 0.

I2DAT - I°C Data

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
I2DAT([7:0]
R/W
Address: BCH Reset value: 0000 0000b
Bit Name Description
7:0 I2DAT[7:0] | /°C data

I2DAT contains a byte of the I2C data to be transmitted or a byte, which has just
received. Data in I2DAT 2remains as long as Sl is logic 1. The result of reading
or writing I2DAT during | C transceiving progress is unpredicted.

While data in I2DAT is shifted out, data on the bus is simultaneously being
shiftgd in to update I2DAT. I2DAT always shows the last byte that presented on
the I C bus. Thus, the event of lost arbitration, the original value of I2DAT
changes after the transaction.
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I2ADDR — I°C Own Slave Address

7 | 6 | 5 | 4 | 3 | 2 | 1 0
I2ADDR][7:1] GC
R/W R/W
Address: C1H Reset value: 0000 0000b
Bit Name Description
71 I2ADDR[7:1] | |°C device’s own slave address
In master mode:
These bits have no effect.
In slave mode: )
These 7 bits defige the slave address of this I C device by user. The master
should address | C device by sending the same address in the first byte glata
after a START or a repeated START condition. If the AA flag is set, this | C
device will acknowledge the master after receiving its own address and
become an addressed slave. Otherwise, the addressing from the master will
be ignored.
Note that I2ADDR[7:1] should not remain its default value of all 0, because
address 0x00 is reserved for General Call.
6 GC General Call bit
In master mode:
This bit has no effect.
In slave mode:
0 = The General Call is always ignored.
1 = The General Call is recognized if AA flag is 1; otherwise, it is ignored if AA
is 0.
I2CLK — I’C Clock
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
12CLK][7:0]
R/W
Address: BEH Reset value: 0000 1110b
Bit Name Description
7.0 I2CLK[7:0] | |°C clock setting

Feb 20, 2016

In master mode: ,
This register determines the clock rate of I C bus when the device is in a master
mode. The clock rate follows the equation,
Fsvs
4x(12CLK+1)

The default value will make the clock rate of IZC bus 266k bps if the peripheral
clock is 16 MHz. Note that the I2CLK value of 00H and 01H are not valid. This is
an implement limitation.

In slave mode:

This byte has no effect. In slave mode, the I2C device will automatically
synchronize with any given clock rate up to 400k bps.
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15.3 Operating Modes

In I C protocol definition, there are four operating modes including master transmitter, master receiver,
slave receiver, and slave transmitter. There is also a special mode called General Call. Its operating is

similar to master transmitter mode.
15.3.1 Master Transmitter Mode

In the master transmitter mode, several bytes of data are transmitted to a slave receiver. The master
should prepare by setting desired clock rate in I2CLK. The master transmitter mode may now be
entered by setting STA (I2CON.5) bit as 1. The hardware will test the bus and generate a START
condition as soon as the bus becomes free. After a START condition is successfully produced, the Sl
flag (I2CON.3) will be set and the status code in I2STAT show 08H. The progress is continued by
loading I12DAT with the target slave address and the data direction bit “write” (SLA+W). The Sl bit

should then be cleared to commence SLA+W transaction.

After the SLA+W byte has been transmitted and an acknowledge (ACK) has been returned by the
addressed slave device, the Sl flag is set again and I2STAT is read as 18H. The appropriate action to
be taken follows user defined communication protocol by sending data continuously. After all data is
transmitted, the master can send a STOP condition by setting STO (I2CON.4) and then clearing Sl to
terminate the transmission. A repeated START condition can also be generated without sending

STOP condition to immediately initial another transmission.
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(STA,STO,SI,AA) = (1,0,0,X)
—» Normal ‘ A START will be transmitted

***** ¥ Arbitration lost

l

A
08H
A START has been transmitted

L

A \ 4
(STA,STO,SI,AA) = (X,0,0,X) | (STA,STO,SI,AA) = (X,0,0,1) i
12DAT = SLA+W ! I2DAT = SLA+W
SLA+W will be transmitted | SLA+W will be transmitted

A

SLA+W has been transmitted
ACK has been received
OR

20H

SLA+W has been transmitted
NACK has been received

4
68H o 78H

Arbitration lost and addressed
as slave receiver
ACK has been transmitted

BOH

Arbitration lost and addressed
as slave transmitter
.__ACK has been transmitted

/ \
| |
| |
i |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
i |
| |
| |
i |
I |
\ ;

to corresponding

slave mode
A
(STA,STO,S1,AA)=(0,0,0,X) (STA,STO,SI,AA)=(1,0,0,X) (STA,STO,SI,AA)=(0,1,0,X) (STA,STO,SI,AA)=(1,1,0,X)
I2DAT = Data Byte A repeated START will be A STOP will be transmitted A STOP followed by a
Data byte will be transmitted transmitted START will be transmitted

28H i 1 OH ERSTOP has been transmitted] Q—\STOP has been transmitteca
Data byte has been transmitted | | | A repeated START has
ACK has been received i been transmitted

or
Data byte has been transmitted y
NACK has been received e —

: 38H \;
Q | Arbitration lost in 3

SLA+W or Data byte
,,,,,,,,,,,, ULl
1

A h 4 h 4
(STA,STO,SI,AA) =(0,0,0,X) (STA,STO,SI,AA)=(0,0,0,X) 3 (STA,STO,SI,AA)=(1,0,0,X) i
A START will be transmitted |

SLA+R will be transmitted will be entered

|
|

I2DAT = SLA+R i Not addressed slave
|

when the bus becomes free i

to master receiver

Figure 15-7. Flow and Status of Master Transmitter Mode
15.3.2 Master Receiver Mode

In the master receiver mode, several bytes of data are received from a slave transmitter. The
transaction is initialized just as the master transmitter mode. Following the START condition, I2DAT
should be loaded with the target slave address and the data direction bit “read” (SLA+R). After the
SLA+R byte is transmitted and an acknowledge bit has been returned, the Sl flag is set again and
I2STAT is read as 40H. SI flag then should be cleared to receive data from the slave transmitter. If AA
flag (I2CON.2) is set, the master receiver will acknowledge the slave transmitter. If AA is cleared, the
master receiver will not acknowledge the slave and release the slave transmitter as a not addressed
slave. After that, the master can generate a STOP condition or a repeated START condition to

terminate the transmission or initial another one.
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— Normal (STA,STO,SI,AA) =(1,0,0,X)
A START will be transmitted
***** P Arbitration lost \
L
hl
[A START has been transmitted]
Lad i

A
(STA,STO,SILAA) = (X,0,0,X)
I2DAT = SLA+R
SLA+R will be transmitted

A
40H
SLA+R has been transmitted

ACK has been received

OR
48H
SLA+R has been transmitted
NACK has been received

\ 4
[ (STASTO,SI,AA) = (X,0,0,1) |
; I2DAT = SLA+R |
| SLA+R will be transmitted |

A
68H - 78H
Arbitration lost and addressed
as slave receiver
ACK has been transmitted
OR
BOH
Arbitration lost and addressed

as slave transmitter
.__ACK has been transmitted
i

\
|
|
|
|
|
|
|
|
|
1
|
|
1
|
|
|
|
|
|
|
1
|

to corresponding
slave mode

(STA,STO,S1,AA)=(0,0,0,0)
Data byte will be received
NACK will be transmitted

(STA,STO,SI,AA)=(0,0,0,1)
Data byte will be received
ACK will be transmitted

(STA,STO,SI,AA)=(1,0,0,X)
A repeated START will be
transmitted

(STA,STO,SI,AA)=(0,1,0,X)
A STOP will be transmitted

(STA,STO,SI,AA)=(1,1,0,X)
A STOP followed by a
START will be transmitted

v

58H
Data byte has been received
NACK has been transmitted
I2DAT = Data Byte

50H
Data byte has been received
ACK has been transmitted
12DAT = Data Byte

A repeated START has
been transmitted

7

EA STOP has been transmitteca EASTOP has been transmine(ﬂ

I

A

" 38H

\\
!
1
i Arbitration lost in NACK bit |

(STA,STO,SI,AA) =(0,0,0,X)
I12DAT = SLA+W
SLA+W will be transmitted

4
(STA,STO,SI,AA)=(1,0,0,X) |
A START will be transmitted |
when the bus becomes free i

\ 4 ,

(STA,STO,S1,AA)=(0,0,0,X) |

Not addressed slave
will be entered

to master transmitter

Figure 15-8. Flow and Status of Master Receiver Mode

15.3.3 Slave Receiver Mode

In the slave receiver mode, several bytes of data are received form a master transmitter. Before a

transmission is commenced, 12ADDR should be loaded with the address to which the device will

respond when addressed by a master. I2CLK does not affect in slave mode. The AA bit should be set

to enable acknowledging its own slave address. After the initialization above, the I C idles until it is

addressed by its own address with the data direction bit “write” (SLA+W). The slave receiver mode

may also be entered if arbitration is lost.
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After the slave is addressed by SLA+W, it should clear its Sl flag to receive the data from the master
transmitter. If the AA bit is 0 during a transaction, the slave will return a non-acknowledge after the
next received data byte. The slave will also become not addressed and isolate with the master. It

cannot receive any byte of data with I2DAT remaining the previous byte of data, which is just received.

(STA,STO,SI,AA) =(0,0,0,1)
If own SLA+W is received,
ACK will be transmitted

60H

Own SLA+W has been received
ACK has been transmitted
I2DAT = own SLA+W
OR

68H

Arbitration lost and own SLA+W
has been received
ACK has been transmitted
12DAT = own SLA+W

»

(STA,STO,SI,AA)=(X,0,0,1)
Data byte will be received
ACK will be transmitted

A
(STA,STO,SI,AA)=(X,0,0,0)
Data byte will be received
NACK will be transmitted

(STA,STO,SI,AA)=(X,0,0,X)
A STOP or repeated START
will be received

80H

Data byte has been received
ACK has been transmitted
12DAT = Data Byte

88H
Data byte has been received
NACK has been transmitted
I12DAT = Data Byte

AOH
A STOP or repeated START
has been received

(STA,STO,SI1,AA)=(0,0,0,0)
Not addressed slave
will be entered; no recognition
of own SLA or General Call

(STA,STO,SI,AA)=(0,0,0,1)
Not addressed slave will be
entered; own SLA will be
recognized; General Call will

be recognized if GC = 1

(STA,STO,SI,AA)=(1,0,0,0)
Not addressed slave will be
entered; no recognition of own
SLA or General Call;

A START will be transmitted
when the bus becomes free

(STA,STO,SI,AA)=(1,0,0,1)
Not addressed slave will be
entered; own SLA will be
recognized; General Call will
be recognized if GC = 1;
A START will be transmitted

when the bus becomes free

Figure 15-9. Flow and Status of Slave Receiver Mode

15.3.4 Slave Transmitter Mode

In the slave transmitter mode, several bytes of data are transmitted to a master receiver. After

I2ADDR and I2CON values are given, the I°C wait until it is addressed by its own address with the

data direction bit “read” (SLA+R). The slave transmitter mode may also be entered if arbitration is lost.

After the slave is addressed by SLA+R, it should clear its Sl flag to transmit the data to the master
receiver. Normally the master receiver will return an acknowledge after every byte of data is
transmitted by the slave. If the acknowledge is not received, it will transmit all logic 1 data if it
continues the transaction. It becomes a not addressed slave. If the AA flag is cleared during a
transaction, the slave transmits the last byte of data. The next transmitting data will be all logic 1 and

the slave becomes not addressed.
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(STA,STO,SI,AA) = (0,0,0,1)
If own SLA+R is received,
ACK will be transmitted

v

A8H
Own SLA+R has been received
ACK has been transmitted
I12DAT = own SLA+R
OR
Arbitration lost and own SLA+R
has been received

ACK has been transmitted
I12DAT = own SLA+R

v

v

(STA,STO,S1,AA)=(X,0,0,1)
I2DAT = Data Byte
Data byte will be transmitted
ACK will be received

(STA,STO,SI,AA)=(X,0,0,X)
I2DAT = Data Byte
Data byte will be transmitted
NACK will be received

(STA,STO,SI,AA)=(X,0,0,0)
I2DAT = Last Data Byte
Last data byte will be transmitted
ACK will be received

(STA,STO,SI,AA)=(X,0,0,X)
A STOP or repeated START
will be received

v

*

B8H

COH

AOH

ACK has been received

Data byte has been transmitted Data byte has been transmitte:
NACK has been received

C8H
d Last Data byte has been transmitted A
ACK has been received

STOP or repeated START
has been received

(STA,STO,SI,AA)=(0,0,0,0)
Not addressed slave
will be entered; no recognition
of own SLA or General Call

(STA,STO,SI,AA)=(0,0,0,1)
Not addressed slave will be
entered; own SLA will be
recognized; General Call will
be recognized if GC = 1

(STA,STO,SI,AA)=(1,0,0,0)
Not addressed slave will be
entered; no recognition of own
SLA or General Call;

A START will be transmitted
when the bus becomes free

(STA,STO,SI,AA)=(1,0,0,1)
Not addressed slave will be
entered; own SLA will be
recognized; General Call will
be recognized if GC = 1;
A START will be transmitted

when the bus becomes free

% This flow is not recommended. If the MSB of next byte which the Slave is going to transmit is 0, it
will hold SDA line. The STOP or repeated START cannot be successfully generated by Master.

Figure 15-10. Flow and Status of Slave Transmitter Mode

15.3.5 General Call

The General Call is a special condition of slave receiver mode by been addressed with all logic O data
in slave address with data direction bit. Both GC (I2ADDR.0) bit and AA bit should be set as 1 to
enable acknowledging General Calls. The slave addressed by a General Call has different status code
in I2STAT with normal slave receiver mode. The General Call may also be produced if arbitration is

lost.
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(STA,STO,SI,AA) = (0,0,0,1)

If General Call is received,
ACK will be transmitted

v

70H

General Call has been received

ACK has been transmitted
I2DAT = 00H

OR
78H

Arbitration lost and General Call

has been received
ACK has been transmitted
I12DAT = 00H

A

v

(STA,STO,SI,AA)=(X,0,0,1)
Data byte will be received
ACK will be transmitted

(STA,STO,SI,AA)=(X,0,0,0)
Data byte will be received
NACK will be transmitted

(STA,STO,SI,AA)=(X,0,0,X)
A STOP or repeated START
will be received

90H

Data byte has been received
ACK has been transmitted
I2DAT = Data Byte

98H

Data byte has been received
NACK has been transmitted
12DAT = Data Byte

AOH
A STOP or repeated START
has been received
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(STA,STO,SI,AA)=(0,0,0,0)
Not addressed slave
will be entered; no recognition
of own SLA or General Call

(STA,STO,SI,AA)=(0,0,0,1)
Not addressed slave will be
entered; own SLA will be
recognized; General Call will
be recognized if GC = 1

(STA,STO,SI,AA)=(1,0,0,0)
Not addressed slave will be
entered; no recognition of own
SLA or General Call;

A START will be transmitted
when the bus becomes free

(STA,STO,SI,AA)=(1,0,0,1)
Not addressed slave will be
entered; own SLA will be
recognized; General Call will
be recognized if GC = 1;
A START will be transmitted

when the bus becomes free

Figure 15-11. Flow and Status of General Call Mode
15.3.6 Miscellaneous States

There are two I2STAT status codes that do not correspond to the 25 defined states, which are

mentioned in previous sections. These are F8H and 00H states.

The first status code F8H indicates that no relevant information is available during each transaction.

Meanwhile, the Sl flag is 0 and no I2C interrupt is required.

The other status code 00H means a bus error has occurred during a transaction. A bus error is caused
by a START or STOP condition appearing temporally at an illegal position such as the second through
eighth bits of an address or a data byte, and the acknowledge bit. When a bus error occurs, the Sl flag
is set immediately. When a bus error is detected on the e bus, the operating device immediately
switches to the not addressed salve mode, releases SDA and SCL lines, sets the Sl flag, and loads

I2STAT as O0H. To recover from a bus error, the STO bit should be set and then Sl should be cleared.
After that, STO is cleared by hardware and release the I°C bus without issuing a real STOP condition

2
waveform on | C bus.
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There is a special case if a START or a repeated START condition is not successfully generated for
I°C bus is obstructed by a low level on SDA line e.g. a slave device out of bit synchronization, the
problem can be solved by transmitting additional clock pulses on the SCL line. The I2C hardware
transmits additional clock pulses when the STA bit is set, but no START condition can be generated
because the SDA line is pulled low. When the SDA line is eventually released, a normal START

condition is transmitted, state 08H is entered, and the serial transaction continues. If a repeated

START condition is transmitted while SDA is obstructed low, the |2C hardware also performs the same
action as above. In this case, state 08H is entered instead of 10H after a successful START condition

is transmitted. Note that the software is not involved in solving these bus problems.
. 2 . .
15.4 Typical Structure of | C Interrupt Service Routine

The following software example in C language for KEILTNI C51 compiler shows the typical structure of

the I C interrupt service routine including the 26 state service routines and may be used as a base for
user applications. User can follow or modify it for their own application. If one or more of the five
modes are not used, the associated state service routines may be removed, but care should be taken

that a deleted routine can never be invoked.

void I2C_ISR (void) interrupt 6

{
switch (I2STAT)

{

//
//Bus Error, always put in ISR for noise handling
//
case 0x00: /*00H, bus error occurs*/
STO = 1; //recover from bus error
break;
/[ ===========
//Master Mode
/[ ===========
case 0x08: /*08H, a START transmitted*/
STA = 0; //STA Dbit should Dbe cleared Dby
software
I2DAT = SLA_ADDRI; //load SLA+W/R
break;
case 0x10: /*10H, a repeated START transmitted*/
STA = 0;
I2DAT = SLA_ADDRZ2;
break;
//
//Master Transmitter Mode
//
case 0x18: /*18H, SLA+W transmitted, ACK

received*/
I2DAT = NEXT_SEND DATAl; //load DATA
break;
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case 0x20: /*20H, SLA+W transmitted, NACK
received*/
STO = 1; //transmit STOP
AA = 1; //ready for ACK own SLA+W/R or
General Call
break;
case 0x28: /*28H, DATA transmitted, ACK
received*/
if (Conti_TX_Data) //if continuing to send DATA
I2DAT = NEXT_SEND_DATAZ;
else //if no DATA to be sent
{
STO = 1;
AA = 1;
}
break;
case 0x30: /*30H, DATA transmitted, NACK
received*/
STO = 1;
AA = 1;
break;
/[ ===========
//Master Mode
/[ ===========
case 0x38: /*38H, arbitration lost*/
STA = 1; //retry to transmit START if bus free
break;
//
//Master Receiver Mode
//
case 0x40: /*40H, SLA+R transmitted, ACK
received*/
AA = 1; //ACK next received DATA
break;
case 0x48: /*48H, SLA+R transmitted, NACK
received*/
STO = 1;
AA = 1;
break;
case 0x50: /*50H, DATA received, ACK
transmitted*/
DATA_RECEIVED1 = I2DAT; //store received DATA
if (To_RX_Last_Datal) //if last DATA will be received
AA = 0; //not ACK next received DATA
else //if continuing receiving DATA
AA = 1;
break;
case 0x58: /*58H, DATA received, NACK

transmitted*/
DATA_RECEIVED_LAST1 = I2DAT;

STO = 1;
AA = 1;
break;
//
//Slave Receiver and General Call Mode
//
case 0x60: /*60H, own SLA+W received, ACK
returned*/
AA = 1;
break;
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case 0x68: /*68H, arbitration lost in SLA+W/R
own SLA+W received, ACK returned */
AA = 0; //not ACK next received DATA after
//arbitration lost
STA = 1; //retry to transmit START if bus free
break;
case 0x70: /*70H, General Call received, ACK
returned */
AA = 1;
break;
case 0x78: /*78H, arbitration lost in SLA+W/R
General Call received, ACK
returned*/
AA = 0;
STA = 1;
break;
case 0x80: /*80H, previous own = SLA+W, DATA
received,
ACK returned*/
DATA_RECEIVED2 = I2DAT;
if (To_RX Last_Data2)
AA = 0;
else
AA = 1;
break;
case 0x88: /*88H, previous own  SLA+W, DATA
received,
NACK returned, not addressed SLAVE
mode
entered*/
DATA RECEIVED LAST2 = I2DAT;
AA = 1; //wait for ACK next Master addressing
break;
case 0x90: /*90H, previous General Call, DATA
received,
ACK returned*/
DATA RECEIVED3 = I2DAT;
if (To_RX Last_Data3)
AA = 0;
else
AA = 1;
break;
case 0x98: /*98H, previous General Call, DATA
received,
NACK returned, not addressed SLAVE
mode
entered*/
DATA RECEIVED_ LAST3 = I2DAT;
AA = 1;
break;
[ /==mmmmmmee
//Slave Mode
[ /===mmmmmee
case 0xAQ: /*A0H, STOP or repeated START
received while
still addressed SLAVE mode*/
AA = 1;
break;
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//

//Slave Transmitter Mode

//

case 0xAS8:

returned*/
I2DAT = NEXT_SEND_DATA3;
AA = 1;

break;
case 0xBO:

I2DAT = DUMMY_ DATA;
AA = 0;

STA = 1;
break;
case 0xB8:
transmitted,

I2DAT = NEXT_SEND_DATA4;
if (To_TX_Last_Data)
AA = 0;
else
AA = 1;
break;
case 0xCO:
transmitted,

mode

AA = 1;
break;
case 0xC8:
trans-

SLAVE
AA = 1;
break;

}//end of switch (I2STAT)

SI = 0;
I2C ISR

while (STO) ;
error

}//end of I2C_ISR

15.5 1°C Time-Out

N76E616 Datasheet

/*A8H, own SLA+R received, ACK

//when AA is ‘1’, not last data to be
//transmitted

/*BOH, arbitration lost in SLA+W/R
own SLA+R received, ACK returned */

//when AA is ‘0’, last data to be
//transmitted
//retry to transmit START if bus free

/*B8H, previous own SLA+R, DATA

ACK received*/

//if last DATA will be transmitted

/*COH, previous own SLA+R, DATA

NACK received, not addressed SLAVE

entered*/

/*C8H, previous own SLA+R, last DATA

mitted, ACK received, not addressed

mode entered*/

//SI should be the last command of
//wait for STOP transmitted or bus

//free, STO is cleared by hardware

There is a 14-bit time-out counter, which can be used to deal with the I°C bus hang-up. If the time-out

counter is enabled, the counter starts up counting until it overflows. Meanwhile 12TOF will be set by

hardware and requests I’c interrupt. When time-out counter is enabled, setting flag Sl to high will

. . 2 .
reset counter and restart counting up after Sl is cleared. If the I C bus hangs up, it causes the Sl flag

not set for a period. The 14-bit time-out counter will overflow and require the interrupt service.
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0

Fsys

I2CEN—
I2TOCEN —

1/4 1

j—» 14-bit 1°C Time-out Counter |—»| 12TOF

Clear Counter

DIVj

Si

Figure 15-12. IZC Time-Out Counter

I2TOC - I°C Time-out Counter

N76E616 Datasheet

7 6 5 4 3 2 1 0
- - - - - I2TOCEN DIV 1I2TOF
- - - - - R/W R/W R/W
Address: BFH Reset value: 0000 0000b
Bit Name Description
2 I2TOCEN | |°c tizme-out counter enable
0= I2C time-out counter Disabled.
1 =1 C time-out counter Enabled.
1 DIV I°C time-out couznter clock divider
0 = The clock of IZC time-out counter is Fsys/1.
1 = The clock of | C time-out counter is Fsys/4.
0 [2TOF IC time-out flag

15.6 1°C Interrupt

This flag is set by hardware if 14-bit I°C time-out counter overflows. It is cleared

by software.

