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6/5/4/3/2/1-Phase Synchronous-Rectified Buck Controller
for Next Generation GPU Core Power

Selectable 6/5/4/3/2/1-Phase Operation by

Hardware Setting

Precision Core Voltage Regulation

Differential Remote Voltage Sensing

Continuous Inductor DCR Current Sensing

I2C Interface

Voltage Adjustment

Switching Frequency Adjustment

Operating Phase Number Adjustment

High Accuracy Reference Voltage

0.5% Accuracy

Selectable Initial Voltage

I2C Programmable Output Voltage

Over-Current Protection

Over/Under-Voltage Protection

Adjustable Soft-Start

Programmable Operation Frequency from 100kHz

to 1MHz per Phase

RoHS Compliant and Halogen Free

rebmuNredrO egakcaP gnikraMpoT

JGQP7361Pu L04-5x5NFQV P7361Pu

General Description

Applications

Features

GPU Core Power Supplies

Ordering Information

Pin Configuration

The uP1637 is an 6/5/4/3/2/1-phase PWM controller

specifically  designed to provide high-precision output

voltage system for next generation GPUs. The uP1637

works with tables which programed by I2C. The controller

also includes programmable output voltage and active

voltage positioning functions to adjust the output voltage

as a function of the load current, so it is optimally positioned

for a load current transient.

The uP1637 adopts continuous DCR current sensing for

load line programming and channel current balance. The

uP1637 also provides accurate and reliable over current

protection, over voltage protection and a delayed power

good output. The uP1637 includes an I2C interface,

allowing the controller to communicate with other devices.

Signals sent over the I2C bus can command the uP1637

to adjust output voltage, switching frequency and operating

phase number in different load current state.

The uP1637 is available in VQFN5x5-40L package.

Note: uPI products are compatible with the current IPC/
JEDEC J-STD-020 requirement. They are halogen-free,
RoHS compliant and 100% matte tin (Sn) plating that are
suitable for use in SnPb or Pb-free soldering processes.
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Typical Application Circuit

Load
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Functional Block Diagram

Modulator
Waveform
Generator

Power- On 
Reset

Channel 
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VID Table 
Generator

ISEN[N] > 50uA

A/D Converter I2C Interface
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Functional Pin Description

.oN emaN noitcnuFniP

1 1NSI

.1esahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevnI foyawdimehtotnipsihteiT
ebdluohsrotcudni1lennahcfoedisEROCVehT.roticapacgnisnes1lennahcfoedisEROCV
dluohs1rotcudnifoedisEROCVehtot1NSIneewtebecnatsiserehT.elbissopsaesolcsadecalp

.noitaredisnocotninekatebdluohsecnatsiserecartBCP.elbissopsalauqesaeb

2 2NSI

.2esahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevnI foyawdimehtotnipsihteiT
ebdluohsrotcudni2lennahcfoedisEROCVehT.roticapacgnisnes2lennahcfoedisEROCV
dluohs2rotcudnifoedisEROCVehtot2NSIneewtebecnatsiserehT.elbissopsaesolcsadecalp

.noitaredisnocotninekatebdluohsecnatsiserecartBCP.elbissopsalauqesaeb

3 2PSI

.2esahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevni-noN rofdesusinipsihT
tnerruclennahcrofdesusitnerrucdesnesehT.tnerructuptuo2lennahcgnisnesyllaitnereffid

gnidnuorrusstnemeleesnesCRehtneewtebedonehtotnipsihttcennoC.noitcetorpdnagnicnalab
.rotcudnieht

4 3PSI

.3esahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevni-noN rofdesusinipsihT
tnerruclennahcrofdesusitnerrucdesnesehT.tnerructuptuo3lennahcgnisnesyllaitnereffid

gnidnuorrusstnemeleesnesCRehtneewtebedonehtotnipsihttcennoC.noitcetorpdnagnicnalab
.rotcudnieht

5 3NSI

.3esahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevnI foyawdimehtotnipsihteiT
ebdluohsrotcudni3lennahcfoedisEROCVehT.roticapacgnisnes3lennahcfoedisEROCV
dluohs3rotcudnifoedisEROCVehtot3NSIneewtebecnatsiserehT.elbissopsaesolcsadecalp

.noitaredisnocotninekatebdluohsecnatsiserecartBCP.elbissopsalauqesaeb

6 4NSI

.4esahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevnI foyawdimehtotnipsihteiT
ebdluohsrotcudni4lennahcfoedisEROCVehT.roticapacgnisnes4lennahcfoedisEROCV
dluohs4rotcudnifoedisEROCVehtot4NSIneewtebecnatsiserehT.elbissopsaesolcsadecalp

.noitaredisnocotninekatebdluohsecnatsiserecartBCP.elbissopsalauqesaeb

7 4PSI

.4esahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevni-noN rofdesusinipsihT
tnerruclennahcrofdesusitnerrucdesnesehT.tnerructuptuo4lennahcgnisnesyllaitnereffid

gnidnuorrusstnemeleesnesCRehtneewtebedonehtotnipsihttcennoC.noitcetorpdnagnicnalab
.rotcudnieht

8 5PSI

.5esahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevni-noN rofdesusinipsihT
tnerruclennahcrofdesusitnerrucdesnesehT.tnerructuptuo5lennahcgnisnesyllaitnereffid

gnidnuorrusstnemeleesnesCRehtneewtebedonehtotnipsihttcennoC.noitcetorpdnagnicnalab
.rotcudnieht

9 5NSI

.5esahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevnI foyawdimehtotnipsihteiT
ebdluohsrotcudni5lennahcfoedisEROCVehT.roticapacgnisnes5lennahcfoedisEROCV
dluohs5rotcudnifoedisEROCVehtot5NSIneewtebecnatsiserehT.elbissopsaesolcsadecalp

.noitaredisnocotninekatebdluohsecnatsiserecartBCP.elbissopsalauqesaeb

01 6NSI

.6esahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevnI foyawdimehtotnipsihteiT
ebdluohsrotcudni6lennahcfoedisEROCVehT.roticapacgnisnes6lennahcfoedisEROCV
dluohs6rotcudnifoedisEROCVehtot6NSIneewtebecnatsiserehT.elbissopsaesolcsadecalp

.noitaredisnocotninekatebdluohsecnatsiserecartBCP.elbissopsalauqesaeb

11 6PSI

.6esahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevni-noN rofdesusinipsihT
tnerruclennahcrofdesusitnerrucdesnesehT.tnerructuptuo6lennahcgnisnesyllaitnereffid

gnidnuorrusstnemeleesnesCRehtneewtebedonehtotnipsihttcennoC.noitcetorpdnagnicnalab
.rotcudnieht

21 CCV5
.CIehtroftupnIylppuS otnipsihttcennoC.retlifCRhtiwecruosegatlovV5aotnipsihttcennoC

.roticapaccimarecFu1.0agnisuelpuoceddnaylppusV5a
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Functional Pin Description

.oN emaN noitcnuFniP

31 MT .rotinoMlamrehT

41 1R .gnitteSegatloVtuptuOlaitinI .egatlovTOOBVehttesotnipsihtnoredividegatlovatcennoC

51 1MWP
.1esahProftuptuOMWP tupniehtotdetcennocsituptuohcaE.tuptuonoitaludomhtdiwesluP

.5591PuehtsahcusrevirdTEFSOMlanretxefo

61 2MWP
.2esahProftuptuOMWP tupniehtotdetcennocsituptuohcaE.tuptuonoitaludomhtdiwesluP

