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3/2-Phase SDPWM Controller with SMBus for VR12

����� Intel VR12/IMVP7 Compliant

 � � � � � IOUT and VOUT Reporting

 � � � � � Programmable IMAX, VBOOT, and SVID/SMBUS

Address

����� Selectable 3/2 Phase Operation

����� RCOTTM Control Topology

 � � � � � Easy Setting

 � � � � � Smooth Mode Transition

 � � � � � Fast Transient Response

����� Simulated Digital PWM Control

����� Transient Boost Technology

����� High Accuracy DAC

����� Programmable Operation Frequency

����� Adjustable Soft-Start

����� OCP/UVP/OVP

����� RoHS Compliant and Halogen Free

rebmuNredrO epyTegakcaP gnikraMpoT

IAQP4761Pu L23-5x5NFQV P4761Pu

General Description

Applications

Features

����� Desktop and Notebook PC Core Power Supplies

Ordering Information

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.

The uP1674 is a Simulated Digital PWM controller that
integrates a 3/2-phase PWM controller. uP1674 accurately
reports output voltages and output currents  to comply
with VR12 specification.

The uP1674 integrates 2 bootstrapped drivers that support
12V + 12V driving capability. 3/2 phase operation is enabled
by a logic level PWM output, achieving optimal balance
between cost and flexibility.

The uP1674 supports phase adding/dropping that is
activated by PSI command from SVID or by PS state from
SMBUS. The uP1674 operates in diode emulation mode
at extreme light load condition and achieves maximum
efficiency over entire load current range.

Other features include adjustable soft start, transient boost
function, under/over voltage protection and over current
protection. The uP1674 is available in VQFN5x5-32L
package.
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Typical Application Circuit
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Functional Block Diagram

Functional Pin Description
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Functional Description
The uP1674 is a VR12/IMVP7 compliant PWM controller
for CPU power. It integrates SMBus to provide variety of
VR adjustment. Compensator is dynamically adjustable
through the SMBus as well.

Power Input and Power On Reset

Figure 1 shows the power ready detection of the uP1674.
The uP1674 receives supply input from VCC12 pin to
provide current to gate drivers. RC filters are required for
locally bypassing the supply input pin. The VCC12 pin is
monitored for power on reset, the POR level is typically
4.2V at VCC12 rising.

The VCC5 pin receives a well-decoupled 5V voltage
source to power the internal control circuit. Place a 0.1uF
ceramic capacitor physically near the VCC5 pin for locally
bypassing the VCC5 voltage. The VCC5 voltage is
continuously monitored for power on reset. The POR level
is typical 4.3V at VCC5 rising.

POR

4.3V

4.2V

VCC5

VCC12

Figure1. Circuit for Power Ready Detection

Phase Number of Operation

The controller supports 3/2-phase operation. During POR,
uP1674 detects PWM3 to determine the operation phase
number of V

CORE
. The operation phase number is latched

by uP1674 once it is determined. Leave the unused ISEN
pin floating.

Initial Parameters Setting

The LG1/IMAX, BUS_SEL and VBOOT pins set the
parameters required for VR12/IMVP7 as shown in Figure
2.

BUS_SEL

VCC5

VBOOT
A/D

Converter

R1

R2

R3

R4

                   Figure 2. Initial Parameter Setting

IMAX sets the rated current of the uP1674 Converter. The
IMAX voltage is digitized by internal 8-bit A/D converter
as:

IMAX[7:0] = 
5CC

IMAX

V
2568V ××

The LSB of the register is 1A. The maximum value of the
register is 255A.

VBOOT pin sets the boot-up voltage as shown in Table 1.

Table 1. Boot-up Voltage Table

egatloVTOOBV )V(EROCV

0 0

DDV*%5.73 1

DDV*%5.26 1.1

DDV 5.1

BUS_SEL pin sets the I2C address and SVID address as
shown in Table 2.

Table 2.  SVID and I2C address Table

sserddADIVS
sserddAC2I

)xeH(
LES_EUB
)V(egatloV

2

07 0

27 DDV*%573.9

47 DDV*%526.51

67 DDV*%578.12

4

07 DDV*%521.82

27 DDV*%573.43

47 DDV*%526.04

67 DDV*%578.64

6

07 DDV*%521.35

27 DDV*%573.95

47 DDV*%526.56

67 DDV*%578.17

8

07 DDV*%521.87

27 DDV*%573.48

47 DDV*%526.09

67 DDV
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PWM On Time Setting

uP1674 uses TON pin for power stage input voltage
sensing and connects a voltage divider from VIN-TON-
GND to set PWM on time. Please keep the ratio of VIN-
TON resistor and TON-GND resistor 9:1 for controller on
time calculation.

VDAC Generator

The uP1674 builds in precise bandgap reference circuit
as shown in Figure 3. The output voltage of bandgap
reference is 2.1V with respective to FBRTN. The uP1674
uses plural resistors to generate precise reference
voltages ranging from 0.0V to 2.1V, with 5mV increments.
All the voltages connect to a multiplexer (MUX). The
multiplexer outputs VDAC according to the SVID inputs.
Please note that all the voltage values in Figure 3 are
referred to FBRTN.

VBG

SMBUS
Interface

FBRTN

2.1V

RN
0.0V

FBRTN

R1

R2

2.1V

SVID 
Interface

VDAC

0.0V ~ 2.1V
Step = 5mV

Figure 3. VDAC Generator Circuit

The VDAC voltage is expressed as:

OffsetSetVIDVDAC +=

where SetVID and Offset can be programmed by SVID or
SMBUS. Table 3 illustrates the SetVID voltages according
to VID code.

State Transition

Figure 4 illustrates the state diagram of the uP1674. The
uP1674 initiates it soft start cycle whenever POR transits
from Low to High. VROK sets high when soft start cycle
completes and no fault occurs. When any faults occurs,
the uP1674 shutdown both power rails and latches. The
latch state can only be reset by POR.

Controller 
POR

Calibrate
and

Initialize

Soft Start 
Ramp I

VROK = 
High

VBOOT not 0V

VDAC = SetVID + Offset

Soft Start 
Ramp II

Protection

POR = L
to reset

POR = L
to reset

VDAC = VBOOT

VBOOT = 0V

Soft Start 
Ramp I

VROK = 
High

VDAC = SetVID + Offset

Figure 4. State Diagram.

Soft Start

The soft start slew rate is programmable. The soft start
function limits the output voltage slew rate during both
soft start and VID on the fly (VID_OTF) periods as shown
in Figure 5. The soft start buffer is a current limited buffer
and output current ISS is used to charge/discharge the
soft start capacitor CSS when VDAC transition during soft
start and VID_OTF. This limits the slew rate of VDAC/SS.
Consequently EAP and FB pin voltages will follow the slew
rate of VDAC/SS.