There are two 1'C flags, Sl and I2TOF. Both of them can generate an I°C event interrupt requests. If

IZC interrupt mask is enabled via setting EI2C (EIE.O) and EA as 1, CPU will execute the IZC interrupt
service routine once any of these two flags is set. User needs to check flags to determine what event

caused the interrupt. Both of IZC flags are cleared by software.
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16. PIN INTERRUPT

The N76E616 provides pin interrupt input for each 1/O pin to detect pin state if button or keypad set is
used. A maximum 8-channel pin interrupt detection can be assigned by I/O port sharing. The pin
interrupt is generated when any key is pressed on a keyboard or keypad, which produces an edge or

level triggering event. Pin interrupt may be used to wake the CPU up from Idle or Power-down mode.

Each channel of pin interrupt can be enabled and polarity controlled independently by PIPEN and
PINEN register. PICON selects which port that the pin interrupt is active. PITYP defines which type of
pin interrupt is used, level detect or edge detect. Each channel also has its own interrupt flag. There
are total eight pin interrupt flags located in PIF register. The respective flags for each pin interrupt
channel allow the interrupt service routine to poll on which channel on which the interrupt event

occurs. All flags in PIF register are set by hardware and should be cleared by software.

PIPS[2:0]
(PICON[2:0]) |
I
| =T 1
e I | — PIFO
1
PINENO | r
L_ ¥
Pin Interrupt Channel 0 PIPENO
I
) =T 1
- L _ PIF1
1
PINEN1 | r
ol Kk
Pin Interrupt Channel 1 PIPEN1 =
® )
L] .
° ° . Pin Interrupt
) ® *
P0.7 :
P1.7 0 I T
P2.7 |
Reserved PIT7 °7 I | = PIF7
R d
eselrjv§7 PINE§7_:_ r
Al kK
PIPEN7 L=

Pin Interrupt Channel 7

Figure 16-1. Pin Interface Block Diagram
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Pin interrupt is generally used to detect an edge transient from peripheral devices like keyboard or
keypad. During idle state, the system prefers to enter Power-down mode to minimize power

consumption and waits for event trigger. Pin interrupt can wake up the device from Power-down mode.

PICON — Pin Interrupt Control

7 6 5 4 3 2 | 1 | 0
- - - - - PIPS[2:0]
- - - - - R/W
Address: E9H Reset value: 0000 0000b
Bit Name Description
7:3 - Reserved

2:0 PIPS[2:0] | Pin interrupt port select

This field selects which port is active as the 8-channel of pin interrupt.
000 = Port 0.

001 = Port 1.

010 = Port 2.

011 = Port 3.

100 = Port 4.

101 = Port 5.

Others = Reserved.

PITYP — Pin Interrupt Type

7 6 5 4 3 2 1 0
PIT7 PIT6 PIT5 PIT4 PIT3 PIT2 PIT1 PITO
R/W R/W R/W R/W R/W R/W R/W R/W
Address: EDH Reset value: 0000 0000b
Bit Name Description
n PITn Pin interrupt channel n type select

This bit selects which type that pin interrupt channel n is triggered.
0 = Level triggered.
1 = Edge triggered.

PINEN — Pin Interrupt Negative Polarity Enable.

7 6 5 4 3 2 1 0
PINEN7 PINENG PINENS PINEN4 PINEN3 PINEN2 PINEN1 PINENO
R/W R/W R/W R/W R/W R/W R/W R/W
Address: EAH Reset value: 0000 0000b

Bit Name Description
n PINENn | Pin interrupt channel n negative polarity enable

This bit enables low-level/falling edge triggering pin interrupt channel n. The level
or edge triggered selection depends on each control bit PITn in PICON.

0 = Low-level/falling edge detect Disabled.

1 = Low-level/falling edge detect Enabled.
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PIPEN — Pin Interrupt Positive Polarity Enable.

7 6 5 4 3 2 1 0
PIPEN7 PIPENG PIPENS PIPEN4 PIPEN3 PIPEN2 PIPEN1 PIPENO
R/W R/W R/W R/W R/W R/W R/W R/W
Address: EBH Reset value: 0000 0000b

Bit Name Description
n PIPENNn | Pininterrupt channel n positive polarity enable

This bit enables high-level/rising edge triggering pin interrupt channel n. The level
or edge triggered selection depends on each control bit PITn in PICON.

0 = High-level/rising edge detect Disabled.

1 = High-levellrising edge detect Enabled.

PIF — Pin Interrupt Flags
7 6 5 4 3 2 1 0
PIF7 PIF6 PIF5 PIF4 PIF3 PIF2 PIF1 PIFO
R (level) R (level) R (level) R (level) R (level) R (level) R (level) R (level)
R/W (edge) | R/W (edge) | R/W (edge) | R/W (edge) | R/W (edge) | R/W (edge) | R/W (edge) | R/W (edge)
Address: ECH Reset value: 0000 0000b

Bit Name Description

n PIFn Pin interrupt channel n flag

If the edge trigger is selected, this flag will be set by hardware if the channel n of
pin interrupt detects an enabled edge trigger. This flag should be cleared by
software.

If the level trigger is selected, this flag follows the inverse of the input signal’s logic
level on the channel n of pin interrupt. Software cannot control it.
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17. 10-BIT ANALOG-TO-DIGITAL CONVERTER (ADC)

The N76E616 is embedded with a 10-bit SAR ADC. The ADC (analog-to-digital converter) allows
conversion of an analog input signal to a 10-bit binary representation of that signal. The N76E616 is
selected as 9-channel inputs in single end mode. The internal band-gap voltage also can be the
internal ADC input. The analog input, multiplexed into one sample and hold circuit, charges a sample
and hold capacitor. The output of the sample and hold capacitor is the input into the converter. The
converter then generates a digital result of this analog level via successive approximation and stores

the result in the result registers.

17.1 Functional Description

17.1.1 ADC Operation

- — — — — — "
| — |
AINO —1— 0000 |
AINT ]
0001
AIN2 0010 | ADCF ADC Interrupt
AIN3 0011 10-bit SAR |
o Taoe -
— 10
0101
AING — ] 0100 |
AIN7 - 144 3 8§ |
intemal Band-gap s st | [ Apcre | ApcrL
Sl %
| o 2 |
? 8
ADCEN —»! g |
4 1 1
ADC Result
ADCHS[3:0] Comparator
E ADC Clock
SYS Divider | Fapc
ADCDIV[2:0]
Pa0) 1] e
ADCS
(P5.0) ILI ADCEX

Figure 17-1. 10-bit ADC Block Diagram

Before ADC operation, the ADC circuit should be enabled by setting ADCEN (ADCCONZ1.0). This
makes ADC circuit active. It consumes extra power. Once ADC is not used, clearing ADCEN to turn

off ADC circuit saves power.

The ADC analog input pin should be specially considered. ADCHSJ[3:0] are channel selection bits that
control which channel is connected to the sample and hold circuit. User needs to configure selected

ADC input pins as input-only (high impedance) mode via respective bits in POMn registers. This
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configuration disconnects the digital output circuit of each selected ADC input pin. However, the digital
input circuit still works. Digital input may cause the input buffer to induce leakage current. To disable
the digital input buffer, the respective bits in PODIDS should be set. Configuration above makes
selected ADC analog input pins pure analog inputs to allow external feeding of the analog voltage
signals. Also, the ADC clock rate needs to be considered carefully. The ADC maximum clock
frequency is listed in Table 31-9. Clock above the maximum clock frequency degrades ADC

performance unpredictably.

An A/D conversion is initiated by setting the ADCS bit (ADCCONO0.6). When the conversion is
complete, the hardware will clear ADCS automatically, set ADCF (ADCCONO0.7) and generate an

interrupt if enabled. The new conversion result will also be stored in ADCRH (most significant 8 bits)

VAIN
1023x——
and ADCRL (least significant 2 bits). The 10-bit ADC result value is oD |

Besides setting ADCS via software, the N76E616 is enhanced by supporting hardware triggering
method to start an A/D conversion. If ADCEX (ADCCONL1.1) is set, the falling edges of STADC pin will
automatically trigger an A/D conversion. (The hardware trigger also sets ADCS by hardware.) Note
that during ADC is busy in converting (ADCS = 1), any conversion triggered by software or hardware

will be ignored and there is no warning presented.

The ADC acquisition time is programmable, which provides a range of 1 (1 + 0) to 256 (1 + 255) ADC
clock cycles, by configuring ADCAQT register. It is useful to preserve the accuracy of ADC result
especially when the input impedance of the analog input source is not ideally low. The programmable

acquisition time overcomes the high impedance of an analog input source.

By the way, digital circuitry inside and outside the device generates noise, which might affect the
accuracy of ADC measurements. If conversion accuracy is critical, the noise level can be reduced by

applying the following techniques:

1. Keep analog signal paths as short as possible. Make sure to run analog signals tracks well away

from high-speed digital tracks.
2. Place the device in Idle mode during a conversion.

3. If any AIN pins are used as digital outputs, it is essential that these do not switch while a conversion

is in progress.
17.1.2 ADC Conversion Result Comparator

The N76E616 ADC has a digital comparator, which compares the A/D conversion result with a 10-bit
constant value given in ACMPH and ACMPL registers. The ADC comparator is enabled by setting
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ADCMPEN (ADCCON2.5) and each compare will be done on every A/D conversion complete
moment. ADCMPO (ADCCONZ2.4) shows the compare result according to its output polarity setting bit
ADCMPOP (ADCCONZ2.6).

ADCRJ9:0] ADCMPO
|
“--3-==  ADCMPOP
ADCMPEN (ADCCONZ2.6)
(ADCCON2.5)
Figure 17-2. ADC Result Comparator
17.2 Control Registers of ADC
ADCCONO - ADC Control 0 (Bit-addressable)
7 6 5 4 3 2 1 0
ADCF ADCS - - ADCHS3 ADCHS2 ADCHS1 ADCHSO
R/W R/W - - R/W R/W R/W R/W
Address: E8H Reset value: 0000 0000b
Bit Name Description
7 ADCF ADC flag
This flag is set when an A/D conversion is completed. The ADC result can be
read. While this flag is 1, ADC cannot start a new converting. This bit is
cleared by software.
6 ADCS A/D converting software start trigger
Setting this bit 1 triggers an A/D conversion. This bit remains logic 1 during
A/D converting time and is automatically cleared via hardware right after
conversion complete. The meaning of writing and reading ADCS bit is
different.
Writing:
0 = No effect.
1 = Start an A/D converting.
Reading:
0 = ADC is in idle state.
1 = ADC is busy in converting.
5:4 - Reserved
3:0 ADCHSJ[3:0] A/D converting channel select
This filed selects the activating analog input source of ADC. If ADCEN is 0, all
inputs are disconnected.
0000 = AINO.
0001 = AIN1.
0010 = AIN2.
0011 = AIN3.
0100 = AIN4.
0101 = AINS.
0110 = AING.
0111 = AIN7.
1111 = Internal band-gap voltage.
Others = Reserved.
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ADCCONL1 - ADC Control 1

7 6 | 5 | 4 3 2 1 0
- ADCDIV[2:0] - - ADCEX ADCEN
- R/W - - R/W R/W

Address: E1H Reset value: 0010 0000b

Bit Name Description

7 - Reserved

6:4 ADCDIV[2:0] | ADC clock divider

000 = Fapc is Fsys/l.

001 = Fapc is Fsys/2.

010 = Fapc is Fsy5/4. (By default.)
011 = Fapc is Fsy5/8.

100 = Fapc is Fsys/16.

101 = Fapc is Fsys/32.

110 = Fapc is Fsys/64.

111 = Fapc is Fsys/128.

3:2 - Reserved

1 ADCEX

ADC external conversion trigger select

This bit selects the methods of triggering an A/D conversion.

0 = A/D conversion is started only via setting ADCS bit.

1 = A/D conversion is started via setting ADCS bit or by the falling edge of
STADC pin. Note that while ADCS is 1 (busy in converting), the ADC will
ignore the following external trigger until ADCS is hardware cleared.

ADC enable
0 = ADC circuit OFF.
1 = ADC circuit ON.

0 ADCEN

ADCCON2 — ADC Control 2

Il 6 5 4 3 2 1 0
- ADCMPOP | ADCMPEN | ADCMPO - -
- R/W R/W R - -
Address: E2H Reset value: 0000 0000b
Bit Name Description
7 - Reserved
6 ADCMPOP | ADC comparator output polarity
0 = ADCMPO is 1 if ADCRJ[9:0] is greater than or equal to ADCMP[9:0].
1 =ADCMPO is 1 if ADCR[9:0] is less than ADCMP[9:0].
5 ADCMPEN | ADC result comparator enable
0 = ADC result comparator Disabled.
1 = ADC result comparator Enabled.
4 ADCMPO ADC comparator output value
This bit is the output value of ADC result comparator based on the setting of
ACMPORP. This bit updates after every A/D conversion complete.
3:0 - Reserved
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ADCAQT — ADC Acquisition Time

N76E616 Datasheet

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
ADCAQT[7:0]
R/W
Address: F2H Reset value: 0000 0000b
Bit Name Description
7:0 ADCAQT][7:0] | ADC acquisition time

PODIDS — PO Digital Input Disconnect

This 8-bit field decides the acquisition time for ADC sampling, following by
equation below:

L 1+ ADCAQT
ADC acquisition time = —— .
Fapc

Note that this field should not be changed when ADC is in converting.

7 6 5 4 3 2 1 0
PO7DIDS PO6DIDS PO5DIDS P04DIDS PO3DIDS P02DIDS PO1DIDS POODIDS
R/W R/W R/W R/W R/W R/W R/W R/W
Address: F6H Reset value: 0000 0000b

Bit Name Description
n PONDIDS PO.n digital input disable

ADCRH — ADC Result High Byte

0 = PO.n digital input Enabled.
1 = PO0.n digital input Disabled. PO.n is read always O.

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
ADCR][9:2]
R
Address: C3H Reset value: 0000 0000b
Bit Name Description
7:0 ADCR[9:2] | ADC result high byte

ADCRL — ADC Result Low Byte

The most significant 8 bits of the ADC result stored in this register.

7 6 5 4 3 2 1 | 0
- - - - - - ADCRJ[1:0]
- - - - - - R
Address: C2H Reset value: 0000 0000b
Bit Name Description
1:0 ADCR[1:0] | ADC result low byte
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ADCMPH — ADC Compare High Byte

7 | 6 | 5 | 4 [ 3 | 2 | 1 | 0
ADCMPI[9:2]
W/R
Address: E4H Reset value: 0000 0000b
Bit Name Description
7:0 ADCMP[9:2] | ADC compare high byte
The most significant 8 bits of the ADC compare value stores in this register.

ADCMPL — ADC Compare Low Byte

7 6 5 4 3 2 1 | 0
- - - - - - ADCMP[1:0]
- - - - - - W/R
Address: E3H Reset value: 0000 0000b
Bit Name Description
1:0 ADCMP[1:0] | ADC compare low byte
The least significant 2 bits of the ADC compare value stores in this register.
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18. LCD DRIVER

The Liquid Crystal Displays (LCD) panel is commonly used in a variety of applications to meet display
needs. The N76E616 is equipped with an LCD driver which can directly drive an LCD panel with 4
common pins (COMO to COM3), 32 segment pins (SEGO to SEG31) or 6 common pins (COMO to
COMb), 30 segment pins (SEG2 to SEG31). The LCD driver supports 1/4 duty, 1/3 duty, or 1/6 duty.
The driving voltage supports 1/3 bias or 1/2 bias with waveform type A. When LXT or LIRC is selected

as the LCD clock source, the LCD display keeps working even during Power-down mode.
18.1 Functional Description

Setting LCDEN (LCDCON.7) as 1 turns on the LCD circuit. If LCDEN is set, SEG pins and COM pins
drive signals and display the LCD panel according to the internal display registers. The duty and bias
can be set by DUTY[1:0] (LCDCON[3:2]) and BIAS (LCDCON.4) bits individually. V cp that drives LCD
panel is also adjusted between Vpp and 0.9Vpp by the VLCDADJ (LCDCON.6) bit. This is especially
suitable for the application of 5.0V system power with 4.5V LCD panel power. Note that user should
not change DUTY and BIAS settings while the LCD driver is enabled; otherwise, the output waveform

is unpredictable and may lead to a DC-component for one LCD frame.

The bias type of LCD driver is R type. Bias voltages are generated only from the internal resistor
ladder. The total value of the resistor ladder is selectable among 600 kQ, 300 kQ, and 150 kQ by
RSEL[1:0] (LCDCONIJ1:0]). The 150kQ resistor ladder provides the best display contract on the LCD
panel, but it consumes large bias current. For a low power application, 300 kQ or 600 kQ is a suitable

choice. This feature makes user flexible between satisfactory display quality and power consumption.

The LCD clock source is selected by LCDCKSJ[1:0] (LCDCLK][5:4]) and its frequency is configured by
LCDDIV[2:0] (LCDCLK][2:0]). It is important to select the correct frame rate for the LCD display.
Normally, the frame rate is recommended to be 30 Hz to 100 Hz. A too low frame rate may introduce
flickering. When a frame rate is too high, it may lead to ghosting and unnecessary high power
consumption. Giving a proper frame rate according to the LCD panel requirement achieves a good

display quality. The LCD frequency follows equations below:

F
Fieo = QL when LCDCKS[1:0] = [0,0] (The LCD clock is from the system clock);
2 °“ x Divider
FixT _ . _
Fico =—7—— ——, when LCDCKS[1:0] = [0,1] (The LCD clock is from LXT);
27 x Divider
___Furc o .
Fico = 27— when LCDCKS[1:0] = [1,0] (The LCD clock is from LIRC).
2" x Divider
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Each COM pin is selected sequentially according to the duty in a frame period. For 1/4 duty, COMO to
COMS generate LCD driving signals. Whereas, for 1/3 duty, COMO to COM2 generate signals. COM3
does not generate signals but functions as a general purpose 1/0. When 1/6 duty is selected, SEGO
and SEG1 function as COM4 and COMb5. The original SEG0 and SEG1 with their control bits are all

unavailable.

- 1 Frame .

Vieo
2/3 Vicp
1/3 Vicp

|
|
0 |
Vico | : | |
| | |
2/3 VLCD |
COM1
13 Vi _I_I_‘J_I_I_I_I_I_I_I_|_I_I_I_I_I_
0 | | |
Vieo I : | |
| | |
2/3 Vicp
COM2
1/3 Viep _!_I—4_I—|J_I_I—!_I—I_I—|_|_I_I—!_
0 | | | |
Vieo :
2/3 Vicp
COM3 aviey | | | |
0 | | l |
> | |

COMO

Vieo : :
2/3 Vicp | |
COMO 13 Vicn | : |
0 |
e T | :
2/3 Vicp |
COM1
0 | | |
Vieo : :
2/3 Vi cp
com2 averr | | |
0 | ! | |
l l

1/F|_CD
Figure 18-2. COM Driving Signals (1/3 Duty and 1/3 Bias)

Feb 20, 2016 Page 106 of 179 Rev. 1.01



NUVvVOTON N76E616 Datasheet
—

1 frame »

Vieo
2/3 Vicp

COMO 13 V100

Vieo
1/3 Vico
0

Vieo
2/3 Vicp
113 Vieo

0
Vico

2/3 VLCD
1/3 Vico |
0 |

I

|
|
Vico :
2/3 Vico :
COM4
v _!_I_!_I_I_I_I_I_IJ_I_I_!_I_I_I_I_I_I_I_I_I_I_I_!_
0 | | | |
Vico :
2/3 Vico ' 1 1
coms 23 Ve _\_I_!_I_I_I_I_I_I_I_I_I_\_I_I_I_I_I_I_I_I_I_I_I_\_
0 | | l |
[—> | !