.5591PuehtsahcusrevirdTEFSOMlanretxefo

71 3MWP
.3esahProftuptuOMWP tupniehtotdetcennocsituptuohcaE.tuptuonoitaludomhtdiwesluP

.5591PuehtsahcusrevirdTEFSOMlanretxefo

81 4MWP
.4esahProftuptuOMWP tupniehtotdetcennocsituptuohcaE.tuptuonoitaludomhtdiwesluP

.5591PuehtsahcusrevirdTEFSOMlanretxefo

91 5MWP
.5esahProftuptuOMWP tupniehtotdetcennocsituptuohcaE.tuptuonoitaludomhtdiwesluP

.5591PuehtsahcusrevirdTEFSOMlanretxefo

02 6MWP
.6esahProftuptuOMWP tupniehtotdetcennocsituptuohcaE.tuptuonoitaludomhtdiwesluP

.5591PuehtsahcusrevirdTEFSOMlanretxefo

12 DGRWP
.noitacidnIdooGrewoP sissecorptratstfosehtsetacidnitahttuptuoniard-neponasinipsihT

.sneppahtluafondnaetelpmoc

22 ADS .ecafretnIC2IrofataD .subC2IehtfoenilatadlanoitceridibehtotADStcennoC

32 KLCS IrofkcolC 2 .ecafretnIC .subC2IehtroflangiskcolcehtotKLCStcennoC

42 #TOHRV
.tuptuOgninraWerutarepmeThgiH egatlovtuptuoehtnehwecnadepmihgihottessinipsihT

gninrawerutarepmetrevosdeecxeerutarepmetdesnesnehwwoldellupdnanoitalugernihtiwsi
.level

52 NOMI
gnitteStnerruCrevOdnanoitacidnItnerruCtuptuO dnanipsihtneewtebrotsiseratcennoC.

tuptuorofsdnetnioslanipsihT.noitcetorptnerrucrevorofleveldlohserhtreggirtehttesotDNG
.tnerructuptuoehtotlanoitroporpyltceridsiegatlovstiecnisnoitacidnitnerruc

,72,62
82

0/1/2DIV .yalPrewoProf0/1/2stupnIlatigiD .liatedrofsnoitcesdetalerehteeS
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Functional Pin Description

.oN emaN noitcnuFniP

92 #ISP
.UPGmorftupnIrotacidnIetatSrewoP ,wolseog#ISPUPGnehW.langiswolevitcanasi#ISP

.ycneiciffedaolthgilevorpmiotrebmunesahpgnitarepoehtecuderlliwrellortnoc

03 RDDA/NE

.ecafretnIC2IrofnoitceleSsserddAdnaelbanEpihC stuhsV4.0nahtrewolnipsihtgnilluP
ybdesueblliwsesserddaC2Ievalstib-8owtehtfohcihwstcelesoslanipehT.ecivedehtnwod
nipsihtgnitcennoC.E8sserddaesoohclliwV52.2nahtrehgihnipsihtgnitcennoC.rellortnoceht

.C8sserddaesoohclliwV57.1~V50.1neewteb

13 CN .detcennoCtoN

23 TUOV
.tupnInoitceteDegatloVtuptuO ehtotnipsihttcennoC.noitalugeregatlovrofdesusiTUOV

.RVfotenTUOV

33 NTRBF
.nruteRkcabdeeF tuptuoehtfognisnesetomerrofecnereferreifilpmarorrednaCADDIV

.egatlov

43 SS
.tratStfoS lluP.emitpu-pmartratstfosehtstesNTRBFdnaSSneewtebdetcennocroticapacA

.rellortnocehtnwodtuhslliwDNGotnipsiht

53 QCAD .tuptuOCAD

63 PAE
.reifilpmArorrEehtfotupnIgnitrevnI-noN ehttesotCADotnipsihtmorfrotsiseratcennoC

.epolsenildaol

73 BF .niPkcabdeeF .reifilpmarorreehtfotupnignitrevniehtsinipsihT

83 PMOC .tuptuOnoitasnepmoC reifilpmarorreehtfotuptuoehtsinipsihT

93 TR
.gnimmargorPycneuqerFgnihctiwS ehttesotDNGotnipsihtmorfrotsiseratcennoC

.ycneuqerfgnihctiws

04 1PSI

.1esahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevni-noN rofdesusinipsihT
tnerruclennahcrofdesusitnerrucdesnesehT.tnerructuptuo1lennahcgnisnesyllaitnereffid
stnemeleesnesCRehtneewtebedonehtotnipsihttcennoC.noitcetorpdnagnicnalab

.rotcudniehtgnidnuorrus

daPdesopxE .dnuorG .elbaliavanoitcennocecnadepmitsewolehthguorhtenalp/dnalsidnuorgehtotnipsihteiT
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Functional Description

The uP1637 is a 6/5/4/3/2/1-phase, multimode (voltage

control, current balance control, loadline control), fixed

frequency PWM synchronous-rectified buck controller.

The internal VID DAC is designed to interface with the

next generation GPUs.

Phase Number of Operation

The uP1637 supports 6/5/4/3/2/1-phase operation. The

phase number of operation is set by the status of ISN

pins at power on reset. These pins are asserted High if its

voltage is higher than (5VCC - 1V). Normally, the uP1637

operates as an 6-phase PWM controller. Connect ISN6 to

5VCC for 5-phase operation; ISN5 to 5VCC for 4-phase

operation; ISN4 to 5VCC for 3-phase operation, etc. When

operating in 5-phase, PWM6 outputs are set high

impedance; in 4-phase, PWM[6:5]; in 3-phase, PWM[6:4],

etc. Phase number of operation is decided and latched at

each POR rising edge.

Phase Switching Frequency

The phase switching frequency of the uP1637 is set by

an external resistor connected between RT pin and GND.

The frequency can be calculated as below and follows

the graph in Figure 1.

Ω+
×

=
k2R

104.8
F

RT

9

SW

R
TR

k( Ω) F
WS

)zHk( R
TR

k( Ω) F
WS

)zHk(

25.65 051 37.11 006

29.04 002 25.01 056

10.23 052 74.9 007

9.52 003 18.8 057

7.12 053 82.8 008

70.91 004 17.7 058

54.61 054 29.6 009

66.41 005 64.6 059

99.21 055 51.6 0001

1

10

100

100 1000
Switching Frequency (kHz)

R
R

T
 (
ko

h
m

)

Figure1. R
RT

 vs. Phase Switching Frequency

VBG

MUXFBRTN

1.875V

RN

0.6V

FBRTN

R1

R2

1.875V

VDAC

I2C
Interface

0.6V ~ 1.875V
Step = 5mV

Figure2. V
DAC

 Generator Circuit

The uP1637 builds in a precise bandgap reference circuit

as shown in Figure 2. The output voltage of bandgap

reference is 1.875V with respective to FBRTN. The

uP1637 uses plural resistors to generate precise reference

voltages ranging from 0.6V to 1.875V, with 5mV

increments. All the voltages connect to a multiplexer

(MUX). The multiplexer outputs the selected voltage, V
DAC

according to the VID inputs and I2C command. Please

note that all the voltage values in Figure 2 are referred to

FBRTN.

