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8/7/6/5/4/3/2/1-Phase Synchronous-Rectified Buck Controller
for Next Generation GPU Core Power

Support NVIDIA’s Open VReg Type 8 PWMVID
Technology

Selectable 8/7/6/5/4/3/2/1-Phase Operation by
Hardware Setting

Differential Remote Voltage Sensing

Continuous Inductor DCR Current Sensing Voltage
Adjustment

Switching Frequency Adjustment

Operating Phase Number Adjustment

Adjustable Current Balancing by RDS(ON) Current
Sensing

Adjustable Soft-Start

Optimize for Phase Extension Application

Channel Current Limit Protection

Over/Under Voltage Protection

Over Temperature Protection

RoHS Compliant and Halogen Free

General Description

Applications

Features

Pin Configuration

The uP9511R is an 8/7/6/5/4/3/2/1-phase PWM controller
specifically designed to provide high-precision output
voltage system for next generation GPUs. The uP9511R
provides programmable output voltage and active voltage
positioning functions to adjust the output voltage as a
function of the load current, so it is optimally positioned
for a load current transient.

The uP9511R supports NVIDIA Open Voltage Regulator 8
with PWMVID feature. The PWMVID input is buffered and
filtered to generate accurate reference voltage and the output
voltage is precisely regulated to the reference input.

The uP9511R adopts continuous total DCR current sensing
for load line programming. The uP9511R provides hardware
setting to adjust the operating phase number in different
load current state. The uP9511R uses MOSFET R

DS(ON)

current sensing for channel current balance.

Other features include adjustable soft-start, channel current
limit, under voltage protection, over voltage protection and
power good output. The uP9511R is available in VQFN5x5-
40L package.

rebmuNredrO egakcaP gnikraMpoT

JGQR1159Pu L04-5x5NFQV R1159Pu

Ordering Information

Note:
(1) Please check the sample/production availability with
uPI representatives.
(2) uPI products are compatible with the current IPC/
JEDEC J-STD-020 requirements. 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 Block Diagram
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Functional Description
Power On Reset (POR)

Figure 1 shows the power ready detection circuit. The 5VCC
voltage is monitored for power on reset with typically 4.3V
threshold at its rising edge. When 5VCC is ready, the
controller waits for EN to start up. When EN pin is driven
above 0.4V, the controller begins its start up sequence.
When EN pin is driven below 0.2V, the controller will be
turned off, and it will clear all fault states to prepare to next
soft-start once the controller is re-enabled.

5VCC

EN

4.3V

0.4V

POR

Figure 1. Circuit of Power Ready Detection

Power Input Monitor

VINMON is the power stage input voltage sense pin.
Connect this pin to power stage input voltage (VIN) with a
voltage divider and always keep VINMON of power stage
input voltage. When VINMON less than typically 0.5V at
POR, the uP9511R will forces starts up at single phase
and disables the cold boot, warm boot, PSI and auto-phase
function. Once this condition is triggered, it can only be
reset by re-POR or EN restart.

Phase Number of Operation (Hardware Programming)

The uP9511R supports 8/7/6/5/4/3/2/1-phase operation. The
maximum phase number of operation is determined by
checking the status of ISENx pins when power on reset.
Normally, uP9511R is 8-phase operation. Pull ISEN8 to
5VCC with a 100kΩ for 7-phase operation; Pull ISEN7 to
5VCC with a 100kΩ for 6-phase operation and so on. When
operating in 7-phase, PWM8 outputs are set to high
impedance; in 6-phase, PWM[8:7] outputs are set to high
impedance and so on. The maximum phase number of
operation is decided and latched at each POR rising edge.
The unused ISENx pins and PWMx pins can be left floating.

Operation Frequency

The phase switching frequency of the uP9511R is set by
an external resistor connected between PROG6 pin and
GND. Table 1 lists the operation frequency and the
recommended resistor R

PROG6
 value.

Table 1. Operation Frequency and Recommended R
PROG6

ycneuqerFgnihctiwS
)zHk(

RdednemmoceR 6GORP rotsiseR
k( Ω)

002 15

003 33

004 42

005 02

006 61

Power Saving Mode

The uP9511R provides power saving features for platform
designers to program platform specific power saving
configuration. There are three operation modes: Full-Phase
mode, Auto-Phase mode, and Low-Phase mode. The
uP9511R switches between these three operation modes
according to the input voltage level of the PSI pin. Figure 2
shows typical PSI application circuit, and table 2 shows
recommended PSI setting voltage level of three operation
modes. In low-phase mode, it can separate into Cold Boot
Mode and Warm Boot Mode. The operation phase number
of Cold Boot Mode and Warm Boot Mode is determined by
LPC pin. In auto-phase mode, the operation phase number
will auto increasing/reducing according to output loading.
In Full-Phase mode, the maximum phase number of
operation is determined by checking the status of ISENx
pins when POR.