Figure 18-3. COM Driving Signals (1/6 Duty and 1/3 Bias)

COoMm1

COM2

COM3

e 1 Frame

Vico _i—|—' =i< :
COMO 1/2Vicp
o | ! I_| L
Vieo | I
COM1 172 Viep —= I' | |
0 |
i
T
|

Vieo

COM2 1/2Viep
0

|
|
VLCD |
COM3 112 Vico _'I : | | II |_|_!_
0 | ! I I

1/Fieo

Figure 18-4. COM Driving Signals (1/4 Duty and 1/2 Bias)

1 Frame N
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0

Vico |
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|

|
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Figure 18-5. COM Driving Signals (1/3 Duty and 1/2 Bias)
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.‘ 1 Frame e
COM1 1/2Vicp
COM2 1/2Vicp

Vieo :‘ :‘ :i
COMO 172 Vico _|J_| | I

0 | —

|

L

|

0 |

|

|

T

0 i

:

|

|

|

|

I

|

Vico
VLCD
Vieo
COM3 1/2Vico

0
Vieo

COM4 1/2Vico
0

Vieo
COMS5 1/2Viep _'
0 |

Figure 18-6. COM Driving Signals (1/6 Duty and 1/2 Bias)

Each SEG pin signal corresponds to its LCD display data register. LCD data stored in the display
registers are transferred synchronously with the F cp and in turn automatically generate the necessary
LCD driving signals to each SEG pin without program control. When the bit value of a display data

register is 1, the corresponding LCD pixel is darkened; when the bit value is 0, the pixel is cleared.

There are 32 internal registers for the LCD display data storage. LCDPTR determines which register
can be accessed by program. Each byte controls one SEG pin cross with different COM pins. To
display an LCD panel, proper data needs to be written into the LCDDAT after LCDPTR is given. The
accompanying LCD register map figures show how the internal LCD registers are mapped to the SEG
pins and COM pins of the display for the devices. Note that the unused bits and registers not used can

alternatively be allocated to general-purpose use.

Each SEG pin has its own enable bit SEGnEN located in LCDSEGO to LCDSEGS registers. These
bits control the SEG output signals. Please note several special conditions of SEGnEN bits, as

described below:

1. They are valid only when LCDEN (LCDCON.7) is 1. When LCDEN is 0, SEG pin functions as

general purpose 1/O and its multi-functions other than LCD.
2. When 1/6 duty is selected, SEGOEN and SEG1EN are invalid.

3. HXT/LXT and AIN7 pins are shared with SEG pins. If HXT/LXT or AIN7 needs to be used, user
should clear their corresponding SEGnEN bits if LCD is enabled. Or SEG output signals makes
HXT/LXT and AIN7 function works abnormally.
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LCDDAT (bit) LCDDAT (bit) LCDDAT (bit)

(1) (6)(5) 4 (3) (2) (1) (0) (1) (6) (5) 4) (3) (2) (1) (0) (1) (6) (5) 4 (3) (2) (1) (0)
OH SEGO OH SEGO OH SEGO
1H SEG1 1H SEG1 1H SEG1
2H SEG2 2H SEG2 2H SEG2
3H SEG3 3H SEG3 3H SEG3
4H SEG4 4H SEG4 4H SEG4
5H SEG5 5H SEG5 5H SEG5
6H SEG6 6H SEG6 6H SEG6
7H SEG7 7H SEG7 7H SEG7
8H SEGS 8H SEGS 8H SEGS
9H SEG9 9H SEG9 9H SEG9
AH SEG10 AH SEG10 AH SEG10
BH SEG11 BH SEG11 BH SEG11
CH SEG12 CH SEG12 CH SEG12
— DH SEG13 - DH SEG13 - DH SEG13
S EH SEG14 g EH SEG14 Q EH SEG14
T FH SEG15 T FH SEG15 3T FH SEG15
T 10H SEG16 T 10H SEG16 T 10H SEG16
5 11H SEG17 £ 11H SEG17 £ 11H SEG17
T 12H SEG18 ~ 12H SEG18 ~ 12H SEG18
13H SEG19 13H SEG19 13H SEG19
14H SEG20 14H SEG20 14H SEG20
15H SEG21 15H SEG21 15H SEG21
16H SEG22 16H SEG22 16H SEG22
17H SEG23 17H SEG23 17H SEG23
18H SEG24 18H SEG24 18H SEG24
19H SEG25 19H SEG25 19H SEG25
LAH SEG26 LAH SEG26 LAH SEG26
LBH SEG27 LBH SEG27 1BH SEG27
LCH SEG28 LCH SEG28 LCH SEG28
LDH SEG29 LDH SEG29 LDH SEG29
LEH SEG30 LEH SEG30 LEH SEG30
1FH SEG31 1FH SEG31 1FH SEG31

0000 000 000000

0000 000 000000

5525 SES 53825

1/4 duty 1/3 duty 1/6 duty
D:Unused

Figure 18-7. LCD Register Map

The nature of LCD requires that only AC voltages can be applied to their pixels as the application of
DC component to LCD pixels may degrade and cause permanent damage. To avoid this, the applied
waveforms are arranged such that the differential voltage seen by each segment has an average
value of zero, and such that the actual RMS voltage applied to each pixel, which is equal to the RMS
value of the voltage on the COM pin minus the voltage applied to the SEG pin. This differential RMS
voltage must be greater than the LCD threshold voltage for the pixel to be darkened and less than the

threshold voltage for the pixel to be cleared.

The accompanying timing diagrams depict the display driver signals generated by the microcontroller

for various values of bias. Diagrams show the default 1/4 duty waveforms for illustration.
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LCDDAT (bit) P 1 Frame L O
7) (6) (5) (4) (3) (2) (1) (O Vico : :
LCDPTR = OH ToJo[1]1]sEco MO 23 Vieo
| | |
tecopmr=1H_| | | JoJ]a]1]o]sEct CoMmo 1/3 Vico
00 0 0 0
2228 Vieo | | .
w N B O

2/3 Vicp
COM1 113 Viep
COMO o3 ¥LCD | | |
Lco
COMZ {3 viep

0

2/3 YILCD

LCD
COM3 {3y _!_I_I_I_I_I_I_|_!_I_I_I_I_I_I_|_'_
0 I I
I
I
I
I
I

v
LCD
SEGO Y3v, | |
0 I I
o3 ¥LCD | |
LCD
SEGT 13 Viep _LI_I—|_|_|_I_I_|_I_I—|_|_|_I_I_‘_
0

|
|
|
Vico :
23Vie |
COMO - SEGO 0 | |
-1/3 Vicp
-2/3 Vicp
-Vico ! |
Vico i |
23Vieo | ,
Viep | ,
COM1 - SEGO 0 | | |
-2/3 Vi cp
-Vico

/
COM2 - SEGO 0 L

COM3 - SEGO

4
a3 a3
<<<<L
1)
o

COMO - SEG1

'
<
=
00
o

COM1 - SEG1

2/3 Vicp
1/3 Vieo
0

-2/3 Vicp
-Vico
Vico
LCcD

213V,

1/3 Vico
COM3 - SEG1 0 I | | | | | | | | | | | |
-1/3 Vicp |
|
|

COM2 - SEG1

-2/3 Vico
-Vieo

Figure 18-8. Example of COM and SEG Driving Signals (1/3 Bias)
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Figure 18-9. Example of COM and SEG Driving Signals (1/2 Bias)
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18.2 Control Registers of LCD

LCDCON - LCD Control

7 6 5 4 3 | 2 1 | 0
LCDEN VLCDADJ - BIAS DUTY[1:0] RSEL[1:0]
R/W R/W - R/W R/W R/W
Address: F9H Reset value: 0000 0000b
Bit Name Description
7 LCDEN LCD enable

0 = LCD circuit OFF. Each COM and SEG pin functions as general purpose 1/O
and its multi-functions other than LCD.

1 = LCD circuit ON. COM and enabled SEG pins generate the LCD driving
waveform.

6 VLCDADJ | Vicp adjust
0= Vicp is Vop.
1=Vicp is 0.9Vpp.

- Reserved

4 BIAS LCD bias
0 = 1/3 bias.
1 =1/2 bias.

3:2 DUTY[1:0] | LCD duty

00 = 1/4 duty.

01 = 1/3 duty.

10 = 1/6 duty.

11 = Reserved.

Note that when 1/3 duty is selected, only COMO to COM2 are used for LCD
driving. COM3 is not used and functions as a general purpose I/O. When 1/6 duty
is selected, SEGO and SEGL1 are not available. These pins function as COM4 and
COMS.

1:0 RSEL[1:0] | LCD resister select

This field selects the total value of the bias resistor ladder. The smaller the resister
value, the stronger the driving capability.

00 =150 kQ.

01 =300 kQ.

10 = 600 kQ.

11 = Reserved.

LCDCLK - LCD Clock Control

7 6 5 | 4 3 2 | 1 | 0
- - LCDCKS[1:0] - LCDDIV[2:0]
- - R/W - R/W
Address: FAH Reset value: 0000 0000b
Bit Name Description
7:6 - Reserved
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Bit

Name

Description

5:4

LCDCKSI[1:0]

LCD clock source select

00 = Fsys/2™2.

01 = LXT/2".

10 = LIRC/2".

11 = Reserved.

Note that when LXT or LIRC is selected as the LCD clock source, the LCD
display keeps working even during Power-down mode. If LXT is used as the
LCD clock source, user should turn on LXT first by software and segments
reduce 2 channels.(SEG29 and SEG30 are shared with Xin and Xout
pins of LXT)

Reserved

2:0

LCDPTR - LCD Data Pointer

LCDDIV[1:0]

LCD clock divider
000 = 1/1.

001 =1/2.

010 = 1/4.

011 =1/8.

100 = 1/16.

101 = 1/32.

Others = Reserved.

7 6 5 4 | 3 | 2 | 1 | 0
- - - LCDPTR[4:0]
- - - R/W
Address: FBH Reset value: 0000 0000b
Bit Name Description
75 - Reserved
4:0 LCDPTR[4:0] | LCD data pointer

LCDDAT - LCD Data

This field determines which LCD display data register is accessed by LCDDAT.
User should fill the target pointer value in LCDPTR before accessing LCDDAT.

7 6 5 | 4 | 3 | 2 | 1 | 0
- - LCDDATI5:0]
- - R/W
Address: FCH Reset value: 0000 0000b
Bit Name Description
7:6 - Reserved
5.0 LCDDAT[5:0] | LCD data

Feb 20, 2016

The value written into this register will be displayed to the corresponding LCD
SEG and COM pins pointed by LCDPTR.

0 = LCD pixel is cleared.

1 = LCD pixel is darkened.
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LCDSEGO - LCD Segment 0

N76E616 Datasheet

7 6 5 4 3 2 1 0
SEG7EN SEGG6EN SEG5EN SEG4EN SEG3EN SEG2EN SEGI1EN SEGOEN
R/W R/W R/W R/W R/W R/W R/W R/W
Address: E5H Reset value: 0000 0000b

LCDSEG1 - LCD Segment 1
7 6 5 4 3 2 1 0
SEG15EN | SEG14EN | SEG13EN | SEG12EN | SEG11EN | SEGI10EN SEG9EN SEGS8EN
R/W R/W R/W R/W R/W R/W R/W R/W
Address: E6H Reset value: 0000 0000b
LCDSEG2 - LCD Segment 2
7 6 5 4 3 2 1 0
SEG23EN | SEG22EN | SEG21EN | SEG20EN | SEGI19EN | SEG18EN | SEG17EN | SEG16EN
R/W R/W R/W R/W R/W R/W R/W R/W
Address: E7H Reset value: 0000 0000b
LCDSEG3 - LCD Segment 3
7 6 5 4 3 2 1 0
SEG31EN | SEG30EN | SEG29EN | SEG28EN | SEG27EN | SEG26EN | SEG25EN | SEG24EN
R/W R/W R/W R/W R/W R/W R/W R/W
Address: EEH Reset value: 0000 0000b
Bit Name Description
7.0 SEGnEN | LCD SEGn pin enable

0 = SEGn pin Disabled.
1 = SEGn pin Enabled.
Note that when this bit is 1 and LCDEN is 1, reading from the corresponding bit of
I/O data register is always 0. Writing changes the 1/O latch value.

18.3 LCD Program Flow

Before LCD driver is enabled, the I/O state shared with used COM and SEG pins should be carefully

considered. All the used COM and SEG pins generate analog output waveforms. Therefore, all the

corresponding 1/0O output mode should be set as input-only (high impedance) mode via respective bits

in PxMn registers. This configuration disconnects the digital output circuit of each used COM and SEG

pin so that I/O circuit will not interfere LCD output voltages and driving waveforms.

After configuration of I/O mode, user needs to determine the V| ¢p, duty, and bias selections according

to the target LCD panel. A suitable frame rate, normally 30 Hz to 100 Hz, is also important. User

needs to carefully give the LCDCLK register a proper value. If LXT is used as the LCD clock source,

user should turn on LXT first by software. Proper considerations above will achieve a good display

quality.

After the steps above, user can enable all the used SEG pins by setting the corresponding SEGnEN
bits in registers LCDSEGO to LCDSEG3. The last step is to enable the LCD driver by setting LCDEN
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(LCDCON.7) bit as 1. This step generates LCD driving waveforms via all the used CON and SEG
pins. User can determine the LCDPTR and set LCDDAT to darken or clear each pixel on LCD panel
afterward.

The complete LCD driver demo code is illustrated as follows:

;******************************************************************************

; This code illustrates how to enable LCD driver. A 3V, 1/4 duty, 1/3

; bias with 4*COM and 16*SEG panel is used. The system VDD is 3.3V. LCD
; uses LXT 32.768 kHz as its clock source. COMO~COM3 and SEGO~SEG15 are
; used to drive the panel to shows “12345678” eight digits by the same
; typology of Figure 18-8.

;******************************************************************************

NUM 1 EQU  01100000b
NUM 2 EQU  00111110b
NUM 3 EQU  01111010b
NUM 4 EQU  01100011b
NUM 5 EQU  01011011b
NUM 6 EQU  01011111b
NUM_7 EQU  01110001b
NUM 8 EQU  01111111b

ORG 0000h

;******************************************************************************

; Configure I/0 output mode
;******************************************************************************
ORL PIM1,#11111111b ;Configure COMO~COM3, SEGO~SEGl5 as
ANL P1M2,#00000000b ;input only mode

ORL P2M1, #00011111b
ANL P2M2,#11100000b
ORL P4M1,#01111111b
ANL P4M2, #10000000b

;******************************************************************************

; LCD setting
;******************************************************************************
MOV LCDCON, #01000000b ;VLCD = 0.9vVDD (VDD = 3.3V, VLCD =
;3.0V)
;1/4 duty, 1/3 bias, 150kQ resistor
; ladder

;******************************************************************************

; LCD clock setting
;******************************************************************************
MOV TA, #0AAh ;TA protection
MOV TA, #55h ;
ORL CKEN, #01000000b ;Enable the LXT
Polling LXT stable: ;Waiting for the LXT stable

MOV A, CKSWT
JNB ACC.6, Polling LXT stable

MOV LCDCLK, #00010011b ;Select LXT as LCD clock source
;Frame rate = (32768/16)/8/4 = 64

;******************************************************************************

; Enable SEG pins and enable LCD
;******************************************************************************
MOV LCDSEGO, #0FFh ;Enable SEGO~SEG15

MOV LCDSEGL, #0FFh
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ORL LCDCON, #80h

;******************************************************************************

; Write LCD data to display “12345678”
;******************************************************************************
MOV LCDPTR, #0
MOV LCDDAT,#(NUM_8 & O0xO0F)
MOV LCDPTR, #1
MOV LCDDAT, # (NUM_8 >> 4)

MOV LCDPTR, #2

MOV LCDDAT, # (NUM_7 & O0xOF)
MOV LCDPTR, #3

MOV LCDDAT, # (NUM 7 >> 4)

MOV LCDPTR, #4

MOV LCDDAT, # (NUM_6 & OxOF)
MOV LCDPTR, #5

MOV LCDDAT, # (NUM_6 >> 4)

MOV LCDPTR, #6

MOV LCDDAT, # (NUM 5 & O0xOF)
MOV LCDPTR, #7

MOV LCDDAT, # (NUM 5 >> 4)

MOV LCDPTR, #8

MOV LCDDAT, # (NUM_4 & OxOF)
MOV LCDPTR, #9

MOV LCDDAT, # (NUM_4 >> 4)

MOV LCDPTR, #10

MOV LCDDAT, # (NUM_3 & OxOF)
MOV LCDPTR, #11

MOV LCDDAT, # (NUM 3 >> 4)

MOV LCDPTR, #12

MOV LCDDAT, # (NUM_2 & OxOF)
MOV LCDPTR, #13

MOV LCDDAT, # (NUM 2 >> 4)

MOV LCDPTR, #14

MOV LCDDAT, # (NUM_1 & OxOF)
MOV LCDPTR, #15

MOV LCDDAT, # (NUM_1 >> 4)
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19. TIMED ACCESS PROTECTION (TA)

The N76E616 has several features such as WDT and BOD that are crucial to proper operation of the
system. If leaving these control registers unprotected, errant code may write undetermined value into
them and results in incorrect operation and loss of control. To prevent this risk, the N76E616 has a
protection scheme, which limits the write access to critical SFRs. This protection scheme is

implemented using a timed access (TA). The following registers are related to the TA process.

TA - Timed Access

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
TA[7:0]
W
Address: C7H Reset value: 0000 0000b
Bit Name Description
7:0 TA[7:0] | Timed access

The timed access register controls the access to protected SFRs. To access
protected bits, user should first write AAH to the TA and immediately followed by a
write of 55H to TA. After these two steps, a writing permission window is opened
for 4 clock cycles during this period that user may write to protected SFRs.

In timed access method, the bits, which are protected, have a timed write enable window. A write is
successful only if this window is active, otherwise the write will be discarded. When the software writes
AAH to TA, a counter is started. This counter waits for 3 clock cycles looking for a write of 55H to TA.
If the second write of 55H occurs within 3 clock cycles of the first write of AAH, then the timed access
window is opened. It remains open for 4 clock cycles during which user may write to the protected bits.
After 4 clock cycles, this window automatically closes. Once the window closes, the procedure should
be repeated to write another protected bits. Not that the TA protected SFRs are required timed access
for writing but reading is not protected. User may read TA protected SFR without giving AAH and 55H
to TA register. The suggestion code for opening the timed access window is shown below.

(CLR EA) ;if any interrupt is enabled, disable temporally

MOV TA, #0AAH

MOV TA, #55H

(Instruction that writes a TA protected register)
(SETB EA) ;resume interrupts enabled

Any enabled interrupt should be disabled during this procedure to avoid delay between these three

writings. If there is no interrupt enabled, the CLR EA and SETB EA instructions can be left out.

Feb 20, 2016 Page 117 of 179 Rev. 1.01



NUVvVOTON N76E616 Datasheet
=

Examples of timed assess are shown to illustrate correct or incorrect writing process.

Example 1,
MOV TA, #0AAH
MOV TA, #55H
ORL WDCON, #data

;3 clock cycles
clock cycles
clock cycles

Ne Neo N
DSw

Example 2,
MOV TA, #0AAH
MOV TA, #55H
NOP
ANL BODCONO, #data

clock cycles
clock cycles
clock cycle
clock cycles

SR W Ww

Ne Ne N N

Example 3,
MOV TA, #0AAH
MOV TA, #55H
MOV WDCON, #datal

clock cycles
clock cycles
;3 clock cycles

Ne Ne N
w w

ORL BODCONO, #data?2 ;4 clock cycles
Example 4,

MOV TA, #0AAH ;3 clock cycles

NOP ;1 clock cycle

MOV TA, #55H ;3 clock cycles

ANL BODCONO, #data ;4 clock cycles

In the first example, the writing to the protected bits is done before the 3-clock-cycle window closes. In
example 2, however, the writing to BODCONO does not complete during the window opening, there
will be no change of the value of BODCONO. In example 3, the WDCON is successful written but the
BODCONO write is out of the 3-clock-cycle window. Therefore, the BODCONO value will not change
either. In Example 4, the second write 55H to TA completes after 3 clock cycles of the first write TA of
AAH, and thus the timed access window is not opened at all, and the write to the protected byte

affects nothing.
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20. INTERRUPT SYSTEM

20.1 Interrupt Overview

The purpose of the interrupt is to make the software deal with unscheduled or asynchronous events.
The N76E616 has a four-priority-level interrupt structure with 18 interrupt sources. Each of the
interrupt sources has an individual priority setting bits, interrupt vector and enable bit. In addition, the
interrupts can be globally enabled or disabled. When an interrupt occurs, the CPU is expected to
service the interrupt. This service is specified as an Interrupt Service Routine (ISR). The ISR resides

at a predetermined address as shown in Table 20-1. Interrupt Vectors. When the interrupt occurs if

enabled, the CPU will vector to the respective location depending on interrupt source, execute the
code at this location, stay in an interrupt service state until the ISR is done. Once an ISR has begun, it
can be interrupted only by a higher priority interrupt. The ISR should be terminated by a return from
interrupt instruction RETI. This instruction will force the CPU return to the instruction that would have

been next when the interrupt occurred.

