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1/2/3/4-Phase PWM Controller
with SMBus Digital Interface Control for VR12.5

Intel VR12.5 Compliant
RCOTTM Control Topology

Easy Setting
Smooth Mode Transient
Fast Transient Response

True Differential Current Balance Sense Amplifier
Differential Remote Voltage Sensing
Build-in ADC for Platform Setting
I2C Interface for Performance and Efficiency
Optimization

Dynamic Programmable VR Parameters
Programmable Protection Thresholds
VR Reporting
Programmable Loop Gain

Enable Control and VR_READY Indicator
H/W OCP Alert for System Protection
System Thermal Management
OCP/OVP/UVP
RoHS Compliant and Halogen Free
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JGQQ9461Pu L04-5x5NFQV Q9461Pu

General Description

Applications

Features

Desktop PC Core Power Supplies

Ordering Information

The uP1649Q is a VR12.5 compliant CPU power controller
supports up to 4 phases. The integrated I2C interface
programmability makes the uP1649Q high performance
and easy design. Designer can define different power
scenario for different current states to optimize the
performance and efficiency.

The uP1649Q combines true differential voltage sensing,
differential inductor DCR current sensing, input voltage
feed-forward and adaptive voltage positioning to provide
accurately regulated power for desktop CPUs. It adopts
uPI proprietary RCOTTM (Robust Constant On-Time)
topology to have fast transient response and smooth mode
transition. Similar to digital based PWM controller, the loop
gain is also programmable by I2C interface to achieve
design flexibility.

The uP1649Q provides VR_READY indicator. It also
features complete fault protection functions including over
voltage, under voltage, over current, over temperature and
under voltage lockout. The uP1649Q is available in
VQFN5X5 - 40L package.
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Pin Configuration

Note:
(1) Please check the sample/production availability with
uPI representatives.
(2) 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
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Functional Pin Description

.oN emaN noitcnuFniP

1 ELBANE
.lortnoCelbanEpihC wolebnipsihttcennoC.pihcehtselbaneV8.0evobanipsihtlluP

liarrewopegatlovTTVehtfotuptuoehtotdetcennocyllacipyts'tI.pihcehtelbasidotV3.0
.draobrehtomehtni

2 CCV
.tiucriClortnoCCIehtroftupnIylppuS htiwecruosegatlovV5aotnipsihttcennoC

.retlifCRna

3 #TOHRV
.rotacidnIlamrehT ehT.gnitacidnituptuowolevitcadnatuptuocigolniardnepO

gnittesSUBMSnahtrehgihsierutarepmetRVehtnehw#TOHRVstressaQ9461Pu
.C2Iybdemmargorpdlohserht

4 OIDVS .O/IataDDIVS

5 #TRELA_DIVS .eniL#trelADIVS

6 KLCVS .kcolCDIVS

7 ADS_MS .tupnIataDSUBMS .langisatadsublairesfotuptuorotupnisinipsihT

8 LCS_MS .tupnIkcolCSUBMS .langiskcolcsublairesseviecernipsihT

9 CN .detcennoCyllanretnItoN

01 YDAER_RV
.rotacidnIydaeRRV setelpmocRVgnitacidnihgihevitcadnatuptuocigolniardnepO

.egatlovtoobottrats-tfos

11 MT
.tupnIgnirotinoMlamrehT .erutarepmetRVgnisnesrofnipsihtotkrowtenCTNtcennoC

k6sieulavdnemmocerrotsiserwolehT Ω.

21 #CO
.rotacidnItnerruCrevO tnerrucrevorofwolevitcasidnatuptuoniardneposinipsihT

dlohserhtL_PCOehtnahtrehgihsitnerructuptuonehwwologlliw#CO.noitacidni
.C2Iybdemmargorp

31 RDDA
.gnitteSsserddADIVS&SUBMS SUBMSehtstesnipsihtotredividegatlovatcennoC

.sserddaDIVS&

41 4MWP .tuptuOMWP4esahP .revirdTEFSOMfotupniMWPotnipsihttcennoC

51 2MWP .tuptuOMWP2esahP .revirdTEFSOMfotupniMWPotnipsihttcennoC

61 3MWP .tuptuOMWP3esahP .revirdTEFSOMfotupniMWPotnipsihttcennoC

71 1MWP .tuptuOMWP1esahP .revirdTEFSOMfotupniMWPotnipsihttcennoC

81 TESCO

.gnitteSleveLPCO RrotsiseratcennoC TESCO .gnitteslevelPCOrofDNGotnipsihtmorf
RfoeulavecnatsiserehT TESCO ,gnittesnipTUOInidesurotsiserehtsaemasehtebdluohs

R.e.i TESCO R= TUOI noitcnufPCOehtro,DNGotnipsihtehtmorfroticapacynagniddadiovA.
.ylreporpkrowtonlliw

91 1PSC .tupnIesneStnerruClaitnereffiDevitisoP1esahP

02 1NSC .tupnIesneStnerruClaitnereffiDevitageN1esahP
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Functional Pin Description

.oN emaN noitcnuFniP

12 3PSC .tupnIesneStnerruClaitnereffiDevitisoP3esahP
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42 2NSC .tupnIesneStnerruClaitnereffiDevitageN2esahP

52 4PSC .tupnIesneStnerruClaitnereffiDevitisoP4esahP

62 4NSC .tupnIesneStnerruClaitnereffiDevitageN4esahP
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.gnitteSegatloVTOOBVtuptuO tesotDNGotCCVmorfredividegatlovrotsiseratcennoC

.)liatedrof1elbaTeeS(egatlovTOOBVtuptuoeht
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.tupnIgnitteSXAMCCI ehttesotDNGotCCVmorfredividegatlovrotsiseratcennoC
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.noitceteDegatloVylppuSrevirD&egatSrewoP otredividegatlovrotsiseratcennoC

desusiegatlovNESNIVehT.DNGotNIVegatsrewopmorfoitargnilacs01/1htiwnipsiht
.noitaluclacemit-noMWPdnanoitcetedegatlovtupnirof

23 TUOI

rotinoMtnerruCtuptuO rotsiseratcennoC.tnerrucdaollatototlanoitroporpsitnerrucTUOI.
R TUOI yamroticapacA.tnerrucdaolotlanoitroporpegatlovaeveihcaotDNGdnaTUOIneewteb

egatlovTUOIehT.TUOIfoemitesnopserehttsujdaotDNGdnaTUOIneewtebdetcennoceb
TUOI.su005foetaretadpuatadahtiwretrevnocD/Alanretniybtnetnoclatigidotdetrevnocsi
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04 #NDHS_RV
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Functional Block Diagram
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Functional Description
The uP1649Q is a VR12.5 compliant CPU power controller
supports up to 4 phases.
Power Input and Power On Reset
Figure 1 shows the power ready detection of the uP1649Q.
RC filters are required for locally bypassing the supply
input pin. The VCC pin is monitored for power on reset,
the POR level is typically 4.3V at VCC rising. When
ENABLE pin is driven above 0.8V, the controller status is
dependent of the VINSEN, the internal UVLO and pending
fault states. When ENABLE pin is driven below 0.3V will
turn off the controller, clear all fault states and prepare
the controller to soft-start when re-enabled.

EN ABLE
0.8V

VC C
4.3V

PO R

VIN SEN
0.8V

Figure 1. Circuit for Power Ready Detection
Operation Phase Selection
The uP1649Q controller supports 4/3/2/1-phase operation.
The operation phase number is set by the status of PWM4,
PWM3 and PWM2 pins at power on reset. Normally, the
controller operates as a 4-phase PWM controller. Pull
PWM4 to +5V for 3-phase operation; PWM4 and PWM3
to +5V for 2-phase operation; PWM4, PWM3 and PWM2
to +5V for 1-phase operation. If the controller is set to 3/2/
1-phase operation, the CSP and CSN pin of unused
channel can be left open.
Initial Parameters Setting
The ADDR, ICCMAX and VBOOT pins set the parameters
required for VR12.5 as shown in Figure 2.