PSI Power State 
Selection

1.8V

H-L Logic

Figure 2. PSI application circuit

Table 2. Operation Mode and recommended V
PSI

edoMnoitarepO
gnitteSegatloVdednemmoceR

ISPta

edoMesahP-lluF V8.1

edoMesahP-otuA V1

edoMesahP-woL DNG

Auto-Phase Shedding

The uP9511R provide Auto-Phase Shedding function to
reduce the switching and conduction losses at light load
condition and enable high efficiency over a wide range of
output current. Auto-Phase Shedding function is activated
by two conditions:
1. PSI voltage stays at “Auto-Phase Mode”.
2. After PGOOD goes high, VID pin received the PWM-VID
input signal from GPU.
Once the Auto-Phase Shedding function activated, the
uP9511R compares the V

IMON
 with V

PROG1
/V

PROG2
/V

PROG3
/

V
PROG4

 to decide the operation phase number dynamically.
Connect each PROGx pins to 5VCC with a voltage divider
to set the threshold and hysteresis. The threshold and the
hysteresis can be calculated as:

6.05 +×
⎟⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜

⎝

⎛ ×
=×

+
= IMON

SUM

DC
OUT

CC
BOTTOP

BOT
PROGx R

R
N

R
I

V
RR

R
V
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( ) IMON
SUM

DC
HysOUT

BOTTOPHysPROGx R
R

N

R
I

RRuAV ×
⎟⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜

⎝

⎛ ×
=×=

_

_ ||10

Where R
TOP 

is the resistor connects from 5VCC to PROGX
pin, and R

BOT 
is the resistor connects from PROGX pin to

GND.

If V
IMON

 < V
PROG1

, uP9511R operates in single phase; if V
PROG1

< V
IMON

 < V
PROG2

, uP9511R operates in dual phase; if V
PROG2

< V
IMON

 < V
PROG3

, uP9511R operates in four phase; if V
PROG3

< V
IMON

 < V
PROG4

, uP9511R operates in six phase; if V
IMON

 >
V

PROG4
, uP9511R operates in 8 phase. The uP9511R always

keeps all-of-phase interleaved operation. When setting
PROG1, PROG2, PROG3 and PROG4, always keep
VPROG1 <VPROG2<VPROG3<VPROG4. Violating this rule may
lead to unknown status and should be avoided. Short
the PROG1, PROG2, PROG3 and PROG4 to GND to
disable the auto-phase mode.

Cold Boot and Warm Boot

The uP9511R features programmable operation phase

number of Cold Boot Mode and Warm Boot Mode. When
PSI=Low and uP9511R first boots up (first time of 5VCC
and EN goes high), controller will enter to Cold Boot Mode.
Except the first boot up, when PSI=Low state and controller
power up by EN control, then uP9511R will enter to Warm
Boot Mode. Connect LPC pin to 5VCC with a voltage divider
(Figure 3) to set the operation phase number of Cold Boot
Mode and Warm Boot Mode. Figure 4 shows all the power
states of uP9511R under each combination of 5VCC/EN/
PSI/VID signal. Table 3 shows the recommended resistance

of the voltage divider.

 

LPCLow Phase 
Mode

5VCC

R1

R2

Figure 3. Circuit of LPC Setting

Functional Description

Table 3. Recommended resistance of Cold Boot mode and Warm Boot mode

V CPL fo%=
CCV5

esahPtooBdloC
tnuoC

k(tnuoCesahPtooBmraW Ω)

esahp-1 esahp-2 esahp-3 esahp-4 esahp-5

1R 2R 1R 2R 1R 2R 1R 2R 1R 2R

%36.04 esahp-1 29.4 73.3 16.42 48.61 3.44 23.03 48.37 35.05 76.741 60.101

%88.64 esahp-2 72.4 77.3 33.12 38.81 4.83 98.33 99.36 84.65 99.721 59.211

%31.35 esahp-3 67.3 72.4 28.81 43.12 88.33 4.83 74.65 10.46 39.211 10.821

%83.95 esahp-4 73.3 29.4 48.61 26.42 13.03 13.44 25.05 68.37 40.101 17.741

%36.56 esahp-5 50.3 28.5 42.51 1.92 34.72 73.25 17.54 92.78 24.19 75.471

%88.17 esahp-6 87.2 11.7 19.31 65.53 40.52 10.46 47.14 96.601 74.38 73.312

%31.87 esahp-7 65.2 41.9 8.21 27.54 40.32 3.28 4.83 71.731 8.67 53.472

%83.48 esahp-8 73.2 8.21 58.11 20.46 33.12 42.511 55.53 60.291 11.17 21.483

Figure 4. Power States of uP9511R

OFF Full-Phase Cold-Boot OFF Warm-Boot Full-Phase Warm-Boot OFF Cold-Boot Full-Phase Auto-Phase

5VCC

EN

PSI

VID

High

Tri-state

Low
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Functional Description
Total Load Current Sense

The uP9511R uses a low input offset current sense amplifier
(CSA) to sense the total load current flowing through
inductors for droop function by CSPSUM and CSNSUM as
shown in Figure 5.