Table 20-1. Interrupt Vectors

Source A\(/:izcr?sr S l\\l/uerfwtl?er r Source A\ézcr?srs N\/uer(r:1tl§)¢ar r

Reset 0000H - - - -
External interrupt O 0003H 0 WDT interrupt 0053H 10
Timer O overflow 000BH 1 ADC interrupt 005BH 11
External interrupt 1 0013H 2 Timer 2B underflow/match O 0063H 12
Timer 1 overflow 001BH 3 Timer 2C underflow/match 0 006BH 13
Serial port O interrupt 0023H 4 Timer 2D underflow/match O 0073H 14
Timer 2A underflow/match O 002BH 5 Serial port 1 interrupt 007BH 15
I“C status/timer-out interrupt 0033H 6 Timer 3 overflow 0083H 16
Pin interrupt 003BH 7 Self Wake-up Timer interrupt 008BH 17
Brown-out detection interrupt 0043H 8

20.2 Enabling Interrupts

Each of individual interrupt sources can be enabled or disabled through the use of an associated
interrupt enable bit in the IE and EIE SFRs. There is also a global enable bit EA bit (IE.7), which can
be cleared to disable all the interrupts at once. It is set to enable all individually enabled interrupts.
Setting the EA bit to logic O disables all interrupt sources regardless of the individual interrupt-enable
settings. Note that interrupts which occur when the EA bit is set to logic 0 will be held in a pending
state, and will not be serviced until the EA bit is set back to logic 1. All interrupt flags that generate

interrupts can also be set via software. Thereby software initiated interrupts can be generated.
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Note that every interrupts, if enabled, is generated by a setting as logic 1 of its interrupt flag no matter
by hardware or software. User should take care of each interrupt flag in its own interrupt service
routine (ISR). Most of interrupt flags should be cleared by writing it as logic O via software to avoid

recursive interrupt requests.

IE — Interrupt Enable (Bit-addressable)

7

6

5

1

0

EA

EADC

EBOD

ES

ET1

EX1

ETO

EXO0

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

Address: A8H

Reset value: 0000 0000b

Bit

Name

Description

EA

Enable all interrupt

This bit globally enables/disables all interrupts that are individually enabled.

0 = All interrupt sources Disabled.

1 = Each interrupt Enabled depending on its individual mask setting. Individual
interrupts will occur if enabled.

EADC

Enable ADC interrupt
0 = ADC interrupt Disabled.
1 = Interrupt generated by ADCF (ADCCONO.7) Enabled.

EBOD

Enable brown-out interrupt
0 = Brown-out detection interrupt Disabled.
1 = Interrupt generated by BOF (BODCONO.3) Enabled.

ES

Enable serial port O interrupt
0 = Serial port 0 interrupt Disabled.
1 = Interrupt generated by Tl (SCON.1) or Rl (SCON.0) Enabled.

ET1

Enable Timer 1 interrupt
0 = Timer 1 interrupt Disabled.
1 = Interrupt generated by TF1 (TCON.7) Enabled.

EX1

Enable external interrupt 1
0 = External interrupt 1 Disabled.
1 = Interrupt generated by INT1 pin Enabled.

ETO

Enable Timer O interrupt
0 = Timer O interrupt Disabled.
1 = Interrupt generated by TFO (TCON.5) Enabled.

EXO0

Enable external interrupt O
0 = External interrupt O Disabled.
1 = Interrupt generated by INTO pin Enabled.

EIE — Extensive Interrupt Enable

7 6 5 4 3 2 1 0
ET2D - ET2C EWDT ET2B ET2A EPI El2C
R/W - R/W R/W R/W R/W R/W R/W
Address: 9BH Reset value: 0000 0000b
Bit Name Description
7 - Reserved
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Bit Name Description

7 ET2D Enable Timer 2D interrupt
0 = Timer 2D interrupt Disabled.
1 = Interrupt generated by TF2D (T2CONO.7) Enabled.

6 - Reserved

5 ET2C Enable Timer 2C interrupt
0 = Timer 2C interrupt Disabled.
1 = Interrupt generated by TF2C (T2CONO.6) Enabled.

4 EWDT Enable WDT interrupt
0 = WDT interrupt Disabled.
1 = Interrupt generated by WDTF (WDCON.5) Enabled.

3 ET2B Enable Timer 2B interrupt
0 = Timer 2B interrupt Disabled.
1 = Interrupt generated by TF2B (T2CONO.5) Enabled.

2 ET2A Enable Timer 2A interrupt
0 = Timer 2A interrupt Disabled.
1 = Interrupt generated by TF2A (T2CONO.4) Enabled.

1 EPI Enable pin interrupt
0 = Pin interrupt Disabled.
1 = Interrupt generated by any flags in PIF register Enabled.

0 El2C Enable I°C interrupt

0=1c interrupt Disabled.
1 = Interrupt generated by SI (I2CON.3) or I2TOF (12TOC.0) Enabled.

EIE1 — Extensive Interrupt Enable 1

7 6 5 4 3 2 1 0
- - - - - EWKT ET3 ES_1
- - - - - R/W R/W R/W
Address: 9CH Reset value: 0000 0000b
Bit Name Description
7:3 - Reserved
2 EWKT Enable WKT interrupt

0 = WKT interrupt Disabled.
1 = Interrupt generated by WKTF (WKCON.4) Enabled.

1 ET3 Enable Timer 3 interrupt
0 = Timer 3 interrupt Disabled.
1 = Interrupt generated by TF3 (T3CON.4) Enabled.

0 ES_1 Enable serial port 1 interrupt
0 = Serial port 1 interrupt Disabled.
1 = Interrupt generated by TI_1 (SCON_1.1) or RI_1 (SCON_1.0) Enabled.

20.3 Interrupt Priorities

There are four priority levels for all interrupts. They are level highest, high, low, and lowest; and they
are represented by level 3, level 2, level 1, and level 0. The interrupt sources can be individually set to
one of four priority levels by setting their own priority bits. Table 20-2 lists four priority setting.

Naturally, a low level priority interrupt can itself be interrupted by a high level priority interrupt, but not
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by any same level interrupt or lower level. In addition, there exists a pre-defined natural priority among
the interrupts themselves. The natural priority comes into play when the interrupt controller has to

resolve simultaneous requests having the same priority level.
In case of multiple interrupts, the following rules apply:

1. While a low priority interrupt handler is running, if a high priority interrupt arrives, the handler will be
interrupted and the high priority handler will run. When the high priority handler does “RETI”, the low
priority handler will resume. When this handler does “RETI”, control is passed back to the main

program.

2. If a high priority interrupt is running, it cannot be interrupted by any other source — even if it is a high

priority interrupt, which is higher in natural priority.

3. A low-priority interrupt handler will be invoked only if no other interrupt is already executing. Again,
the low priority interrupt cannot preempt another low priority interrupt, even if the later one is higher in

natural priority.

4. If two interrupts occur at the same time, the interrupt with higher priority will execute first. If both
interrupts are of the same priority, the interrupt, which is higher in natural priority, will be executed first.

This is the only context in which the natural priority matters.

This natural priority is defined as shown on Table 20-3. It also summarizes the interrupt sources, flag
bits, vector addresses, enable bits, priority bits, natural priority and the permission to wake up the CPU
from Power-down mode. For details of waking CPU up from Power-down mode, please see Section

22.2 “Power-Down Mode” on page 141.

Table 20-2. Interrupt Priority Level Setting

Interrupt Priority Control Bits
Interrupt Priority Level
IPH / EIPH / EIPH1 IP/EIP/EIP2
0 0 Level O (lowest)
0 1 Level 1
1 0 Level 2
1 1 Level 3 (highest)

Feb 20, 2016 Page 122 of 179 Rev. 1.01



NUVvVOTON N76E616 Datasheet
—

Table 20-3. Characteristics of Each Interrupt Source

Interrupt Source A\:ﬁjcrteosrs Interrupt Flag(s) Enable Bit Eﬁt)ur:gl Priority Control Bits P(il\\//vaekréc_igi\:l)vn
Reset 0000H |- Always Highest - Yes
Enabled
External interrupt 0 0003H [IEQ™ EXO0 1 PX0, PXOH Yes
Brown-out 0043H |BOF (BODCONO.3) EBOD 2 PBOD, PBODH Yes
Watchdog Timer 0053H |WDTF (WDCON.5) EWDT 3 PWDT, PWDTH Yes
Timer O 000BH |TF0¥ ETO 4 PTO, PTOH No
|ZC status/time-out 0033h [SI+I2TOF (12TOC.0) |EI2C 5 PI12C, PI2CH No
ADC 005Bh |ADCF EADC 6 PADC, PADCH No
External interrupt 1 0013H [IE1™ EX1 7 PX1, PX1H Yes
Pin interrupt 003BH |PIFO to PIF7 (PIF)® EPI 8 PPI, PPIH Yes
Timer 1 001BH |TF1¥ ET1 9 PT1, PT1H No
Serial port 0 0023H |[RI+TI ES 10 PS, PSH No
Timer 2A 002Bh |TF2A® ET2A 11 PT2A, PT2AH No
Timer 2B 0063H [TF2B¥ ET2B 13 PT2B, PT2BH No
Timer 2C 006BH |TF2C? ET2C 14 PT2C, PT2CH No
Timer 2D 0073H [TF2D™ ET2D 15 PT2D, PT2DH No
Serial port 1 007BH [RI_1+TI_ 1 ES 1 16 PS 1,PSH_1 No
Timer 3 0083H [TF3™ (T3CON.4) ET3 17 PT3, PT3H No
Self Wake-up Timer 008BH |WKTF (WKCON.4) EWKT 18 PWKT, PWKTH Yes

[1] While the external interrupt pin is set as edge triggered (ITx = 1), its own flag IEx will be automatically cleared
if the interrupt service routine (ISR) is executed. While as level triggered (ITx = 0), IEx follows the inverse of
respective pin state. It is not controlled via software.

[2] TFO, TF1, or TF3 is automatically cleared if the interrupt service routine (ISR) is executed. TF2x is
automatically cleared if the interrupt service routine (ISR) is executed when Timer 2x is configured in its auto-
reload mode.

[3] If level triggered is selected for pin interrupt channel n, PIFn flag reflects the respective channel state. It is not
controlled via software.

IP — Interrupt Priority (Bit-addressable)™

7 6 5 4 3 2 1 0
- PADC PBOD PS PT1 PX1 PTO PX0
- R/W R/W R/W R/W R/W R/W R/W
Address: B8H Reset value: 0000 0000b
Bit Name Description
7 - Reserved
6 PADC ADC interrupt priority low bit
5 PBOD Brown-out detection interrupt priority low bit
4 PS Serial port O interrupt priority low bit
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Bit Name Description
3 PT1 Timer 1 interrupt priority low bit
2 PX1 External interrupt 1 priority low bit
1 PTO Timer O interrupt priority low bit
0 PX0 External interrupt O priority low bit

[1] IP is used in combination with the IPH to determine the priority of each interrupt source. See Table 20-2.
Interrupt Priority Level Setting for correct interrupt priority configuration.

IPH — Interrupt Priority High'?

Il 6 5 4 3 2 1 0
- PADCH PBODH PSH PT1H PX1H PTOH PX0H
- R/W R/W R/W R/W R/W R/W R/W
Address: B7H Reset value: 0000 0000b

Bit Name Description

7 - Reserved

6 PADC ADC interrupt priority high bit

5 PBOD Brown-out detection interrupt priority high bit

4 PSH Serial port O interrupt priority high bit

3 PT1H Timer 1 interrupt priority high bit

2 PX1H External interrupt 1 priority high bit

1 PTOH Timer O interrupt priority high bit

0 PXOH External interrupt O priority high bit

[2] IPH is used in combination with the IP respectively to determine the priority of each interrupt source. See
Table 20-2. Interrupt Priority Level Setting for correct interrupt priority configuration.

EIP — Extensive Interrupt Priority"®

7 6 5 4 3 2 1 0
PT2D - PT2C PWDT PT2B PT2A PPI P12C
R/W - R/W R/W R/W R/W R/W R/W
Address: EFH Reset value: 0000 0000b
Bit Name Description
7 PT2D Timer 2D interrupt priority low bit
6 - Reserved
5 PT2C Timer 2C interrupt priority low bit
4 PWDT | WDT interrupt priority low bit
3 PT2B Timer 2B interrupt priority low bit
2 PT2A Timer 2A interrupt priority low bit
1 PPI Pin interrupt priority low bit
0 PI12C I‘c interrupt priority low bit

[3] EIP is used in combination with the EIPH to determine the priority of each interrupt source. See Table 20-2.
Interrupt Priority Level Setting for correct interrupt priority configuration.
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EIPH — Extensive Interrupt Priority High!”

7 6 5 4 3 2 1 0
PT2DH - PT2CH PWDTH PT2BH PT2AH PPIH PI12CH
R/W - R/W R/W R/W R/W R/W R/W

Address: F7H Reset value: 0000 0000b

Bit Name Description
7 PT2DH | Timer 2D interrupt priority high bit
6 - Reserved
5 PT2CH | Timer 2C interrupt priority high bit
4 PWDTH | WDT interrupt priority high bit
3 PT2BH | Timer 2B interrupt priority high bit
2 PT2AH | Timer 2A interrupt priority high bit
1 PPIH Pin interrupt priority high bit
0 PI2CH I‘c interrupt priority high bit

[4] EIPH is used in combination with the EIP to determine the priority of each interrupt source. See Table 20-2.
Interrupt Priority Level Setting for correct interrupt priority configuration.

EIP1 — Extensive Interrupt Priority 1

7 6 5 4 3 2 1 0
- - - - - PWKT PT3 PS_1
- - - - - R/W R/W R/W
Address: FEH, Page: 0 Reset value: 0000 0000b
Bit Name Description
2 PWKT | WKT interrupt priority low bit
1 PT3 Timer 3 interrupt priority low bit
0 PS_1 Serial port 1 interrupt priority low bit

[5] EIP1 is used in combination with the EIPH1 to determine the priority of each interrupt source. See Table 20-2.
Interrupt Priority Level Setting for correct interrupt priority configuration.

EIPH1 — Extensive Interrupt Priority High 1
7 6 5 4 3 2 1 0
- - - - - PWKTH PT3H PSH_1
- - - - - R/W R/W R/W
Address: FFH, Page: 0 Reset value: 0000 0000b
Bit Name Description
2 PWKTH | WKT interrupt priority high bit
1 PT3H Timer 3 interrupt priority high bit
0 PSH_1 | Serial port Linterrupt priority high bit

[6] EIPH1 is used in combination with the EIP1 to determine the priority of each interrupt source. See Table 20-2.
Interrupt Priority Level Setting for correct interrupt priority configuration.
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20.4 Interrupt Service

The interrupt flags are sampled every system clock cycle. In the same cycle, the sampled interrupts
are polled and their priority is resolved. If certain conditions are met then the hardware will execute an
internally generated LCALL instruction, which will vector the process to the appropriate interrupt vector

address. The conditions for generating the LCALL are,
1. An interrupt of equal or higher priority is not currently being serviced.
2. The current polling cycle is the last cycle of the instruction currently being executed.

3. The current instruction does not involve a write to any enabling or priority setting bits and is not a
RETI.

If any of these conditions are not met, then the LCALL will not be generated. The polling cycle is
repeated every system clock cycle. If an interrupt flag is active in one cycle but not responded to for
the above conditions are not met, if the flag is not still active when the blocking condition is removed,
the denied interrupt will not be serviced. This means that the interrupt flag, which was once active but

not serviced, is not remembered. Every polling cycle is new.

The processor responds to a valid interrupt by executing an LCALL instruction to the appropriate
service routine. This action may or may not clear the flag, which caused the interrupt according to
different interrupt source. The hardware LCALL behaves exactly like the software LCALL instruction.
This instruction saves the Program Counter contents onto the Stack RAM but does not save the
Program Status Word (PSW). The PC is reloaded with the vector address of that interrupt, which
caused the LCALL. Execution continues from the vectored address until an RETI instruction is
executed. On execution of the RETI instruction, the processor pops the Stack and loads the PC with
the contents at the top of the stack. User should take care that the status of the stack. The processor
does not notice anything if the stack contents are modified and will proceed with execution from the
address put back into PC. Note that a simple RET instruction would perform exactly the same process
as a RETI instruction, but it would not inform the Interrupt controller that the interrupt service routine is
completed. RET would leave the controller still thinking that the service routine is underway, making

future interrupts impossible.
20.5 Interrupt Latency

The response time for each interrupt source depends on several factors, such as the nature of the
interrupt and the instruction underway. Each interrupt flags are polled and priority decoded each
system clock cycle. If a request is active and all three previous conditions are met, then the hardware

generated LCALL is executed. This LCALL itself takes 4 clock cycles to be completed. Thus, there is a
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minimum reaction time of 5 clock cycles between the interrupt flag being set and the interrupt service

routine being executed.

A longer response time should be anticipated if any of the three conditions are not met. If a higher or
equal priority is being serviced, then the interrupt latency time obviously depends on the nature of the
service routine currently being executed. If the polling cycle is not the last clock cycle of the instruction
being executed, then an additional delay is introduced. The maximum response time (if no other
interrupt is currently being serviced or the new interrupt is of greater priority) occurs if the device is
performing a RETI, and then executes a longest 6-clock-cycle instruction as the next instruction. From
the time an interrupt source is activated (not detected), the longest reaction time is 16 clock cycles.
This period includes 5 clock cycles to complete RETI, 6 clock cycles to complete the longest
instruction, 1 clock cycle to detect the interrupt, and 4 clock cycles to complete the hardware LCALL to

the interrupt vector location.

Thus in a single-interrupt system the interrupt response time will always be more than 5 clock cycles

and not more than 16 clock cycles.
20.6 External Interrupt Pins

The external interrupt INTO and INT1 can be used as interrupt sources. They are selectable to be
either edge or level triggered depending on bits ITO (TCON.0) and IT1 (TCON.2). The bits IEO
(TCON.1) and IE1 (TCON.3) are the flags those are checked to generate the interrupt. In the edge
triggered mode, the INTO or INT1 inputs are sampled every system clock cycle. If the sample is high in
one cycle and low in the next, then a high to low transition is detected and the interrupts request flag
IEO or IE1 will be set. Since the external interrupts are sampled every system clock, they have to be
held high or low for at least one system clock cycle. The IEQ and IE1 are automatically cleared when
the interrupt service routine is called. If the level triggered mode is selected, then the requesting
source has to hold the pin low till the interrupt is serviced. The IEO and IE1 will not be cleared by the
hardware on entering the service routine. In the level triggered mode, IEO and IE1 follows the inverse
value of INTO and INT1 pins. If interrupt pins continue to be held low even after the service routine is
completed, the processor will acknowledge another interrupt request from the same source. Both INTO

and INT1 can wake up the device from the Power-down mode.
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7

6

5

4

3

1

TF1

TR1

TFO

TRO

IE1

IT1

IEO

ITO

R/W

R/W

R/W

R/W

R (level)
R/W (edge)

R/W

R (level)
R/W (edge)

R/W

Address: 88H Reset value: 0000 0000b

Bit Name
3 IE1

Description

External interrupt 1 edge flag

If IT1 = 1 (falling edge trigger), this flag will be set by hardware when a falling edge
is detected. It remains set until cleared via software or cleared by hardware in the
beginning of its interrupt service routine.

If IT1 = 0 (low level trigger), this flag follows the inverse of the INTT input signal's
logic level. Software cannot control it.

2 IT1 External interrupt 1 type select
This bit selects by which type that INT1 is triggered.
0 =INT1 is low level triggered.

1 =INT1 is falling edge triggered.

1 IEO External interrupt 0 edge flag

If ITO = 1 (falling edge trigger), this flag will be set by hardware when a falling edge
is detected. It remains set until cleared via software or cleared by hardware in the
beginning of its interrupt service routine.

If ITO = 0 (low level trigger), this flag follows the inverse of the INTO input signal's

logic level. Software cannot control it.

0 ITO External interrupt O type select

This bit selects by which type that INTO is triggered.
0 = INTO is low level triggered.
1

INTO is falling edge triggered.
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21. IN-APPLICATION-PROGRAMMING (IAP)

Unlike RAM’s real-time operation, to update flash data often takes long time. Furthermore, it is a quite
complex timing procedure to erase, program, or read flash data. The N76E616 carried out the flash
operation with convenient mechanism to help user re-programming the flash content by In-Application-

Programming (IAP). IAP is an in-circuit electrical erasure and programming method through software.

After IAP enabling by setting IAPEN (CHPCON.O with TA protected) and setting the enable bit in
IAPUEN that allows the target block to be updated, user can easily fill the 16-bit target address in
IAPAH and IAPAL, data in IAPFD, and command in IAPCN. Then the IAP is ready to begin by setting
a triggering bit IAPGO (IAPTRG.0). Note that IAPTRG is also TA protected. At this moment, the CPU
holds the Program Counter and the built-in IAP automation takes over to control the internal charge-
pump for high voltage and the detail signal timing. The erase and program time is internally controlled
disregard of the operating voltage and frequency. Nominally, a page-erase time is 28 ms and a byte-
program time is 50 ps. After IAP action completed, the Program Counter continues to run the following
instructions. The IAPGO bit will be automatically cleared. An IAP failure flag, IAPFF (CHPCON.6), can
be check whether the previous IAP operation was successful or not. Through this progress, user can

easily erase, program, and verify the Flash Memory by just taking care of pure software.

The following registers are related to IAP processing.

CONFIG2
7 6 5 | 4 3 2 1 0
CBODEN - CBOVI[1.0] BOIAP CBORST - -
R/W - R/W R/W R/W - -
Factory default value: 1111 1111b
Bit Name Description
3 BOIAP Brown-out inhibiting IAP

CHPCON - Chip Control (TA protected

This bit decides whether IAP erasing or programming is inhibited by brown-out
status. This bit is valid only when brown-out detection is enabled.

1 = IAP erasing or programming is inhibited if Vpp is lower than Vgop.
0 = IAP erasing or programming is allowed under any workable Vpp.

7 6 5 4 3 2 1 0
SWRST IAPFF - - - - BS IAPEN
W R/W - - - - R/W R/W
Address: 9FH Reset value: see Table 6—2. SFER Definitions and Reset Values
Bit Name Description
6 IAPFF IAP fault flag

Feb 20, 2016

The hardware will set this bit after IAPGO (ISPTRG.0) is set if any of the following
condition is met:
(1) The accessing address is oversize.
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Bit

Name

Description

(2) IAPCN command is invalid.

