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1/2/3/4-Phase PWM Controller with SVID for VR12.5

Intel VR12.5 Compliant

Output Current and Thermal Reporting

Programmable ICCMAX,VBOOT

RCOTTM Control Topology

Easy Setting

Smooth Mode Transition

Fast Transient Response

Selectable 1/2/3/4-Phase Operation

Differential Remote Voltage Sensing

3 Embedded 12V MOSFET Gate Drivers with
Integrated Bootstrap Diode

Summed DCR Current Sensing for Load Line
Setting

Lower MOSFET RDS(ON) Current Sensing for Current
Balance and Channel OCP

Programmable Auto Phase Reduction per Load
Current

OCP/OVP/UVP/OTP

Adjustable Soft-Start

Support Pre-Biased Start Up

RoHS Compliant and Halogen Free

rebmuNredrO epyTegakcaP gnikraMpoT

JGQP1561Pu L04-5x5NFQV P1561Pu

General Description

Applications

Features

Desktop PC Core Power Supplies

Ordering Information

The uP1651 is a VR12.5 compliant PWM controller that
surpports 1/2/3/4-phase operation. This device integrates
3 MOSFET gate drivers with embedded bootstrap diode,
and provides 1 PWM output to support 4 phase operation.
To comply with VR12.5 specification, the uP1651
accurately reports output current and VR temperature.

The uP1651 provides programmable 1/2/3/4 phase
operation. uP1651 integrates 3 bootstrapped drivers that
support 12V + 12V driving capability. 1/2/3/4 phase
operation is enabled  by a logic level ISENx output,
achieving optimal balance between cost and flexibility.

The uP1651 supports automatic phase adding/dropping
that is activated by PSI command from SVID or H/W PSI
setting. The uP1651 operates in diode emulation mode
at extreme light load condition, yielding maximum
efficiency over entire load current range.

Other features include adjustable soft start, under/over
voltage protection, over current protection and thermal
shutdown. The uP1651 is available in VQFN5x5-40L.
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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
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Functional Pin Description
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Functional Block Diagram
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Functional Description
The uP1651 is a VR12.5 compliant PWM controller that
supports 1/2/3/4-phase operation. This device integrates
3 MOSFET gate drivers with embedded bootstrap diode,
and provides 1 PWM output to support 4 phase operation.

Power Ready Detection

Figure 1 shows the power ready detection of the uP1651.
The uP1651 continuously monitors VCC5, ENABLE and
VCC12A/B voltages to ensure all power voltages are ready
for normal operation of logic control circuit and companion
gate drivers. The VCC5 POR threshold level is VCC5 >
4.3V at the respective rising edge. When VCC5 POR =
Low, the uP1651 sets all gate drivers to turn off both high
side and low side MOSFETs.

0.7V
ENABLE

POR4.3V

5.1V

VCC5

VCC12A/B

Figure1. Circuit for Power Ready Detection

Operation Phase Selection

The uP1651 controller supports 4/3/2/1-phase operation.
The phase number of operation is set and latched by the
status of ISEN4, ISEN3 and ISEN2 pins at POR rising
edge. Normally, the controller operates as a 4-phase PWM
controller. Connect a 10kΩ resistor  from VCC5 to ISEN4
for 3-phase operation; Connect a 10kΩ resistor from VCC5
to ISEN3 for 2-phase opertion; Connect a 10kΩ resistor
from VCC5 to ISen2 for 1-phase opertion.

Initial Parameters Setting

The PROG and VBOOT pins set the parameters required
for VR12.5 as shown in Figure 2.

PROG

VBOOTA/D
Converter

R5

TM

R2 R4 R6

VCC5VCC5

R1

VCC5

R3

Figure 2. Initial Parameter Setting

The PROG pin is used for ICCMAX setting. The ICCMAX is
the maximum supported output current of the VR, this value
is stored in SVID register 0x21h.

The ADC scales one-fourth of VCC5 (0V to VCC5/4) into
256 levels for ICCMAX setting (SVID register 0x21h). The
ratio of PROG pin voltage to VCC determines the SVID
register 0x21h value, which means (VCC5/1024) equals
1A. If the PROG pin voltage is equal to or greater than
(VCC5/4), the SVID register 0x21h value will be FFh. If
VCC5 = 5V, the LSB = 1.25V / 256 = 4.9mV, which means
4.9mV applied to PROG pin equals to 1A setting. For
example, if the maximum level of current is 100A, the
PROG pin voltage should be 4.9mV x 100 = 0.49V.