Initial Voltage Setting

The R1 pin is an initial output voltage setting pin as shown

in Figure 3.
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A/D 
Converter

Level INI

Level #1

Level #2

Level #3

Level #4

Level #5

Level #6

Level #7

Level #8

I2C Interface

S
D

A

S
C

L

5VCC

R1

Rx

Ry

I2C Address 
Selection

POR

EN/ADDR

5VCC

Shut 
Down

Figure 3. Initial Voltage Setting and Address Selection

The voltage divider at the R1 pin sets the voltage of R1,

and the Initial voltage V_INI is decided by the voltage of

R1 at V
CC

5 POR rising edge. V_INI is written to Reg0x8B

and copied to Reg0xD4/D5/D6/D7/D8/D9/DA/DB. See the

related sections for detail.

Chip Enable and Address Selection

Pulling EN/ADDR lower than 0.6V shuts down the device.

The pin also selects which of the two 8-bit slave I2C

addresses will be used by the controller. Connecting this

pin higher than 2.25V will choose address 8E. Connecting

this pin between 1.05V~1.75V will choose address 8C.

Power Up Sequence and Power Play

The uP1637 supports selectable initial voltage, parallel VID

(PVI), series VID (SVI) and autophase mode. Mode selection

is programmed by Reg0xD3[7:6] and Reg0x17[7].

]7[71x0geR ]7[3Dx0geR ]6[3Dx0geR edoM

0 0 0 INI_V

0 0 1 IVP

0 1 0 IVS

0 1 1 IVS

1 0 0 esahpotuA

1 0 1 esahpotuA

1 1 0 esahpotuA

1 1 1 esahpotuA

Figure 4 shows the power up sequence.

Functional Description

The EN/ADDR pin is released and enables the uP1637,

programs initial voltage and at the end of T0. There is an

extra 400us time delay (T1) before the current source I
SS

begins charging the C
SS

. At the end of T1, the uP1637

initiates the soft start cycle. The voltage of DACQ is always

~0.4V lower than SS. 80us after the voltage of DACQ

ramping up to the initial voltage V_INI, the uP1637 asserts

PWRGD to high.

EN

VSS

DACQ

PWRGD

V_INI

T0 T1 T2 T3 T4

Figure 4. Power Up Sequence

T0 = 300us

T1 = 400us

T2 = 0.4V*C
SS

/32uA

T3 = V_INI*C
SS

/32uA

T4 = 80us

Parallel VID

Reg0xD4/D5/D6/D7/D8/D9/DA/DB program the Level #1~#8

voltages for PVI power play that is selected by VID[2:0] as

shown in the table below.

]0:2[DIV #leveL retsigeR

]000[ 1#leveL 4D

]100[ 2#leveL 5D

]010[ 3#leveL 6D

]110[ 4#leveL 7D

]001[ 5#leveL 8D

]101[ 6#leveL 9D

]011[ 7#leveL AD

]111[ 8#leveL BD



u
P

I 
C

o
n
fi
d
e
n
ti
a
l

uP1637

9uP1637-DS-F0000, Mar. 2012
www.upi-semi.com

Output Voltage Differential Sensing

FB

RFB

VCCP

EAPRLL

DACQ

CFB R1 C1

C2

VCCN FBRTN

EA
COMP

0.5*ISEN

Positive 
remote sense 

pin of GPU

Nagative 
remote sense
 pin of GPU

Figure 5. Circuit for V
OUT

 Differential Sensing

The uP1637 uses differential sensing by a high-gain low-

offset error amplifier as shown in Figure 5. The GPU

voltage is sensed between the FB and FBRTN pins. A

resistor R
FB

 connects FB pin and the positive remote sense

pin of the GPU V
CCP

. FBRTN pin connects to the negative

remote sense pin of GPU V
CCN

 directly. The error amplifier

compares V
EAP

 (= V
DACQ

 - 0.5*I
SEN

 x R
LL

) with the V
FB

 to

regulate the output voltage.

V_INI (0x8B)

This register is the initial voltage V_INI read back.

V
1R

)5CCVfo%( Vlaitini
FER

)V( B8x0geR

%001~29 57.0 E1x0

%88~28 08.0 82x0

%87~27 58.0 23x0

%86~26 09.0 C3x0

%85~25 59.0 64x0

%84~24 00.1 05x0

%83~23 50.1 A5x0

%82~22 01.1 46x0

%81~21 51.1 E6x0

%8~0 02.1 87x0

CHIPID (Reg0xD0)

This register is the chip ID of the uP1637. The default code

is 0x1E.

IMONAD (Reg0xD1)

The voltage V
IMON

 at IMON pin is digitized and stored in

register IMONAD[7:0] as:

Functional Description

IMON[7:0] x 10mV < V
IMON

 < IMON[7:0] x 10mV + 10mV

VID Register (Reg0xD2, Reg0xD4 ~ Reg0xDB, Reg0x09

~ Reg0x10)

Reg0xD2: VID register for SVI.

Reg0xD4: VID register for PVI when VID[2:0] = [000]

Reg0xD5: VID register for PVI when VID[2:0] = [001]

Reg0xD6: VID register for PVI when VID[2:0] = [010]

Reg0xD7: VID register for PVI when VID[2:0] = [011]

Reg0xD8: VID register for PVI when VID[2:0] = [100]

Reg0xD9: VID register for PVI when VID[2:0] = [101]

Reg0xDA: VID register for PVI when VID[2:0] = [110]

Reg0xDB: VID register for PVI when VID[2:0] = [111]

Reg0x09: VID register for autophase mode at load current

state 0.

Reg0x0A: VID register for autophase mode at load current

state 1.

Reg0x0B: VID register for autophase mode at load current

state 2.

Reg0x0C: VID register for autophase mode at load current

state 3.

Reg0x0D: VID register for autophase mode at load current

state 4.

Reg0x0E: VID register for autophase mode at load current

state 5.

Reg0x0F: VID register for autophase mode at load current

state 6.

Reg0x10: VID register for autophase mode at load current

state 7.

MODE (Reg0xD3[7:6])

MODE[7:6] = [00]: V_INI.

MODE[7:6] = [01]: V_PVI.

MODE[7:6] = [1x]: V_SVI.

OC_CH (Reg0xD3[5:4])

Channel current OCP level adjusting.

OC_CH[5:4] = [00]: Isen = 50uA.

OC_CH[5:4] = [01]: Isen = 60uA.

OC_CH[5:4] = [10]: Isen = 70uA.

OC_CH[5:4] = [11]: Isen = 40uA.

IIC_TM (Reg0xD3[3:0])

VR_HOT and thermal shut down level adjusting.

IIC_TM[3:2] = [00]: VR_HOT# trigger level = 30% of 5VCC

IIC_TM[3:2] = [01]: VR_HOT# trigger level = 40% of 5VCC
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IIC_TM[3:2] = [10]: VR_HOT# trigger level = 50% of 5VCC

IIC_TM[3:2] = [11]: VR_HOT# trigger level = 60% of 5VCC

IIC_TM[1:0] = [00]: Thermal shut down trigger level = 50%

of 5VCC

IIC_TM[1:0] = [01]: Thermal shut down trigger level = 60%

of 5VCC

IIC_TM[1:0] = [10]: Thermal shut down trigger level = 70%

of 5VCC

IIC_TM[1:0] = [11]: Thermal shut down trigger level = 80%

of 5VCC

MISC (Reg0xDC[7:4])

Reg0xDC[7:4] set the watch dog timer.

MISC[7] = 1/0: enable/disable the watch dog timer.