Functional Description
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00x0 000.0 52x0 034.0 A4x0 516.0 F6x0 008.0 49x0 589.0 8Bx0 561.1 CDx0 543.1

10x0 052.0 62x0 534.0 B4x0 026.0 07x0 508.0 59x0 099.0 9Bx0 071.1 DDx0 053.1

20x0 552.0 72x0 044.0 C4x0 526.0 17x0 018.0 69x0 599.0 ABx0 571.1 EDx0 553.1

30x0 062.0 82x0 544.0 D4x0 036.0 27x0 518.0 79x0 000.1 BBx0 081.1 FDx0 063.1

40x0 562.0 92x0 054.0 E4x0 536.0 37x0 028.0 89x0 500.1 CBx0 581.1 0Ex0 563.1

50x0 072.0 A2x0 554.0 F4x0 046.0 47x0 528.0 99x0 010.1 DBx0 091.1 1Ex0 073.1

60x0 572.0 B2x0 064.0 05x0 546.0 57x0 038.0 A9x0 510.1 EBx0 591.1 2Ex0 573.1

70x0 082.0 C2x0 564.0 15x0 056.0 67x0 538.0 B9x0 020.1 FBx0 002.1 3Ex0 083.1

80x0 582.0 D2x0 074.0 25x0 556.0 77x0 048.0 C9x0 520.1 0Cx0 502.1 4Ex0 583.1

90x0 092.0 E2x0 574.0 35x0 066.0 87x0 548.0 D9x0 030.1 1Cx0 012.1 5Ex0 093.1

A0x0 592.0 F2x0 084.0 45x0 566.0 97x0 058.0 E9x0 530.1 2Cx0 512.1 6Ex0 593.1

B0x0 003.0 03x0 584.0 55x0 076.0 A7x0 558.0 F9x0 040.1 3Cx0 022.1 7Ex0 004.1

C0x0 503.0 13x0 094.0 65x0 576.0 B7x0 068.0 0Ax0 540.1 4Cx0 522.1 8Ex0 504.1

D0x0 013.0 23x0 594.0 75x0 086.0 C7x0 568.0 1Ax0 050.1 5Cx0 032.1 9Ex0 014.1

E0x0 513.0 33x0 005.0 85x0 586.0 D7x0 078.0 2Ax0 550.1 6Cx0 532.1 AEx0 514.1

F0x0 023.0 43x0 505.0 95x0 096.0 E7x0 578.0 3Ax0 060.1 7Cx0 042.1 BEx0 024.1

01x0 523.0 53x0 015.0 A5x0 596.0 F7x0 088.0 4Ax0 560.1 8Cx0 542.1 CEx0 524.1

11x0 033.0 63x0 515.0 B5x0 007.0 08x0 588.0 5Ax0 070.1 9Cx0 052.1 DEx0 034.1

21x0 533.0 73x0 025.0 C5x0 507.0 18x0 098.0 6Ax0 570.1 ACx0 552.1 EEx0 534.1

31x0 043.0 83x0 525.0 D5x0 017.0 28x0 598.0 7Ax0 080.1 BCx0 062.1 FEx0 044.1

41x0 543.0 93x0 035.0 E5x0 517.0 38x0 009.0 8Ax0 580.1 CCx0 562.1 0Fx0 544.1

51x0 053.0 A3x0 535.0 F5x0 027.0 48x0 509.0 9Ax0 090.1 DCx0 072.1 1Fx0 054.1

61x0 553.0 B3x0 045.0 06x0 527.0 58x0 019.0 AAx0 590.1 ECx0 572.1 2Fx0 554.1

71x0 063.0 C3x0 545.0 16x0 037.0 68x0 519.0 BAx0 001.1 FCx0 082.1 3Fx0 064.1

81x0 563.0 D3x0 055.0 26x0 537.0 78x0 029.0 CAx0 501.1 0Dx0 582.1 4Fx0 564.1

91x0 073.0 E3x0 555.0 36x0 047.0 88x0 529.0 DAx0 011.1 1Dx0 092.1 5Fx0 074.1

A1x0 573.0 F3x0 065.0 46x0 547.0 98x0 039.0 EAx0 511.1 2Dx0 592.1 6Fx0 574.1

B1x0 083.0 04x0 565.0 56x0 057.0 A8x0 539.0 FAx0 021.1 3Dx0 003.1 7Fx0 084.1

C1x0 583.0 14x0 075.0 66x0 557.0 B8x0 049.0 0Bx0 521.1 4Dx0 503.1 8Fx0 584.1

D1x0 093.0 24x0 575.0 76x0 067.0 C8x0 549.0 1Bx0 031.1 5Dx0 013.1 9Fx0 094.1

E1x0 593.0 34x0 085.0 86x0 567.0 D8x0 059.0 2Bx0 531.1 6Dx0 513.1 AFx0 594.1

F1x0 004.0 44x0 585.0 96x0 077.0 E8x0 559.0 3Bx0 041.1 7Dx0 023.1 BFx0 005.1

02x0 504.0 54x0 095.0 A6x0 577.0 F8x0 069.0 4Bx0 541.1 8Dx0 523.1 CFx0 505.1

12x0 014.0 64x0 595.0 B6x0 087.0 09x0 569.0 5Bx0 051.1 9Dx0 033.1 DFx0 015.1

22x0 514.0 74x0 006.0 C6x0 587.0 19x0 079.0 6Bx0 551.1 ADx0 533.1 EFx0 515.1

32x0 024.0 84x0 506.0 D6x0 097.0 29x0 579.0 7Bx0 061.1 BDx0 043.1 FFx0 025.1

42x0 524.0 94x0 016.0 E6x0 597.0 39x0 089.0

Functional Description
Table 3. Intel SVID Table
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VDAC

FBRTN CSS

EAP

DAC/SS

SS
Buffer

FB
VCOMP

RDRP

Figure 5. Circuit for Soft Start and Dynamic VID.

The DAC/SS level can be dynamically programmed by
SVID/SMBUS interfaces.

Figure 6 shows a typical soft start waveforms of VBOOT 
0V. When ENABLE = Low, the DAC/SS pin is hold at GND.
The uP1674 takes about 2ms (T1) for initialization before
the VDAC/SS begins to rise to VBOOT. The ramping up period
T2 is decided by VBOOT, CSS and ISS and is calculated as:

SS

SSBOOT

I
CV

2T
×

= , ISS = 50uA

ENABLE

T1 T2

T3

T4

VOUT = 
VDAC/SS

VROK

VBOOT

SetVID PKG

ALERT#

SVID

Figure 6. Soft Start Waveforms of VBOOT  0V.

The VROK is asserted with an extra 200us time delay T3.

When the SetVID command is acknowledged, the VDAC/

SS starts to ramp to the new VDAC level with a typical 600ns
delay time. The ramping period T4 is decided by VDAC,
VBOOT, CSS and ISS and is calculated as:

SS

SSBOOTDAC

I

C)VV(
4T

×−
=

SVID-FAST ISS = 200uA

SVID-SLOW ISS = 50uA

The uP1674 asserts soft start end when VDAC/SS is within
10mV of it target level and sets ALERT# low.

Figure 7  shows a typical soft start waveforms of VBOOT =
0V. When ENABLE = Low, the DAC/SS pin is hold at GND.
The uP1674 takes about 2ms (T1) for initialization.

ENABLE

T1 T2 T3

VOUT = 
VDAC/SS

VROK

SetVID PKG

ALERT#

SVID

Figure 7. Soft Start Waveforms of VBOOT = 0V.