(3) IAP erases or programs updating un-enabled block.

(4) IAP erasing or programming operates under Vgop While BOIAP (CONFIG2.5)
remains un-programmed 1 with BODEN (BODCONO0.7) as 1 and BORST
(BODCONO.2) as 0.

This bit should be cleared via software.

IAPEN

IAP enable

0 = IAP function Disabled.

1 = IAP function Enabled.

Once enabling IAP function, the HIRC will be turned on for timing control. To clear
IAPEN should always be the last instruction after IAP operation to stop internal
oscillator if reducing power consumption is concerned.

IAPUEN — IAP Updating Enable (TA protected)

7 6 5 4 3 2 1 0
- - - - - CFUEN LDUEN APUEN
- - - - - R/W R/W R/W
Address: A5H Reset value: 0000 0000b
Bit Name Description
2 CFUEN | CONFIG bytes updated enable
0 = Inhibit erasing or programming CONFIG bytes by IAP.
1 = Allow erasing or programming CONFIG bytes by IAP.
1 LDUEN | LDROM updated enable
0 = Inhibit erasing or programming LDROM by IAP.
1 = Allow erasing or programming LDROM by IAP.
0 APUEN | APROM updated enable
0 = Inhibit erasing or programming APROM by IAP.
1 = Allow erasing or programming APROM by IAP.

IAPCN = IAP Control

7 | 6 5 4 3 | 2 | 1 | 0
IAPB[1:0] FOEN FCEN FCTRL[3:0]
R/W RIW RIW RIW

Address: AFH Reset value: 0011 0000b

Bit Name Description
7:6 IAPBI[1:0] IAP control
5 FOEN This byte is used for IAP command. For details, see Table 21-1. IAP Modes
and Command Codes.
4 FCEN
3.0 FCTRL[3:0]
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IAPAH — IAP Address High Byte

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
IAPA[15:8]
R/W
Address: A7H Reset value: 0000 0000b
Bit Name Description

7:0 IAPA[15:8] | IAP address high byte
IAPAH contains address IAPA[15:8] for IAP operations.

IAPAL — IAP Address Low Byte

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
IAPA[7:0]
R/W
Address: A6H Reset value: 0000 0000b
Bit Name Description
70 IAPA[7:0] | IAP address low byte
IAPAL contains address IAPA[7:0] for IAP operations.

IAPFD - IAP Flash Data

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
IAPFDI[7:0]
R/W
Address: AEH Reset value: 0000 0000b
Bit Name Description

7:0 IAPFD[7:0] | IAP flash data

This byte contains flash data, which is read from or is going to be written to the
Flash Memory. User should write data into IAPFD for program mode before
triggering IAP processing and read data from IAPFD for read/verify mode after
IAP processing is finished.
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IAPTRG — IAP Trigger (TA protected)

7 6 5 4 3 2 1 0
- - - - - - - IAPGO
Address: A4H Reset value: 0000 0000b
Bit Name Description
0 IAPGO IAP go

21.1 IAP Commands

CLR EA

MOV TA, #0AAH
MOV TA, #55H

ORL IAPTRG, #01H
(SETB  EA)

IAP begins by setting this bit as logic 1. After this instruction, the CPU holds the
Program Counter (PC) and the IAP hardware automation takes over to control
the progress. After IAP action completed, the Program Counter continues to run
the following instruction. The IAPGO bit will be automatically cleared and always
read as logic 0.

Before triggering an IAP action, interrupts (if enabled) should be temporary
disabled for hardware limitation. The program process should follow below.

The N76E616 provides a wide range of applications to perform IAP to APROM, LDROM, or CONFIG

bytes. The IAP action mode and the destination of the flash block are defined by IAP control register

IAPCN.

Table 21-1. IAP Modes and Command Codes

IAPCN .
IAP Mode IAISIE\)C[}:#%\L IAPFD[7:0]
IAPB[1:0]| FOEN | FCEN [ FCTRL[3:0] | : }
Company ID read XXM 0 0 1011 X DAH
Device ID read XX 0 0 1100 Low-byte DID: 0000H Low-byte DID: 50H
High-byte DID: 0001H High-byte DID: 2FH
96-bit Unique Code read XX 0 0 0100 0000H to 000BH Data out
APROM page-erase 00 1 0 0010 Address in? FFH
LDROM page-erase 01 1 0 0010 Address in? FFH
APROM byte-program 00 1 0 0001 Address in Data in
LDROM byte-program 01 1 0 0001 Address in Data in
APROM byte-read 00 0 0 0000 Address in Data out
LDROM byte-read 01 0 0 0000 Address in Data out
All CONFIG bytes erase 11 1 0 0010 0000H FFH
CONFIG byte-program 11 1 0 0001 CONFIGO: 0000H Data in
CONFIG1: 0001H
CONFIG2: 0002H
CONFIG4: 0004H
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IAPCN IAPA[15:0]
IAPB[1:0]| FOEN | FCEN | FCTRL[3:0] |  {/APAH, IAPAL}

IAP Mode IAPFD[7:0]

CONFIG byte-read 11 0 0 0000 CONFIGO: 0000H Data out
CONFIGL1: 0001H
CONFIG2: 0002H
CONFIG4: 0004H

[1] ‘X’ means “don’t care”.
[2] Each page is 256-Byte size. Therefore, the address should be the address pointed to the target page.

21.2 IAP User Guide

IAP facilitates the updating flash contents in a convenient way; however, user should follow some
restricted laws in order that the IAP operates correctly. Without noticing warnings will possible cause
undetermined results even serious damages of devices. Furthermore, this paragraph will also support

useful suggestions during IAP procedures.

(2) If no more IAP operation is needed, user should clear IAPEN (CHPCON.0). It will make the system
void to trigger IAP unaware. Furthermore, IAP requires the HIRC running. If the external clock source
is selected, disabling IAP will stop the HIRC for saving power consumption. Note that a write to IAPEN

is TA protected.
(2) When the LOCK bit (CONFIGO.1) is activated, |AP reading, writing, or erasing can still be valid.

During IAP progress, interrupts (if enabled) should be disabled temporally by clearing EA bit

for implement limitation.

Do not attempt to erase or program to a page that the code is currently executing. This will

cause unpredictable program behavior and may corrupt program data.
21.3 Using Flash Memory as Data Storage

In general application, there is a need of data storage, which is non-volatile so that it remains its
content even after the power is off. Therefore, in general application user can read back or update the
data, which rules as parameters or constants for system control. The Flash Memory array of the
N76E616 supports IAP function and any byte in the Flash Memory array may be read using the MOVC
instruction and thus is suitable for use as non-volatile data storage. IAP provides erase and program
function that makes it easy for one or more bytes within a page to be erased and programmed in a
routine. IAP performs in the application under the control of the microcontroller’s firmware. Be aware

of Flash Memory writing endurance of 20,000 cycles. A demo is illustrated as follows.
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Assembly demo code:

’-******************************************************************************

; This code illustrates how to use IAP to make APROM 201h as a byte of

; Data Flash when user code is executed in APROM.
;'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k***************************************************

PAGE ERASE AP EQU 00100010b
BYTE PROGRAM AP EQU 00100001b

ORG 0000h

MOV TA, #0AANh ;CHPCON is TA protected

MOV TA, #55h

ORL CHPCON, #00000001b ;IAPEN = 1, enable IAP mode
MOV TA, #0AAIh ; IAPUEN is TA protected

MOV TA, #55h

ORL IAPUEN, #00000001b ;APUEN = 1, enable APROM update
MOV IAPCN, #PAGE_ERASE AP ;Erase page 200h to 27Fh

MOV IAPAH, #02h
MOV IAPAL, #00h
MOV IAPFD, #0FFh

MOV TA, #0AAIh ;IAPTRG is TA protected

MOV TA, #55h

ORL IAPTRG, #00000001b ;write ‘1’ to IAPGO to trigger IAP process
MOV IAPCN,#BYTE_PROGRAM_AP ;Program 201h with 55h

MOV IAPAH, #02h

MOV IAPAL, #01h

MOV IAPFD, #55h

MOV TA, #0AAh

MOV TA, #55h

ORL IAPTRG, #00000001b

MOV TA, #0AAh
MOV TA, #55h
ANL IAPUEN, #11111110b ;APUEN = 0, disable APROM update

MOV TA, #0AAh
MOV TA, #55h
ANL CHPCON, #11111110b ;IAPEN = 0, disable IAP mode

MOV DPTR, #201h

CLR A

MOVC A, @A+DPTR ;Read content of address 201h
MOV PO, A

SJMP $
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C language demo code:

//******************************************************************************

// This code illustrates how to use IAP to make APROM 201h as a byte of

// Data Flash when user code is executed in APROM.
//*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k************************

#define PAGE ERASE AP 0x22
#define BYTE PROGRAM AP 0x21

/*Data Flash, as part of APROM, is read by MOVC. Data Flash can be defined as
256-element array in “code” area from absolute address 0x0200 */

volatile unsigned char code Data Flash[256] at 0x0200;

Main (void)

{

TA = OxAA; //CHPCON is TA protected

TA = 0x55;

CHPCON |= 0x01; //IAPEN = 1, enable IAP mode

TA = OxAA; //IAPUEN is TA protected

TA = 0x55;

IAPUEN |= 0x01; //APUEN = 1, enable APROM update
IAPCN = PAGE ERASE AP; //Erase page 200h to 27Fh

IAPAH = 0x02;

IAPAL = 0x00;

IAPFD = OXFF;

TA = OxAA; //IAPTRG is TA protected

TA = 0x55;

IAPTRG |= 0x01; //write ‘1’ to IAPGO to trigger IAP process
IAPCN = BYTE PROGRAM AP; // Program 201h with 55h

IAPAH = 0x02;
IAPAL = 0x01;
IAPFD = 0x55;

TA = OxAA;

TA = 0x55;

IAPTRG |= 0x01; //write ‘1’ to IAPGO to trigger IAP process
TA = OxAA; //IAPUEN is TA protected

TA = 0x55;

IAPUEN &= ~0x01; //BAPUEN = 0, disable APROM update
TA = OxAA; //CHPCON is TA protected

TA = 0x55;

CHPCON &= ~0x01; //IAPEN = 0, disable IAP mode

PO = Data Flash[1l]; //Read content of address 200h+1
while (1) ;

21.4 In-System-Programming (ISP)

The Flash Memory supports both hardware programming and In-Application-Programming (IAP).
Hardware programming mode uses gang-writers to reduce programming costs and time to market
while the products enter the mass production state. However, if the product is just under development

or the end product needs firmware updating in the hand of an end user, the hardware programming
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mode will make repeated programming difficult and inconvenient. In-System-Programming (ISP)
makes it easy and possible. ISP performs Flash Memory updating without removing the
microcontroller from the system. It allows a device to be re-programmed under software control.
Furthermore, the capability to update the application firmware makes wide range of applications

possible.

User can develop a custom Boot Code that resides in LDROM. The maximum size of LDROM is 4K
Bytes. User developed Boot Code can be re-programmed by parallel writer or In-Circuit-Programming
(ICP) tool.

General speaking, an ISP is carried out by a communication between PC and MCU. PC transfers the
new User Code to MCU through serial port. Then Boot Code receives it and re-programs into User
Code through IAP commands. Nuvoton provides ISP firmware and PC application for N76E616. It
makes user quite easy perform ISP through UART port. Please visit Nuvoton 8-bit Microcontroller

website: Nuvoton 80C51 Microcontroller Technical Support. A simple ISP demo code is given below.

Assembly demo code:

,-******************************************************************************

; This code illustrates how to do APROM and CONFIG IAP from LDROM.

; APROM is re-programmed by the code to output Pl as 55h and P2 as AAh.

; The CONFIG2 is also updated to disable BOD reset.

; User needs to configure CONFIGO = Ox7F, CONFIGl = OxFE, CONFIG2 = OxFF.

;******************************************************************************

PAGE ERASE AP EQU 00100010b
BYTE_PROGRAM AP EQU 00100001b
BYTE READ AP EQU 00000000b
ALL ERASE CONFIG EQU 11100010b
BYTE PROGRAM CONFIG EQU 11100001b
BYTE_READ CONFIG EQU 11000000b

ORG 0000h

CLR EA ;disable all interrupts
CALL Enable IAP

CALL Enable AP Update

CALL Erase AP ;jerase AP data

CALL Program AP ;programming AP data

CALL Disable AP Update

CALL Program AP Verify ;verify Programmed AP data

CALL Read CONFIG ;read back CONFIG2

CALL Enable CONFIG Update

CALL Erase_ CONFIG ;jerase CONFIG bytes

CALL Program CONFIG ;programming CONFIG2 with new data
CALL Disable CONFIG Update

CALL Program CONFIG Verify ;verify Programmed CONFIG2

CALL Disable IAP

MOV TA, #0AAh ; TA protection
MOV TA, #55h ;
ANL CHPCON, #11111101b ;BS = 0, reset to APROM

MOV TA, #0AAh
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MOV TA, #55h
ORL CHPCON, #80h ;software reset and reboot from APROM

SJMP $

;********************************************************************

; IAP Subroutine

;********************************************************************

Enable IAP:

MOV TA, #0AANh ;CHPCON is TA protected
MOV TA, #55h

ORL CHPCON, #00000001b ;IAPEN = 1, enable IAP mode
RET

Disable IAP:
MOV TA, #0AADh
MOV TA, #55h
ANL CHPCON, #11111110b ;IAPEN = 0, disable IAP mode
RET

Enable AP Update:

MOV TA, #0AAh ; IAPUEN is TA protected

MOV TA, #55h

ORL IAPUEN, #00000001b ;APUEN = 1, enable APROM update
RET

Disable AP Update:
MOV TA, #0AAh
MOV TA, #55h
ANL IAPUEN, #11111110b ; APUEN
RET

0, disable APROM update

Enable CONFIG Update:
MOV TA, #0AAh
MOV TA, #55h
ORL IAPUEN, #00000100b ; CFUEN
RET

1, enable CONFIG update

Disable CONFIG Update:
MOV TA, #0AANh
MOV TA, #55h
ANL IAPUEN, #11111011b ; CFUEN
RET

0, disable CONFIG update

Trigger IAP:

MOV TA, #0AAh ;IAPTRG is TA protected

MOV TA, #55h

ORL IAPTRG, #00000001b ;write ‘1’ to IAPGO to trigger IAP process
RET

’-********************************************************************

; IAP APROM Function
’-********************************************************************
Erase AP:

MOV IAPCN, #PAGE_ERASE AP

MOV IAPFD, #0FFh

MOV RO, #00h
Erase AP Loop:

MOV IAPAH,RO

MOV IAPAL, #00h

CALL Trigger IAP

MOV IAPAL, #80h

CALL Trigger IAP

INC RO
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CJNE RO, #44h,Erase_ AP Loop
RET

Program AP:

MOV IAPCN, #BYTE PROGRAM AP

MOV IAPAH, #00h

MOV IAPAL, #00h

MOV DPTR, #AP code
Program AP Loop:

CLR A

MOVC A, @A+DPTR

MOV IAPFD,A

CALL Trigger IAP

INC DPTR

INC IAPAL

MOV A, IAPAL

CJINE A, #14,Program AP Loop

RET

Program AP Verify:
MOV IAPCN, #BYTE READ AP
MOV IAPAH, #00h
MOV IAPAL, #00h
MOV DPTR, #AP_code
Program AP Verify Loop:
CALL Trigger IAP

CLR A
MOVC A, QA+DPTR
MOV B,A

MOV A, IAPFD

CJINE A,B,Program AP Verify Error
INC DPTR

INC IAPAL

MOV A, IAPAL

CIJNE A, #14,Program AP Verify Loop
RET

Program AP Verify Error:
CALL Disable IAP
MOV PO, #00h
SJMP 3

;********************************************************************

; IAP CONFIG Function
;********************************************************************
Erase CONFIG:

MOV IAPCN, #ALL_ERASE CONFIG

MOV IAPAH, #00h

MOV IAPAL, #00h

MOV IAPFD, #0FFh

CALL Trigger IAP

RET

Read CONFIG:
MOV IAPCN, #BYTE _READ CONFIG
MOV IAPAH, #00h
MOV IAPAL, #02h
CALL Trigger IAP
MOV R7,IAPFD
RET

Program CONFIG:
MOV IAPCN, #BYTE_PROGRAM CONFIG

MOV IAPAH, #00h
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MOV IAPAL, #02h
MOV A,R7
ANL A,#11111011b

MOV IAPFD,A ;disable BOD reset
MOV R6,A ;temp data

CALL Trigger IAP

RET

Program CONFIG Verify:
MOV IAPCN, #BYTE_READ_ CONFIG
MOV IAPAH, #00h
MOV IAPAL, #02h
CALL Trigger IAP
MOV B, R6
MOV A, IAPFD
CJIJNE A,B,Program CONFIG Verify Error
RET

Program CONFIG Verify Error:
CALL Disable IAP
MOV PO, #00h
SJMP  $

;********************************************************************

; APROM code
;********************************************************************
AP code:
DB 75h, 0B1lh, 00h ;OPCODEs of “MOV POM1, #0”
DB 75h, 0B5h, 00h ;OPCODEs of “MOV P2M1, #0”
DB 75h, 90h, 55h ;OPCODEs of “MOV P1, #55h”
DB 75h, 0AOh, OAAN ;OPCODEs of “MOV P2, #0AAh”
DB 80h, OFEh ;OPCODEs of “SJMP s
END
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22. POWER MANAGEMENT

The N76E616 has several features that help user to control the power consumption of the device. The
power-reduced feature has two option modes: Idle mode and Power-down mode, to save the power
consumption. For a stable current consumption, the state and mode of each pin should be taken care
of. The minimum power consumption can be attained by giving the pin state just the same as the
external pulls for example output 1 if pull-high is used or output O if pull-low. If the I/O pin is floating,
user is recommended to leave it as quasi-bidirectional mode. If P3.6 is configured as an input-only pin,

it should have an external pull-up or pull-low, or enable its internal pull-up by setting P36UP (P3M2.6).

PCON - Power Control

7

6

4 3 2 1 0

SMOD

SMODO

POF GF1 GFO PD IDL

R/W

R/W

R/W R/W R/W R/W R/W

Address: 87H

Reset value: see Table 6—2. SER Definitions and Reset Values

Bit

Name

Description

PD

Power-down mode

Setting this bit puts CPU into Power-down mode. Under this mode, both CPU and
peripheral clocks stop and Program Counter (PC) suspends. It provides the lowest
power consumption. After CPU is woken up from Power-down, this bit will be
automatically cleared via hardware and the program continue executing the
interrupt service routine (ISR) of the very interrupt source that woke the system up
before. After return from the ISR, the device continues execution at the instruction,
which follows the instruction that put the system into Power-down mode.

Note that If IDL bit and PD bit are set simultaneously, CPU will enter Power-down
mode. Then it does not go to Idle mode after exiting Power-down.

IDL

ldle mode

Setting this bit puts CPU into Idle mode. Under this mode, the CPU clock stops
and Program Counter (PC) suspends but all peripherals keep activated. After
CPU is woken up from Idle, this bit will be automatically cleared via hardware and
the program continue executing the ISR of the very interrupt source that woke the
system up before. After return from the ISR, the device continues execution at the
instruction, which follows the instruction that put the system into Idle mode.

P3M2 — Port 3 Mode Select 2

7 6 5 4 3 2 1 0
CLOEN P36UP P3M2.5 P3M2.4 P3M2.3 P3M2.2 P3M2.1 P3M2.0
R/W R/W R/W R/W R/W R/W R/W R/W

Address: ADH, Page: 0

Reset value: 0000 0000b

Bit

Name

Description
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P36UP

P3.6 pull-up enable

0 = P3.6 pull-up Disabled.

1 = P3.6 pull-up Enabled.

This bit is valid only when RPD (CONFIGO0.2) is programmed as 0. When
selecting as a RST pin, the pull-up is always enabled.
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22.1 |dle Mode

Idle mode suspends CPU processing by holding the Program Counter. No program code are fetched
and run in Idle mode. It forces the CPU state to be frozen. The Program Counter (PC), Stack Pointer
(SP), Program Status Word (PSW), Accumulator (ACC), and the other registers hold their contents
during Idle mode. The port pins hold the logical states they had at the time Idle was activated.

Generally, it saves considerable power of typical half of the full operating power.

Since the clock provided for peripheral function logic circuit like timer or serial port still remain in Idle
mode, the CPU can be released from the Idle mode with any of enabled interrupt sources. User can
put the device into Idle mode by writing 1 to the bit IDL (PCON.0). The instruction that sets the IDL bit

is the last instruction that will be executed before the device enters ldle mode.

The Idle mode can be terminated in two ways. First, as mentioned, any enabled interrupt will cause an
exit. It will automatically clear the IDL bit, terminate Idle mode, and the interrupt service routine (ISR)
will be executed. After using the RETI instruction to jump out of the ISR, execution of the program will
be the one following the instruction, which put the CPU into Idle mode. The second way to terminate
Idle mode is with any reset other than software reset. Remember that if Watchdog reset is used to exit
Idle mode, the WIDPD (WDCON.4) needs to be set 1 to let WDT keep running in Idle mode.

22.2 Power-Down Mode

Power-down mode is the lowest power state that the N76E616 can enter. It remain the power
consumption as a "uA” level by stopping the system clock source. Both of CPU and peripheral
functions like Timers or UART are frozen. Flash memory is put into its stop mode. All activity is
completely stopped and the power consumption is reduced to the lowest possible value. The device
can be put into Power-down mode by writing 1 to bit PD (PCON.1). The instruction that does this
action will be the last instruction to be executed before the device enters Power-down mode. In the
Power-down mode, RAM maintains its content. The port pins output the values held by their own state

before Power-down respectively.