MISC[6]: read only. This bit is set to 1 if time-out happens

and is set to 0 if this bit is read.

MISC[5:4] = [00]: Time-out = 400ms.

MISC[5:4] = [01]: Time-out = 800ms.

MISC[5:4] = [10]: Time-out = 1600ms.

MISC[5:4] = [11]: Time-out = 3200ms.

FLAG (Reg0xDD[7:3])

These bits are set to 1 if faults happen.

FLAG[7]: VRHOT# warning.

FLAG[6]: UVP (Under Voltage Protection)

FLAG[5]: OCP (Over Current Protection)

FLAG[4]: TSD (Thermal Shut Down)

FLAG[3]: OVP (Over Voltage Protection)

IICVID (Reg0xDD[2:0])

Read back VID[2:0]

VM Register (Reg0x01 ~ Reg0x07)

VM0~6: Define the 8 load current states (LCS0~7)

LCS0: V(IMON) > VM0[7:0]*10mV, highest load current.

LCS1: VM0[7:0]*10mV > V(IMON) > VM1[7:0]*10mV

LCS2: VM1[7:0]*10mV > V(IMON) > VM2[7:0]*10mV

LCS3: VM2[7:0]*10mV > V(IMON) > VM3[7:0]*10mV

LCS4: VM3[7:0]*10mV > V(IMON) > VM4[7:0]*10mV

LCS5: VM4[7:0]*10mV > V(IMON) > VM5[7:0]*10mV

LCS6: VM5[7:0]*10mV > V(IMON) > VM6[7:0]*10mV

LCS7: VM6[7:0]*10mV > V(IMON), lowest load current.

Functional Description

VM_Hys (Reg0x08[2:0])

Define the V(IMON) hysteresis voltage of entering/exiting

LCS.

VM_Hys[2:0] = [000] : 0mV

VM_Hys[2:0] = [001] : 15mV

VM_Hys[2:0] = [010] : 30mV

VM_Hys[2:0] = [011] : 45mV

VM_Hys[2:0] = [100] : 60mV

VM_Hys[2:0] = [101] : 75mV

VM_Hys[2:0] = [110] : 90mV

VM_Hys[2:0] = [111] : 105mV

IICF0 (Reg0x11[7:6]), IICF1 (Reg0x11[5:4]),

IICF2 (Reg0x11[3:2]), IICF3 (Reg0x11[1:0]),

IICF4 (Reg0x12[7:6]), IICF5 (Reg0x12[5:4]),

IICF6 (Reg0x12[3:2]), IICF7 (Reg0x12[1:0])

IICF0~7 define the frequency offset in load current states

LCS0~7 respectively.

IICFn[1:0] = [00] => 1.0 x F0

IICFn[1:0] = [01] => 1.2 x F0

IICFn[1:0] = [10] => 1.4 x F0

IICFn[1:0] = [11] => 0.8 x F0

F0 is the frequency set by resister between RT pin and

GND.

IICP0 (Reg0x13[7:4]), IICP1 (Reg0x13[3:0]),

IICP2 (Reg0x14[7:4]), IICP3 (Reg0x14[3:0]),

IICP4 (Reg0x15[7:4]), IICP5 (Reg0x15[3:0]),

IICP6 (Reg0x16[7:4]), IICP7 (Reg0x16[3:0])

IICP0~7 define the operating phase number in load current

states LCS0~7 respectively.

IICPn[3:0] = [0000] => full-phase set by hardware

IICPn[3:0] = [0001] => 1-phase

IICPn[3:0] = [0010] => 2-phase

IICPn[3:0] = [0011] => 3-phase

IICPn[3:0] = [0100] => 4-phase

IICPn[3:0] = [0101] => 5-phase

IICPn[3:0] = [0110] => 6-phase

IICPn[3:0] = [0111] => 6-phase

IICPn[3:0] = [1xxx] => 6-phase
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ENABLE (Reg0x17)

ENABLE[7] =1/0: enable/disable AUTOPHASE.

ENABLE[6:5]: Reserved.

ENABLE[4] =1/0: disable/enable DROOP.

ENABLE[3:0]: Reserved.

IMONAD (Reg0x18)

The voltage of IMON pin is digitized and stored in register

IMONAD[7:0] as:

IMON[7:0]*10mV < V(IMON) < IMON[7:0]*10mV + 10mV.

PhaseNo (Reg0x19)

PhaseNo[7:4] stores the maximal phase number of

operation that is set by ISNn when POR is released.
PhaseNo[3:0] stores the present phase number of operation
according to load current states.

Channel Current Sensing

RDC
L

RS CS

ISP
ISEN[N]

ISN

RSEN

Figure 7. Circuit for Channel Current Sensing

The uP1637 provides low-input-offset current sense ampli-

fier (CSA) to sense the individual inductor current as shown

in Figure 7. Output current of CSA (I
SEN[N]

) is used for chan-

nel current balance, droop function and over current pro-

tection. It is recommended to select larger RC time con-

stant for thermal compensation. That is

R
S
 x C

S
 = k x L/R

DC
 , k = 1.2~2.0.

Channel current OCP is set by R
SEN

. It is recommended to

select Rsen ~= 1000 x R
DC

.

Functional Description

Current Balance

PWM1

0.5* ISEN1

RCB

COMP

PWM[N]

Buf

0.5*ISEN[N]

RCB

Buf

RAMP1

RAMP[N]

CMP

CMP

Figure 8. Channel Current Balance

In Figure 8, I
SEN[N]

 is the current signal which is proportional

to current flowing through channel N. Larger I
SEN[N]

 will lower

the positive input voltage of the corresponding PWM

comparator and decrease the PWM duty of the

corresponding channel as shown in Figure 8. Eventually,

current flowing through each channel will be balanced.

LOADLINE

I
SEN

 in Figure 5 is equal to 0.5*SUM(I
SEN[N]

). I
SEN

 flows through

R
LL

 and makes V
EAP

 equal to “V
DACQ

-0.5*I
SEN

*R
LL

” In steady

state, output voltage is equal to V
EAP

. Thus, the output

voltage decreasing linearly with I
OUT

 is obtained. The loadline

is defined as

LL(loadline) = ∆V
OUT

/∆I
OUT 

= 0.5 * R
DC 

* R
LL

/R
SEN

Over Current Protection (OCP)

ISEN[N] > IOOCH

Y

RIMON IMON

2.56V

Total current OCP

Channel Current OCP OCP

CMP

0.5 * SUM(ISEN[N])

Figure 9. Over Current Protection

The uP1637 provides both channel current OCP and total
current OCP as shown in Figure 9.

The total current OCP is activated by monitoring the IMON
pin voltage. If V

IMON 
> 2.56V, total current OCP will be
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triggered. If operating phase number changes, the total
current OCP level will be automatically changed in
proportion to target operating phase number.

The channel current OCP function provides both current
limiting behavior and also latched-off mechanism. The
threshold of channel current OCP is set by R

SEN
 resistors

as shown in Figure 7. When any particular phase’s sensed
current fulfills the following criteria:

I
SEN[N]

 > I
OCCH

where I
SEN[N]

 = Ich*R
DC

/R
SEN

 and I
OCCH

 = 50uA (default), the
particular phase will be forced PWM = low to limit its
current. If all operating phases are running under current
limiting condition and lasting 80us, the channel current OCP
latched-off will be activated.