When the SetVID command is acknowledged, the VDAC/

SS starts to ramp to the new VDAC level with a typical 600ns
delay. The ramping period T2 is decided by VDAC, CSS and
ISS and is calculated as:

SS

SSDAC

I
CV

2T
×

= , ISS = 50uA

The uP1674 asserts soft start end when VDAC/SS is within
10mV of its target level and sets ALERT# low. The VROK
is asserted with an extra 200us time delay T3.

Dynamic VID

The uP1674 can accept VID input changes during normal
operation. This allows the output voltage VOUT 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. During VID_OTF, VDAC is a staircase
waveform. In the uP1674, CSS is also used to filter the
VDAC/SS. By properly selecting CSS, VID_OTF performance
can be improved.

Functional Description
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Output Voltage Differential Sensing

The uP1674 uses differential sensing by a high-gain low-
offset error amplifier as shown in Figure 8. The CPU
voltage is sensed between the FB and FBRTN pins. A
resistor RFB connects FB pin and the positive remote
sense pin of the CPU VCCP. FBRTN pin connects to the
negative remote sense pin of CPU VCCN directly. The error
amplifier compares the VFB with VEAP (=  VDAC/SS - ISUM x
RDRP) to regulate the output voltage.

FB

RFB

VCCP

EAP

RDRP

DAC/SS

CFB

VCCN

FBRTN

COMP

ISSUM

Positive 
remote sense 

pin of CPU

Nagative 
remote sense
 pin of CPU

gm

VDAC

CSS

Figure 8. Circuit for VOUT Differential Sensing.

Channel Current Sensing

The uP1674 extracts phase currents for current balance
and over current protection by parasitic on-resistance of
the lower switches when turn on as shown in Figure 9.
The ISEN1/2/3 pins sense the corresponding phase current
when the low side MOSFETs are turned on.

I
SENX

 = ((I
PHX

 x R
DS(ON)

) + V
DC

) / R
SENX

where I
SENX

 is the sample and held phase current signal,
IPHX is phase current, RDS(ON) is the on-resistance of the low
side MOSFETs, and V

DC
 is an offset voltage for the current

balance circuit. The current balance circuit increases the
duty cycle of the phase whose phase current is smaller
than others and decrease the duty cycle of the phase whose
phase current is larger than others.

PH1

Current 
Balance

PH2

ISEN1

ISEN2

ISEN1

PH3

ISEN3

RSEN1

RSEN2

RSEN3

ISEN2

ISEN3

Figure 9. Phase Current Sensing and Current Balance.

Select R
SENX  

to set the current balance gain.

Total Load Current Sensing

The uP1674 provides low input offset current sense
amplifier (CSA) to monitor the total load current flowing
through inductor as shown in Figure 10.

RSW2

RSW1

1ohm

1ohm
VCORE3

VCORE1

SW1

SW2
CSP

RSUM

CSN

ISUM
CSUM

RSW3
SW3

Figure 10. Total Load Current Sensing.

Output current of CSA (I
SUM

) is used for active voltage
positioning (AVP), load current monitoring and over current
protection. 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 phase
number of operation . Theoretically, k should be equal to
1 to sense the instantaneous total load curret. But in real
application usually 1.2 ~ 1.8 is better for transient
response.

I
SUM

 = I
OUT

 x R
DC

 / R
SUM

 / N

Droop (Load Line) Tuning

The ISUM is mirrored to EAP pin as shown in Figure 8.
This creates voltage drop across RDRP and makes VEAP
as:

NR

RRI
VRIVV

CSN

DRPDCOUT
SS/DACDRPSUMSS/DACEAP ×

××
−=×−=

Functional Description
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In steady state, output voltage is equal to VEAP. Thus, the
output voltage decreasing linearly with IOUT is obtained.
The loadline is defined as:

NR
RR

I
V

LoadLine
SUM

DRPDC

OUT

OUT

×
×

=
∆
∆

=

In real application, NTC network is used as CSUM to
compensate the temperature effect on DCR of inductor.
Output Current Monitoring

The ISUM is mirrored to IMON pin for ourput current
monitoring and over current protection. The VIMON voltage
is created that is proportional to the output current as:

NR

RI

R
2.56V

SUM

DCMAX

IMON ×
×

= , IMAX is maximun current of

VCORE support.

Output Over Current Protection

The VIMON pin voltage is continuously monitored for over
current protection (OCP). OCP is triggered and turns off
the uP1674 , if VIMON is higher than 3.4V with 20us delay.
The OCP is latch-off type and can be reset only by POR
toggling.

Control Loop

The uP1674 adopts the uPI’s 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. The amplified error
signal, COMP, is compared to the internal RAMP to initiate
an on-time to PWM. The RCOT features easy design, fast
transient response and smooth mode transition and
especially suit for powering the microprocessor.

Over Voltage Protection (OVP)

The over voltage protection monitors the output voltage
via the FB pin. Once VFB exceeds VEAP + 300mV, OVP is
triggered and latched. The uP1674 will try 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 uP1674 starting up and VOUT
ramping up to VBOOT, the uP1674 initiates UVP function.

Once VFB is lower than EAP-300mV, UVP is triggered and
latched. The uP1674 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.

SerialVID(SVID)

SerialVID is a three wire(SCLK,SDAT,Alert#)serial
synchronous interfaceused to transfer power management
information between a micoprocessor and a VRM,The link
is between one microprocessor and multiple VR Controller
on the same bus.There is a 4 bit addressing scheme for
the slave devices,The Clock is source synchronous from
the CPU. The CPU drives the SCLK signal with a low-
voltage open drain driver.The master may stop the SCLK
signal to save power when no data transfer is needed.
SDAT is a low-voltage,open-drain data signal that master
and slave use to send information to each other,The bus
will opersate are a maximum frequency of 26.25MHz,The
alret line is an active low signal driven asynchronously from
the slave device,indicating to the Master that the status
register needs to be read.

ADDR CMD Payload

A
C

K
1

A
C

K
0

Payload End ACK
turn

around
turn

around

3 9 8 3 2 2 9 2

Start

0 1 0

Address Command

1

P 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Set Command

ADDR CMD Payload

A
C

K
1

A
C

K
0

Payload End ACK
turn

around
turn

around

3 9 8 3 2 2 8

Start

0 1 0

Address Command

1

P 0 1 1 1 1 P 1 1Payload

1 2

Get Command

Alert#

Alert is used to indicated the microporcessor  that the status
register needs to be read.

Alert# asserts under the following conditions:

(1) Bit0 of Status1 Reg changing from 0 to 1.

(2) Bit1 Status1 Reg changing form 0 to 1 or 1 to 0.

(3) Bit2 changing from 0 to 1 or 1 to 0.

Functional Description
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Acknowledge Enconding

1kcA 0kcA

.noitcasnarTllAnOrorrE 0 0

.KAN 0 1

.KCA 1 0

.tcejeR 1 1

Serial VID Commands

a.SetVID-Fast(01h)

The SetVID_fast command contains the target VID in the
payload byte. The range of voltage is defined in the VID
table.The VR should ramp up to new VID setting with a
fast slew rate.The default fast slew rate is 10 mV/us
minimum.Faster slew rate are desired.