ADDR

AD
Converter

VBOOT

ICCMAX

R3 R4

VCC

R5

R6

R1

R2

Figure 2. Initial Parameter Setting

The ICCMAX sets the maximum supported current of VR.
The ICCMAX voltage is digitized by internal 8-bit A/D
converter as follows.
The ADC scales one-fourth of VCC (0V to VCC/4) into
256 levels in Iccmax setting (SVID register 0x21h). The
ratio of ICCMAX pin voltage to VCC determines the SVID
register 0x21h value, which means (VCC/1024) equals
1A. Use voltage divider resistor from VCC to the ICCMAX
pin to set the Iccmax value.  If the ICCMAX pin voltage is
equal to or greater than (VCC/4), the SVID register 0x21h
value will be FFh. If VCC = 5V, the LSB = 1.25V / 256 =
4.9mV, which means 4.9mV applied to ICCMAX pin equals
to 1A setting. For example, if the maximum level of current
is 100A, the ICCMAX pin voltage should be 4.9mV x 100
= 0.49V. Note that the ICCMAX setting is dependent on
VCC voltage (it tracks VCC voltage). Therefore make sure
to use resistor voltage divider in ICCMAX setting.
Connect the VBOOT pin to a resistor voltage divider from
VCC to GND, to set the output initial start up voltage. There
are 4 levels of Vboot as shown in Table 1.

Table 1. VBOOT Voltage

.oN egatlovnipTOOBV toobV
eulaVdednemmoceR

k(1R Ω) k(2R Ω)

1 V0 V0 CN 01

2 CCVx)23/3( V56.1 7.82 3

3 CCVx)23/5( V07.1 72 99.4

4 CCVx)4/1( V57.1 03 01

The ADDR pin programs the address of the controller.
Connect a resistor voltage divider to the ADDR pin to set
the physical address of SMBus and SVID. Table 2 shows
the recommended resistance value of the resistor voltage
divider.
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Functional Description
Table 2. SVID and SMBUS Address Table

k(sserddADIVSrof4R/6R Ω)

V RDDA =
CCVfo%

RDDA_MS
h00 h20 h40 h60 h80

6R 4R 6R 4R 6R 4R 6R 4R 6R 4R

%36.04 88x0 29.4 73.3 16.42 48.61 03.44 23.03 48.37 35.05 76.741 60.101

%88.64 A8x0 72.4 77.3 33.12 38.81 04.83 98.33 99.36 84.65 99.721 59.211

%31.35 C8x0 67.3 72.4 28.81 43.12 88.33 04.83 74.65 10.46 39.211 10.821

%83.95 E8x0 73.3 29.4 48.61 26.42 13.03 13.44 25.05 68.37 40.101 17.741

%36.56 8Bx0 50.3 28.5 42.51 01.92 34.72 73.25 17.54 92.78 24.19 75.471

%88.17 ABx0 87.2 11.7 19.31 65.53 40.52 10.46 47.14 96.601 74.38 73.312

%31.87 CBx0 65.2 41.9 08.21 27.54 40.32 03.28 04.83 71.731 08.67 53.472

%83.48 EBx0 73.2 08.21 58.11 20.46 33.12 42.511 55.53 60.291 11.17 21.483

Soft Start
The slew rate of output voltage during soft start and
dynamic VID change is programmable by I2C register
0x1Ch. The slew rate during soft start is always slow. The
recommended capacitance of C

SS
 is 10nF.

PWM On Time Setting
The PWM on-time of the uP1649Q is set by an external
resistor connected between TONSET pin and GND. The
PWM on-time can be calculated as below

6.92R
V

V
T TON

IN

OUT
ON ××⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
= (ns)

The operation frequency and resistor option as shown in
Table 3. For example, given VIN = 12V, VOUT = 1.7V, RTON =
36kΩ, TON is about 472ns by above equation. The PWM
frequency is about 300kHz.

Table 3. Operation Frequency v.s. Resistor

ycneuqerFnoitarepO
)zHk(

eulaVdnemmoceR
R NOT k( Ω)

002 6.35

052 2.34

003 63

053 9.03

004 72

054 42

005 12

055 7.81

006 4.71
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Functional Description
Total Current Sensing
The uP1649Q provides low input offset current sense
amplifier (CSA) to monitor the total load current flowing
through inductor as shown in Figure 4.

RSW4

RSW2

RSW1

1ohm

1ohm
VCORE

VCORE

SW1

SW2

SW4

CSP

RSUM

CSN

ISUM
CSUM

Figure 4. Total Current Sensing
Output current of CSA (ISUM) is used for adaptive voltage
positioning (AVP), load current monitoring and over current
protection. The sensed current ISUM represents the total
output current of the VR, and it can be calculated as follows.

SUM

DC
OUT

SUM R
N

R
I

I
×

=

In this inductor current sensing topology, R
SW

 and C
SUM

must be selected according to the equation below:

N

CR

R
L

k SUMSW

DC

×
=×

where R
DC

 is the DCR of the output inductor, N is the
operation phase number. Theoretically, k should be equal
to 1 to sense the instantaneous total load current. But in
real application K is usually between 1.2 to 1.8 for better
load transient response.
Output Current Monitoring

The I
SUM

 is mirrored to IOUT pin for output current
monitoring and is separately mirrored internally for over
current protection. The I

SUM
 flows through the resistor R

IMON

and creates a voltage that is proportional to the output
current. The controller asserts SVID Iccmax ALERT when
the sensed currnet I

SUM
 reaches I

SUM_ALERT
 as follows.

ALERT_SUM
SUM

DCCCMAX

OCSET

I
NR

RI

R
V3.1 =

×
×

=

The recommended value of R
IOUT

 is between 20kΩ to
50kΩ. The resistance value used in IOUT pin setting should
be the same as R

OCSET,
 i.e. R

IOUT
 = R

OCSET
.

Dynamic VID

The uP1649Q can accept VID input changes during normal
operation. This allows the output voltage V

OUT
 to change

while the DC/DC converter is running and supplying
current to the load. This is commonly referred to as VID
on-the-fly (VID_OTF). A VID_OTF may occur under either
light or heavy load conditions. This change can be positive
or negative.

The VID_OTF slew rate ranges from 7mV/us to 38mV/us
with a total of 32 steps and 1mV/LSB resolution. This
VID_OTF slew rate is programmed by I2C setting.
Output Voltage Differential Sensing

The uP1649Q uses differential sensing by a high-gain low-
offset error amplifier as shown in Figure 3. The CPU
voltage is sensed between the FB and FBRTN pins. A
resistor R

FB
 connects FB pin and the positive remote sense

pin of the CPU V
CCP

. FBRTN pin connects to the negative
remote sense pin of CPU V

CCN
 directly. The error amplifier

compares the V
FB

 with V
EAP

 = ( V
DAC/SS

 - I
SUM

 x R
DRP

) to
regulate the output voltage.

Gm

FB

RFB

VCCP

EAP

RDRP

DAC/SS

VCCN

FBRTN

COMP

ISUM

Positive 
remote sense 

pin of CPU

Nagative 
remote sense
 pin of CPU

VDAC

CSS

RCOMP

I2C

Figure 3. Circuit for V
CORE

 Differential Sensing.
Droop (Load Line) Setting

The sensed current I
SUM

 is mirrored to EAP pin as shown
in Figure 3. This creates voltage drop across R

DRP
 and

makes V
EAP

 lower than the V
DAC/SS

 as follows.