There are several ways to exit the N76E616 from the Power-down mode. The first is with all resets
except software reset. Brown-out reset will also wake up CPU from Power-down mode. Be sure that
brown-out detection is enabled before the system enters Power-down. However, for least power
consumption, it is recommended to enable low power BOD and disable ADC circuit before entering
Power-down mode. Of course, the external pin reset and power-on reset will remove the Power-down
status. After the external reset or power-on reset. The CPU is initialized and starts executing program

code from the beginning.
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The second way to wake the N76E616 up from the Power-down mode is by an enabled external
interrupt. The trigger on the external pin will asynchronously restart the system clock. After oscillator is
stable, the device executes the interrupt service routine (ISR) for the corresponding external interrupt.
After the ISR is completed, the program execution returns to the instruction after the one, which puts
the device into Power-down mode and continues. Interrupts that allows to wake up CPU from Power-
down mode includes external interrupt INTO and INT1, pin interrupt, WDT interrupt, WKT interrupt, and

brown-out interrupt.
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23. CLOCK SYSTEM

The N76E616 has a wide variety of clock sources and selection features that allow it to be used in a
wide range of applications while maximizing performance and minimizing power consumption. The
N76E616 provides five options of the system clock sources including internal oscillator,
crystal/resonator, or external clock from Xin pin via software. The N76E616 is embedded with two
internal oscillators: one 10 kHz low-speed and one 11.059 MHz high-speed, which is factory trimmed
to +2.5% under all conditions. If the clock source is from the crystal/resonator, the frequency supports
two ranges: 2 MHz to 16 MHz high-speed and 32.768 kHz low-speed. A clock divider CKDIV is also

available on N76E616 for adjustment of the flexibility between power consumption and operating

performance.
l 32768kHz | .
: Oscillating e
| Circuit (LXT) L
! 01
2to 16 MHz
Xout ® F
i S{ Oscillating all 10 .| Flash
! Circuit (HXT) | ... Memory
| 11 100
|
! Clock [Fosc | Clock | Fevs
. L » P
| TR EXTEN[1:0 | O™ Filter Divider CPU
| : z Fure (CKEN[7:6])
| Internal 000
! Oscillator (HIRC) CKDIV »| Peripherals
: 0SC[2:0]
| o Fure (CRoWToD .| Watchdog
! _ "l Timer ®———»CLO (P0.7)
| Oscillator (LlRC) CLOEN
! Self (P3M2.7)
: *?_» Wake-up
' Timer
: WKTCK
| (WKCON.5) —00
: 01 LCD Driver
| 10
|
|
! LCDCKS[1:0]
[1] Default system clock source after power-on (LCDCLK[5:4])

Figure 23-1 Clock System Block Diagram
23.1 Clock Sources

There are a total of five system clock sources selectable in the N76E616, including high-speed internal
oscillator, low-speed internal oscillator, high-speed external crystal/resonator, low-speed external

crystal/resonator, and external clock input. Each of them can be the system clock source in the
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N76E616. Different active system clock sources also affect multi-function of P3.2/XiN and P3.3/XouTt

pins.
23.1.1 Internal Oscillators

There are two internal oscillators in the N76E616 — one 11.059 MHz high-speed internal oscillator
(HIRC) and one 10 kHz low-speed (LIRC). Both of them can be selected as the system clock. HIRC
can be enabled by setting HIRCEN (CKEN.5). LIRC is enabled after device is powered up. User can
set OSC[2:0] (CKSWT [2:0]) as [0,0,0] to select the HIRC as the system clock. By setting OSC[2:0] as
[1,0,0], LIRC will be selected as the system clock. Note that after the N76E616 is powered, HIRC and
LIRC will be both enabled and HIRC is default selected as the system clock source. While using
internal oscillators, Xin and XouT automatically switch as two general purpose 1/0O P3.2 and P3.3 to
expend the numbers of general purpose 1/0. The 1/0 output mode of P3.2 and P3.3 can be selected

by configuring P3M1 and P3M2 registers.
23.1.2 External Crystal/Resonator or Clock Input

There are three possible clock source options of external clock sources — 2 MHz to 16 MHz high-
speed crystal/resonator (HXT), 32.768 kHz low-speed crystal/resonator (LXT), and the external clock
input (ECLK) through Xin pin. They are exclusively enabled by giving proper EXTEN[1:0] (CKEN[7:6])
value. User can change OSC[2:0] value as [0,1,0] to select the enabled external clock source as the
system clock. When HXT or LXT is used as the system clock, Xin and XouT are the input and output,
respectively, of an internal inverting amplifier. A crystal or resonator should be connected between Xin
and XouT pins. When enabling and selecting ECLK as the system clock source, the system clock is
supplied via the Xin pin. The common application is to drive Xin with an active oscillator or clocks from
another host device. When ECLK is selected, XouT pin automatically switches as a general purpose
1/0 P3.3. The I/O output mode of P3.5 can be selected by configuring P3M1 and P3M2 registers. Be
aware that user should never feed any clock signal larger than voltage 1.8V to XIN when LXT mode is
selected; otherwise, it may break the device. Always use ECLK mode when the external clock input is

required.
23.2 System Clock Switching

The N76E616 supports clock source switching on-the-fly by controlling CKSWT and CKEN registers
via software. It provides a wide flexibility in application. Note that these SFRs are writing TA protected
for precaution. With this clock source control, the clock source can be switched between the external
clock source and the internal oscillator, even between the high-speed and low-speed internal
oscillator. However, during clock source switching, the device requires some amount of warm-up
period for an original disabled clock source. Therefore, use should follow steps below to ensure a

complete clock source switching. User can enable the target clock source by writing proper value into
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CKEN register, wait for the clock source stable by polling its status bit in CKSWT register, and switch
to the target clock source by changing OSC[2:0]. After these steps, the clock source switching is
successful and then user can also disable the original clock source if power consumption is
concerned. Note that if not following the steps above, the hardware will take certain actions to deal

with such illegal operations as follows.

1. If user tries to disable the current clock source by changing CKEN value, the device will ignore this

action. The system clock will remain the original one and CKEN will remain the original value.

2. If user tries to switch the system clock source to a disabled one by changing OSCJ[2:0] value,
0OSC[2:0] value will be updated right away. But the system clock will remain the original one and
CKSWTF (CLKEN.O) flag will be set by hardware.

3. Once user switches the system clock source to an enabled but still instable one, the hardware will
wait for stabilization of the target clock source and then switch to it in the background. During this
waiting period, the device will continue executing the program with the original clock source and
CKSWTF will be set as 1. After the stable flag of the target clock source (see CKSWT[7:5] and
CKSWT.3) is set and the clock source switches successfully, CKSWTF will be cleared as 0

automatically by hardware.

Here is an illustration of switching the clock source from HIRC source to HXT.

MOV TA, #0AAh ; TA protection
MOV TA, #55h ;
ORL CKEN, #10000000b ;Enable the HXT

jX***x**Polling can be ignored if not disabling the original clock source*****x*
Polling HXT stable: ;Waiting for the HXT stable

MOV A, CKSWT

JNB ACC.7, Polling HXT stable

;*****************************************************************************

MOV TA, #0AAh ; TA protection
MOV TA, #55h ;
MOV CKSWT, #02h ;switch the clock source to the HXT

;¥*****Disable the original HIRC clock source, for example****x*xx*

MOV TA, #0AAh ;TA protection
MOV TA, #55h ;
ANL CKEN, #11011111b ;Disable the IHRC

;***************************************************************
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CKSWT — Clock Switch (TA protected)

N76E616 Datasheet

7

6

5 4 3 2 | 1 | 0

HXTST

LXTST

HIRCST - ECLKST 0OSCJ[2:0]

R

R

R - R \W

Address: 96H

Reset value: 0011 0000b

Bit

Name

Description

HXTST

HXT status
0 = HXT is instable or disabled.
1 = HXT is enabled and stable.

LXTST

LXT status
0 = LXT is instable or disabled.
1 =LXT is enabled and stable.

HIRCST

HIRC status
0 = HIRC is instable or disabled.
1 = HIRC is enabled and stable.

Reserved

ECLKST

ECLK status
0 = ECLK is instable or disabled.
1 = ECLK is enabled and stable.

2:0

0SC[2:0]

Oscillator selection bits

This field selects the system clock source.

000 = HIRC.

010 = External clock source according to EXTEN[1:0] (CKEN[7:6]) setting.
100 = LIRC.

Others = Reserved.

Note that this field is write only. The read back value of this field may not
correspond to the present system clock source.

CKEN - Clock Enable (TA protected)

7 | 6 5 4 3 2 1 0
EXTENJ1:0] HIRCEN - - - - CKSWTF
R/W R/W - - - - R
Address: 97H Reset value: 0011 0000b
Bit Name Description

7:6 EXTEN[1:0] | External clock source enable
This field enables one of the external clock sources. It also selects the enabled
external clock as the system clock source once OSC[2:0] is [0,1,0].
00 = None of the external clock sources is enabled. P3.2 and P3.3 work as

general purpose /0.

01 = LXT Enabled.
10 = HXT Enabled.
11 = ECLK Enabled.

5 HIRCEN HIRC enable
0 = HIRC Disabled.
1 = HIRC Enabled.
Note that once IAP is enabled by setting IAPEN (CHPCON.0), the HIRC will be
enabled automatically. The hardware will also set HIRCEN and HIRCST bits.
After IAPEN is cleared, HIRCEN and EHRCST resume the original values.

4:1 - Reserved
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Bit Name Description

0 CKSWTF | Clock switch fault flag

0 = The previous system clock source switch was successful.

1 = User tried to switch to an instable or disabled clock source at the previous
system clock source switch. If switching to an instable clock source, this bit
remains 1 until the clock source is stable and switching is successful.

23.3 System Clock Divider

The oscillator frequency (Fosc) can be divided down, by an integer, up to 1/510 by configuring a
dividing register, CKDIV, to provide the system clock (Fsys). This feature makes it possible to
temporarily run the MCU at a lower rate, reducing power consumption. By dividing the clock, the MCU
can retain the ability to respond to events other than those that can cause interrupts (i.e. events that
allow exiting the Idle mode) by executing its normal program at a lower rate. This can often result in
lower power consumption than in Idle mode. This can allow bypassing the oscillator start-up time in
cases where Power-down mode would otherwise be used. The program may change the value of

CKDIV at any time without interrupting code execution.

CKDIV - Clock Divider

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
CKDIV[7:0]
R/W
Address: 95H Reset value: 0000 0000b
Bit Name Description

7:0 CKDIV[7:0] | Clock divider
The system clock frequency Fsys follows the equation below according to
CKDIV value.
Fsvs=Fosc while cKDIV = 00H, and
Fooo = __foSC
SYST 2xCKDIV i
, while CKDIV = 01H to FFH.

23.4 System Clock Output

The N76E616 provides a CLO pin (P0.7) that outputs the system clock. Its frequency is the same as
Fsvs. The output enable bit is CLOEN (P3M2.7). CLO output stops when device is put in its Power-
down mode because the system clock is turned off. Note that when noise problem or power

consumption is important issue, user had better not enable CLO output.
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P3M2 - Port 3 Mode Select 2

7 6 5 4 3 2 1 0
CLOEN P36UP P3M2.5 P3M2.4 P3M2.3 P3M2.2 P3M2.1 P3M2.0
R/W R/W R/W R/W R/W R/W R/W R/W
Reset value: 0000 0000b

Address: ADH, Page: 0

Bit Name Description

7 CLOEN | System clock output enable
0 = System clock output Disabled.
1 = System clock output Enabled from CLO pin (P0.7).
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24. POWER MONITORING

To prevent incorrect execution during power up and power drop, The N76E616 provide two power

monitor functions, power-on detection and brown-out detection.
24.1 Power-On Reset (POR)

The power-on detection function is designed for detecting power up after power voltage reaches to a
level where system can work. After power-on detected, the POF (PCON.4) will be set 1 to indicate a

cold reset, a power-on reset complete. The POF flag can be cleared via software.

PCON - Power Control

7 6 5 4 3 2 1 0
SMOD SMODO - POF GF1 GFO PD IDL
R/W R/W - R/W R/W R/W R/W R/W
Address: 87H Reset value: see Table 6—2. SER Definitions and Reset Values
Bit Name Description
4 POF Power-on reset flag

This bit will be set as 1 after a power-on reset. It indicates a cold reset, a power
cycle reset complete. This bit remains its value after any other resets. This flag is
recommended to be cleared via software.

24.2 Brown-Out Detection (BOD)

The other power monitoring function brown-out detection (BOD) circuit is used for monitoring the Vpp
level during execution. There are four selectable brown-out trigger levels available for wide voltage
applications. These four nominal levels are 2.2V, 2.7V, 3.8V, and 4.3V selected via setting CBOV[1:0]
(CONFIG2[5:4]). BOD level can also be changed by setting BOV[1:0] (BODCONQ[5:4]) after power-
on. When Vpp drops to the selected brown-out trigger level (Vgop), the BOD logic will either reset the
MCU or request a brown-out interrupt. User may decide to being reset or generating a brown-out
interrupt according to different applications. Vgop also can be set by software after power-on. Note that

BOD output is not available until 2 to 3 LIRC clocks after software enabling.

The BOD will request the interrupt while Vpp drops below Vgop while BORST (BODCONO.2) is 0. In
this case, BOF (BODCONO.3) will be set as 1. After user cleared this flag whereas Vpp remains below
Veop, BOF will not set again. BOF just acknowledge user a power drop occurs. The BOF will also be
set as 1 after Vpp goes higher than Vgop to indicate a power resuming. The BOD circuit provides an
useful status indicator BOS (BODCONO.0), which is helpful to tell a brown-out event or power
resuming event occurrence. If the BORST bit is set as 1, this will enable brown-out reset function.
After a brown-out reset, BORF (BODCONO0.1) will be set as 1 via hardware. It will not be altered by
reset other than power-on. This bit can be cleared via software. Note that all bits in BODCONO are

writing protected by timed access (TA).
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The N76E616 provides low power BOD mode for saving current consumption and remaining BOD
functionality with limited detection response. By setting LPBOD[1:0] (BODCON1[2:1]), the BOD circuit

can be periodically enabled to sense the power voltage nominally every 1.6 ms, 6.4 ms, or 25.6 ms. It

saves much power but also provides low-speed power voltage sensing. Note that the hysteresis

feature will disappear in low power BOD mode.

For a noise sensitive system, the N76E616 has a BOD filter, which filters the power noise to avoid

BOD event triggering unconsciously. The BOD filter is enabled by default and can be disabled by

setting BODFLT (BODCONL1.0) as 0 if user requires a rapid BOD response. The minimum brown-out

detect pulse width is listed in Table 24—2.

Vop Brownout Detection
i ) Jorf BOF Brown-out Interrupt
N + i Euotel?r BOS 0 BORF Brown-out Reset
I_I I
Vsob -y
BOV[1:0] »| Voltage T BODELT BORST
Select
LPBODI[1:0]
BODEN
Figure 24-1. Brown-out Detection Block Diagram
CONFIG2
7 6 5 | 4 3 2 1 0
CBODEN - CBOV[1:0] BOIAP CBORST - -
R/W - R/W R/W R/W - -
Factory default value: 1111 1111b
Bit Name Description
7 CBODEN CONFIG brown-out detect enable
1 = Brown-out detection circuit ON.
0 = Brown-out detection circuit OFF.
6 - Reserved
5:4 CBOVI[1:0] | CONFIG brown-out voltage select
11 = Veop is 2.2V.
10 = VBob is 2.7V.
01 = VBOD is 3.8V.
00 = Vgop is 4.3V.
2 CBORST CONFIG brown-out reset enable
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This bit decides whether a brown-out reset is caused by a power drop below
Veop.

1 = Brown-out reset Enabled.

0 = Brown-out reset Disabled.
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BODCONO - Brown-out Detection Control 0 (TA protected)

N76E616 Datasheet

7 6 5 | 4 3 2 1 0
BODEN™ - BOV[1:0]™ BOF"™ BORST!Y BORF BOS
R/W - R/W R/W R/W R/W R
Address: A3H Reset value: see Table 6—2. SFR Definitions and Reset Values
Bit Name Description
7 BODEN | Brown-out detection enable

0 = Brown-out detection circuit OFF.
1 = Brown-out detection circuit ON.
Note that BOD output is not available until 2 to 3 LIRC clocks after enabling.

6 - Reserved

5:4 BOV[1:0]

Brown-out voltage select
00 = VBOD is 4.3V.
01= VBob is 3.8V.
10 = VBob is 2.7V.
11 = Veop is 2.2V.

3 BOF Brown-out interrupt flag
This flag will be set as logic 1 via hardware after a Vpp dropping below or rising
above Vgop event occurs. If both EBOD (EIE.2) and EA (IE.7) are set, a brown-out

interrupt requirement will be generated. This bit should be cleared via software.

Brown-out reset enable

This bit decides whether a brown-out reset is caused by a power drop below Vgop.
0 = Brown-out reset when Vpp drops below Vgop Disabled.

1 = Brown-out reset when Vpp drops below Vgop Enabled.

2 BORST

1 BORF Brown-out reset flag
When the MCU is reset by brown-out event, this bit will be set via hardware. This

flag is recommended to be cleared via software.

Brown-out status

This bit indicates the Vpp voltage level comparing with Veop while BOD circuit is
enabled. It keeps 0 if BOD is not enabled.

0 = Vpp voltage level is higher than Vgop or BOD is disabled.

1 = Vpp voltage level is lower than Vgop.

Note that this bit is read-only.

[1] BODEN, BOV[1:0], and BORST are initialized by being directly loaded from CONFIGO bit 7, bit 5 to 4, and bit

2 after all resets.
[2] BOF reset value depends on different setting of CONFIG2 and Vpp voltage level. Please check Table 24-1.

0 BOS
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Table 24-1. BOF Reset Value

N76E616 Datasheet

(CC(:)BN(I)ZIIDGE A\ 7 (C((:)?\I(IDZIIQGS ) 2y | Voolevel BOF
1 1 > Vpgop always 0
1 0 < Vaoo 1
1 0 > Voo 0
0 X X 0

BODCON1 - Brown-out Detection Control 1 (TA protected)

I

6

5 4 3 2 | 1 0

LPBODI1:0] BODFLT

R/W R/W

Address: ABH

Reset value: see Table 6—2. SFER Definitions and Reset Values

Bit

Name

Description

7:3

Reserved

2:1

LPBOD[1:0]

Low power BOD enable

00 = BOD normal mode. BOD circuit is always enabled.

01 = BOD low power mode 1 by turning on BOD circuit every 1.6 ms
periodically.

10 = BOD low power mode 2 by turning on BOD circuit every 6.4 ms
periodically.

11 = BOD low power mode 3 by turning on BOD circuit every 25.6 ms
periodically.

Feb 20, 2016

BODFLT

BOD filter control

BOD has a filter which counts 32 clocks of Fsys to filter the power noise when
MCU runs with HIRC, HXT, or ECLK as the system clock and BOD does not
operates in its low power mode (LPBODJ[1:0] = [0, 0]). In other conditions, the
filter counts 2 clocks of LIRC.

Note that when CPU is halted in Power-down mode. The BOD output is
permanently filtered by 2 clocks of LIRC.

The BOD filter avoids the power noise to trigger BOD event. This bit controls
BOD filter enabled or disabled.

0 = BOD filter Disabled.

1 = BOD filter Enabled. (Power-on reset default value.)
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Table 24-2. Minimum Brown-out Detect Pulse Width

BODFLT . System Clock Minimum Brown-out Detect
(BODCON1.1) | BOD Operation Mode Source Pulse Width
0 Normal mode
(LPBOD[1:0] = [0,0]) Any clock source Typ. 1us
(tg\gggv[\fgr :o?oell]) Any clock source 16 (1/Fuirc)
Low power mode 2
(LPBOD[1:0] = [1,0]) Any clock source 64 (1/FLirc)
(tg\gg%\l[\ﬁ)]m :0‘[1161:)]’) Any clock source 256 (1/ FLire)
1 Normal operation: 32 (1/Fsys)
Normal mode HIRC/HXT/ECLK Idle mode: 32 (1/Fsys)
(LPBOD[lIO] = [0,0]) Power-down mode: 2 (1/FLIRC)
LIRC/LXT 2 (1/Furc)
(tg\g gt[n)v[vle B]m :O?Oell]) Any clock source 18 (1/Furc)
Low power mode 2
(LPBODI1:0] = [1,0]) Any clock source 66 (1/FLirc)
(tg\gg%"[\ﬁ)]m :0‘[1161?]’) Any clock source 258 (1/ FLire)
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25. RESET

The N76E616 has several options to place device in reset condition. It also offers the software flags to
indicate the source, which causes a reset. In general, most SFRs go to their Reset value irrespective
of the reset condition, but there are several reset source indicating flags whose state depends on the
source of reset. User can read back these flags to determine the cause of reset using software. There
are five ways of putting the device into reset state. They are power-on reset, brown-out reset, external

reset, WDT reset, and software reset.
25.1 Power-On Reset

The N76E616 incorporates an internal power-on reset. During a power-on process of rising power
supply voltage Vpp, the power-on reset will hold the MCU in reset mode when Vpp is lower than the
voltage reference threshold. This design makes CPU not access program flash while the Vpp is not
adequate performing the flash reading. If an undetermined operating code is read from the program
flash and executed, this will put CPU and even the whole system in to an erroneous state. After a
while, Vpp rises above the threshold where the system can work, the selected oscillator will start and
then program code will executes from 0000H. At the same time, a power-on flag POF (PCON.4) will
be set 1 to indicate a cold reset, a power cycle reset complete. Note that the contents of internal RAM
will be undetermined after a power-on. It is recommended that user give initial values for the RAM
block.

The POF is recommended to be cleared to 0 via software to check if a cold reset or a warm reset
performed after the next reset occurs. If a cold reset caused by power off and on, POF will be set 1
again. If the reset is a warm reset caused by other reset sources, POF will remain 0. User may take a

different course to check other reset flags and deal with the warm reset event.