The SetVID_fast command is preemptive.IE the VR
interrupts its current processes and moves to the new
VID. With back to back SetVID commands,the VR resets
the alert line after the ACK and it starts moving output
voltage to the new target .

b.SetVID_Slow(02h)

he SetVID_Slow command contains the target VID in the
payload byte. The range of voltage is defined in the VID
table.The VR should ramp up to new VID setting with a
slow slew rate.The default slow slew rate is 1/4 the fast
slow rate.

c.SetVID_Decay(03h)

The SetVID_Decay command is the slowest of the SetVID
dynamic VID transitions.It is normally used for VID down
transitions.The VR does not control the slow rate,the
output voltage declines with the output load current
only.SetVID_Decay implies diode emulation mode of
opersation.If a SetPS PS1 or PS0 occurs,the VR should
jump out of decay mode and actively control the slew rate.

d.SetPS(04h)

uP1674 Support three power saving states as below:

edoMnoitasrepO

h00 esahPlluF

h10 esahPelgniS

h20 MSP

h30 MSP

e.Write to register(SetRegADR(05h),SetRegDAT(06h)

The register file can be written to by the microprocessor in
certain ranges through an address register and a data
rigister.To program a register,SetRegADR(05h) and
SetReg(06h) commands must be executed.If the event of
a SetRegADR(all call), SetRegDAT(all call) the slave
responds with the NAK(01).

f.Read from a register(GetReg(07h)

The payload byte in the command contains an index into
the data register file.If the GetReg command cantains none
supported addresss,the slave responds with the Reject
(11b) acknowledge.In the event of GetReg(AllCall),the
slave responds with the NAK(01b).

VR Identification Registers

(1)Vender_ID(00h)-Default 26h

(2)Product_ID(01h)-Default 15h

(3)Product_Revision(02h)-Default 01h

(4)Protocal_Version(05h)-Default 01h

(5)VR_Capability(06h)-Default 81h

7tiB 6tiB 5tiB 4tiB

tamroftuoI
)h51(

erutarepmeT
)h71(

rewoPtupnI
)hB1(

egatloVtupnI
)hA1(

3tiB 2tiB 1tiB 0tiB

tnerruCtupnI
)h91(

)h81(tuoP )h61(tuoV )h51(tuoI

7tiB 2tiB 1tiB 0tiB

daeR
2_sutatS

XAMCCI
trelA

lamrehT
trelA

deltteSRV

VR Opersation Register

(6)Status_1(10h)-Default 00h

VR Settled = 1 if VR is at target voltage.

VR Settled = 0 if VR is ramping.

Thermal Alert =1 if over temperature.

Thermal Alert =0 if temperature is ok.

ICCMax Alert=1 if load current > ICCMax .

ICCMax Alert=0 if in normal current range.

Read Status_2 =1 ,go read status2 register(1Ch),

Functional Description
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and clear to 0 when GetReg(status2) command is issued.

(7)Status_2(11h)-Default 00h

1tiB 0tiB

rorreemarFataDDIVS rorreytiraPDIVS

(8)Status2_lastread(1Ch)

This is register is written or over-written when a
GetReg(status2) command is issued with the contents of
the Status2 register. The master will issue
GetReg(status2_lastread) if there is a parity error in the
VR payload of the GetReg(status2) command to avoid the
loss of the Status2 data.

(9)VID Setting(31h)

This register contains the current VID setting as
programmed by the SETVID command.

(10)Power State(PS) register(32h)

The PS register contains the current power state setting
as programed with a SetPS Command.

etatSrewoP

h00 esahPlluF0SP

h10 esahPelgniS1SP

h20 MSP2SP

h30 MSP3SP

hFF~h40 b11KANRVtroppuSoN

(11)Offset Register(33h)

This register sets VID offset by number of VID steps up to
FFh in the VID table.The VID+Offset can be a voltage
greater than the Vout_max(30h) register. VID+Offset does
not extend the range of the VID table over 1.52.

Any combination of VID+offset > FFh in VID table should
be rejected and stay at current VID setting.

Binary format,2’s complement

Default 00h=no offset

bit 7 =sign bit

0000001=offset + 1 VID step

0000011=offset + 3 VID steps

1111111=offset - 1 VID step

2tiB~7tiB 1tiB 0tiB

DBT SP/DIVkcoL V0ydaeR_RV

Functional Description
(12)Multi_VR_Config(34h)-Default 00h

This register is programmed during initialization phase of
a AVID VR with the SetRegADR, SetRegDAT commands
by the master.It is used to configure slaves in server
platforms with multiple VRs on the same SVID bus. It use
in notebook and desktop systems is to program the
VR_Ready opersation when the VID command is set to
zero volts or of condition.

Bit0=0, VR_Ready would be de-assert if the VR is given a
SetVID(0.0V) command.

Bit0=1, VR_Ready would not de-assert when issue a
SetVID(0.0V) command.

Bit1=0, Normal mode, not locked.

Bit1=1, VR is locked in the current VID setting and power
state setting. It will reject all SETVID commands including
SetVID(AllCall) and SePS(AllCall) until such time that VR
is issued a SetPS(00h) returning to normal mode to unlock
that VR.

VR Platform Performance Register

(13)ICCmax(21h)

This registers contains the maximum current the VR is
designed to supprot.

(14)Vboot(26h)

uP1674 support 4 steps Vboot voltage setting
(0V,1V,1.1V,1.5V) and programmed by Vboot pin .

VR telemetry Register

(15)Output Current Register(15h)

8 bit binary word digitized version of average output
current.
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edoC dnammoC
daolyaPretsaM

stnetnoC
daolyaPevalS

stnetnoC
noitpircseD

-erP
evitpme

llA
llaC

h00 detroppuston AN AN AN AN AN

h10 tsaF_DIVteS edoCDIV AN
wenotspmujRV,edocDIVtegratenteS
welstsafltuafeddellortnochtiwtegratDIV

.su/Vm01etar
seY seY

h20 wolS_DIVteS edoCDIV AN
wenotspmujRV,edocDIVtegratenteS
welswolsltuafeddellortnochtiwtegratDIV

.su/Vm5.2etar
seY seY

h30 yaceD_DIVteS edoCDIV AN

wenotspmujRV,edocDIVtegratenteS
welsehtlortnoctonseodtubtegratDIV
etaratasyacedegatlovtuptuoehT.etar

.tnerrucdaolehtotlanoitroorp

seY seY

h40 SPteS
gnitacidnietyB

setatsrewop
AN etatsrewopteS oN seY

h50 RDAgeRteS
foretnioP
nisretsiger

elbatatad
AN retsigeratadehtforetniopehtteS oN oN

h60 TADgeRteS
atadweN

tnetnocretsiger
AN retsigeratadehtotstnetnocehtetirW oN oN

h70 geRteG
foretnioP

atadniretsiger
elbat

deificepS
retsigeR
stnetnoC

deificepsehtfostnetnocehtsnruterevalS
.daolyapehtsaretsifer

oN oN

h80
~

hF1
detroppuston AN AN AN AN oN

Functional Description
Table 4. Stanstard SVID Commands



uP1674

14 uP1674-DS-F0000, Oct. 2014
www.upi-semi.com

Functional Description
I2C Interface

The uP1674 includes an I2C interface to adjust output
voltage, switching frequency and operating phase number
of VR controller according to the total load current
dynamically. We call it AUTOPHASE. The target of
AUTOPHASE is an optimal VR design for both power
conversion efficiency and CPU performance. Operating
parameters that can be adjusted through the I2C are
summarized as Table 11.