Both total current OCP and channel current OCP latched-
off events trigger the uP1637 to shut down. After OCP shut
down, the uP1637 turns off both high-side and low-side
MOSFETs of all phases. Only VCC re-POR can release

the OCP shut down and re-initiate soft start sequence.

Over Voltage Protection (OVP)

The over voltage protection monitors the output voltage via

the FB pin. Once V
FB

 exceeds “V
EAP 

+ 300mV”, OVP is

triggered and latched. uP1637 will try to turn on low side

MOSFET and turn off high side MOSFET to protect the

GPU. A 20us delay is used in OVP detection circuit to

prevent false trigger. Only re-start up can release OVP latch.

Under Voltage Protection (UVP)

The under voltage protection monitors the output voltage

via the FB pin. After uP1637 starting up and VOUT ramping

up to V_INI, uP1637 initiates UVP function. Once V
FB

 is

lower than 160mV or is lower than “V
EAP

 – 300mV”, UVP is

triggered and latched. uP1637 will try to turn off both low

side and high side MOSFET. A 10us delay is used in UVP

detection circuit to prevent false trigger. Only re-start up

can release UVP latch.

Temperature Monitoring

The VRHOT# is a high temperature warning pin as shown

in Figure 10. This pin is an open-drain output pin. When

the sensed temperature is over the over temperature

warning level, VRHOT# is pulled low. A PTC network is

used to monitor the converter temperature. The uP1637

asserts over temperature warning and turns on the internal

MOSFET if

V
TM

 > 0.3*V
5VCC

, default value, can be adjusted by I2C.

The uP1637 asserts thermal shutdown and turns off upper/

lower MOSFETs if

V
TM

 > 0.5 * V
5VCC

, default value, can be adjusted by I2C.

An NTC network is also OK for temperature monitoring.

Functional Description

VRHOT#

TM

30% of 
5VCC

5VCC

50% of 
5VCC

10k ohm

PTC

Thermal 
Shutdown

R

Figure 10. Temperature Monitoring and VRHOT#

Power Saving Mode

The uP1637 accept the PSI signal from GPU to change

the operating phase number and improve efficiency over

wide range of output current. When V
PSI#

 > 2.25V, the

controller operates in full-phase mode, 1.75V > V
PSI#

 > 0.9V,

the controller operates in 2-phase mode, V
PSI#

 < 0.4V,

controller operates with single-phase mode. If the

AUTOPHASE function is enabled, operating phase number

will be programmed by I2C interface.

   

PSI#

0.8V

5VCC

2.0V
Full Phase

R

2 Phase

1 Phase
PSI signal 
from GPU

R or 0

Figure 11. PSI# Function

Data Validity

The data on the SDA line must be stable during the HIGH
period of the SCL, unless generating a START or STOP
condition. The HIGH or LOW state of the data line can
only change when the clock signal on the SCL line is LOW.
Refer to the figure below.
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SDA

SCL

SDA stable 
Data Valid

Change of 
SDA allowed

START and STOP Conditions

A START (S) condition is a HIGH to LOW transition of SDA
while SCL is HIGH. The STOP (P) condition is a LOW to
HIGH transition of SDA while SCL is HIGH. A STOP
condition must be sent before each START condition.

SDA

SCL

START(S) STOP(P)

Acknowledge

Each address and data transmission uses 9 clock pulses.

The ninth pulse is the acknowledge bit (A). After the start

condition, the master sends 7 slave address bits and a R/

W bit during the next 8 clock pulses. During the ninth clock

pulse, the device that recognizes its own address pulls

SDA low to acknowledge. The acknowledge bit is also

used by both the master and the slave to acknowledge

Functional Description

receipt of register addresses and data.

ACK(A)

981

START(S)

SCL

SDA MSB LSB

Read and Write Protocol

Write to a Single Register

S W+rdda_evals SA rdda_ger SA atad_ger SA P

Read from a Single Register

S W+rdda_evals SA rdda_ger SA S R+rdda_evals SA atad_ger AN P

S = START, P = STOP, AS = ACK from slave, AM = ACK from master, NA = No ACK
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Functional Description

Table 1. I2C Registers Summary for PVI and SVI

.rddA.geR epyT emaN tluafeD noitpircseD

B8x0 R ]0:7[INI_V 1RybteS Vm006+Vm5*]0:7[INI_V=egatlovlaitinI

0Dx0 R ]0:7[DIpihC hE1 DIpihC

1Dx0 R ]0:7[DANOMI hxx Vm01+Vm01*]0:7[NOMI~Vm01*]0:7[NOMI=)NOMI(V

2Dx0 W/R ]0:7[IVS_V 1RybteS
V

FER
=eulavlaitinI.Vm006+Vm5*]0:7[IVS_V=edomIVSrof

]0:7[INI_V

3Dx0 W/R
,]6:7[EDOM
,]4:5[HC_CO

]0:3[MT
h00

V:]6:7[EDOM
FER

IVS_VroIVP_VroINI_V=
)]6:7[EDOMnahtrehgihsi1=ESAHPOTUA]7[71x0foytiroirP(

IVS_V:]x1[,IVP_V:]10[,INI_V:]00[
gnittesPCOtnerruclennahC:]4:5[HC_CO

.Au07=snesI:]01[.Au06=snesI:]10[.)tluafeD(Au05=snesI:]00[
Au04=snesI:]11[

gnitteslevelgninraw#TOH_RV:]2:3[MT
CCV5fo%03:]00[ )tluafeD( fo%05:]01[.CCV5fo%04:]10[.

CCV5fo%06:]11[.CCV5
gnitteslevelnwodtuhslamrehT:]0:1[MT

fo%07:]01[.CCV5fo%06:]10[.)tluafeD(CCV5fo%05:]00[
CCV5fo%08:]11[.CCV5

4Dx0 W/R ]0:7[0IVP_V 1RybteS
V

FER
V,edomIVPta]000[=]0:2[DIVnehw

FER
Vm5*]0:7[0IVP_V=

Vm006+

5Dx0 W/R ]0:7[1IVP_V 1RybteS
V

FER
V,edomIVPta]100[=]0:2[DIVnehw

FER
Vm5*]0:7[1IVP_V=

Vm006+

6Dx0 W/R ]0:7[2IVP_V 1RybteS
V

FER
V,edomIVPta]010[=]0:2[DIVnehw

FER
Vm5*]0:7[2IVP_V=

Vm006+

7Dx0 W/R ]0:7[3IVP_V 1RybteS
V

FER
V,edomIVPta]110[=]0:2[DIVnehw

FER
Vm5*]0:7[3IVP_V=

Vm006+

8Dx0 W/R ]0:7[4IVP_V 1RybteS
V

FER
V,edomIVPta]001[=]0:2[DIVnehw

FER
Vm5*]0:7[4IVP_V=

Vm006+

9Dx0 W/R ]0:7[5IVP_V 1RybteS
V

FER
V,edomIVPta]101[=]0:2[DIVnehw

FER
Vm5*]0:7[5IVP_V=

Vm006+

ADx0 W/R ]0:7[6IVP_V 1RybteS
V

FER
V,edomIVPta]011[=]0:2[DIVnehw

FER
Vm5*]0:7[6IVP_V=

Vm006+

BDx0 W/R ]0:7[7IVP_V 1RybteS
V

FER
V,edomIVPta]111[=]0:2[DIVnehw

FER
Vm5*]0:7[7IVP_V=

Vm006+

CDx0 W/R xxxx,]4:7[TDW h00

remitgodhctawelbanE:]7[TDW
retfaderaelc,1ottestuo-emitfI(rotacidnituo-emiT:]6[TDW