Note that the ICCMAX setting is dependent on VCC5
voltage (it tracks VCC5 voltage). Therefore, make sure to
use resistor voltage divider for ICCMAX setting as shown
in Table 1.

Table 1. ICCMAX Setting

V GORP CCVfo%= )A(XAMCCI

enifeDresU

%08.9 001

%87.01 011

%67.11 021

%57.21 031

%37.31 041

%17.41 051

%96.51 061

%76.61 071

100%ICCMAX
256
4
1

××
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The VBOOT pin is used for initial start up voltage Vboot
and OCP ratio setting. Connect a resistor voltage divider
from VCC5 to GND to set the two parameters. The
recommended resistance value is shown in Table 2.

Table 2. Boot Voltage and OCP Ratio Setting

k(3R Ω) k(4R Ω) )V(TOOBV )%(oitaRPCO

CN 0 0

%331
002 01 56.1

021 01 7.1

08 01 57.1

46 01 57.1

%051
89 02 7.1

87 02 56.1

56 02 0

Thermal Monitor and Reporting

The TM pin is designed for system thermal monitoring by
connecting a NTC thermistor resistive voltage divider from
VCC5 to GND. The NTC thermistor should be the upper
resistor. The uP1651 uses specific nonlinear A/D converter
for thermal monitor function. The typical ratio of TM pin
voltage to VCC5, the corresponding decoded temperature
and thermal zone readout value are shown in Table 3.

Note that this A/D conversion is dependent on VCC5
voltage (it tracks VCC5 voltage). Therefore, make sure to
use specific NTC thermistor in resistor voltage divider from
VCC5 to GND. It is recommended to use Mitsubishi TH11-
3H103H NTC as R5 and 6Kohm as R6 for TEMPMAX =
100OC thermal zone reporting.

PWM On Time Setting

The uP1651 adopts uPI proprietary RCOTTM (Robust
Constant On-Time) topology to have fast transient
response and smooth mode transition.

The PWM on time is set by an external resistor connected
between RT pin and GND. The PWM on time can be
calculated as below.

111R
V
VID

T RT
IN

ON ××=

For example, if VIN = 12V, VID = 1.7V, RRT = 30kΩ, equation
gives TON = 472ns.

Functional Description
VDAC Generator

The uP1651 builds in precise bandgap reference circuit   as
shown in Figure 3. The output voltage of bandgap reference
is 3.04V with respective to FBRTN. The uP1651 uses plural
resistors to generate precise reference voltage ranging from
0.5V to 3.04V with 10mV increments. All the voltage connect
to a multiplexer (MUX). The multiplexer outputs the
selected voltage, VDAC, according to the SVID inputs. Please
note that all the voltage values in Figure 3 are referred to
FBRTN.

VBG

MUXFBRTN

3.04V

RN
0.0V

FBRTN

R1

R2

3.04V

SVID 
Interface

VDAC

0.5V ~ 3.04V
Step = 10mV

Figure 3. VDAC Generator Circuit for VCORE.

The VDAC voltage is expressed as:

OffsetVIDVDAC +=

where VID and Offset can be programmed by SVID.

Table 4 illustrates the VID voltages according to VID code.

Table 3. Thermal Monitor A/D Conversion

erutarepmeT
(O )C

h21x0geR
erutarepmeT(

tuodaeR)enoZ

egatloVMT
)5CCVot%(

MT
)V(egatloV
)V5=5CCV(

etoN

57 10 16.57 087.3

28 30 70.97 359.3

58 70 24.08 120.4

88 F0 76.18 380.4

19 F1 48.28 241.4

49 F3 49.38 791.4

79 F7 69.48 842.4

tressA
DIVS

lamreht
trela

001 FF 29.58 692.4 tressA
#TOHRV
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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 00.0 52x0 68.0 A4x0 32.1 F6x0 06.1 49x0 79.1 8Bx0 33.2 CDx0 96.2

10x0 05.0 62x0 78.0 B4x0 42.1 07x0 16.1 59x0 89.1 9Bx0 43.2 DDx0 07.2

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 00.2 BBx0 63.2 FDx0 27.2

40x0 35.0 92x0 09.0 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 03.1 67x0 76.1 B9x0 40.2 FBx0 04.2 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 07.1 E9x0 70.2 2Cx0 34.2 6Ex0 97.2