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

Voltage at IMON pin V
IMON

 is converted to an 8-bit digital
value as IMONAD[7:0] = V

IMON
/10mV. IMONAD[7:0] is

compared with three I2C programmable registers VM0~2
to determine the load current states LCS0~3 as:

LCS0: VIMON > VM0, highest load current.

LCS1: VM0 > VIMON > VM1

LCS2: VM1 > VIMON > VM2

LCS3: VM3 > VIMON, lowest load current.

VM_Hys

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

Table 5. V
HYS

 Setting Table

syH_2~0MV syH_2~0MV

000 Vm06

100 Vm08

010 Vm001

110 Vm021

001 Vm041

101 Vm061

011 Vm081

111 Vm002

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. See
Table 12 for the voltage offset table.

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 )zH(qerF

000 K051

100 K002

010 K052

110 K003

001 K053

101 K004

011 K054

111 K005

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.

IICPn[1:0] = [00] => full-phase set by hardware

IICPn[1:0] = [01] => 3-phase

IICPn[1:0] = [10] => 2-phase

IICPn[1:0] = [11] => 1-phase

Misc2[7:0]

Register Misc2[7:0] enables/disables the I2C functions as:

Misc[7]=[1]=> enables  AutoPhase function.

Misc[7]=[0]=> disable  AutoPhase function

Misc[5]=[1]=> enables PSM operation.

Misc[5]=[0]=> disable PSM operation.

Misc[3]=[1]=> enable LoadLine.

Misc[3]=[0]=> disable LoadLine.

Misc[1]=[1]=> enable Voltage Offset

Misc[1]=[0]=> disable Voltage Offset

WD[7:4]:Watchinng Dog Timer

WD[7]=[1]=> enables watching dog timer.

[0]=> disable watching dog timer.

WD[6]: Watching Dog Timer (If time-out set to 1, cleared

after reading, read only),

WD[5:4]=[00] => 800ms

WD[5:4]=[01] => 1600ms

WD[5:4]=[10] => 3200ms

WD[5:4]=[11] => 6400ms
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Functional Description
RCOMP[3:0]

RCOMP is Compensation Resistor ,it can be programming
by 0x13 Register as show in Table 7.

R CO M P

FB

EA P
G m

I2C

Table 7. RCOMP Setting Table

]0:3[tiB )mho(PMOCR

0000 K5

1000 K01

0100 K51

1100 K02

0010 K52

1010 K03

0110 K53

1110 K04

0001 K54

1001 K05

0101 K55

1101 K06

0011 K56

1011 K07

0111 K57

1111 K08

LCHVID[7:0]:Latch VID

The register LCHVID stores the 8 bits VID Code of user
defined, when enable this function,VR will ignore CPU
SETVID Command.

IOUT[7:0]:Output Current Reading

The register is a copy from SVID 0x15 register.

VOUT[7:0]:Output Voltage Reading

The register VOUT stores the output voltage that sampling
by internal ADC with 10mV/LSB

CS[5:4] and PHN[1:0]

The register CS stores the Current State  as:

CS[5:4] = [00] => LS0

CS[5:4] = [01] => LS1

CS[5:4] = [10] => LS2

CS[5:4] = [11] => LS3

The register PHN stores the real time phase number  as:

PHN[1:0] = [00] => Full Phase

PHN[1:0] = [01] => 1 Phase

PHN[1:0] = [10] => 2 Phase

PHN[1:0] = [11] => 3 Phase

OCP[5:2]: Over Current Protection Setting

The register OCP[5:4] used to adjust Total Current OCP
Level  as:

OCP[5:4]=[00]=>120%

OCP[5:4]=[01]=>133%

OCP[5:4]=[10]=>150%

OCP[5:4]=[11]=>171%

The register OCP[3:2] used to adjust Per Phase OCP
Level as:

OCP[3:2]=[00]=>60uA

OCP[3:2]=[01]=>100uA

OCP[3:2]=[10]=>140uA

OCP[3:2]=[11]=>180uA

UV/OV[7:4]: VR UV/OV Protection Setting

The register OV/UV[7:6] used to adjust UVP Level  as:

UV/OV[7:6]=[00]=>200mV

UV/OV[7:6]=[01]=>300mV

UV/OV[7:6]=[10]=>400mV

UV/OV[7:6]=[11]=>500mV

The register OV/UV[5:4] used to adjust OVP Level  as:

UV/OV[5:4]=[00]=>200mV

UV/OV[5:4]=[01]=>300mV

UV/OV[5:4]=[10]=>400mV

UV/OV[5:4]=[11]=>500mV

GCOMP[3:0]
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GCOMP is OTA Gain ,it can be programming by 0x14
Register as show in Table 8.

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

R C O M P

FB

E A P
G m

I2C

Table 8. GCOMP Setting Table

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

000 1X

100 71.1X

010 13.1X

110 54.1X

001 96.1X

101 18.0X

011 6.0X

111 33.0X

IICLL0~3
Load Line adjust of 4 load current state: IICLL0~3 define
the DC Load Line slop in load current state LCS0~3

Functional Description
respectively as shown in TableXX.

Table 9. 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



uP1674

17uP1674-DS-F0000, Oct. 2014
www.upi-semi.com

geR
rddA

emaNretsigeR sseccA tluafeD noitpircseD

h00 DI_redneV OR h62 DIredneV

h10 DI_tcudorP OR h51 DItcudorP

h20 noisiveR_tcudorP OR h10 noisiveRtcudorP

h50 noisreV_lacotorP OR h10 noisreVlacotorPDIVS

h60 ytilibapaC_RV OR h18
seytilibapasRVDIVSehtseifitnedi,retsigerdeppamtiB

.detroppuserayrtemeletlanoitpoehtfohcihwdna

h01 1_sutatS MWP-W,M-R h00 .RVfosutatsehtgniniatnocretsigerataD

h11 2_sutatS MWP-W,M-R h00 .noissimsnartfosutatsehtgniniatnocretsigerataD

h51 tnerruC_tuptuO MWP-W,M-R --
neebevahtahttnerructuptuoehtgniwohsretsigerataD

.deretne

hC1 daeRtsaL_2_sutatS MWP-W,M-R h00 .2_sutatSehtfoypocasniatnocretsigersihT

h12 xaM_CCI mroftalPOR --
mroftalpehtCCImumixamehtgniniatnocretsigerataD

.stroppus

h42 tsaF_RS OR hA0
ehtetarwelstsaffoytilibapacehtgniniatnocretsigerataD
=hA0.e.i,sm/VmitamrofyraniB.niatsusnacmroftalp

su/Vm01

h52 wolS_RS OR h20
ehtetarwelstsaffoytilibapacehtgniniatnocretsigerataD
=h30.e.i,sm/VmitamrofyraniB.niatsusnacmroftalp

su/Vm3

h62 TOOBV mroftalPOR -- VgniniatnocretsigerataD TOOB .spetsDIVniegatlov

h03 xaM_TUOV retsaMWR hBF
ehtstesdnatesamybdemmargorpsiretsigersihT

.DIVmumixam

h13 gnitteS_DIV retsaMWR h00 .DIVdemmargorpyltnerrucgniniatnocretsigerataD

h23 etatS_rewoP retsaMWR h00 .etatsrewodemmargorpehtgniniatnocretsigeR

h33 tesffO retsaMWR h00 .spetsDIVnitesffoteS

h43 gifnoC_RV_itluM retsaMWR h00
sRVelpitlumserugifnochcihwretsigerataddeppamtiB

.subemasehtnoroivaheb

h53 RDAgeRteS retsaMWR --
ehtfoegarotsyraropmetrofretsigerdahctarcS

.retsigerretniopRDAgeRteS

Functional Description
Table 10. SVID  Data and Configuration Registers
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Functional Description
Table 11. I2C Configuration Registers.