NR

RRI
VRIVV

SUM

DRPDCOUT
SS/DACDRPSUMSS/DACEAP ×

××
−=×−=

where R
DC

 is the DCR of inductor and N is the operation
phase number.

In steady state, output voltage is equal to V
EAP

. Thus, the
output voltage decreasing linearly with I

OUT
 is obtained.

The load line is defined as:

NR

RR

I

V
LoadLine

SUM

DRPDC

OUT

OUT

×
×

=
∆
∆

=



uP1649Q

9uP1649Q-DS-F0000, Nov. 2016
www.upi-semi.com

Functional Description
Total Output Over Current Protection
The sensed current I

SUM
 is mirrored internally for over

current protection (OCP). If the sensed current I
SUM

 is
higher than the I

SUM_ALERT
 times the I2C programmable OCP

ratio (I
SUM_OCP

 = I
SUM_ALERT

 x OCP ratio), the total current
OCP is triggered. There is a time delay (default is 20us,
also I2C programmable) for the total current OCP. The
OCP is latch-off type and can be reset only by POR
toggling. Connect a resistor R

OCSET
 from OCSET pin to

GND for OCP level setting.
Control Loop
The uP1649Q adopts the uPI proprietary RCOTTM control
technology. The RCOT uses the constant on-time
modulator. The output voltage is sensed to compare with
the internal high accurate DAC. The DAC is commanded
by CPU through the SVID interface or by system through
I2C interface. The amplified error signal, V

COMP
, is

compared to the internal ramp to initiate an on-time to
PWM. The RCOT features easy design, fast transient
response and is smooth mode transition and especially
suitable for powering the microprocessor.
Over Voltage Protection (OVP)
The over voltage protection monitors the output voltage
via the FB pin. Once V

FB
 exceeds V

EAP
 + 400mV (default,

I2C programmable), OVP is triggered and latched. The
PWM outputs will be low to turn on low side MOSFET
and turn off high side MOSFET to protect CPU. 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 the uP1649Q starting up and V

OUT

ramping up to Vboot, the uP1649Q initiates UVP function.
Once V

FB
 is lower than V

EAP
 - 400mV (default, I2C

programmable), UVP is triggered and latched. The
uP1649Q will try to turn off both high side and low side
MOSFETs. A 5us delay is used in UVP detection circuit to
prevent false trigger. Only re-start up can release UVP
latch.
Phase Current Sensing
The uP1649Q senses the phase current by DCR current
sensing technique for current balance and per-phase over
current protection as shown in Figure 5. An R

CSP
/C

CS

network is paralleled with the output inductor. The time
constant can be express as:

CSCSP
DC

CR
R

L
k ×=×

where L is the output inductor, RDC is its parasitic resistance
and k is a constant. Theoretically, if k = 1, the sensed
current signal ICSN can be expressed as:

CSN

DCL
CSN R

RI
I

×
=

where IL is the phase current.

RDCL

RCSP

CCS

CSP1

ICSN1

CSN1

CSA

RCSN

VIN

VCORE

Figure 5. Channel Current Sensing.
Per-Phase Over Current Protection
In addition to the total output current OCP, the uP1649Q
provides per-phase current OCP to protect the VR. If the
inductor current in any of the active operating phase
exceeds the threshold, the OCP is tripped. Figure 5 shows
the current sensing in one of the four channels. The
sensed current ICSNx represents the current in each
phase, and it is compared to a current (default = 100uA,
I2C programmable) for OCP. When per-phase OCP is
triggered, all the PWM outputs are in high-impedance state
to make all MOSFETs off. There is a time delay (default is
6us, I2C programmable) for the total current OCP. The
per-phase OCP is latch-off type and can be reset only by
POR toggling. Referring to Figure 5, the per phase current
sense amplifier output current is the voltage across C

CS

divided by resistor R
CSN

. Since the per phase OCP current
threshold is 100uA, the resistance of R

CSN
 and the per

phase OCP level can be obtained using equation as
follows.

uA100

RI
R DCperphase_OCP

CSN

×
=

Thermal Indicator

The VRHOT# pin is for over temperature indication.
VRHOT trigger threshold is set by I2C TEMP_VRHOT
register (0x22). VRHOT is asserted when sensed
temperature is higher than TEMP_Max. The VRHOT
threshold hysteresis is 3%.
Over Current Indicator
The OC# threshold is set by I2C OCP_L register, and is
refer to the percentage of Iccmax current. The OC# goes
low when output current is higher than OCP_L threshold
and deasserts to high when output current is lower than
OCP_L threshold again.
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Functional Description

xednI emaNretsigeR sseccA tluafeD noitpircseD

h00 DI_redneV OR h62 .DIredneV

h10 DI_tcudorP OR hA1 .DItcudorP

h20 noisiveR_tcudorP OR h80 .noisiveRtcudorP

h50 noisreV_tcudorP OR h30 .noisreVlocotorPDIVS

h60 ytilibapaC_RV OR h18
dnaseitilibapacRVDIVSehtseifitnedi,retsigerdeppamtiB

.detroppuserayrtemeletlanoitpoehtfohcihw

h01 1_sutatS
,M-R
MWP-W

h00 .RVfosutatsehtgniniatnocretsigerataD

h11 2_sutatS
,M-R
MWP-W

h00 .noissimsnartfosutatsehtgniniatnocretsigerataD

h21 enoZ_erutarepmeT
,M-R
MWP-W

h00
neebevahtahtenozerutarepmetgniwohsretsigerataD

.deretne

h51 tnerruC_tuptuO
,M-R
MWP-W

-- .deretneneebevahtahttnerructuptuogniwohsretsigerataD

hC1 daeRtsaL_2_sutatS
,M-R
MWP-W

h00 .2_sutatSehtfoypocasniatnocretsigersihT

h12 xaM_CCI
OR

mroftalP
--

mroftalpehttuptuomumixamehtgniniatnocretsigerataD
.stroppus

h22 xaM_pmeT
OR

mroftalP
h46

mroftalpehterutarepmetmumixamehtgniniatnocretsigerataD
nitamrofyraniB.stroppus O 001=h46.e.i,C O .C

h42 tsaF_RS OR hA0
ehtetarwelstsaffoytilibapacehtgniniatnocretsigerataD

hA0.e.i,su/VmnitamrofyraniB.niatsusnacmroftalp
.su/Vm01=

h52 wolS_RS OR h20
ehtetarwelswolsfoytilibapacehtgniniatnocretsigerataD

h20.e.i,su/VmnitamrofyraniB.niatsusnacmroftalp
.su/Vm5.2=

h62 TOOBV
OR

mroftalP
-- .spetsDIVniegatlovtoobVgniniatnocretsigerataD

h03 xaM_TUOV
WR

retsaM
hFF

mumixamehtstesdnaretsamybdemmargorpsiretsigersihT
.DIV

h13 gnitteS_DIV
WR

retsaM
h00 .DIVdemmargorpyltnerrucgniniatnocretsigerataD

h23 etatS_rewoP
WR

retsaM
h00 .etatsrewopdemmargorpehtgniniatnocretsigeR

h33 tesffO
WR

retsaM
h00 .spetsDIVnitesffoteS

h43 gifnoC_RV_itluM
WR

retsaM
h00

sRVelpitlumserugifnochcihwretsigerataddeppamtiB
.subemasehtnoroivaheb

h53 retnioP
WR

retsaM
--

RDAgeRteSehtfoegarotsyraropmetrofretsigerdaphctarcS
.retsigerretniop

Table 4. SVID Register
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Functional Description
I2C Interface

The uP1649Q features an I2C interface and lots of data
registers to allow user to adjust various platform operating
parameters. Operating parameters that can be adjusted
through the I2C are summarized as Table 11. One of the
programmable function is to change voltage, switching
frequency and operating phase number of VR controller
according to the total load current dynamically. There are
four load current states to set, and the switching frequency,
offset voltage and operating phase number in each state
can be programmed independently. This function is called
Auto Phase, and it provides user the most flexibility in the
platform design to maximize VR efficiency and CPU
performance as well.