B0x0 06.0 03x0 79.0 55x0 43.1 A7x0 17.1 F9x0 80.2 3Cx0 44.2 7Ex0 08.2

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 01.2 5Cx0 64.2 9Ex0 28.2

E0x0 36.0 33x0 00.1 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 04.1 08x0 77.1 5Ax0 41.2 9Cx0 05.2 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 08.1 8Ax0 71.2 CCx0 35.2 0Fx0 98.2

51x0 07.0 A3x0 70.1 F5x0 44.1 48x0 18.1 9Ax0 81.2 DCx0 45.2 1Fx0 09.2

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 02.2 FCx0 65.2 3Fx0 29.2

81x0 37.0 D3x0 01.1 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 05.1 A8x0 78.1 FAx0 42.2 3Dx0 06.2 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 09.1 2Bx0 72.2 6Dx0 36.2 AFx0 99.2

F1x0 08.0 44x0 71.1 96x0 45.1 E8x0 19.1 3Bx0 82.2 7Dx0 46.2 BFx0 00.3

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 03.2 9Dx0 66.2 DFx0 20.3

22x0 38.0 74x0 02.1 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 4. Intel SVID Table
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State Transition

Figure 4 illustrates the state diagram of the uP1651. The
uP1651 initiates it soft start cycle whenever POR transits
from Low to High. VROK are set high when soft start cycle
completes and no fault occurs. When any faults occurs,
the uP1651 will be shutdown and latched off. 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 uP1651 features programmable soft start functions
for VR. 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 whose 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.

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 interface.

Power Sequence

Figure 6 shows the typical start up power sequence of
VR12.5 for non-zero Vboot. After VCC12A/B POR, Enable

is set high to initialize the power sequence. Because
platform pull-up bias rail VTT is still not available, all open
drain outputs are floating. After a delay time T1 (< 5ms)
upon ENABLE goes high, the PWM start switching and
VOUT ramps up to Vboot. The VOUT ramping time T2 is
determined by Vboot and SetVID_slow slew rate. After
VOUT ramps to Vboot, PWM controller asserts VROK and
ALERT# immediately. The delay time T3 from ALERT#
assertion to VROK assertion is less than 6us. Platform
VTT then ramps up, and SVID bus is active and idle. PWM
controller waits for SVID command. CPU then initializes
SVID clock, and sends out initial SVID command
sequence, reading varies SVID registers. After that, CPU
sends out SetVID command to program VR output voltage.
PWM controller acknowledges the SetVID command and
ramps the output voltage to the targeted VID at
commanded slew rate.

ENABLE

T1 T2 T3

VOUT = VDAC/SS

VROK
(Open Drain)

SVID 
Packet

ALERT#
Open Drain

SVID Bus
Open Drain

VBOOT

VCC12A/B

POR

VTT
Pullup Bias Rail

Figure 6. VR12.5 Typical Power Sequence

Dynamic VID

The uP1651 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 uP1651, CSS is also used to filter the
VDAC/SS. By properly selecting CSS, VID_OTF performance
can be improved.

Output Voltage Differential Sensing

The uP1651 uses differential sensing by a high-gain low-
offset error amplifier as shown in Figure 7. 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

Functional Description
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amplifier compares The VFB with VEAP (=  VDAC/SS - ISUM x
RDRP) to regulate the output voltage.

FB

RFB

VCCP

EAP

RDRP

DAC/SS

CFB

R1

C1

VCCN

FBRTN

COMP

ISUM

Positive 
remote sense 

pin of CPU

Nagative 
remote sense
 pin of CPU

GM

VDAC

CSS ISUM

Figure 7. Circuit for VCORE  Differential Sensing.

Channel Current Sensing

The uP1651 extracts phase currents for current balance
and per channel over current protection by parasitic on-
resistance of the lower MOSFETs when turn on as shown
in Figure 8. The ISEN1/2/3/4 pins sense the corresponding
phase current when the lower MOSFETs are turned on.

I
SENX

 = ((I
PHX

 x R
DS(ON)

) + V
DC

) / R
SENX

where I
SENX

 is the sampled and held phase current signal,
IPHX is phase current, RDS(ON) is the on-resistance of the
lower MOSFETs, and V

DC
 is an internal 30mV offset voltage

for the current balance circuit. The current balance circuit
increases the PWM on time width of the phase whose
phase current is smaller than others and decrease the
PWM on time width of the phase whose phase current is
larger than others.