geR
rddA

emaNretsigeR sseccA tluafeD noitpircseD

10x0 ]0:7[0MV W/R h00x0
tnerructsehgih(0SCL>=0level>NOMIV,0levelegatlovNOMIteS

)etats

20x0 ]0:7[1MV W/R h00x0 1SCL>=1level>NOMIV,1levelegatlovNOMIteS

30x0 ]0:7[2MV W/R h00x0
level<NOMIV,2SCL>=2level>NOMIV,2levelegatlovNOMIteS

)etatstnerructsewol(3SCL>=2

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

W/R h00x0

siseretsyH0MVteS:]0:2[tiB
;Vm021=110;Vm001=010;Vm08=100;Vm06:000

Vm002=111;Vm081=011;Vm061=101;Vm041=001
siseretsyH1MVteS:]4:6[tiB

;Vm021=110;Vm001=010;Vm08=100;Vm06:000
Vm002=111;Vm081=011;Vm061=101;Vm041=001

50x0 ]0:2[syH_2MV W/R h00x0
siseretsyH2MVerocVteS:]0:2[tiB

;Vm021=110;Vm001=010;Vm08=100;Vm06:000
Vm002=111;Vm081=011;Vm061=101;Vm041=001

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

W/R h00x0

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

esahp1:11esahp2:01,esahp3:10esahp3:00

70x0 ]0:7[0SFOV W/R h00x0 .pets/Vm5.0SLfotesffoegatloV

80x0 ]0:7[1SFOV W/R h00x0 .pets/Vm5.1SLfotesffoegatloV

90x0 ]0:7[2SFOV W/R h00x0 .pets/Vm5.2SLfotesffoegatloV

A0x0 ]0:7[3SFOV W/R h00x0 .pets/Vm5.3SLfotesffoegatloV

B0x0 ]0:2[1FCII;]4:6[0FCII W/R h11x0
;1SCLfoqerf:]0:2[1FCII;0SCLfoqerf:]4:6[0FCII

;K004:101;K053:001;K003:110;K052:010;K002:100;K051:000
K005:111;K054:011

C0x0 ]0:2[3FCII;]4:6[2FCII W/R h11x0
3SCLfoqerf:]0:2[3FCII;2SCLfoqerf:]4:6[2FCII

;K004:101;K053:001;K003:110;K052:010;K002:100;K051:000
K005:111;K054:011

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

W/R h88x0

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

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

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

W/R h88x0

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

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

emaNretsigeR sseccA tluafeD noitpircseD

F0x0
]0:3[NIAGI_1HP
]4:7[NIAGI_2HP

W/R h00x0

tsujdAniaGecnalaBtnerruC1ESAHP
elbanE:1elbasiD:0:]3[NIAGI_1HP

:]0:2[tiB
;%001:001;%5.78:110;%57:010;%5.26:100;%05:000

%5.731:111;%521:011;%5.211:101
tsujdAniaGecnalaBtnerruC2ESAHP

elbanE:1elbasiD:0:]7[NIAGI_2HP
:]4:6[tiB

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

01x0 ]0:3[NIAGI_3HP W/R h00x0

tsujdAniaGecnalaBtnerruC3ESAHP
elbanE:1elbasiD:0:]3[NIAGI_3HP

:]0:2[tiB
;%001:001;%5.78:110;%57:010;%5.26:100;%05:000

%5.731:111;%521:011;%5.211:101

11x0
]4:7[SOI_1HP
]0:3[SOI_2HP

W/R h00x0

tsujdAtesffOecnalaBtnerruC1ESAHP
elbasidtesffO>="0",elbanetesffO>="1":]7[tiB

:]4:6[tiB
;Vm51:101;Vm21:001;Vm9:110;Vm6:010;Vm3:100;Vm0:000

Vm12:111;Vm81:011
tsujdAtesffOecnalaBtnerruC2ESAHP

elbasidtesffO>="0",elbanetesffO>="1":]3[tiB
:]0:2[tiB

;Vm51:101;Vm21:001;Vm9:110;Vm6:010;Vm3:100;Vm0:000
Vm12:111;Vm81:011

21x0 ]4:7[SOI_3HP W/R h00x0

tsujdAtesffOecnalaBtnerruC3ESAHP
elbasidtesffO>="0",elbanetesffO>="1":]7[tiB

:]4:6[tiB
;Vm51:101;Vm21:001;Vm9:110;Vm6:010;Vm3:100;Vm0:000

Vm12:111;Vm81:011

31x0 ]0:3[PMOCR W/R h30x0
rotsiseRPMOCR

)]0:3[+1(K5=PMOCR

41x0 ]0:3[PMOCG W/R h00x0
mGATO

V/Au0202tluafedsi0:3tiB
]0:3[PMOCG

51x0 ]0:7[DIVHCL W/R h00x0 .retsigeRDIVhctaL

61x0 ]0:7[TUOI R -- .gnidaeR51X0DIVS

71x0 ]0:7[TUOV R -- .gnidaeRegatloVEROCV

81x0
]4:5[SC
]0:1[NHP

R --

gnidaeRetatStnerruC
3SL:112SL:011SL:100SL:00:]4:5[tiB

gnidaeRrebmuNesahP
esahp3:"11"esahp2:"01"esahp1:"10"esahp3:"00":]0:1[tiB

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

emaNretsigeR sseccA tluafeD noitpircseD

91x0 ]0:7[CO W/R h00x0
elbasiD"0"elbanE"1":]7[tiB

.retsigeR51X0DIVSotgnippaM:]0:6[tiB

52x0 ]0:5[PCO W/R h11x0

:PCOtnerruClatoT
:4~5tiB

%171:11,%051:01,%331:10,%021:00erocV
:PCOesahPreP

:2~3tiB
Au081:11,Au041:01,Au001:10,Au06:00leveLerocV

62x0 ]0:7[VO/VU W/R h55x0

:gnitteSPVU
:]6:7[tiB

Vm005:11Vm004:01Vm003:10Vm002:00
:gnitteSPVO

:]4:5[tiB
Vm005:11Vm004:01Vm003:10Vm002:00

72x0 ]0:6[1csiM W/R h00x0

:]5[tiB
DIVSwollofCADV13X0DIVS"0"
DIVSerongiCADV13X0DIVS"1"