VM0~2: Define the 4 load current states (LCS0~3)

The uP1649Q converts VIOUT to a digital content, which
represents the total output current. There are four load
current state registers VM0~3 to program. Each load
current state register has 6bits to set the level of output
current that the load current state is entered. uP1649Q
compares the VM0~3 content and the ISUM_ALERT (refer to
Output Current Monitoring section) to determine which
load current state should be entered and executes the
corresponding operating parameter settings (frequency,
offset and operating phase number).
VM0~3 setting is defined as the ratio to I

SUM_ALERT
 (sensed

current when output current reaches Iccmax). It takes
I
SUM_ALERT

 as the full scale, and 6-bits means that there are
64 steps for user to choose from.
LCS0: V

IOUT
 > VM0, highest load current.

LCS1: VM0 > V
IOUT

 > VM1

LCS2: VM1 > V
IOUT

 > VM2

LCS3: VM3 > V
IOUT

, lowest load current.

VM_Hys

Define the VM0~2 state hystersis VMx_Hys as shown in
Table 5.

Table 5. V
HYS

 Setting Table

)nib(syH_2~0MV )A(syH_2~0MV

000 xamccIx)001/2(

100 xamccIx)001/3(

010 xamccIx)001/4(

110 xamccIx)001/5(

001 xamccIx)001/6(

101 xamccIx)001/7(

011 xamccIx)001/8(

111 xamccIx)001/9(

VOFS0~3

Define voltage offset of the 4 load current states: 4 I2C
programmable registers VOFS0~3 define the voltage
offset in load current status LCS0~3 respectively.

IICF0~3

Frequency adjust of the 4 load current states: IICF0~3
define the frequency in load current states LCS0~3
respectively as show in Table 6.

Table 6. IICF Setting Table

3~0FCII 3ot0SCLfoycnquqerF

0000 %07

1000 %58

0100 %001

1100 %021

0010 %041

1010 %061

0110 %081

1110 %002
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Functional Description
IICP0~3
Operating phase number of the 4 load current states: 4
I2C programmable registers IICP0~3 define the operating
phase number in load current states LCS0~3 respectively
as shown in Table 7.

Table 7. IICP Setting Table

3ot0PCII rebmuNesahPgnitarepO

00 esahp-4

10 esahp-3

01 esahp-2

11 esahp-1

Misc2[5:0]
Register Misc2[5:0] enables/disables the I2C functions as:
Bit[5]:
0 = Disable Offset
1 = Enable Offset
Bit[4] :
0 = Disable Auto Phase (Follow SVID)
1 = Enable Auto Phase
Bit[3]:
0 = Disable PSM (Always CCM)
1 = Enable PSM
Bit[2]:
0 = Disable Load Line (LL=0)
1 = Enable Load Line
Bit[1]: Reserved
Bit [0]:
0 = Disable OC# (OCP function remain active)
1 = Enable OC#
WD[7:5]

WD[7]: [1] = enables watch dog timer.

[0] = Disable watching dog timer.

WD[6]: Watching Dog Timer (If set to 1, reset all I2C
register content to default value after reading).

WD[5]: [0] = 800ms

WD[5]: [1] = 1600ms

RCOMP[7:0]

RCOMP is compensation resistor, it can be programming
by 0x13 register as show in Table 8. Bit[7:4] sets the R

COMP

value for VR in single-phase operation, and bit[3:0] sets
the R

COMP
 value for VR in multi-phase operation.

Gm
EAP

FB

I2C

COMP

RCOMP

Table 8. RCOMP Setting Table

]0:3[tiB/]4:7[tiB R PMOC )mho(

0000 K5.2

1000 K5

0100 K5.7

1100 K01

0010 K5.21

1010 K51

0110 K5.71

1110 K02

0001 K5.22

1001 K52

0101 K5.72

1101 K03

0011 K5.23

1011 K53

0111 K5.73

1111 K04
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Functional Description
LCHVID[7:0]:Latch VID

The register LCHVID stores the 8 bits VID code that user
defined, when enable this function,VR will ignore CPU
SetVID command.

IOUT[7:0]:Output Current Reading

The register reports real IOUT (output 1.3V = FFh).

VOUT[7:0]:VCORE Output Voltage Reading

The register VCORE_VOUT stores the VCORE output
voltage that is converted by internal ADC with 10mV/LSB.

SIMON/OC/UV/OV[7:0] Protection Setting

The Bit[7:6] for overwrite SVID 0x15h

Bit[7]:

0 = Disable; 1 = Enable

Bit[6]: 0 = 1/4; 1 = 1/2

The Bit[5:4] for per-phase OCP used to adjust V
CORE

 per-
phase OCP Level as:

Bit[5:4]=[00]= 100uA

Bit[5:4]=[01]= 120uA

Bit[5:4]=[10]= 140uA

Bit[5:4]=[11]= 160uA

The Bit[3:2] for UVP used to adjust V
CORE

 UVP level  as:

Bit[3:2]=[00]= 400mV

Bit[3:2]=[01]= 500mV

Bit[3:2]=[10]= 600mV

Bit[3:2]=[11]= 700mV

The Bit[1:0] for OVP used to adjust V
CORE

 OVP level  as:

Bit[1:0]=[00]= 400mV

Bit[1:0]=[01]= 500mV

Bit[1:0]=[10]= 600mV

Bit[1:0]=[11]= 700mV

TEMP_VRHOT[4:0]: TEMPMAX Setting

The register TEMP_VRHOT used to adjust VRHOT#
trigger point.

TEMP_VRHOT[4]: VRHOT#

0: Enable

1: Disable

TEMP_VRHOT[3:0]: SVID 0x12 shift left by LSB,
temperature range from 91OC to  121OC, default = 100OC,
3OC/LSB

GCOMP[3:0]: OTA Transconductance Gain Setting

The register GCOMP[3:0] is used to adjust error amplifier
Gm(uA/V) for loop gain tuning as show in Table 9.

GCOMP[3]=[0]=>2020uA/V(default value)

Gm
EAP

FB

I2C

RCOMP

COMP

Table 9. GCOMP Setting Table

]0:2[tiB,1=]3[tiB )V/Au(mG

000 1X

100 71.1X

010 13.1X

110 54.1X

001 96.1X

101 18.0X

011 6.0X

111 33.0X
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Functional Description
IICLL0~3
Load line adjust of 4 load current state: IICLL0~3 define
the DC load line slope in load current state LCS0~3
respectively as shown in Table 10.