PCON - Power Control

7 6 5 4 3 2 1 0
SMOD SMODO - POF GF1 GFO PD IDL
R/W R/W - R/W R/W R/W R/W R/W
Address: 87H Reset value: see Table 6—2. SFR Definitions and Reset Values
Bit Name Description
4 POF Power-on reset flag

This bit will be set as 1 after a power-on reset. It indicates a cold reset, a power
cycle reset complete. This bit remains its value after any other resets. It is
recommended that the flag be cleared via software.

25.2 Brown-Out Reset

The brown-out detection circuit is used for monitoring the Vpp level during execution. When Vpp drops

to the selected brown-out trigger level (Vgop), the brown-out detection logic will reset the MCU if
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BORST (BODCONO.2) setting 1. After a brown-out reset, BORF (BODCONO.1) will be set as 1 via
hardware. BORF will not be altered by any reset other than a power-on reset or brown-out reset itself.

This bit can be cleared via software.

BODCONO - Brown-out Detection Control 0 (TA protected)

7 6 5 | 4 3 2 1 0
BODEN - BOV[1:0] BOF BORST BORF BOS
R/W - R/W R/W R/W R/W R
Address: A3H Reset value: see Table 6—2. SFR Definitions and Reset Values

Bit Name Description
1 BORF Brown-out reset flag

When the MCU is reset by brown-out event, this bit will be set via hardware. This
flag is recommended to be cleared via software.

25.3 External Reset

The external reset pin RST is an input with a Schmitt trigger. An external reset is accomplished by
holding the RST pin low for at least 24 system clock cycles to ensure detection of a valid hardware
reset signal. The reset circuitry then synchronously applies the internal reset signal. Thus, the reset is

a synchronous operation and requires the clock to be running to cause an external reset.

Once the device is in reset condition, it will remain as long as RST pin is low. After the RST high is
removed, the MCU will exit the reset state and begin code executing from address 0000H. If an
external reset applies while CPU is in Power-down mode, the way to trigger a hardware reset is
slightly different. Since the Power-down mode stops system clock, the reset signal will asynchronously

cause the system clock resuming. After the system clock is stable, MCU will enter the reset state.

There is a RSTPINF (AUXRL1.6) flag, which indicates an external reset took place. After the external
reset, this bit will be set as 1 via hardware. RSTPINF will not change after any reset other than a

power-on reset or the external reset itself. This bit can be cleared via software.

AUXR1 — Auxiliary Register 1

7 6 5 4 3 2 1 0
SWRF RSTPINF TILXTM TOLXTM GF2 - 0 DPS
R/W R/W R/W R/W R/W - R R/W
Address: A2H Reset value: see Table 6—2. SFER Definitions and Reset Values
Bit Name Description
6 RSTPINF | External reset flag

When the MCU is reset by the external reset, this bit will be set via hardware. It is
recommended that the flag be cleared via software.
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25.4 Watchdog Timer Reset

The WDT is a free running timer with programmable time-out intervals and a dedicated internal clock
source. User can clear the WDT at any time, causing it to restart the counter. When the selected time-
out occurs but no software response taking place for a while, the WDT will reset the system directly

and CPU will begin execution from 0000H.

Once a reset due to WDT occurs, the WDT reset flag WDTRF (WDCON.3) will be set. This bit keeps
unchanged after any reset other than a power-on reset or WDT reset itself. User can clear WDTRF via

software.

WDCON - Watchdog Timer Control (TA protected)

7 6 5 4 3 2 | 1 | 0
WDTEN WDCLR WDTF WIDPD WDTRF WDPS[2:0]
R/W R/W R/W R/W R/W R/W
Address: AAH Reset value: see Table 6—2. SER Definitions and Reset Values
Bit Name Description
3 WDTRF | WDT reset flag

When the MCU is reset by WDT time-out event, this bit will be set via hardware. It
is recommended that the flag be cleared via software.

25.5 Software Reset

The N76E616 provides a software reset, which allows the software to reset the whole system just
similar to an external reset, initializing the MCU as it reset state. The software reset is quite useful in
the end of an ISP progress. For example, if an ISP of Boot Code updating User Code finishes, a
software reset can be asserted to re-boot CPU to execute new User Code immediately. Writing 1 to
SWRST (CHPCON.7) will trigger a software reset. Note that this bit is writing TA protection. The
instruction that sets the SWRST bit is the last instruction that will be executed before the device reset.

See demo code below.

If a software reset occurs, SWRF (AUXR.7) will be automatically set by hardware. User can check it
as the reset source indicator. SWRF keeps unchanged after any reset other than a power-on reset or

software reset itself. SWRF can be cleared via software.
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CHPCON — Chip Control (TA protected

7 6 5 4 3 2 1 0
SWRST IAPFF - - - - BS IAPEN
W R/W - - - - R/W R/W
Address: 9FH Reset value: see Table 6—2. SFR Definitions and Reset Values
Bit Name Description
7 SWRST | Software reset

To set this bit as logic 1 will cause a software reset. It will automatically be cleared
via hardware after reset is finished.

AUXR1 — Auxiliary Register 1

7 6 5 4 3 2 1 0
SWRF RSTPINF T1LXTM TOLXTM GF2 - 0 DPS
R/W R/W R/W R/W R/W - R R/W
Address: A2H Reset value: see Table 6—2. SFR Definitions and Reset Values
Bit Name Description
7 SWRF Software reset flag

When the MCU is reset via software reset, this bit will be set via hardware. It is
recommended that the flag be cleared via software.

The software demo code is listed below.

ANL AUXR1,#01111111b ;software reset flag clear

CLR EA
MOV TA, #0AAh
MOV TA, #55h

ORL CHPCON, #10000000b ;software reset

25.6 Boot Select

The N76E616 provides user a flexible boot selection for variant application. The SFR bit BS in
CHPCON.1 determines MCU booting from APROM or LDROM after any source of reset. If reset
occurs and BS is 0, MCU will reboot from address 0000H of APROM. Else, the CPU will reboot from
address 0000H of LDROM. Note that BS is loaded from the inverted value of CBS bit in CONFIGO0.7

after all resets except software reset.

CONFIGO0.7
CBS

CHPCON.1
BS

Power-on Reset
Watchgod Timer Reset Reset and Boot From APROM
Brown-out Reset

RST Pin Reset Best
In Rese \—> Reset and Boot From LDROM

Software Reset
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Figure 25-1. Boot Selecting Diagram

CONFIGO
7 6 5 4 3 2 1 0
CBS - - OCDEN - RPD LOCK -
R/W - - R/W - R/W R/W -
Factory default value: 1111 1111b
Bit Name Description
7 CBS CONFIG boot select

CHPCON - Chip Control (TA protected

This bit defines from which block that MCU re-boots after resets except
software reset.

1 = MCU will re-boot from APROM after resets except software reset.
0 = MCU will re-boot from LDROM after resets except software reset.

7 6 5 4 3 2 1 0
SWRST IAPFF - - - - BSHY IAPEN
W R/W - - - - R/W R/W
Address: 9FH Reset value: see Table 6—2. SFR Definitions and Reset Values
Bit Name Description
1 BS Boot select

This bit defines from which block that MCU re-boots after all resets.
0 = MCU will re-boot from APROM after all resets.
1 = MCU will re-boot from LDROM after all resets.

[1] BS is initialized by being loaded from the inverted value of CBS bit in CONFIGO0.7 after resets except software
reset. It keeps unchanged after software reset.

After the MCU is released from all reset state, the hardware will always check the BS bit

instead of the CBS bit to determine from which block that the device reboots.
25.7 Reset State

The reset state besides power-on reset does not affect the on-chip RAM. The data in the RAM will be

preserved during the reset. After the power-on reset the RAM contents will be indeterminate.

After a reset, most of SFRs go to their initial values except bits, which are affected by different reset

events. See the notes of Table 6-2. SFR Definitions and Reset Values. The Program Counter is

forced to 0000H and held as long as the reset condition is applied. Note that the Stack Pointer is also
reset to 07H and thus the stack contents may be effectively lost during the reset event even though

the RAM contents are not altered.

After a reset, all peripherals and interrupts are disabled. The I/O port latches resumes FFH and 1/O

mode input-only.
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26. AUXILIARY FEATURES

26.1 Dual DPTRs

The original 8051 contains one DPTR (data pointer) only. With single DPTR, it is difficult to move data
form one address to another with wasting code size and low performance. The N76E616 provides two
data pointers. Thus, software can load both a source and a destination address when doing a block
move. Once loading, the software simply switches between DPTR and DPTR1 by the active data
pointer selection DPS (AUXR1.0) bit.

An example of 64 bytes block move with dual DPTRs is illustrated below. By giving source and
destination addresses in data pointers and activating cyclic makes block RAM data move more simple
and efficient than only one DPTR. The INC AUXR1 instruction is the shortest (2 bytes) instruction to
accomplish DPTR toggling rather than ORL or ANL. For AUXR1.1 contains a hard-wired 0, it allows

toggling of the DPS bit by incrementing AUXR1 without interfering with other bits in the register.

MOV RO, #64 ;number of bytes to move
MOV DPTR, #D_Addr ;load destination address
INC AUXR1 ;change active DPTR
MOV DPTR, #S_Addr ;load source address

LOOP:
MOVX A, @DPTR ;read source data byte
INC AUXR1 ;change DPTR to destination
MOVX @DPTR, A ;write data to destination
INC DPTR ;next destination address
INC AUXR1 ;change DPTR to source
INC DPTR ;next source address
DJINZ RO, LOOP
INC AUXR1 ; (optional) restore DPS

AUXR1 also contains a general-purpose flag GF2 in its bit 3 that can be set or cleared by the user via

software.

DPL — Data Pointer Low Byte

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
DPL[7:0]
R/W
Address: 82H reset value: 0000 0000b
Bit Name Description

7:0 DPL[7:0] | Data pointer low byte

This is the low byte of 16-bit data pointer. DPL combined with DPH serve as a 16-
bit data pointer DPTR to address non-scratch-pad memory or Program Memory.
DPS (DPS.0) bit decides which data pointer, DPTR or DPTR1, is activated.
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DPH — Data Pointer High Byte

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
DPH[7:0]
R/W
Address: 83H reset value: 0000 0000b
Bit Name Description
7:0 DPH[7:0] | Data pointer high byte

This is the high byte of 16-bit data pointer. DPH combined with DPL serve as a
16-bit data pointer DPTR to address non-scratch-pad memory or Program
Memory. DPS (DPS.0) bit decides which data pointer, DPTR or DPTR1, is
activated.

AUXR1 — Auxiliary Register 1

7 6 5 4 3 2 1 0
SWRF RSTPINF T1LXTM TOLXTM GF2 - 0 DPS
R/W R/W R/W R/W R/W - R R/W
Address: A2H reset value: see Table 6—2. SFR Definitions and Reset Values
Bit Name Description
3 GF2 General purpose flag 2
The general-purpose flag that can be set or cleared by the user via software.
1 0 Reserved
This bit is always read as 0.
0 DPS Data pointer select
0 = Data pointer 0 (DPTR) is active by default.
1 = Data pointer 1 (DPTR1) is active.
After DPS switches the activated data pointer, the previous inactivated data
pointer remains its original value unchanged.

26.2 96-Bit Unique Code

Before shipping out, each N76E616 chip was factory pre-programmed with a 96-bit width serial

number, which is guaranteed to be unique. The serial number is called Unique Code. The user can

read the Unique Code only by IAP command. Please see Section 21.1 “IAP Commands” on page 132.
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27. ON-CHIP-DEBUGGER (OCD)

27.1 Functional Description

The N76E616 is embedded in an on-chip-debugger (OCD) providing developers with a low cost
method for debugging user code, which is available on each package. The OCD gives debug
capability of complete program flow control with eight hardware address breakpoints, single step, free
running, and non-intrusive commands for memory access. The OCD system does not occupy any

locations in the memory map and does not share any on-chip peripherals.

When the OCDEN (CONFIGO0.4) is programmed as 0 and LOCK (CONFIG0.1) remains un-
programmed as 1, the OCD is activated. The OCD cannot operate if chip is locked. The OCD system
uses a two-wire serial interface, OCDDA and OCDCK, to establish communication between the target
device and the controlling debugger host. OCDDA is an input/output pin for debug data transfer and
OCDCK is an input pin for synchronization with OCDDA data. The P3.6/RST pin is also necessary for
OCD mode entry and exit. The N76E616 supports OCD with Flash Memory control path by ICP writer

mode, which shares the same three pins of OCD interface.

The N76E616 uses OCDDA, OCDCK, and P3.6/RST pins to interface with the OCD system. When
designing a system where OCD will be used, the following restrictions must be considered for correct

operation:

1. If P3.6/RST is configured as external reset pin, it cannot be connected directly to Vpp and all

external reset devices must be disconnected.
2. If P3.6/RST is configured as input pin P3.6, any external input source must be isolated.
3. Any external component connected on OCDDA and OCDCK must be isolated.

27.2 Limitation of OCD

The N76E616 is a fully-featured microcontroller that multiplexes several functions on its limited 1/O
pins. Some device functionality must be sacrificed to provide resources for OCD system. The OCD

has the following limitations:

1. The P3.6/RST pin needs to be used for OCD mode selection. Therefore, neither P3.6 input nor an

external reset source can be emulated.

2. The OCDDA pin is physically located on the same pin as P3.4. Therefore, neither its 1/0O function

nor shared multi-functions can be emulated.
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3. The OCDCK pin is physically located on the same pin as P3.5. Therefore, neither its 1/0 function

nor shared multi-functions can be emulated.

4. When the system is in Idle or Power-down mode, it is invalid to perform any accesses because

parts of the device may not be clocked. A read access could return garbage or a write access might

not succeed.

5. HIRC cannot be turned off because OCD uses this clock to monitor its internal status. The

instruction that turns off HIRC affects nothing if executing under debug mode. When CPU enters its

Power-down mode under debug mode, HIRC keeps turning on.

The N76E616 OCD system has another limitation that non-intrusive commands cannot be executed at

any time while the user’s program is running. Non-intrusive commands allow a user to access MCU

memory locations, status or control registers with the debug controller. A reading or writing memory or

control register space is allowed only when MCU is under halt condition after a matching of the

hardware address breakpoint or a single step running.

CONFIGO
7 6 5 4 3 2 1 0
CBS - - OCDEN - RPD LOCK -
R/W - - R/W - R/W R/W -
Factory default value: 1111 1111b
Bit Name Description
4 OCDEN OCD enable
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28. IN-CIRCUIT-PROGRAMMING (ICP)

The Flash Memory can be programmed by “In-Circuit-Programming” (ICP). In general, hardware-
programming mode uses gang-writers to reduce programming costs and time to market while the
products enter the mass production state. However, if the product is just under development or the
end product needs firmware updating in the hand of an end customer, the hardware programming
mode will make repeated programming difficult and inconvenient. ICP method makes it easy and
possible without removing the microcontroller from the system. ICP mode also allows customers to
manufacture circuit boards with un-programmed devices. Programming can be done after the
assembly process allowing the device to be programmed with the most recent firmware or a

customized firmware.

There are three signal pins, RST, ICPDA, and ICPCK, involved in ICP function. RST is used to enter
or exit ICP mode. ICPDA is the data input and output pin. ICPCK is the clock input pin, which
synchronizes the data shifted in to or out from MCU under programming. User should leave these

three pins plus VDD and GND pins on the circuit board to make ICP possible.

Nuvoton provides ICP tool for N76E616, which enables user to easily perform ICP through Nuvoton
ICP programmer. The ICP programmer developed by Nuvoton has been optimized according to the
electric characteristics of MCU. It also satisfies the stability and efficiency during production progress.

For more details, please visit Nuvoton 8-bit Microcontroller website: Nuvoton 80C51 Microcontroller

Technical Support.
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29. CONFIG BYTES

The N76E616 has several hardware configuration bytes, called CONFIG, those are used to configure
the hardware options such as the security bits, system clock source, and so on. These hardware
options can be re-configured through the parallel Writer, In-Circuit-Programming (ICP), or In-
Application-Programming (IAP). Several functions, which are defined by certain CONFIG bits, are also
available to be re-configured by SFR. Therefore, there is a need to load such CONFIG bits into
respective SFR bits. Such loading will occur after resets. These SFR bits can be continuously

controlled via user’s software.

CONFIG bits marked as “‘should always keep un-programmed.

CONFIGO
7 6 4 2 1 0
CBS - OCDEN RPD LOCK -
R/W - R/W R/W R/W -
Factory default value: 1111 1111b
Bit Name Description
7 CBS CONFIG boot select
This bit defines from which block that MCU re-boots after resets except
software reset.
1 = MCU will re-boot from APROM after resets except software reset.
0 = MCU will re-boot from LDROM after resets except software reset.
6:5 - Reserved
4 OCDEN OCD enable
1 = OCD Disabled.
0 = OCD Enabled.
3 - Reserved
2 RPD Reset pin disable
1 = The reset function of P3.6/RST pin Enabled. P3.6/RST functions as the
external reset pin.
0 = The reset function of P3.6/RST pin Disabled. P3.6/RST functions as an
input-only pin P3.6.
1 LOCK Chip lock enable
1 = Chip is unlocked. Flash Memory is not locked. Their contents can be read
out through a parallel Writer/ICP programmer.
0 = Chip is locked. Whole Flash Memory is locked. Their contents read
through a parallel Writer or ICP programmer will be all blank (FFH).
Programming to Flash Memory is invalid.
Note that CONFIG bytes are always unlocked and can be read. Hence, once
the chip is locked, the CONFIG bytes cannot be erased or programmed
individually. The only way to disable chip lock is execute “Whole Chip Erase”.
However, all data within the Flash Memory and CONFIG bits will be erased
when this procedure is executed.
If the chip is locked, it does not alter the IAP function.
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CONFIGO

7

6 5 4 3 2 1 0

[ cBs |

OCDEN RPD

; Software reset does not reload this bit

CHPCON

7

6 5 4 3 2 1 0

SWRST

IAPFF BS IAPEN

CONFIG1

Figure 29-1. CONFIGO Any Reset Reloading

7

2 |1 ]

LDSIZE[2:0]

R/W

Factory default value: 1111 1111b

Bit

Name

Description

2:0

CONFIG2

LDSIZE[2:0]

LDROM size select

This field selects the size of LDROM.

111 = No LDROM. APROM is 18K Bytes.

110 = LDROM is 1K Bytes. APROM is 17K Bytes.
101 = LDROM is 2K Bytes. APROM is 16K Bytes.
100 = LDROM is 3K Bytes. APROM is 15K Bytes.
0xx = LDROM is 4K Bytes. APROM is 14K Bytes.

7

5 | 4 2 1 0

CBODEN

CBOV[1:0] BOIAP CBORST - -

R/W

R/W R/W R/W - -

Factory default value: 1111 1111b

Bit

Name

Description

CBODEN

CONFIG brown-out detect enable
1 = Brown-out detection circuit on.
0 = Brown-out detection circuit off.

Reserved

5:4

CBOV[1:0]

CONFIG brown-out voltage select
11 = Veop is 2.2V.
10 = Veop is 2.7V.
01l= VBob is 3.8V.
00 = Vgop is 4.3V.

BOIAP

Brown-out inhibiting IAP

This bit decides whether IAP erasing or programming is inhibited by brown-out
status. This bit is valid only when brown-out detection is enabled.

1 = IAP erasing or programming is inhibited if Vpp is lower than Vgop.

0 = IAP erasing or programming is allowed under any workable Vpp.
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CBORST

CONFIG brown-out reset enable

This bit decides whether a brown-out reset is caused by a power drop below
VBop.

1 = Brown-out reset Enabled.

0 = Brown-out reset Disabled.
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CONFIG2 | 7 6 5 | 4 3 2 1 0

CBODEN - [ CBOV[1:0] || BOIAP |[CBORST - -

BODCONO 7 6 5 ‘ 4 3 2 1 0
BODEN - [ BOV[1:0] ||  BOF BORST BORF BOS

Figure 29-2. CONFIG2 Power-On Reset Reloading

CONFIG4
7 | 6 | 5 | 4 3 2 1 0
WDTEN][3:0] - - - -
R/W - - - -
Factory default value: 1111 1111b
Bit Name Description

7:4 | WDTENJ[3:0] | WDT enable

This field configures the WDT behavior after MCU execution.

1111 = WDT is Disabled. WDT can be used as a general-purpose timer via
software control.

0101 = WDT is Enabled as a time-out reset timer and it stops running during
Idle or Power-down mode.

Others = WDT is Enabled as a time-out reset timer and it keeps running during

Idle or Power-down mode.

3.0 - Reserved
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30. INSTRUCTION SET

The N76E616 executes all the instructions of the standard 80C51 family fully compatible with MCS-51.
However, the timing of each instruction is different for it uses high performance 1T 8051 core. The
architecture eliminates redundant bus states and implements parallel execution of fetching, decode,
and execution phases. The N76E616 uses one clock per machine-cycle. It leads to performance
improvement of rate 8.1 (in terms of MIPS) with respect to traditional 12T 80C81 device working at the
same clock frequency. However, the real speed improvement seen in any system will depend on the

instruction mix.

All instructions are coded within an 8-bit field called an OPCODE. This single byte should be fetched
from Program Memory. The OPCODE is decoded by the CPU. It determines what action the CPU will
take and whether more operation data is needed from memory. If no other data is needed, then only
one byte was required. Thus, the instruction is called a one-byte instruction. In some cases, more data

is needed, which is two or three byte instructions.

Table 30-1 lists all instructions for details. The note of the instruction set and addressing modes are

shown below.

Rn (n=0~7) Register RO to R7 of the currently selected Register Bank.

direct 8-bit internal data location’s address. It could be an internal data RAM
location
(O0H to 7FH) or an SFR (80H to FFH).