)ylnodaer,gnidaer
,sm0061>=]01[,sm0023>=]11[,noitarudtuo-emiT:]4:5[TDW

sm004>=]00[,sm008>=]10[

DDx0 R
,]3:7[GALF
]0:2[DIVCII

hxx

gninraw#TOHRV:]7[GALF
:]6[GALF )noitcetorPegatloVrednU(PVU
:]5[GALF )noitcetorPtnerruCrevO(PCO
:]4[GALF )nwoDtuhSlamrehT(DST
:]3[GALF )noitcetorPegatloVrevO(PVO

]0:2[DIVkcabdaeR:]0:2[DIVCII
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geR
rddA

emaN epyT
tluafeD

eulaV
noitpircseD

10x0 ]0:7[0MV W/R h00 V,0levelegatlovNOMIteS
NOMI

)egatlovtsehgih(0SCL>=0level>

20x0 ]0:7[1MV W/R h00 V>0level,1levelegatlovNOMIteS
NOMI

1SCL>=1level>

30x0 ]0:7[2MV W/R h00 V>1level,2levelegatlovNOMIteS
NOMI

2SCL>=2level>

40x0 ]0:7[3MV W/R h00 V>2level,3levelegatlovNOMIteS
NOMI

3SCL>=3level>

50x0 ]0:7[4MV W/R h00 V>3level,4levelegatlovNOMIteS
NOMI

4SCL>=4level>

60x0 ]0:7[5MV W/R h00 V>4level,5levelegatlovNOMIteS
NOMI

5SCL>=5level>

70x0 ]0:7[6MV W/R h00
V>5level,6levelegatlovNOMIteS

NOMI
>6level,6SCL>=6level>

V
NOMI

7SCL>=

80x0 ]0:2[syH_MV W/R h00 spets8,Vm501~0,siseretsyhetatsMVteS

90x0 ]0:7[0SV W/R h00 .edomesahp-otuani0SLforetsigergnittesDIV

A0x0 ]0:7[1SV W/R h00 .edomesahp-otuani1SLforetsigergnittesDIV

B0x0 ]0:7[2SV W/R h00 .edomesahp-otuani2SLforetsigergnittesDIV

C0x0 ]0:7[3SV W/R h00 .edomesahp-otuani3SLforetsigergnittesDIV

D0x0 ]0:7[4SV W/R h00 .edomesahp-otuani4SLforetsigergnittesDIV

E0x0 ]0:7[5SV W/R h00 .edomesahp-otuani5SLforetsigergnittesDIV

F0x0 ]0:7[6SV W/R h00 .edomesahp-otuani6SLforetsigergnittesDIV

01x0 ]0:7[7SV W/R h00 .edomesahp-outani7SLforetsigergnittesDIV

11x0
]0:7[0QERFCII

]4:5[1FCII;]6:7[0FCII
]0:1[3FCII;]2:3[2FCII

W/R h00
;0SCLfoqerf:]6:7[0FCII ;1SCLfoqerf:]4:5[1FCII

;3SCLfoqerf:]0:1[3FCII;2SCLfoqerf:]2:3[2FCII
0Fx8.0:11,0Fx4.1:01;0Fx2.1:10;0Fx0.1:00

21x0
]0:7[1QERFCII

]4:5[5FCII;]6:7[4FCII
]0:1[7FCII;]2:3[6FCII

W/R h00
;5SCLfoqerf:]4:5[5FCII;4SCLfoqerf:]6:7[4FCII
;7SCLfoqerf:]0:1[7FCII;6SCLfoqerf:]2:3[6FCII

0Fx8.0:11,0Fx4.1:01;0Fx2.1:10;0Fx0.1:00

31x0
]0:7[0SHPCII

;]4:7[0PCII
]0:3[1PCII

W/R h00

;0SCLforebmunesahp:]4:7[0PCII ;1SCLforebmunesahp:]0:3[1PCII
;esahp3:1100;esahp2:0100;esahp1:1000;esahplla:0000

:xxx1;esahp6:1110;esahp6:0110;esahp5:1010;esahp4:0010
esahplla

41x0
]0:7[1SHPCII

;]4:7[2PCII
]0:3[3PCII

W/R h00

;3SCLforebmunesahp:]0:3[1PCII;2SCLforebmunesahp:]4:7[2PCII
;esahp3:1100;esahp2:0100;esahp1:1000;esahplla:0000

:xxx1;esahp6:1110;esahp6:0110;esahp5:1010;esahp4:0010
esahplla

51x0
]0:7[2SHPCII

;]4:7[4PCII
]0:3[5PCII

W/R h00

5SCLforebmunesahp:]0:3[1PCII;4SCLforebmunesahp:]4:7[4PCII
;esahp3:1100;esahp2:0100;esahp1:1000;esahplla:0000

:xxx1;esahp6:1110;esahp6:0110;esahp5:1010;esahp4:0010
esahplla

61x0
]0:7[3SHPCII

;]4:7[6PCII
]0:3[7PCII

W/R h00

;7SCLforebmunesahp:]0:3[1PCII;6SCLforebmunesahp:]4:7[6PCII
;esahp3:1100;esahp2:0100;esahp1:1000;esahplla:0000

:xxx1;esahp6:1110;esahp6:0110;esahp5:1010;esahp4:0010
esahplla

Table 2. I2C Register Mapping

Functional Description
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Functional Description

geR
rddA

emaN epyT
tluafeD

eulaV
noitpircseD

71x0 ]0:7[NE W/R h00

esahPotuAelbanE,1=ESAHPOTUA:]7[elbanE
devreser:]5:6[elbanE

poordelbanE,0=BPOORDNE:]4[elbanE
.devreser:]0:3[elbanE

81x0 ]0:7[DANOMI R hxx V
NOMI

Vm01+Vm01*]0:7[NOMI~Vm01*]0:7[NOMI=

91x0 ]0:7[oNesahP R hxx
rebmunesahplamixaM:]4:7[oNesahP

rebmunesahpgnitarepO:]0:3[oNesahP

Table 2. I2C Register Mapping (cont).
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Functional Description

geR
edoC

loV
)V(

geR
edoC

loV
)V(

geR
edoC

loV
)V(

geR
edoC

loV
)V(

geR
edoC

loV
)V(

geR
edoC

loV
)V(

geR
edoC

loV
)V(

geR
edoC

loV
)V(

00x0 006.0 02x0 067.0 04x0 029.0 06x0 080.1 08x0 042.1 0Ax0 004.1 0Cx0 065.1 0Ex0 027.1

10x0 506.0 12x0 567.0 14x0 529.0 16x0 580.1 18x0 542.1 1Ax0 504.1 1Cx0 565.1 1Ex0 527.1

20x0 016.0 22x0 077.0 24x0 039.0 26x0 090.1 28x0 052.1 2Ax0 014.1 2Cx0 075.1 2Ex0 037.1

30x0 516.0 32x0 577.0 34x0 539.0 36x0 590.1 38x0 552.1 3Ax0 514.1 3Cx0 575.1 3Ex0 537.1

40x0 026.0 42x0 087.0 44x0 049.0 46x0 001.1 48x0 062.1 4Ax0 024.1 4Cx0 085.1 4Ex0 047.1

50x0 526.0 52x0 587.0 54x0 549.0 56x0 501.1 58x0 562.1 5Ax0 524.1 5Cx0 585.1 5Ex0 547.1