Table 10. IICLL0~3

3~0LCII eniLdaoL

0000 %0

1000 %5.21

0100 %52

1100 %5.73

0010 %05

1010 %5.26

0110 %57

1110 %5.78

0001 %001

1001 %5.211

0101 %521

1101 %5.731

0011 %051

1011 %5.261

0111 %571

1111 %5.781
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Functional Description
Table 11. I2C Configuration Registers.

geR
rddA

emaNretsigeR sseccA tluafeD noitpircseD

10x0 ]0:7[0MV W/R h00

0levelegatlovTUOIlanretniteS
)etatstnerructsehgih(0SCL>=0leveL>TUOIV

eract'nod]0:1[tiB
Iotoitarehtsadenifedsignittes0MV TRELA_MUS tnerrucdesnes(

xamccIx)46/]2:7[tiB(=0MV.)xamccIsehcaertnerructuptuonehw

20x0 ]0:7[1MV W/R h00

1levelegatlovTUOIlanretniteS
1SCL>=1leveL>TUOIV

eract'nod]0:1[tiB
Iotoitarehtsadenifedsignittes0MV TRELA_MUS tnerrucdesnes(

xamccIx)46/]2:7[tiB(=0MV.)xamccIsehcaertnerructuptuonehw

30x0 ]0:7[2MV W/R h00

2levelegatlovTUOIlanretniteS
2SCL>=2leveL>TUOIV

)etatstnerructsewol(3SCL>=2leveL<TUOIV
eract'nod]0:1[tiB

Iotoitarehtsadenifedsignittes0MV TRELA_MUS tnerrucdesnes(
xamccIx)46/]2:7[tiB(=0MV.)xamccIsehcaertnerructuptuonehw

40x0
]0:2[syH_0MV
]4:6[syH_1MV

W/R h00

spets8,siseretsyH0MVteS:]0:2[tiB
)]0:2[tib+2(x)001/xamccI(=syH

spets8,siseretsyH1MVteS:]4:6[tiB
)]4:6[tib+2(x)001/xamccI(=syH

50x0 ]0:2[syH_2MV W/R h00
pets8,siseretsyH2MVteS:]0:2[tiB s

)]0:2[tib+2(x)001/xamccI(=syH

60x0
]4:5[2PCII;]6:7[3PCII
]0:1[0PCII;]2:3[1PCII

W/R h00

gnitteSrebmuNesahPnoitarepO
3SCLforebmuNesahP:]6:7[tiB
2SCLforebmuNesahP:]4:5[tiB
1SCLforebmuNesahP:]2:3[tiB
0SCLforebmuNesahP:]0:1[tiB

esahP1=11,esahP2=01,esahP3=10,esahP4=00

70x0 ]0:7[0SFOV W/R h00 )pets/Vm01(.0SCLfotesffoegatloV

80x0 ]0:7[1SFOV W/R h00 )pets/Vm01(.1SCLfotesffoegatloV

90x0 ]0:7[2SFOV W/R h00 )pets/Vm01(.2SCLfotesffoegatloV

A0x0 ]0:7[3SFOV W/R h00 )pets/Vm01(.3SCLfotesffoegatloV

B0x0
]4:7[0FCII
]0:3[1FCII

W/R h22

gnitarepo:]0:3[1FCII;0SCLfoycneuqerfgnitarepo:]4:7[0FCII
1SCLfoycneuqerf

%021=1100;%001=0100;%58=1000;%07=0000
%002=1110;%081=0110%061=1010;%041=0010

C0x0
]4:7[2FCII
]0:3[3FCII

W/R h22

gnitarepo:]0:3[3FCII;2SCLfoycneuqerfgnitarepo:]4:7[2FCII
3SCLfoycneuqerf

%021=1100;%001=0100;%58=1000;%07=0000
%002=1110;%081=0110;%061=1010;%041=0010

D0x0
]4:7[0LLCII
]0:3[1LLCII

W/R h88

0SCLfognittesenildaol:]4:7[0LLC2I
)pets/%5.21,%5.781xam,%0nim,%001tluafed(

1SCLfognittesenildaol:]0:3[1LLC2I
)pets/%5.21,%5.781xam,%0nim,%001tluafed(

E0x0
]4:7[2LLCII
]0:3[3LLCII

W/R h88

2SCLfognittesenildaol:]4:7[2LLC2I
)pets/%5.21,%5.781xam,%0nim,%001tluafed(

3SCLfognittesenildaol:]0:3[3LLC2I
)pets/%5.21,%5.781xam,%0nim,%001tluafed(
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geR
rddA

emaNretsigeR sseccA tluafeD noitpircseD

F0x0
]4:6[NIAGI_1HP
]0:2[NIAGI_2HP

W/R h44

tsujdAniaGecnalaBtnerruC1ESAHP
eract'noD:]7[tiB
]4:6[NIAGI_1HP

;%5.78=110;%57=010;%5.26=100;%05=000
%5.731=111;%521=011;%5.211=101;%001=001

tsujdAniaGecnalaBtnerruC2ESAHP
eract'noD:]3[tiB
]0:2[NIAGI_2HP

;%5.78=110;%57=010;%5.26=100;%05=000
%5.731=111;%521=011;%5.211=101;%001=001

01x0
]4:6[NIAGI_3HP
]0:2[NIAGI_4HP

W/R h44

tsujdAniaGecnalaBtnerruC3ESAHP
eract'noD:]7[tiB
]4:6[NIAGI_3HP

;%5.78=110;%57=010;%5.26=100;%05=000
%5.731=111;%521=011;%5.211=101;%001=001

tsujdAniaGecnalaBtnerruC4ESAHP
eract'noD:]3[tiB
]0:2[NIAGI_4HP

;%5.78=110;%57=010;%5.26=100;%05=000
%5.731=111;%521=011;%5.211=101;%001=001

11x0
]4:6[SOI_1HP
]0:2[SOI_2HP

W/R h00

tsujdAtesffOecnalaBtnerruC1ESAHP
eract'noD:]7[tiB

:]4:6[SOI_1HP
;Au6=110;Au4=010;Au2=100;Au0=000

Au41=111;Au21=011;Au01=101;Au8=001
tsujdAtesffOecnalaBtnerruC2ESAHP

eract'noD:]3[tiB
:]0:2[SOI_2HP

;Au6=110;Au4=010;Au2=100;Au0=000
Au41=111;Au21=011;Au01=101;Au8=001

21x0
]4:6[SOI_3HP
]0:2[SOI_4HP

W/R h00

tsujdAtesffOecnalaBtnerruC3ESAHP
eract'noD:]7[tiB

:]4:6[SOI_3HP
;Au6=110;Au4=010;Au2=100;Au0=000

Au41=111;Au21=011;Au01=101;Au8=001
tsujdAtesffOecnalaBtnerruC4ESAHP

eract'noD:]3[tiB
:]0:2[SOI_4HP

;Au6=110;Au4=010;Au2=100;Au0=000
Au41=111;Au21=011;Au01=101;Au8=001

31x0 ]0:7[PMOCR W/R h17

gnitteSrotsiseRPMOCR
,gnittesrotsisernoitasnepmocnoitarepoesahp-elgnis:]4:7[tiB

.K02=tluafed,)]4:7[+1(xK5.2=PMOCR
,gnittesrotsisernoitasnepmocnoitarepoesahp-itlum:]0:3[tiB

.K5=tluafed,)]0:3[+1(xK5.2=PMOCR

41x0 ]0:3[PMOCG W/R h00
mGATO

)tluafed(V/Au0202=]0:3[PMOCG

51x0 ]0:7[DIVHCL W/R h88 .retsigeRDIVhctaL

61x0 ]0:7[TUOI OR -- VnehwhFF(TUOIlaeRtropeR TUOI > )V3.1

71x0 ]0:7[TUOV OR -- V EROC .gnidaeRegatloV

Functional Description
Table 11. I2C Configuration Registers(cont).
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geR
rddA

emaNretsigeR sseccA tluafeD noitpircseD

81x0
noitcetorP

]0:5[rotacidnI
OR h00

rotacidnIPCO:]5[tiB
evitcA=1;evitcAtoN=0

rotacidnIPCOesahpreP:]4[tiB
evitcA=1;evitcAtoN=0

rotacidnIPVO:]3[tiB
evitcA=1;evitcAtoN=0

rotacidnIPVU:]2[tiB
evitcA=1;evitcAtoN=0

1=]4[tiBfirotacidniPCOesahpreP:]0:1[tiB
00=4esahp;11=3esahp;01=2esahp;10=1esahp

91x0
latoT

L_PCO/L_PCO/PCO
]0:7[syH

W/R hA8

XAMCCIfo%otreferPCOtnerruClatoT:]4:7[PCO
;%08=1100;%07=0100;%06=1000;%05=0000

;%021=1110;%011=0110;%001=1010;%09=0010
;%061=1101;%051=0101;%041=1001;)tluafeD(%031=0001