PH1

Current 
Balance

PH2

ISEN1

ISEN2

ISEN1

PH3

ISEN3

RSEN1

RSEN2

RSEN3

ISEN2

ISEN3ISEN3

RSEN3

ISEN3

ISEN4

RSEN4

ISEN4

PH4

Figure 8. Phase Current Sensing and Current Balance.

Total Load Current Sensing

The uP1651 provides low input offset current sense amplifier
(CSA) to monitor the total load current flowing through
inductor as shown in Figure 9.

RSW3

RSW2

RSW1

1ohm

1ohm
VCORE

VCORE

PH1

PH2

PH3

CSP

RSUM

CSNISUM

CSUM

RSW4
PH1

Figure 9. Total Load Current Sensing.

Output current of CSA (I
SUM

) is used for active voltage
positioning (AVP), load current monitoring and over current
protection. R

SW
 and C

SUM
 must be selected according to

the below equation:

N

CR

R
L

k SUMSW

DC

×
=×

where R
DC

 is the DCR of the output inductor, N is the phase
number of operation. k is used for load transient response
fine tune. Theoretically, k should be equal to 1 to sense
the instantaneous total load curret. But in real application,
k is usually set to between 1.2 and 1.8 to obtain better
load transient response.

The relationship between sensed current I
SUM

 and total
output current I

OUT
 is shown as follows.

NR

RI
I

SUM

DCOUT
SUM ×

×
=

For a given VR maximum output current I
MAX

, R
SUM

 can be
determined using above equation.

Droop (Load Line) Setting

The ISUM is mirrored to EAP pin as shown in Figure 7.

The voltage drop across RDRP and makes VEAP as:

NR

RRI
VRIVV

CSN

DRPDCOUT
SS/DACDRPSUMSS/DACEAP ×

××
−=×−=

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

NR

RR

I

V
LoadLine

SUM

DRPDC

OUT

OUT

×
×

=
∆
∆

=

Functional Description
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Output Current Monitoring

The summed current I
SUM

 is mirrored to flow out of IMON
pin for output current reporting. Connect a resistor R

IMON

from the IMON pin to GND to obtain VIMON voltage. The
V

IMON
 voltage is proportional to the output current. The

internal ADC converts V
IMON

 to a digital content for current
reporting. The ADC outputs FFh when VIMON is equal to or
greater than 2.56V. A capacitor can be added to the IMON
pin to adjust the response time of current reporting. The
resistor RIMON can be determined as follows.

NR

RICCMAX

R

V

SUM

DC

IMON ×
×=56.2

Output Over Current Protection

The summed current I
SUM

 is separately mirrored to the ISUM
pin for SVID ICCMAX alert and over current protection
(OCP). Connect a resistor R

ISUM
 from the ISUM pin to GND

to get V
ISUM

 voltage. The voltage V
ISUM

 is proportional to the
output current. For 4-phase configuration, when V

ISUM

reaches 2.56V, SVID ICCMAX alert is triggered. When V
ISUM

is greater than 2.56V times the OCP ratio defined in Table
2, OCP is triggered. When OCP is triggered, VROK will
go low immediately, the controller will turn off all MOSFETs
and set the PWM output to high impedance state. The
OCP has a 20us time delay to prevent false-tripping. The
ICCMAX alert and OCP threshold is dependent on the
configuration and operating phase number as shown in Table
2. Taking 4-phase configuration as an example, when the
controller is in 2-phase operation during SVID SetPS
command or PSI setting, the ICCMAX alert and OCP
threshold will be half of the original value of 4-phase
operation. In the same configuration, when the controller
is in single-phase operation during SVID SetPS command
or PSI setting, the ICCMAX alert and OCP threshold will
be one-fourth of the original value of 4-phase operation.

Taking 3-phase configuration as another example, when the
controller is in 2-phase operation during SVID SetPS
command or PSI setting, the ICCMAX alert and OCP
threshold will be two-third of the original value of 3-phase
operation. In the same configuration, when the controller
is in single-phase operation, the ICCMAX alert and OCP
threshold will be one-third of the original value of 3-phase
operation. The change in ICCMAX alert and OCP
threshold is to reflect the actual operating condition so as
to provide proper protection.