:]4[tiB
DIVSwollofetatSRWP23X0DIVS"0"
DIVSerongietatSRWP23X0DIVS"1"

:]3[tiB
.DIVSwolloftesffO33X0DIVS"0"

.DIVSerongitesffO33X0DIVS"1"

82x0 ]0:7[2csiM W/R hC0x0

:]7[tiB
esahPotuAelbasiD"0"

esahPotuAelbanE"1"
:]5[tiB

MSPelbasiD"0"
MSPelbanE"1"

:]3[tiB
enildaoLelbasiD"0"

enildaoLelbanE"1"
:]1[tiB

tesffOelbasiD"0"
tesffOelbanE"1"

92x0 ]4:7[DW W/R h00x0

elbasiD"0"elbanE"1"remitgodhctaW:]7[tiB
tluafedotretsigerllaraelcdna)raelcdaer(eussiebtuoemiT:]6[tiB

remiT:]4:5[tiB
Sm0046:11Sm0023:01Sm0061:10Sm008:00

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

D2x0
]0:7[BT W/R h00x0

0SPnIBT
elbanE"1"elbasiD"0":]7[tiB

:]4:6[tiB
Vm04:001Vm03:110Vm02:010Vm01:100Vm0:000

Vm07:111Vm06:001Vm05:101
1SPnIBT

elbanE"1"elbasiD"0":]3[tiB
:]0:2[tiB

Vm04:001Vm03:110Vm02:010Vm01:100Vm0:000
Vm07:111Vm06:001Vm05:101

E2x0 ]0:7[GIRT W/R h00x0

0SPnitimiLgirtVBT
elbanE"1"elbasiD"0":]7[tiB

:]4:6[tiB
V56.1:001V55.1:110V54.1:010V53.1:100V52.1:000

V59.1:111V58.1:011V57.1:101

F2x0 ]0:5[NOT W/R h00x0

emiTNOBT
emiTNOBT0SP:]3:5[tiB

Sn006:001Sn005:110Sn004:010Sn003:100Sn002:000
Sn009:111Sn008:011Sn007:101

emiTNOBT2/1SP:]0:2[tiB
Sn006:001Sn005:110Sn004:010Sn003:100Sn002:000

Sn009:111Sn008:011Sn007:101

33x0 ]0:7[SFO_DIVD W/R h86x0
:tesffODIVD

]4:7[tiBxVm01

84x0 DInoisreV R h50x0

2Bx0 DIPIHC R h12x0
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Functional Description
Table 12. Offset Voltage Table vs. VOFSn[7:0]

]0:7[nSFOV )Vm(tesffoV ]0:7[nSFOV )Vm(tesffoV ]0:7[nSFOV )Vm(tesffoV ]0:7[nSFOV )Vm(tesffoV

00x0 0 02x0 061 04x0 023 06x0 084

10x0 5 12x0 561 14x0 523 16x0 584

20x0 01 22x0 071 24x0 033 26x0 094

30x0 51 32x0 571 34x0 533 36x0 594

40x0 02 42x0 081 44x0 043 46x0 005

50x0 52 52x0 581 54x0 543 56x0 505

60x0 03 62x0 091 64x0 053 66x0 015

70x0 53 72x0 591 74x0 553 76x0 515

80x0 04 82x0 002 84x0 063 86x0 025

90x0 54 92x0 502 94x0 563 96x0 525

A0x0 05 A2x0 012 A4x0 073 A6x0 035

B0x0 55 B2x0 512 B4x0 573 B6x0 535

C0x0 06 C2x0 022 C4x0 083 C6x0 045

D0x0 56 D2x0 522 D4x0 583 D6x0 545

E0x0 07 E2x0 032 E4x0 093 E6x0 055

F0x0 57 F2x0 532 F4x0 593 F6x0 555

01x0 08 03x0 042 05x0 004 07x0 065

11x0 58 13x0 542 15x0 504 17x0 565

21x0 09 23x0 052 25x0 014 27x0 075

31x0 59 33x0 552 35x0 514 37x0 575

41x0 001 43x0 062 45x0 024 47x0 085

51x0 501 53x0 562 55x0 524 57x0 585

61x0 011 63x0 072 65x0 034 67x0 095

71x0 511 73x0 572 75x0 534 77x0 595

81x0 021 83x0 082 85x0 044 87x0 006

91x0 521 93x0 582 95x0 544 97x0 506

A1x0 031 A3x0 092 A5x0 054 A7x0 016

B1x0 531 B3x0 592 B5x0 554 B7x0 516

C1x0 041 C3x0 003 C5x0 064 C7x0 026

D1x0 541 D3x0 503 D5x0 564 D7x0 526

E1x0 051 E3x0 013 E5x0 074 E7x0 036

F1x0 551 F3x0 513 F5x0 574 F7x0 536
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Functional Description

]0:7[nSFOV )Vm(tesffoV ]0:7[nSFOV )Vm(tesffoV ]0:7[nSFOV )Vm(tesffoV ]0:7[nSFOV )Vm(tesffoV

08x0 046- 0Ax0 084- 0Cx0 023- 0Ex0 061-

18x0 536- 1Ax0 574- 1Cx0 513- 1Ex0 551-

28x0 036- 2Ax0 074- 2Cx0 013- 2Ex0 051-

38x0 526- 3Ax0 564- 3Cx0 503- 3Ex0 541-

48x0 026- 4Ax0 064- 4Cx0 003- 4Ex0 041-

58x0 516- 5Ax0 554- 5Cx0 592- 5Ex0 531-

68x0 016- 6Ax0 054- 6Cx0 092- 6Ex0 031-

78x0 506- 7Ax0 544- 7Cx0 582- 7Ex0 521-

88x0 006- 8Ax0 044- 8Cx0 082- 8Ex0 021-

98x0 595- 9Ax0 534- 9Cx0 572- 9Ex0 511-

A8x0 095- AAx0 034- ACx0 072- AEx0 011-

B8x0 585- BAx0 524- BCx0 562- BEx0 501-

C8x0 085- CAx0 024- CCx0 062- CEx0 001-

D8x0 575- DAx0 514- DCx0 552- DEx0 59-

E8x0 075- EAx0 014- ECx0 052- EEx0 09-

F8x0 565- FAx0 504- FCx0 542- FEx0 58-

09x0 065- 0Bx0 004- 0Dx0 042- 0Fx0 08-

19x0 555- 1Bx0 593- 1Dx0 532- 1Fx0 57-

29x0 055- 2Bx0 093- 2Dx0 032- 2Fx0 07-

39x0 545- 3Bx0 583- 3Dx0 522- 3Fx0 56-

49x0 045- 4Bx0 083- 4Dx0 022- 4Fx0 06-

59x0 535- 5Bx0 573- 5Dx0 512- 5Fx0 55-

69x0 035- 6Bx0 073- 6Dx0 012- 6Fx0 05-

79x0 525- 7Bx0 563- 7Dx0 502- 7Fx0 54-

89x0 025- 8Bx0 063- 8Dx0 002- 8Fx0 04-

99x0 515- 9Bx0 553- 9Dx0 591- 9Fx0 53-

A9x0 015- ABx0 053- ADx0 091- AFx0 03-

B9x0 505- BBx0 543- BDx0 581- BFx0 52-

C9x0 005- CBx0 043- CDx0 081- CFx0 02-

D9x0 594- DBx0 533- DDx0 571- DFx0 51-

E9x0 094- EBx0 033- EDx0 071- EFx0 01-

F9x0 584- FBx0 523- FDx0 561- FFx0 5-

Table 12. Offset Voltage Table vs. VOFSn[7:0] (cont)
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(Note 1)