%002=1111;%091=0111;%081=1011;%071=0011
XAMCCIfo%otreferL_PCO:]1:3[L_PCO

;%09=001;%08=110;%07=010;%06=100;%05=000
%021=111;%011=011;)tluafeD(%001=101

xamccIfo%otgnirefer,siseretsyHL_PCOteS:]0[syHL_PCO
%02:1;)tluafeD(%01:0

A1x0
VO/VU/CO/NOMIS

]0:7[
W/R h04

)TUOI(h51x0DIVSetirwrevO:]7[NOMIS
elbasiD=0;elbanE=1

)TUOI(h51x0DIVSetirwrevO:]6[NOMIS
4/1:0;2/1:1

PCOesahPreP:]4:5[PCO
Au061=11;Au041=01;Au021=10;)tluafeD(Au001=00

gnitteSPVU:]2:3[tiB
Vm007=11;Vm006=01;Vm005=10;)tluafeD(Vm004=00

gnitteSPVO:]0:1[tiB
Vm007=11;Vm006=01;Vm005=10;)tluafeD(Vm004=00

B1x0 ]0:7[yaled_PCO W/R h86

yaledPCOlatoT:]5:7[yaled_PCO
;)tluafeD(su02=110;su51=010;su01=100;su5=000

su04=111;su53=011;su03=101;su52=001
yaledPCOesahPreP:]2:4[yaled_PCO

;su8=110;)tluafeD(su6=010;su4=100;su2=000
su61=111;su41=011;su21=101;su01=001

devreser:]0:1[yaled_PCO

C1x0 RS_RV W/R h30

]0:4[RS_RV
-repsu/Vm1dnaspets23latoT.su/Vm83~7morfetarwelsDIVD

.su/Vm01sitluafeD.BSL
)dnammocDIVteSswollofgnimitnoitressa#trelA:etoN(

su/Vm7=00

Functional Description
Table 11. I2C Configuration Registers(cont).
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Functional Description
Table 11. I2C Configuration Registers(cont).

geR
rddA

emaNretsigeR sseccA tluafeD noitpircseD

D1x0 ]0:6[1csiM W/R hF0

V:]6[tiB CAD lortnoC
V13x0DIVS=0 CAD DIVSwollof
V13x0DIVS=1 CAD DIVSerongi

lortnocetatsrewoP:]5[tiB
DIVSwollofetatsrewoP23x0DIVS=0
DIVSerongietatsrewoP23x0DIVS=1

lortnoctesffO:]4[tiB
DIVSwolloftesffO33x0DIVS=0
DIVSerongitesffO33x0DIVS=1

lortnocelbanePCOlatoT:]3[tiB
)H=#CO(noitcnufPCOlatotelbasiD=0

noitcnufPCOlatotelbanE=1
lortnocelbanePCOesahp-reP:]2[tiB

noitcnufPCOesahp-repelbasiD=0
noitcnufPCOesahp-repelbanE=1

lortnocelbanePVO:]1[tiB
noitcnufPVOelbasiD=0

noitcnufPVOelbanE=1
lortnocelbanePVU:]0[tiB

noitcnufPVUelbasiD=0
noitcnufPVUelbanE=1

E1x0 ]0:5[2csiM W/R hF0

lortnocelbanetesffoegatlovtuptuO:]5[tiB
)A0x0~70x0nidenifedtesffO(tesffOC2IelbasiD=0

tesffOC2IelbanE=1
lortnocelbanenoitcnufesahPotuA:]4[tiB

esahPotuAelbasiD=0
)0=]5[D1x0fiSP_DIVS)2(ro1=]5[D1x0fi0PCII)1(wolloF=(

esahPotuAelbanE=1
lortnocelbaneMSP:]3[tiB

)MCCsyawlA(MSPelbasiD=0
MSPelbanE=1

lortnocelbaneenildaoL:]2[tiB
)0=LL(eniLdaoLelbasiD=0

eniLdaoLelbanE=1
devreser:]1[tiB

lortnocelbane#CO:]0[tiB
)evitcaniamernoitcnufPCO(#COelbasiD=0

#COelbanE=1

F1x0 ]5:7[DW W/R h00

remitgodhctaW
elbasiD=0;elbanE=1:]7[tiB

retfaeluavtluafedottnetnocretsigerC2Illateser,1ottesfI:]6[tiB
gnidaer

remiT:]5[tiB
sm0061=1;sm008=0
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Functional Description
Table 11. I2C Configuration Registers(cont).

geR
rddA

emaNretsigeR sseccA tluafeD noitpircseD

02x0 ]0:4[DSRV W/R h11

gnittesdlohserht#NDHS_RV
elbasiD=0;elbanE=1:]4[tiB

2,spets61:]0:3[tiB O pets/C
321=#NDHS_RV O ,]0:3[tiB+C

321morfegnarpmet O 351otC O 521=tluafed,C OC

12x0 ]0:4[syHDSRV W/R h00
gnitteSsiseretsyH#NDHS_RV

spets23:]0:4[tiB

22x0
/]5[COHP1BD

]0:4[TOHRV_PMET
W/R h30

lortnocdlohserhtPCOnoitarepoesahp-elgniS:]5[tiB
elbuoD=1;tluafeD=0

#TOHRV:]4[tiB
elbasiD=1;elbanE=0

,BSLybtfeltfihS21x0DIVS:]0:3[tiB
19morfegnarpmeT O 121otC O 001=tluafed,C O 3,C O BSL/C

;BSL2tfihS=0100;BSL1tfihS=1000;tfihSoN=0000
;BSL4tfihS=0010;)tluafeD(BSL3tfihS=1100

;BSL7tfihS=1110;BSL6tfihS=0110;BSL5tfihS=1010
BSL01tfihS=0101;BSL9tfihS=1001;BSL8tfihS=0001

32x0 ]0:7[BT W/R h00

0SPniBT
elbanE=1;elbasiD=0:]7[tiB

:]4:6[tiB
;Vm03=110;Vm02=010;Vm01=100;Vm0=000

Vm07=111;Vm06=011;Vm05=101;Vm04=001
2/1SPniBT

elbanE=1;elbasiD=0:]3[tiB
:]0:2[tiB

;Vm03=110;Vm02=010;Vm01=100;Vm0=000
Vm07=111;Vm06=011;Vm05=101;Vm04=001

42x0 ]0:7[GIRT W/R h00

0SPnitimiLgirtVBT
elbanE=1;elbasiD=0:]7[tiB

:]0:6[tiB
;V55.1=110;V54.1=010;V53.1=100;V52.1=000

V59.1=111;V58.1=011;V57.1=101;V56.1=001
2/1SPnitimiLgirtVBT

elbanE=1;elbasiD=0:]3[tiB
:]0:2[tiB

;V55.1=110;V54.1=010;V53.1=100;V52.1=000
V59.1=111;V58.1=011;V57.1=101;V56.1=001

52x0
]6:7[FFOTUCBT

]0:5[NOTBT
W/R h00

lortnocycneuqerfffo-tucBT]6:7[tiB
zHk003=11;zHk002=01;zHk001=10;zHk001=00

emitNOBT
emitNOBT0SP:]3:5[tiB

;sn005=110;sn004=010;sn003=100;sn002=000
sn009=111;sn008=011;sn007=101;sn006=001

emitNOBT2/1SP:]0:2[tiB
;sn005=110;sn004=010;sn003=100;sn002=000

sn009=111;sn008=011;sn007=101;sn006=001
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Functional Description
Table 11. I2C Configuration Registers(cont).