The OCP is latch-off type and can be reset only by POR
toggling.

Avoid adding capacitance to the ISUM pin. Any capacitance
added to the ISUM pin will affect the SVID ICCMAX alert
threshold and the OCP level.

Power Saving Mode and Automatic Phase Reduction

The PS pin is used for auto phase function setting by
connecting a resistor voltage divider from VCC5 to GND.
The auto phase have two levels, V

PS1
 and V

PS2
. The resolution

of VPS1 is 80mV/step.The VPS1 recommended setting
Table is as shown in Table 5.

( )2R1R
2R

5VCCV 1PS +
×=

( ) uA602R//1RVV 1PS2PS ×+=

 Table 5. Recommended VPS1 Setting

1SPVdednemmoceR
)V(gnitteS

gnitteS1SPV
)V(egnaR

40.0 0

21.0 80.0

2.0 61.0

82.0 42.0

63.0 23.0

44.0 4.0

25.0 84.0

6.0 65.0

86.0 46.0

67.0 27.0

48.0 8.0

29.0 88.0

1 69.0

80.1 40.1

61.1 21.1

42.1 2.1

23.1 82.1

According VISUM and VPS information, the uP1651 operation
phase number is as shown in Table 6. When V

PS1
 = 0.2V,

V
PS2

 = 0.3V and V
ISUM

 = 0.25V, the uP1651 turns off phase
3 and operates in 2-phase.
The automatic phase reduction reduces the switching and
conduction losses at light load condition and enables high
efficiency over a wide range of output current. There is no
time delay in operation phase number increase. When
operation phase number drops, there is  a delay of 300us,
and a hysteresis of 50mV.

Functional Description
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PS2 > PS1 are required when programming the phase-
reduction threshold level.

Refer to Table 6, when uP1651 operates in normal mode,
the uP1651 follows SVID SetPS command to determine
the power state as shown in Table 7. When uP1651 is
configured to operate in forced 4-phase operation mode,
it will ignore the SVID SetPS command and keep 4-phase
operation. When uP1651 is configured to operate in auto
PSI mode, it will ignore the SVID SetPS command and
changes the operating phase number per V

PS1
 and V

PS2

threshold level setting.

The operation mode function selection is determined and
latched at POR. Once it is selected, it CANNOT be changed
during operation. For example, if user select normal mode
operation, the controller CANNOT change to the auto PSI
mode or forced full phase operation mode.

Table 6. Operation Phase and Auto PSI Mode

edoM levelSP rebmuNesahPnoitarepO

edoMlamroN
V 1SP V0=
V 2SP V0=

sa,dnammoCSPteSwolloF
7elbaTninwohs

lluFdecroF
noitarepOesahP

sitluafed(edoM
sdneped,esahp-4

)noitarugifnocno

V 1SP V5=
V 2SP V5=

noitarepOesahPlluF
sdneped,esahp-4sitluafed(

)noitarugifnocno

edoMISPotuA

V 1SP V< MUSI

V 2SP V< MUSI

noitarepOesahPlluF
sdneped,esahp-4sitluafed(

)noitarugifnocno

V 1SP V< MUSI

V 2SP V> MUSI

noitarepOesahP2

V 1SP V> MUSI

V 2SP V> MUSI

noitarepOesahP1

Power State and Operation Mode Definition
The uP1651 has different definition in power state and
operation mode per ENABLE voltage level. ENABLE >
4V and ENABLE < 4V has individual definition. The power
state and operation mode definition is as shown in Table 7.

Table 7. ENABLE and Power State Definition

ENABLE > 4V

noitarugifnoC esahp-4 esahp-3 esahp-2 esahp-1

DIVS
SPteS

rewoP
etatS

0SP MCChp-4 MCChp-3 MCChp-2 MCChp-1

1SP MCChp-2 MCChp-2 MCChp-1 MCChp-1

2SP MEDhp-1 MEDhp-1 MEDhp-1 MEDhp-1

3SP MEDhp-1 MEDhp-1 MEDhp-1 MEDhp-1

Functional Description
ENABLE < 4V

noitarugifnoC esahp-4 esahp-3 esahp-2 esahp-1

DIVS
SPteS

rewoP
etatS

0SP MCChp-4 MCChp-3 MCChp-2 MCChp-1

1SP MCChp-1 MCChp-1 MEDhp-1 MEDhp-1

2SP MEDhp-1 MEDhp-1 MEDhp-1 MEDhp-1

3SP MEDhp-1 MEDhp-1 MEDhp-1 MEDhp-1

Control Loop

The uP1651 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. The amplified error
signal, V