@Ri (i=0,1) 8-bit internal data RAM location (O0OH to FFH) addressed indirectly

through re-
gister RO or R1.
#data 8-bit constant included in the instruction.
#datal6 16-bit constant included in the instruction.
addrl6 16-bit destination address. Used by LCALL and LIJMP. A branch can
be any-
where within the Program Memory address space.
addrl1l 11-bit destination address. Used by ACALL and AJMP. The branch will
be
within the same 2K-Byte page of Program Memory as the first byte of
the following instruction.
rel Signed (2’s complement) 8-bit offset Byte. Used by SIMP and all
conditional
branches. The range is -128 to +127 Bytes relative to first byte of the
following
instruction.
bit Direct addressed bit in internal data RAM or SFR.
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Table 30-1. Instruction Set for N76E616

N76E616 V.S.
Instruction OPCODE Bytes Clock Cycles | Tradition 80C51
Speed Ratio
NOP 00 1 1 12
ADD A, Rn 28~2F 1 2 6
ADD A, direct 25 2 3 4
ADD A, @RI 26, 27 1 4 3
ADD A, #data 24 2 2 6
ADDC A, Rn 38~3F 1 2 6
ADDC A, direct 35 2 3 4
ADDC A, @RI 36, 37 1 4 3
ADDC A, #data 34 2 2 6
SUBB A, Rn 98~9F 1 2 6
SUBB A, direct 95 2 3 4
SUBB A, @RI 96, 97 1 4 3
SUBB A, #data 94 2 2 6
INC A 04 1 1 12
INC Rn 08~0F 1 3 4
INC direct 05 2 4 3
INC @Ri 06, 07 1 5 2.4
INC DPTR A3 1 1 24
DEC A 14 1 1 12
DEC Rn 18~1F 1 3 4
DEC direct 15 2 4 3
DEC @RI 16, 17 1 5 2.4
MUL  AB Ad 1 4 12
DIV AB 84 1 4 12
DA A D4 1 1 12
ANL A Rn 58~5F 1 2 6
ANL A, direct 55 2 3 4
ANL A, @Ri 56, 57 1 4 3
ANL A, #data 54 2 2 6
ANL direct, A 52 2 4 3
ANL direct, #data 53 3 4 6
ORL A, Rn 48~4F 1 2 6
ORL A, direct 45 2 3 4
ORL A, @RI 46, 47 1 4 3
ORL A, #data 44 2 2 6
ORL direct, A 42 2 4 3
ORL direct, #data 43 3 4 6
XRL A, Rn 68~6F 1 2 6
XRL A, direct 65 2 3 4
XRL A, @RI 66, 67 1 4 3
XRL A, #data 64 2 2 6
XRL direct, A 62 2 4 3
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Table 30-1. Instruction Set for N76E616

N76E616 V.S.
Instruction OPCODE Bytes Clock Cycles | Tradition 80C51
Speed Ratio
XRL direct, #data 63 3 4 6
CLR A E4 1 1 12
CPL A F4 1 1 12
RL A 23 1 1 12
RLC A 33 1 1 12
RR A 03 1 1 12
RRC A 13 1 1 12
SWAP A C4 1 1 12
MOV A, Rn E8~EF 1 1 12
MOV A, direct E5 2 3 4
MOV A, @Ri E6, E7 1 4 3
MOV A, #data 74 2 2 6
MOV  Rn, A F8~FF 1 1 12
MOV Rn, direct A8~AF 2 4 6
MOV Rn, #data 78~7F 2 2 6
MOV  direct, A F5 2 2 6
MOV  direct, Rn 88~8F 2 3 8
MOV  direct, direct 85 3 4 6
MOV  direct, @RI 86, 87 2 5 4.8
MOV direct, #data 75 3 3 8
MOV @RI, A F6, F7 1 3 4
MOV @RI, direct A6, A7 2 4 6
MOV @RI, #data 76,77 2 3 6
MOV  DPTR, #datal6 90 3 3 8
MOVC A, @A+DPTR 93 1 4 6
MOVC A, @A+PC 83 1 4 6
MOVX A, @Ri™ E2, E3 1 5 4.8
MOVX A, @DPTRY™ EO 1 4 6
MOVX @Ri, A" F2, F3 1 6 4
MOVX @DPTR, A FO 1 5 4.8
PUSH direct Co 2 4 6
POP direct DO 2 3 8
XCH A, Rn C8~CF 1 2 6
XCH A, direct C5 2 3 4
XCH A, @RI C6, C7 1 4 3
XCHD A, @Ri D6, D7 1 5 2.4
CLR C C3 1 1 12
CLR bit c2 2 4 3
SETB C D3 1 1 12
SETB  bit D2 2 4 3
CPL C B3 1 1 12
CPL bit B2 2 4 3
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Table 30-1. Instruction Set for N76E616

N76E616 V.S.
Instruction OPCODE Bytes Clock Cycles | Tradition 80C51
Speed Ratio
ANL C, bit 82 2 3 8
ANL C, /bit BO 2 3 8
ORL C, bit 72 2 3 8
ORL C, /bit AO 2 3 8
MOV  C, bit A2 2 3 4
MOV  bhit, C 92 2 4 6
ACALL addril 11, 31, 51, 71, 2 4 6
91, B1, D1, F1¥
LCALL addri6 12 3 4 6
RET 22 1 5 4.8
RETI 32 1 5 4.8
AJMP  addrll 01, 21, 41, 61, > 3 8
81, Al, C1, E1¥®
LIMP  addrlé6 02 3 4 6
SIMP  rel 80 2 3 8
JMP @A+DPTR 73 1 3 8
Jz rel 60 2 3 8
JNZ rel 70 2 3 8
JC rel 40 2 3 8
JNC rel 50 2 3 8
JB bit, rel 20 3 5 4.8
JNB bit, rel 30 3 5 4.8
JBC bit, rel 10 3 5 4.8
CIJNE A, direct, rel B5 3 5 4.8
CINE A, #data, rel B4 3 4 6
CJIJNE R, #data, rel B8~BF 3 4 6
CIJNE @RI, #data, rel B6, B7 3 6 4
DIJNZ Rn,rel D8~DF 2 4 6
DJINZ  direct, rel D5 3 5 4.8

[1] The N76E616 does not have external memory bus. MOVX instructions are used to access
internal XRAM.

[2] The most three significant bits in the 11-bit address [A10:A8] decide the ACALL hex code.
The code will be [A10,A9,A8,1,0,0,0,1].

[3] The most three significant bits in the 11-bit address [A10:A8] decide the AJMP hex code.
The code will be [A10,A9,A8,0,0,0,0,1].
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31. ELECTRICAL CHARACTERISTICS

31.1 Absolute Maximum Ratings

Parameter Rating Unit
Operating temperature under bias (Txa) -40 to +105 °C
Storage temperature range -55 to +150 °C
Voltage on VDD pin to GND pin -0.31t0 +6.3 \%
Voltage on any other pin to GND pin -0.3 to (Vpp+0.3) \%

N76E616 Datasheet

—

Stresses at or above those listed under “Absolute Maximum Ratings” may cause permanent damage

to the device. It is a stress rating only and functional operation of the device at these or any other

conditions above those indicated in the operational sections of this specification is not implied.

Exposure to absolute maximum rating conditions may affect device reliability.

31.2 D.C. Electrical Characteristics

Table 31-1. D.C. Electrical Characteristics

Symbol Parameter Condition Min. Typ. Max. Unit
Supply voltage
Vpp | Operating voltage F=0to 16 MHz 2.4 - 5.5 \%
I/O
Vi Input low voltage Vpp-0.3 - 0.2Vpp-0.1 \%
(/0 with TTL input) 2.4V < Voo < 5.5V
Viiz | Input low voltage Vpp-0.3 - 0.3Vop \%
(I/O with Schmitt trigger input and | 2.4V < Vpp < 5.5V
XIN)
Viz | Input low voltage (RST) 2.4V < Vpp <5.5V Vpp-0.3 - 0.2Vpp
ViH Input high voltage 0.2Vpp+0.9 - Vpp+0.3
(/O with TTL input) 24V < Voo < 5.5V
ViH1 Input hlgh voltage 0.7Vop - Vpp+0.3 Vv
(I/O with Schmitt trigger input 2.4V < Vpp < 5.5V
RST, and XIN)
Voo | Output low voltage!™ Vop = 4.5V, lo. = 10mA - - 0.4 \Y;
(Normal output strength, all modes — —
except input-only) Voo = 3.0V, loL = 7mA B B 0.4
Vpp = 2.4V, lo. = 5mA - - 0.4
Vour | Output low voltage!™ Vop = 4.5V, loL = 32mA - - 0.4 \Y
(P1.0 to P1.3 with large output — —
strength, all modes except input- Vop = 3.0V, loL = 24mA ) ) 0.4
only) Vop = 2.4V, loL = 18mA - - 0.4
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Symbol Parameter Condition Min. Typ. Max. Unit
Von | Output high voltage Vpp = 4.5V, lon = -360pA 2.4 - - \%
(quasi-bidirectional mode)
VDD = 3.0V, |OH = -90|JA 2.4 - -
VDD = 2.4V, IOH = -50|JA 2.0 - -
Von1 | Output high voltage Vpp = 4.5V, lon = -20mA 2.4 - - \%
(Normal output strength, push-pull
mode) Vpp = 3.0V, lon = -5.5mA 2.4 - -
Vpp = 2.4V, lon = -3mMA 2.0 - -
Vorz | Output high voltage Vop = 4.5V, lon = -32mA 2.4 - - Vv
(P1.0 to P1.3 with large output ~ ~
strength, push-pull mode) Vop = 3.0V, low = -8mA 2.4 - -
Vpp = 2.4V, lon = -4mA 2.0 - -
I Logical 0 input current Vpp = 5.5V, Vin = 0.4V - - -75 MA
(quasi-bidirectional mode)
lt.  |Logical 1-to-0 transition current” [ Vpp = 5.5V, Viy = 2.0V -- -500 -650 pA
(quasi-bidirectional mode)
I Input leakage current 0 <Vin<Vbp - 1 +10 MA
(open-drain or input-only mode)
Rrst | RST pin internal pull-low resistor 2.4V < Vpp < 5.5V 50 - 600 kQ
Supply current
loo | Normal operating current® HXT, Vb = 5.0V - 5.1 - mA
HXT, Vop = 3.3V - 3.9 -
HIRC, Vpp = 5.0V - 2.9 - mA
HIRC, Vpp = 3.3V - 2.8 -
LXT, Vpp = 5.0V - 180 - MA
LXT, Vpp = 3.3V - 165 -
LIRC, Vpp = 5.0V - 175 - MA
LIRC, Vpp = 3.3V - 160 -
lioL Idle mode current HXT, Vpp = 5.0V - 3.5 - mA
HXT, Vop = 3.3V - 2.2 -
HIRC, Vpp = 5.0V - 1.8 - mA
HIRC, Vpp = 3.3V - 1.7 -
LXT, Vpp = 5.0V - 180 - MA
LXT, Vpp = 3.3V 165
LIRC, Vpp = 5.0V - 175 - MA
LIRC, Vpp = 3.3V - 160 -
Ipp Power-down mode current (BOD | Ta=25C - 6.5 8 MA
off, LXT off)
Ta=-40C to +105C - 40 80 MA
oz | Power-down mode current (BOD |Ta =25C - 8.5 11 MA
off, LXT on, XTGS[1:0] = [0,1])
Ta=-40C to +105C - 44 85 MA
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[1] Under steady state (non-transient) conditions, lo. must be externally limited as follows,
Maximum loL per port pin: 40mA
Maximum total lo. for all outputs:  120mA
[2] Pins of all ports in quasi-bidirectional mode source a transition current when they are being externally driven
from 1 to 0. The transition current reaches its maximum value when V\y is approximately 2V.

[3] It is measured while MCU keeps in running “SIMP $” loop continuously. All pins of ports are configured as
quasi-bidirectional mode.
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31.3 A.C. Electrical Characteristics

Table 31-2. System Clock A.C. Electrical Characteristics

Symbol Parameter Min. Typ. Max. Unit
External clock input frequency (ECLK) 0 - 16 MHz
1/ tcice | High-speed crystal/resonator frequency (HXT) 2 - 16
Low-speed crystal/resonator frequency (LXT) - 32.768 - kHz
teHex External clock input high time 30 - - ns
teLex External clock input low time 30 - - ns
teLeH External clock input rise time - - 10 ns
teHeL External clock input fall time - - 10 ns
Voe-0.5

0.45V

Figure 31-1. External Clock Input Timing

Table 31-3. Internal Oscillator A.C. Electrical Characteristics

Symbol Parameter Condition FDreq_ue_ncy Min. Typ. Max. Unit
eviation
Frire | High-speed 11.059 MHz Vpp = 5.0V, 1% 10.948 11.059 11.170 MHz
oscillator frequency (HIRC) Ta=25T
Vpp = 2.4V t0 5.5V, 5% 10.506 11.612
Ta=-40C to +105C
Furc |Low-speed 10 kHz oscillator Vpp = 2.4V to 5.5V, 50% 5 10 15 kHz
frequency (LIRC) Ta=-40C to +105C
Table 31-4. Power-Down Wake-Up A.C. Electrical Characteristics
Symbol Parameter Condition Min. Typ. Max. Unit
Teowk | Power-down wake-up time Fsys = HIRC - 40 - us
Fsvs = HXT, F = 16 MHz - 600 -
Table 31-5. External Reset Pin A.C. Electrical Characteristics
Symbol Parameter Condition Min. Typ. Max. Unit
Trst | RST pin detect pulse width Vpp = 2.4V to 5.5V - 24/Fsys 450 Us
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31.4 Analog Electrical Characteristics

Table 31-6. POR Electrical Characteristics

N76E616 Datasheet

Symbol Parameter Condition Min. Typ. Max. Unit
Veor | Power-on reset voltage Ta=-407C to +105C 1.6 2.0 2.4 \%
Trorrp | POwer-on reset release delay | Vpp = 2.4V to 5.5V - 5 - ms
Table 31-7. BOD Electrical Characteristics
Symbol Parameter Condition Min. Typ. Max. Unit
Veopo | Brown-out threshold 4.3V BOVI[1:0] = [0,0] 4.1 4.3 4.5 \%
Veop1 |Brown-out threshold 3.8V BOV[1:0] =[0,1] 35 3.7 3.9 \%
Veopz | Brown-out threshold 2.7V BOVI[1:0] = [1,0] 2.55 2.7 2.85 \%
Veopz | Brown-out threshold 2.2V BOV[1:0] = [1,1] 2.05 2.2 2.35 \%
Veopnys | Brown-out hysteresis LPBODI[1:0] = [0,0] only 30 - 200 mV
lsop | Brown-out quiescent current Vpp =5V, LPBOD[1:0] = [0,0] - 180 260 MA
Vop = 5V, LPBODI[1:0] = [0,1] - 25 35
Vop = 5V, LPBOD[1:0] = [1,0] - 6 9
Voo = 5V, LPBOD[1:0] = [1,1] - 2 35
Teoo |Brown-out detect pulse width | Vpp = 2.4V to 5.5V See Table 24-2 -
Teopen | Brown-out enable time Vpp = 2.4V to 5.5V 2 - 3 1/Fuire
Table 31-8. Band-gap Electrical Characteristics
Symbol Parameter Condition Min. Typ. Max. Unit
Vee |Band-gap voltage Ta=-40C to +105C 1.15 1.21 1.27 \Y,
Tscen |Band-gap enable time Vpp = 2.4V to 5.5V 1 - 2 1/FuLre
Table 31-9. ADC Electrical Characteristics
Symbol Parameter Condition Min. Typ. Max. Unit
Vavoo |ADC supply voltage - 2.4 - 5.5 \%
lavop | ADC supply current Vpp =5V - 500 650 MA
Van | Analog input voltage - 0 - Vbp \%
Nr Resolution Vpp = 2.4V t0 5.5V 10 bit
Vpp =5V, Ta = 25T, - +3.5 - LSB
Conversion rate = 300 ksps
Vpp = 2.4V to 5.5V, - - +6 LSB
DNL Differential non-linearity error | Ta =-40C to +105C,
Conversion rate = 300 ksps
Vop = 2.4V to 5.5V, - - +2 LSB
Ta =-407C to +105C,
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Symbol Parameter Condition Min. Typ. Max. Unit

Conversion rate = 150 ksps

Vop =5V, Ta =257, - +2 - LSB
Conversion rate = 300 ksps
Vpp = 2.4V to 5.5V, -4.5 - +2.5 LSB

Ta=-40C to +1057C,
Conversion rate = 300 ksps

Vpp = 2.4V to 5.5V, -1.5 - +1.5 LSB
Ta=-40C to +1057C,
Conversion rate = 150 ksps

Vpp = 2.4V to 5.5V, -1 - +3 LSB
Ta=-40C to +105C,
Conversion rate = 300 ksps

Vop = 2.4V to 5.5V, -1 - +2.5 LSB
Ta=-40C to +105C,
Conversion rate = 150 ksps

FE Full scale error Vpop = 2.4V t0 5.5V, -3 - -0.5 LSB
Ta =-40C to +105C,
Conversion rate = 300 ksps

INL [Integral non-linearity error

OE Offset error

Vpp =5V, Ta= 25T, - +5 - LSB
Conversion rate = 300 ksps
Vpp = 2.4V t0o 5.5V, - - +8 LSB

Ta =-40C to +105%C,
Conversion rate = 300 ksps

TUE | Total un-adjust error Voo = 5V, Ta = 257, - 425 - LSB
Ta=-40C to +105C,
Conversion rate = 150 ksps

Vpp = 2.4V to 5.5V, - - +4 LSB
Ta=-40C to +105C,
Conversion rate = 150 ksps

- Monotonicity Vpp = 2.4V t0 5.5V Guaranteed -
Fapc | ADC clock frequency Vpp = 2.4V to 5.5V 0.01 - 4 MHz
Ts Sampling time (software Vpp = 2.4V to 5.5V 6 - 261 1/Fapc
programmable)
Tconv | Total conversion time Vpp = 2.4V t0 5.5V Ts+ 12 1/Fapc
Taocen |ADC enable time Vpp = 2.4V to 5.5V - - 10 VS
Rin  [ADC input equivalent resistor |Vpp = 2.4V to 5.5V - 25 - kQ
Cin | ADC input equivalent capacitor | Vpp = 2.4V to 5.5V - 3.6 - pF
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Table 31-10. LCD Driver Electrical Characteristics

Symbol Parameter Condition Min. Typ. Max. Unit
Vico |LCD supply voltage - 3.0 - 55 \%
Ileco | LCD supply current Viep = 5V, RSEL[1:0] = [0,0], - 35 40 MA

frame rate = 64 Hz, 1/4 duty, 1/3
bias, all SEG pins enable, display
disconnect

Vico = 5V, RSEL[1:0] = [0,1], - 18 20
frame rate = 64 Hz, 1/4 duty, 1/3
bias, all SEG pins enable, display
disconnect

Vicp = 5V, RSEL[1:0] = [1,0], - 10 11
frame rate = 64 Hz, 1/4 duty, 1/3
bias, all SEG pins enable, display
disconnect
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32. PACKAGE DIMENSIONS
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COTROL DIMENSIONS ARE IN MILLIMETERS.

MILLIMETER INCH
SYMBOL

MIN. | NOM.| MAX. | MIN. | NOM.| MAX.

A — | — | 1860 — | — |0.063

A1 10.05 ] 0.10 | 0.15 [0.002|0.004|0.006

A2 1.35 | 1.40 | 1.45 ]0.055|0.055|0.057

D1 ]16.90 | 7.00 | 7.10 |0.272|0.276|0.280

ET |6.90| 7.00 | 7.10 |0.272]0.276/0.280

0.35 | 0.50 | 0.65 |0.014 |0.020|0.026
8.9 9.00 |9.10 ]0.350|0.354|0.358

€
D
E 8.9 9.00 | 9.10 |0.350|0.354 |0.358
L 0.45 ] 0.60| 0.75]0.018[0.024]0.030

L1 — | 1.00| — | — ]0.039| —
C 009 | — | 0.20 p.004 —0.0079
6 o — 7o — 7

b 0.17 | 0.22 | 0.27 |0.007 p.0087/0.011

Figure 32-1. LQFP-48 (7x7x1.4mm footprint 2.0mm) Package Dimension
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33. DOCUMENT REVISION HISTORY

Revision Date Description
1.00 2015/9/1 Preliminary version.
1.01 2016/2/20 1. Chapter.4 Modify pin assignment part no. name add N76E616AL48 into
the picture

2. Chapter 5. Modify RAM access description.
Before: All bytes in the lower 128 Bytes space can be accessed by either
direct or indirect addressing. Indirect addressing can only access the
upper 128 Bytes.
After: Either direct or indirect addressing can access the lower 128 Bytes
space. But the upper 128 Bytes can only be accessed by indirect
addressing.

Important Notice

Nuvoton Products are neither intended nor warranted for usage in systems or equipment, any
malfunction or failure of which may cause loss of human life, bodily injury or severe property
damage. Such applications are deemed, “Insecure Usage”.

Insecure Usage includes, but is not limited to: equipment for surgical implementation, atomic
energy control instruments, airplane or spaceship instruments, the control or operation of
dynamic, brake or safety systems designed for vehicular use, traffic signal instruments, all
types of safety devices, and other applications intended to support or sustain life.

All Insecure Usage shall be made at customer’s risk, and in the event that third parties lay
claims to Nuvoton as a result of customer’s Insecure Usage, customer shall indemnify the
damages and liabilities thus incurred by Nuvoton.

Please note that all data and specifications are subject to change without natice.
All the trademarks of products and comparnies mentioned in this datasheet belong to their respective owners.
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