geR
rddA

emaNretsigeR sseccA tluafeD noitpircseD

62x0
]4:7[BTI

]0:3[SFO_TUOI
W/R h08

:tiBgnitseTlanretnI
]4:7[tiBxVm01

:gnitroperlatigidhtobroftesffOTUOI
]0:3[tiB+h51x0:DIVS

]0:3[tiB+h61x0:C2I
tesffoevitagen=1,tesffoevitisop=0,tibngissi]3[tiB

)mumixamevitisop("7+"=1110,"1+"=1000
)mumixamevitagen("8-"=0001,"1-"=1111,"7-"=1001

.hFFdnah00neewtebdenifnocsitesfforetfatnetnoclatigid

72x0 ]0:7[DIV_UPC OR -- tnetnoc)gnitteS_DIV(h13x0retsigerDIVSfoypocA

84x0 DInoisreV OR h80

2Bx0 DIPIHC OR h72
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DIVS
XEH

V CAD

)V(
DIVS
XEH

V CAD

)V(
DIVS
XEH

V CAD

)V(
DIVS
XEH

V CAD

)V(
DIVS
XEH

V CAD

)V(
DIVS
XEH

V CAD

)V(
DIVS
XEH

V CAD

)V(

00x0 0 52x0 68.0 A4x0 32.1 F6x0 6.1 49x0 79.1 8Bx0 33.2 CDx0 96.2

10x0 5.0 62x0 78.0 B4x0 42.1 07x0 16.1 59x0 89.1 9Bx0 43.2 DDx0 7.2

20x0 15.0 72x0 88.0 C4x0 52.1 17x0 26.1 69x0 99.1 ABx0 53.2 EDx0 17.2

30x0 25.0 82x0 98.0 D4x0 62.1 27x0 36.1 79x0 2 BBx0 63.2 FDx0 27.2

40x0 35.0 92x0 9.0 E4x0 72.1 37x0 46.1 89x0 10.2 CBx0 73.2 0Ex0 37.2

50x0 45.0 A2x0 19.0 F4x0 82.1 47x0 56.1 99x0 20.2 DBx0 83.2 1Ex0 47.2

60x0 55.0 B2x0 29.0 05x0 92.1 57x0 66.1 A9x0 30.2 EBx0 93.2 2Ex0 57.2

70x0 65.0 C2x0 39.0 15x0 3.1 67x0 76.1 B9x0 40.2 FBx0 4.2 3Ex0 67.2

80x0 75.0 D2x0 49.0 25x0 13.1 77x0 86.1 C9x0 50.2 0Cx0 14.2 4Ex0 77.2

90x0 85.0 E2x0 59.0 35x0 23.1 87x0 96.1 D9x0 60.2 1Cx0 24.2 5Ex0 87.2

A0x0 95.0 F2x0 69.0 45x0 33.1 97x0 7.1 E9x0 70.2 2Cx0 34.2 6Ex0 97.2

B0x0 6.0 03x0 79.0 55x0 43.1 A7x0 17.1 F9x0 80.2 3Cx0 44.2 7Ex0 8.2

C0x0 16.0 13x0 89.0 65x0 53.1 B7x0 27.1 0Ax0 90.2 4Cx0 54.2 8Ex0 18.2

D0x0 26.0 23x0 99.0 75x0 63.1 C7x0 37.1 1Ax0 1.2 5Cx0 64.2 9Ex0 28.2

E0x0 36.0 33x0 1 85x0 73.1 D7x0 47.1 2Ax0 11.2 6Cx0 74.2 AEx0 38.2

F0x0 46.0 43x0 10.1 95x0 83.1 E7x0 57.1 3Ax0 21.2 7Cx0 84.2 BEx0 48.2

01x0 56.0 53x0 20.1 A5x0 93.1 F7x0 67.1 4Ax0 31.2 8Cx0 94.2 CEx0 58.2

11x0 66.0 63x0 30.1 B5x0 4.1 08x0 77.1 5Ax0 41.2 9Cx0 5.2 DEx0 68.2

21x0 76.0 73x0 40.1 C5x0 14.1 18x0 87.1 6Ax0 51.2 ACx0 15.2 EEx0 78.2

31x0 86.0 83x0 50.1 D5x0 24.1 28x0 97.1 7Ax0 61.2 BCx0 25.2 FEx0 88.2

41x0 96.0 93x0 60.1 E5x0 34.1 38x0 8.1 8Ax0 71.2 CCx0 35.2 0Fx0 98.2

51x0 7.0 A3x0 70.1 F5x0 44.1 48x0 18.1 9Ax0 81.2 DCx0 45.2 1Fx0 9.2

61x0 17.0 B3x0 80.1 06x0 54.1 58x0 28.1 AAx0 91.2 ECx0 55.2 2Fx0 19.2

71x0 27.0 C3x0 90.1 16x0 64.1 68x0 38.1 BAx0 2.2 FCx0 65.2 3Fx0 29.2

81x0 37.0 D3x0 1.1 26x0 74.1 78x0 48.1 CAx0 12.2 0Dx0 75.2 4Fx0 39.2

91x0 47.0 E3x0 11.1 36x0 84.1 88x0 58.1 DAx0 22.2 1Dx0 85.2 5Fx0 49.2

A1x0 57.0 F3x0 21.1 46x0 94.1 98x0 68.1 EAx0 32.2 2Dx0 95.2 6Fx0 59.2

B1x0 67.0 04x0 31.1 56x0 5.1 A8x0 78.1 FAx0 42.2 3Dx0 6.2 7Fx0 69.2

C1x0 77.0 14x0 41.1 66x0 15.1 B8x0 88.1 0Bx0 52.2 4Dx0 16.2 8Fx0 79.2

D1x0 87.0 24x0 51.1 76x0 25.1 C8x0 98.1 1Bx0 62.2 5Dx0 26.2 9Fx0 89.2

E1x0 97.0 34x0 61.1 86x0 35.1 D8x0 9.1 2Bx0 72.2 6Dx0 36.2 AFx0 99.2

F1x0 8.0 44x0 71.1 96x0 45.1 E8x0 19.1 3Bx0 82.2 7Dx0 46.2 BFx0 3

02x0 18.0 54x0 81.1 A6x0 55.1 F8x0 29.1 4Bx0 92.2 8Dx0 56.2 CFx0 10.3

12x0 28.0 64x0 91.1 B6x0 65.1 09x0 39.1 5Bx0 3.2 9Dx0 66.2 DFx0 20.3

22x0 38.0 74x0 2.1 C6x0 75.1 19x0 49.1 6Bx0 13.2 ADx0 76.2 EFx0 30.3

32x0 48.0 84x0 12.1 D6x0 85.1 29x0 59.1 7Bx0 23.2 BDx0 86.2 FFx0 40.3

42x0 58.0 94x0 22.1 E6x0 95.1 39x0 69.1

Functional Description
Table 12. Intel SVID Table
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(Note 1)
Supply Input Voltage, VCC  --------------------------------------------------------------------------------------------------  -0.3V to +6V
Other Pins  --------------------------------------------------------------------------------------------------------------------------  0V 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

Package Thermal Resistance (Note 3)
VQFN5x5 - 40L θJA ---------------------------------------------------------------------------------------------------------  36OC/W
VQFN5x5 - 40L θJC -----------------------------------------------------------------------------------------------------------  3OC/W

Power Dissipation, PD @ TA = 25OC
VQFN5x5 - 40L  ---------------------------------------------------------------------------------------------------------------------  2.78W

(Note 4)
Operating Junction Temperature Range  -------------------------------------------------------------------------------  -40OC to +125OC
Operating Ambient Temperature Range  --------------------------------------------------------------------------------  -40OC to +85OC
Supply Input Voltage, V