COMP
, is compared to the internal ramp to initiate a

PWM on time. The RCOT features easy design, fast
transient response and smooth mode transition and is
especially suitable 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 uP1651 will try to turn on lower
MOSFETs and turn off upper MOSFETs 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 uP1651 starting up and VOUT
ramping up to VBOOT, the uP1651 initiates UVP function.
Once VFB is lower than 200mV, UVP is triggered and
latched. The uP1651 will try to turn off both upper and
lower MOSFETs. A 5us time 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 interface and used 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. The supported data register
is shown in Table 8.
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xednI emaNretsigeR sseccA tluafeD noitpircseD

h00 DI_redneV OR h62 DIredneV

h10 DI_tcudorP OR h81 DItcudorP

h20 noisiveR_tcudorP OR h40 noisiveRtcudorP

h50 noisreV_lacotorP OR h40 noisreVlocotorPDIVS

h60 ytilibapaC_RV OR h18
dnaseitilibapacRVDIVSehtseifitnedi,retsigerdeppamtiB

.detroppuserayrtemeletlanoitpoehtfohcihw

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

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

h21 enoZ_erutarepmeT MWP-W,M-R h00
neebevahtahtenozerutarepmetgniwohsretsigerataD

.deretne

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

.deretne

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

h12 xaM_CCI mroftalPOR --
ehttnerructuptuomumixamehtgniniatnocretsigerataD

.stroppusmroftalp

h22 xaM_pmeT mroftalPOR h46
ehterutarepmetmumixamehtgniniatnocretsigerataD

nietamrofyraniB.stroppusmroftalp 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 mroftalPOR -- VgniniatnocretsigerataD TOOB .spetsDIVniegatlov

h03 xaM_TUOV retsaMWR hFF
ehtstesdnaretsamybdemmargorpsiretsigersihT

.DIVmumixam

h13 gnitteS_DIV retsaMWR h00 .DIVdemmargorpyltnerrucgniniatnocretsigerataD

h23 etatS_rewoP retsaMWR h00
retsigerataD ehtgniniatnoc yltnerruc rewopdemmargorp

.etats

h33 tesffO retsaMWR h00 .spetsDIVnitesffoteS

h43 gifnoC_RV_itluM retsaMWR h00
sRVelpitlumserugifnochcihwretsigerataddeppamtiB

.subemasehtnoroivaheb

h53 retnioP retsaMWR --
ehtfoegarotsyraropmetrofretsigerdaphctarcS

.retsigerretniopRDAgeRteS

Functional Description
Table 8. SVID  Data and Configuration Registers
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(Note 1)

Supply Input Voltage, VCC5  ------------------------------------------------------------------------------------------------  -0.3V to +6V
Supply Input Voltage, VCC12A, VCC12B  -------------------------------------------------------------------------------  -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 - 40L θJA ---------------------------------------------------------------------------------------------------------  36OC/W
VQFN5x5 - 40L θJC ----------------------------------------------------------------------------------------------------------- 3OC/W

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

(Note 4)

Operating Junction Temperature Range  -------------------------------------------------------------------------------  -40OC to +125OC
Operating Ambient Temperature Range ---------------------------------------------------------------------------------  -40OC to +85OC
Supply Input Voltage, VCC5

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

Supply Input Voltage, VCC12A, VCC12B
   
--------------------------------------------------------------------------- 10.8V to 13.2V

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. θJA is measured in the natural convection at TA = 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