Supply Input Voltage, VCC12  -----------------------------------------------------------------------------------  -0.3V to +15V
BOOTx to PHx ------------------------------------------------------------------------------------------------------------------  -0.3V to +15V
PHx to GND

DC ------------------------------------------------------------------------------------------------------------------------- -0.7V to 15V
< 200ns --------------------------------------------------------------------------------------------------------------------- -8V to 30V

BOOTx to GND
DC ----------------------------------------------------------------------------------------------------------- -0.3V to VCC12 + 15V
< 200ns ------------------------------------------------------------------------------------------------------------------ -0.3V to 42V

UGx to PHx
DC----------------------------------------------------------------------------------------------------  -0.3V to (BOOTx - PHx +0.3V)
<200ns ---------------------------------------------------------------------------------------------  -5V to (BOOTx - PHx + 0.3V)

LGx to GND

DC ------------------------------------------------------------------------------------------------------  -0.3V to + (VCC12 + 0.3V)
<200ns -------------------------------------------------------------------------------------------------------  -5V to VCC12 + 0.3V

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

Package Thermal Resistance (Note 3)

VQFN5x5-32L θJA --------------------------------------------------------------------------------------------------------- 36OC/W
VQFN5x5-32L θJC ----------------------------------------------------------------------------------------------------------- 3OC/W

Power Dissipation, PD @ TA = 25°C
VQFN5x5-32L  ---------------------------------------------------------------------------------------------------------------------  2.78W

(Note 4)

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

CC5   
----------------------------------------------------------------------------------------------------- 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
 = 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.
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retemaraP lobmyS snoitidnoCtseT niM pyT xaM stinU

tupnIylppuS

egatloVtupnIylppuS V 5CC 5.4 -- 5.5 V

V 5CC dlohserhTROP 4 3.4 5.4 V

V 5CC siseretsyHROP .gnillaF5CCV -- 2.0 -- V

tnerruCylppuS I 5CCV -- 9 -- Am

egatloVtupnIylppuS V 21CC 8.01 -- 2.31 V

V 21CC dlohserhTROP 4 2.4 5.4 V

V 21CC siseretsyHROP .gnillaF21CCV -- 2.0 -- V

tnerruCylppuS I 21CCV gnihctiwSoN -- 51.0 -- Am

reifilpmArorrE

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

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

tcudorPhtdiwdnaBniaG WBG AE .ngiseDybdeetnarauG -- 01 -- zHM

ycaruccAegatloVCAD

ycaruccAtuptuOCAD V SS/CAD

V25.1otV0.1 5.0- -- 5.0 %

V0.1otV8.0 5- -- 5 Vm

V8.0otV52.0 8- -- 8 Vm

tratStfoS

tnerruCtratStfoS I SS

tsaF_DIVTES 081 002 042 Au

wolS_DIVTES 54 05 85 Au

tupnIEROCVNE

woLtupnI V LI -- -- 4.0 V

hgiHtupnI V HI 8.0 -- -- V

tnerruCtupnI 1- -- 1 Au

gnitteSemiT-nOMWP

egnaRycneuqerF f CSO 051 -- 005 zHk

ycaruccAemiTnO -- 005 -- sn

reifilpmAesneStnerruC

egatloVtesffO V )ASC(SO ngiseDybdeetnarauG,daoLoN 1- -- 1 Vm

tnerruCsaiBtupnI 01- -- 01 An

tcudorPhtdiwdnaBniaG G )ASC(WB .ngiseDybdeetnarauG -- 01 -- zHM

Electrical Characteristics
(5VCC = 5V, TA = 25OC, unless otherwise specified)
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retemaraP lobmyS snoitidnoCtseT niM pyT xaM stinU

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

)KORV(tuptuOydaeRRV

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

egakaeLhgiHtuptuO V KORV V5= -- -- 1 Au

)NOMI(gnirotinoMtnerruC

ycaruccArorriMtnerrruCNOMI I NOM Iot NSC oitar 59 001 501 %

poorD

EROCVrofoitaRrorriMtnerruC I PAE I/ NSC 59 001 501 %

srevirDetaG

ecruoSetaGreppU R CRS_GU I GU Am08-= -- 2 4 Ω

kniSetaGreppU R KNS_GU I GU Am08= -- 5.1 3 Ω

ecruoSetaGrewoL R CRS_GL I GL Am08-= -- 2 4 Ω

kniSetaGrewoL R KNS_GL I GL Am08= -- 8.0 6.1 Ω

emiTdaeD T TD -- 03 -- sn

noitcetorP

dlohserhTPVO V PVO V BF V- PAE 052 003 053 Vm

ylaeDPVO T PVO -- 02 -- su

dlohserhTPVU V PVU V -PAE V BF 052 003 053 Vm

ylaeDPVU T PVU -- 5 -- su

dlohserhTPCOtnerruClatoT V NOMI 53.3 4.3 54.3 V

PCOtnerruClatoTesahP3/2
emiTyaleD

T 1PCO -- 02 -- su

yaleDPCOtnerruClatoTesahP1
emiT

T 2PCO -- 6 -- su

dlohserhTPCOtnerruClennahC I XNES -- 06 -- Au

emiTylaeDPCOtnerruClennahC T 3PCO -- 02 -- su

Electrical Characteristics
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LOAD(50A/Div)

VOUT(20mV/Div)

LOAD(50A/Div)

VOUT(20mV/Div)

VOUT

(200mV/Div)

DAC/SS

(200mV/Div)

CSO#(1V/Div)

ALERT#(1V/Div)

CSO#(1V/Div)

DAC/SS

(200mV/Div)

ALERT#(1V/Div)

VOUT

(200mV/Div)

EN(200mV/Div)

DAC/SS

(200mV/Div)

PWM(1V/Div)

POK(1V/Div)

EN(200mV/Div)

DAC/SS

(200mV/Div)

VOUT

(200mV/Div)

POK(1V/Div)

Typical Operation Characteristics
Turn Off Waveforms

Time (20us/Div)

Turn On Waveforms

Time (100us/Div)

DVID Falling

Time (20us/Div)

DVID Rising

Time (10us/Div)

Load Transient Response

Time (2us/Div)

Load Transient Response

Time (2us/Div)
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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.

VQFN5x5-32L

4.90 - 5.10

Pin 1 mark
Bottom View - Exposed Pad

3.10 -3.70
0.18 - 0.30

3.10 - 3.70
0.30 - 0.50

4.90 -5.10

0.00 - 0.05

0.80 - 1.00

0.203 REF
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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) 2014, 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