60x0 036.0 62x0 097.0 64x0 059.0 66x0 011.1 68x0 072.1 6Ax0 034.1 6Cx0 095.1 6Ex0 057.1

70x0 536.0 72x0 597.0 74x0 559.0 76x0 511.1 78x0 572.1 7Ax0 534.1 7Cx0 595.1 7Ex0 557.1

80x0 046.0 82x0 008.0 84x0 069.0 86x0 021.1 88x0 082.1 8Ax0 044.1 8Cx0 006.1 8Ex0 067.1

90x0 546.0 92x0 508.0 94x0 569.0 96x0 521.1 98x0 582.1 9Ax0 544.1 9Cx0 506.1 9Ex0 567.1

A0x0 056.0 A2x0 018.0 A4x0 079.0 A6x0 031.1 A8x0 092.1 AAx0 054.1 ACx0 016.1 AEx0 077.1

B0x0 556.0 B2x0 518.0 B4x0 579.0 B6x0 531.1 B8x0 592.1 BAx0 554.1 BCx0 516.1 BEx0 577.1

C0x0 066.0 C2x0 028.0 C4x0 089.0 C6x0 041.1 C8x0 003.1 CAx0 064.1 CCx0 026.1 CEx0 087.1

D0x0 566.0 D2x0 528.0 D4x0 589.0 D6x0 541.1 D8x0 503.1 DAx0 564.1 DCx0 526.1 DEx0 587.1

E0x0 076.0 E2x0 038.0 E4x0 099.0 E6x0 051.1 E8x0 013.1 EAx0 074.1 ECx0 036.1 EEx0 097.1

F0x0 576.0 F2x0 538.0 F4x0 599.0 F6x0 551.1 F8x0 513.1 FAx0 574.1 FCx0 536.1 FEx0 597.1

01x0 086.0 03x0 048.0 05x0 000.1 07x0 061.1 09x0 023.1 0Bx0 084.1 0Dx0 046.1 0Fx0 008.1

11x0 586.0 13x0 548.0 15x0 500.1 17x0 561.1 19x0 523.1 1Bx0 584.1 1Dx0 546.1 1Fx0 508.1

21x0 096.0 23x0 058.0 25x0 010.1 27x0 071.1 29x0 033.1 2Bx0 094.1 2Dx0 056.1 2Fx0 018.1

31x0 596.0 33x0 558.0 35x0 510.1 37x0 571.1 39x0 533.1 3Bx0 594.1 3Dx0 556.1 3Fx0 518.1

41x0 007.0 43x0 068.0 45x0 020.1 47x0 081.1 49x0 043.1 4Bx0 005.1 4Dx0 066.1 4Fx0 028.1

51x0 507.0 53x0 568.0 55x0 520.1 57x0 581.1 59x0 543.1 5Bx0 505.1 5Dx0 566.1 5Fx0 528.1

61x0 017.0 63x0 078.0 65x0 030.1 67x0 091.1 69x0 053.1 6Bx0 015.1 6Dx0 076.1 6Fx0 038.1

71x0 517.0 73x0 578.0 75x0 530.1 77x0 591.1 79x0 553.1 7Bx0 515.1 7Dx0 576.1 7Fx0 538.1

81x0 027.0 83x0 088.0 85x0 040.1 87x0 002.1 89x0 063.1 8Bx0 025.1 8Dx0 086.1 8Fx0 048.1

91x0 527.0 93x0 588.0 95x0 540.1 97x0 502.1 99x0 563.1 9Bx0 525.1 9Dx0 586.1 9Fx0 548.1

A1x0 037.0 A3x0 098.0 A5x0 050.1 A7x0 012.1 A9x0 073.1 ABx0 035.1 ADx0 096.1 AFx0 058.1

B1x0 537.0 B3x0 598.0 B5x0 550.1 B7x0 512.1 B9x0 573.1 BBx0 535.1 BDx0 596.1 BFx0 558.1

C1x0 047.0 C3x0 009.0 C5x0 060.1 C7x0 022.1 C9x0 083.1 CBx0 045.1 CDx0 007.1 CFx0 068.1

D1x0 547.0 D3x0 509.0 D5x0 560.1 D7x0 522.1 D9x0 583.1 DBx0 545.1 DDx0 507.1 DFx0 568.1

E1x0 057.0 E3x0 019.0 E5x0 070.1 E7x0 032.1 E9x0 093.1 EBx0 055.1 EDx0 017.1 EFx0 078.1

F1x0 557.0 F3x0 519.0 F5x0 570.1 F7x0 532.1 F9x0 593.1 FBx0 555.1 FDx0 517.1 FFx0 578.1

Table 3. VID Table for 0x8Bh, 0xD2h, 0xD4h~0xDBh, and 0x09h~0x10h Registers
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Supply Input Voltage, 5VCC (Note 1) -------------------------------------------------------------------------------------  -0.3V to +6V

Other Pins -------------------------------------------------------------------------------------------------------------------------- -0.3V to +6V

Storage Temperature Range  ---------------------------------------------------------------------------------------------- -65OC to +150OC

Junction Temperature  --------------------------------------------------------------------------------------------------------------------- 150OC

Lead Temperature (Soldering, 10 sec)  ----------------------------------------------------------------------------------------------- 260OC

ESD Rating (Note 2)

HBM (Human Body Mode)  -------------------------------------------------------------------------------------------------------- 2kV

MM (Machine Mode)  ---------------------------------------------------------------------------------------------------------------- 200V

Operating Junction Temperature Range (Note 4) ---------------------------------------------------------------  -40°C to +150°C

Operating Ambient Temperature Range ----------------------------------------------------------------------------  -40°C to +85°C

Supply Input Voltage, V
CC5   

------------------------------------------------------------------------------------ 4.5V to 5.5V

Absolute Maximum Rating

Thermal Information

Recommended Operation Conditions

Electrical Characteristics
(5VCC = 5V, T

A 
= 25OC, unless otherwise specified)

Package Thermal Resistance (Note 3)

VQFN5x5-40L θ
JA

 ------------------------------------------------------------------------------------------------------------  36OC/W

VQFN5x5-40L θ
JC 

 ------------------------------------------------------------------------------------------------------------  3OC/W

Power Dissipation, P
D
 @ T

A
 = 25°C

VQFN5x5-40L  ----------------------------------------------------------------------------------------------------------------------  2.78W

retemaraP lobmyS snoitidnoCtseT niM pyT xaM stinU

tupnIylppuS

egatloVtupnIylppuS V
5CC

5.4 -- 5.5 V

V
5CC

dlohserhTROP 0.4 2.4 4.4 V

V
5CC

siseretsyHROP .gnillaFCCV5 -- 21.0 -- V

tnerruCylppuS I
5CC

gnihctiwSoN -- 6 -- Am

reifilpmArorrE

egatloVtesffO V
)AE(SO

1- -- 1 Vm

tnerruCsaiBtupnI I
AE

01- -- 01 An

tcudorPhtdiwdnaBniaG WBG
AE

-- 01 -- zHM

ycaruccAegatloV

ycaruccAtuptuOCAD V
BF

V578.1otV0.1 5.0- -- 5.0 %

V0.1otV8.0 8- -- 8 Vm

V8.0otV6.0 01- -- 01 Vm
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Electrical Characteristics