dlohserhTROP5CCV 1.4 3.4 5.4 V

siseretsyHROP5CCV .gnillaF5CCV -- 3.0 -- V

tnerruCylppuS5CCV I 5CCV V0=NE -- 3 -- Am

dlohserhTROPB/A21CCV 9.4 1.5 3.5 V

siseretsyHROPB/A21CCV .gnillaFB/A21CCV -- 1 -- V

tnerruCylppuSB/A21CCV I B+A21CCV
A21CCVfomuserusaem,V0=NE

.tnerructupniB21CCVdna
-- 3.0 -- Am

reifilpmArorrE

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

ecnatcudnoc-snarT MG -- 0051 -- V/Au

tcudorPhtdiwdnaBniaG WBG AE ngiseDybdeetnarauG -- 01 -- zHM

)kniS&ecruoS(tnerruCmumixaM I PMOC 002 -- -- Au

ycaruccAegatloVCAD

ycaruccAtuptuOCAD V SS/CAD

V40.3otV5.1 5.0- -- 5.0 %

V94.1otV1 8- -- 8 Vm

V99.0otV5.0 01- -- 01 Vm

tratStfoS

tnerruCegrahcsiD/egrahCSS/CAD I SS

tsaF_DIVteS 081 002 042 Au

wolS_DIVteS 54 05 06 Au

tupnIELBANE

woLtupnI V LI -- -- 3.0 V

hgiHtupnI V HI 7.0 -- -- V

ELBANEfotnerruCegakaeL I ELBANE

V0=ELBANE -- 0 1 Au

V1=ELBANE 1- 0 -- Au

gnitteSemiTnOMWP

emiTnO T NO
V NI ,V7.1=DIV,V21=
R TR mhok03=

-- 274 -- sn

emiTffOmuminiM T NIM_FFO noitarepoesahpelgniS -- 003 -- sn

poorDrofreifilpmAesneStnerruC

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

tnerruCsaiBtupnI ngiseDybdeetnarauG 01- -- 01 An

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

tnerruCgnicruoSmumixaM I XAMNSC 001 -- -- Au

ycaruccArorriMtnerruC I POORD Iot NSC oitar 49 001 601 %

Electrical Characteristics
(VCC5 = 5V, VCC12A = VCC12B = 12V, TA = 25OC, unless otherwise specified)
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Electrical Characteristics

retemaraP lobmyS snoitidnoCtseT niM pyT xaM stinU

ecnalaBtnerruCrofreifilpmAesneStnerruC

egatloVtesffO SOV )SCCV( 22 03 04 Vm

lennahCneewteBhctamsiMtesffO 2- 0 2+ Vm

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

noitceteDtnerruCoreZ

dlohserhTDCZ V DCZ egatlov1HPerusaeM 1- 0 1 Vm

#TOHRV,#TRELA,TADS

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

)KORV(tuptuOniarDnepO

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

egakaeLhgiHtuptuO V KORV V5= -- -- 1 Au

)MUSI,NOMI(gnirotinoMtnerruC

tnerruCgnicruoSmumixaM 001 -- -- Au

ycaruccArorriMtnerruCMUSI,NOMI I NOMI I, MUSI Iot NSC oitar 49 001 601 %

ycaruccAgnitropeRtnerruClatigiD

ecnareloTnoisrevnoCD/A
V NOMI )hFF(V65.2ot)h00(V0=

h51x0.geRdaeR
2- 0 2+ ceD

tuptuOMWP

egatloVwoLtuptuO V )MWP(LO I KNIS Am4= -- -- 4.0 V

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

egakaeLetatSecnadepmIhgiH I KAEL_MWP V5/DNGottcennoC 1- -- 1 Au

srevirDetaG

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

kniSetaGreppU R KNS_GU I GU Am08= -- 2 4 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

)GORP(gnitteStnerruCmumixaMRV

D/A noisrevnoC ycaruccA V GORP 5CCVfo4/1otV0= 2- 0 2+ CED
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Electrical Characteristics

retemaraP lobmyS snoitidnoCtseT niM pyT xaM stinU

noitcetorP

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

yaleDPVO T PVO -- 02 -- su

dlohserhTPVU V PVU PVUetulosbA -- 002 -- Vm

yaleDPVU T PVU -- 5 -- su

dlohserhTtrelAXAMCCI
V _MUSI

XAMCCI

erusaem,noitarepoesahp-4
egatlovMUSI

-- 65.2 -- V

dlohserhTPCOtnerruClatoT V PCO_MUSI
,%331otoitarPCOteS

egatlovMUSIerusaem
-- 504.3 -- V

emiTyaleDPCOtnerruClatoT T 1PCO -- 02 -- su

dlohserhTPCOtnerruClennahC I xNSC -- 06 -- Au

emiTyaleDPCOtnerruClennahC T 2PCO -- 5 -- su

dlohserhTnwodtuhSlamrehT T PTO -- 061 -- OC



uP1651

18 uP1651-DS-F00A0, Jul. 2018
www.upi-semi.com

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.
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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) 2012, 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