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

Absolute Maximum Rating

Thermal Information

Recommended Operation Conditions

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
 = 25OC 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.
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retemaraP lobmyS snoitidnoCtseT niM pyT xaM stinU

tupnIylppuS

dlohserhTROPCCV ROP r_CCV gnisirCCV 0.4 3.4 5.4 V

dlohserhTROPCCV ROP f_CCV gnillafCCV 9.3 0.4 1.4 V

tnerruCnwodtuhS I NDHS V0=ELBANE -- 6 -- Am

tnerruCylppuS I CCV -- 7 -- Am

reifilpmArorrE

egatloVtesffO V )AE(SO 1- -- 1 Vm

ecnatcudnoC-snarT MG -- 0202 -- V/Au

tcudorPhtdiwdnaBniaG G )AE(WB ngiseDybdeetnarauG -- 01 -- zHM

ycaruccAegatloVCAD

ycaruccAtuptuOCAD V SS/CAD

V40.3otV05.1 5.0- -- 5.0 %

V94.1otV00.1 8- -- 8 Vm

V99.0otV05.0 01- -- 01 Vm

etaRwelS

tsaFetaRwelS tsaF_RS tsaF_DIVteS 01 -- -- su/Vm

wolSetaRwelS wolS_RS wolS_DIVteS 5.2 -- -- su/Vm

tupnIELBANE

woLtupnI V LI -- -- 3.0 V

hgiHtupnI V HI 8.0 -- -- V

ELBANEfotnerruCegakaeL I ELBANE V0=ELBANE -- 0 1 Au

ELBANEfotnerruCegakaeL I ELBANE V1=ELBANE 1- 0 -- Au

gnitteSemiT-nOMWP

egnaRycneuqerF f CSO 002 -- 006 zHk

ycaruccAemiTnO T NO

V7.1=tuoV,V21=niV ,
R NOT k63= Ω -- 274 -- sn

Electrical Characteristics
(TA = 25OC, VCC = 5V, unless otherwise specified)
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Electrical Characteristics

retemaraP lobmyS snoitidnoCtseT niM pyT xaM stinU

gnimmuStnerruCrofreifilpmAesneStnerruC

egatloVtesffO V )ASC(SO 1- -- 1 Vm

tnerruCsaiBtupnI I AE V PSC V7.1= 01- -- 01 An

tnerruCgnicruoSmumixaM I CRSXAM 001 -- -- Au

tcudorPhtdiwdnaBniaG G )ASC(WB ngisedybeetnarauG -- 01 -- zHM

ecnalaBtnerruCrofreifilpmAesneStnerruC

egatloVtesffO V )ASC(SO 1- -- 1 Vm

tnerruCsaiBtupnI I AE V PSC V7.1= 01- -- 01 An

tnerruCgnicruoSmumixaM I CRSXAM 001 -- -- Au

tcudorPhtdiwdnaBniaG G )ASC(WB ngisedybeetnarauG -- 01 -- zHM

tuptuOMWP

egatloVwoLtuptuO V )MWP(LO I KNIS Am4= -- -- 2.0 V

egatloVhgiHtuptuO V )MWP(HO I ECRUOS Am4= 7.4 -- -- V

egakaeLetatSecnadepmIhgiH V MWP V5~V0= 1- -- 1 Au

#TOHRV,#TRELA_DIVS,OIDVS

ecnatsiseRnwoDlluP R DIVS_no 4 -- 31 Ω

tnerruCegakaeL I DIVS_L 001- -- 001 Au

egatloVwoLtupnI V DIVS_LI -- -- 54.0 V

egatloVhgiHtupnI V DIVS_HI 56.0 -- -- V

#NDHS_RV,#CO,YDAER_RV

egatloVwoLtuptuO V LO I KNIS Am4= -- -- 2.0 V

tnerruCegakaeLtuptuO IL V5otpulluP -- -- 1 Au

)TUOI(gnirotinoMtnerruC

ycaruccArorriMtnerruCTUOI I TUO Iot NSC oitar 59 001 501 %

poorD

ycaruccAoitaRrorriMtnerruC I PAE I/ NSC 59 001 501 %

gnitteSRDDA

tnerruCecruoS -- 05 -- Au

gnitteSXAMCCI

ycaruccAD/A
,V47.0=egatlovnipXAMCCI

h12x0retsigerDIVSdaer
741 151 551 CED

NESNIV

dlohserhTROP -- 8.0 -- V

siseretsyHROP -- 002 -- Vm
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Electrical Characteristics

retemaraP lobmyS snoitidnoCtseT niM pyT xaM stinU

)MT(gnirotinoMlamrehT

ycaruccAD/A V MT V3.4= -- 001 -- CED

ycaruccAD/A V MT V34.4otV21.4= 3- -- 3 CED

noitcetorP

dlohserhTPVO V PVO V BF V- PAE -- 004 -- Vm

yaleDPVO T PVO -- 5 -- su

dlohserhTPVU V PVU V PAE V- BF -- 004 -- Vm

yaleDPVU T PVU -- 5.7 -- su

dlohserhTPCOtnerruClatoT I PCO

Ierusaem,k02=tescoR NSC ,tnerruc
eulavtluafed

-- 5.48 -- Au

dlohserhTTRELAXAMCCI I TRELA Ierusaem,k02=tescoR NSC tnerruc -- 56 -- Au

emityaleDPCOtnerruClatoT T 1PCO -- 02 -- su

dlohserhTPCOesahP-reP I 2PCO Ierusaem xNSC -- 001 -- Au

emityaleDPCOesahP-reP T 2PCO -- 6 -- su
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Enable (1V/Div)

VOUT (500mV/Div)

VR_READY (5V/Div)

PWM (5V/Div)

CSO#
(1V/Div)

 ALERT# (1V/Div)

VOUT (50mV/Div)

CSO# (1V/Div)

 ALERT# (1V/Div)

VOUT (50mV/Div)

CSO#
(1V/Div)

 ALERT# (1V/Div)

VOUT (50mV/Div)

CSO# (1V/Div)

 ALERT# (1V/Div)

VOUT (50mV/Div)

Enable (1V/Div)

VOUT (500mV/Div)

VR_READY (5V/Div)

PWM (5V/Div)

Typical Operation Characteristics

VID Transition Up_Fast

Time : 10us/Div
VID = 1.6V to 1.8V, Slew Rate = Fast

VID Transition Down_Fast

Power On from EN

Time : 400us/Div
VBOOT = 1.7V

Power Off from EN

Time : 400us/Div
VBOOT = 1.7V

VID Transition Up_Slow

Time : 20us/Div
VID = 1.6V to 1.8V, Slew Rate = Slow

VID Transition Down_Slow

Time : 20us/Div
VID = 1.8V to 1.6V, Slew Rate = Slow

Time : 20us/Div
VID = 1.8V to 1.6V, Slew Rate = Fast
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Load Current

VOUT (100mV/Div)

Load Current 

VOUT (100mV/Div)

CSO# (1V/Div)

 ALERT# (1V/Div)

VOUT (50mV/Div)

Typical Operation Characteristics
VID Transition Down_Decay

Time : 20us/Div
VID = 1.8V to 1.6V, Load = 2A, Slew Rate = Decay

PS0 Load Transient

Time : 40us/Div
PS0, Load Current = 1A to 61A

PS1 Load Transient

Time : 40us/Div
PS1, Load Current = 4A to 20A
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Package Information

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.

VQFN5x5-40L

4.90 - 5.10

Pin 1 mark

Bottom View - Exposed Pad

3.20 - 3.80
0.15 - 0.25

3.20 - 3.80
0.30 - 0.50

4.90 - 5.10

0.0 - 0.05 0.20 REF

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) 2013, 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
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12F-5, No. 408, Ruiguang Rd. Neihu District,
Taipei Taiwan, R.O.C.
TEL : 886.2.8751.2062    FAX : 886.2.8751.5064