retemaraP lobmyS snoitidnoCtseT niM pyT xaM stinU

tratStfoS

tnerruCtratStfoS I
SS

lamroN 42 23 04 Au

tnerruCgnisiRDIV I
SS

tneisnartDIV -- 652 -- Au

tupnIRDDA/NE

leveLdlohserhTelbnaEpihC V
RDDA/NE

V
RDDA/NE

gnisir 4.1 -- -- V

leveLdlohserhTelbnaEpihC V
RDDA/NE

V
RDDA/NE

gnillaf -- -- 4.0 V

tneruCtupnI I
RWPNE

1- -- 1 Au

tupnIDIV

leveLdlohserhThgiHtupnIDIV V
]2:0[DIV

gnisir2DIV~0DIV 4.1 -- -- V

leveLdlohserhTwoLtupnIDIV V
]2:0[DIV

gnillaf2DIV~0DIV -- -- 4.0 V

rotallicsO

egnaRycneuqerF F
WS

001 -- 0001 zHk

noitairaVycneuqerF R
TR

k62= Ω 072 003 033 zHk

ytuDxaM R
TR

k62= Ω -- 38 -- %

egatloVtuptuO V
TR

57.0 08.0 58.0 V

SCCVecnalaBtnerruC

egatloVtesffO V
)SCCV(SO

1- -- 1 Vm

tnerruCsaiBtupnI I
AE

01- -- 01 An

tcudorPhtdiwdnaBniaG G
)SCCV(WB

-- 01 -- zHM

tuptuOMWP

egatloVwoLtuptuO V
)MWP(LO

I
KNIS

Am4= -- -- 2.0 V

egatloVhgiHtuptuO V
MWP(HO

V
5CC

I,V5=
ECRUOS

Am4= 7.4 -- -- V

tupuODGRWP

egatloVwoLtuptuO V
)DGRWP(LO

I
KNIS

Am4= -- -- 2.0 V

gnirotinoMtnerruC

egatloVtuptuONOMI daoLlluF 64.2 65.2 66.2 V

noitairaVegatloVNOMI daoLlluF 6- -- 6 %
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Note 1. Stresses listed as the above “ Absolute Maximum Ratings”  may cause permanent damage to the device.
These are for stress ratings. Functional operation of the device at these or any other conditions beyond
those indicated in the operational sections of the specifications is not implied. Exposure to absolute
maximum rating conditions for extended periods may remain possibility to affect device reliability.

Note 2. Devices are ESD sensitive. Handling precaution recommended.

Note 3. θ
JA

 is measured in the natural convection at T
A
 = 25°C on a low effective thermal conductivity test board of

JEDEC 51-3 thermal measurement standard.

Note 4. The device is not guaranteed to function outside its operating conditions.

Electrical Characteristics

retemaraP lobmyS snoitidnoCtseT niM pyT xaM stinU

noitcetorP

dlohserhTPVO V
PVO

V
BF

V-
PAE

552 003 543 Vm

yaleDPVO T
PVO

-- 02 -- su

dlohserhTPVU V
PVU

V
BF

V-
PAE

543- 003- 552- Vm

yaleDPVU T
PVU

-- 01 -- su

yaleDPCOtnerruClennahC T
1PCO

-- 08 -- su

leveLPCONOMI 64.2 65.2 66.2 V

yaleDPCOtnerruClatoT T
2PCO

-- 08 -- su
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Typical Operation Characteristics

PWM4 (5V/Div)

IMON (1V/Div)

VOUT (0.5V/Div)

PWM1 (5V/Div)

PWM4 (5V/Div)

IMON (1V/Div)

VOUT (0.5V/Div)

PWM1 (5V/Div)

PWM4 (5V/Div)

PSI# (5V/Div)

VOUT (50mV/Div)

PWM1 (5V/Div)

PWM4 (5V/Div)

PSI# (5V/Div)

VOUT (50mV/Div)

PWM1 (5V/Div)

EN (2V/Div)

SS (1V/Div)

PWM1 (5V/Div)

PWRGD (2V/Div)

EN (2V/Div)

SS (0.5V/Div)

VOUT (0.5V/Div)

PWRGD (2V/Div)

Turn Off Waveforms

Time (2us/Div)

Turn On Waveforms

Time (1ms/Div)

PSI# Rising

Time (10us/Div)

PSI# Falling

Time (10us/Div)

Auto Phase

Time (400us/Div)

Auto Phase

Time (1ms/Div)
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SS (0.5V/Div)

VID (2V/Div)

VOUT (0.5V/Div)

PWM1 (5V/Div)

-3

-2

-1

0

1

2

3

-50 -25 0 25 50 75 100 125 150

-3.0

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

-50 -25 0 25 50 75 100 125 150

250

260

270

280

290

300

310

320

330

340

350

-50 -25 0 25 50 75 100 125 150

IMON (1V/Div)

PWRGD (2V/Div)

VOUT (0.5V/Div)

PWM1 (5V/Div)

SS (0.5V/Div)

VID (2V/Div)

VOUT (0.5V/Div)

PWM1 (5V/Div)

Typical Operation Characteristics

Frequency vs. Temperature

Temperature (OC)

F
re

q
u
e
n
cy

 (
kH

z)

DAC vs. Temperature

Temperature (OC)

D
A

C
 A

cc
u
ra

cy
(%

)

V
SS

 vs. Temperature

Temperature (OC)

V
S

S
 V

a
ri
a
tio

n
 (

%
)

VID High

Time (400us/Div)

VID Low

Time (400us/Div)

Over Current Protection

Time (20us/Div)
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Package Information

VQFN5x5 - 40L Package

Note
1.Package Outline Unit Description:

BSC: Basic. Represents theoretical exact dimension or dimension target
MIN: Minimum dimension specified.
MAX: Maximum dimension specified.
REF: Reference. Represents dimension for reference use only. This value is not a device specification.
TYP. Typical. Provided as a general value. This value is not a device specification.

2.Dimensions in Millimeters.
3.Drawing not to scale.
4.These dimensions do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15mm.

4.90 - 5.10

Pin 1 mark

Bottom View - Exposed Pad

3
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0
 - 3
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3
.2

0
 - 3
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0

0.15 - 0.25

3.20 - 3.80
0.30 - 0.50

4
.0

5
 - 4

.1
5

4
.9

0
 - 5
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0

0.0 - 0.05 0.20 REF

Recommended Solder Pad Pitch and Dimensions

0.15 - 0.25

5
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5
 - 5

.5
5

0.80 - 1.00
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Important Notice

uPI and its subsidiaries reserve the right to make corrections, modifications, enhancements, improvements, and other changes to its products
and services at any time and to discontinue any product or service without notice. Customers should obtain the latest relevant information
before placing orders and should verify that such information is current and complete.
uPI products are sold subject to the terms and conditions of sale supplied at the time of order acknowledgment. However, no responsibility
is assumed by uPI or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result from its
use. No license is granted by implication or otherwise under any patent or patent rights of uPI or its subsidiaries.

COPYRIGHT (C) 2011, UPI SEMICONDUCTOR CORP.

uPI Semiconductor Corp.
Headquarter
9F.,No.5, Taiyuan 1st St. Zhubei City,
Hsinchu Taiwan, R.O.C.
TEL : 886.3.560.1666   FAX : 886.3.560.1888

uPI Semiconductor Corp.
Sales Branch Office
12F-5, No. 408, Ruiguang Rd. Neihu District,
Taipei Taiwan, R.O.C.
TEL : 886.2.8751.2062    FAX : 886.2.8751.5064