RPH8

RPH2

RPH1

1ohm
VOUT

PH1

PH2

PH8

CSPSUM

RSUM

CSNSUM

ISUM

CSUM

1ohm

1ohm

VOUT

VOUT

Figure 5. Total Load Current Sense

The voltage across C
SUM

 is proportional to the total load
current, and the output current of CSA(I

SUM
) is also

proportional to the total load current of the voltage regulator.
The sensed current I

SUM
 represents the total output current

of the regulator, and it is directly used for droop function,
total output over current protection and auto-phase
function. I

SUM
 is calculated as follows.

SUM

DC
OUT

SUM R
N

R
I

I
×

=

In this inductor current sensing topology, R
PH

 and C
SUM

must be selected according to the equation below:

N

CR

R
L

k SUMPH

DC

×
=×

where R
DC

 is the DCR of the output inductor L, 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. Note that the resistance value of
R

SUM
 must be less than 2kΩ to ensure the current sensing

circuit in normal operation.

Voltage Control Loop

Figure 6 illustrates the voltage control loop of the uP9511R.
FB and EAP are negative and positive inputs of the Error
Amplifier respectively. The Error Amplifier modulates the
COMP voltage V

COMP
 and the duty cycle of buck converter

to force FB voltage VFB follows V
EAP

. The sensed current
signal (I

SUM
) is mirrored to the EAP pin and creates voltage

at EAP pin as:

LLSUMSSEAP RIVV ×−=

where VSS is output of VREFIN, ISUM is a current source
proportional to output current, and RLL is an external resistor
for adjusting load line slope. Therefore, the output voltage
will be:

SUM

LLDCOUT
SSOUT RN

RRI
VV

×
××

−=

FBRA

NVVDD_SENSE
EAP

RLL

SS

CA

RC CB

CC

NVVDD_GND_SENSE

FBRTN

EA
COMP

ISUM

Positive 
remote sense 

pin of GPU

Negative 
remote sense

pin of GPU REFIN

RB
RD

RE

Figure 6. Voltage Control Loop

Output Voltage Differential Sense

The uP9511R uses differential sense by a high-gain low
offset error amplifier for output voltage differential sense as
shown in Figure 6. The GPU voltage is sensed by the FB
and FBRTN pins. FB pin is connected to the positive remote
sense pin NVVDD_SENSE of the GPU via the resistor R

FB
.

FBRTN pin is connected to the negative remote sense pin
NVVDD_GND_SENSE of GPU directly.

Soft Start and Power Up Sequence

The uP9511R features a programmable soft start function
to limits the prevent surge current from power supply input
by a soft-start capacitor C

SS
 connected between SS to

FBRTN pin. Controller starts the soft-start process right on
V

EN
>0.4V with typical 2ms initialization time (T

INIT
). When

soft-start cycle is initiated, an internal current source
charges the C

SS
 to V

REFIN
. The ramp up time (Tramp) during

soft start period is determined by the internal current source
and C

SS
, and it can be calculated as below.

SS

SSBOOT,REFIN

I
CV

Tramp
×=

For example, suppose V
REFIN, BOOT

 = 0.9V, C
SS

 = 22nF, I
SS

 =
13uA, the ramp up time is around 1.5ms.

If there is no fault detected at the end of soft-start, the
controller then asserts PGOOD when the output voltage
reaches its target without delay. Figure 7 shows the soft-
start sequence of the uP9511R.
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TINIT Tramp

5VCC

VINMON

EN

VOUT

PGOOD

Figure 7. Power Up Sequence

PWMVID Function

The PWMVID signal from GPU is applied to the VID pin,
which is the input pin of the internal buffer. This buffer plays
the role of level shifting, and the output of this buffer is
injected into the external RC integrator to generate REFIN
voltage, which can be calculated as:

=REFINV

( )
( ) +

++
+×

+++
++××

543
54

543//21
543//2

RRR
RR

RRRRR
RRRR

DVVREF
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RRRR
VVREF ++
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where V
REFIN

 is the DC voltage of REFIN, V
VREF

 is the voltage
of VREF (typically 2V), and D is the duty cycle of PWMVID
input. The VREF pin is an internal LDO, therefore an output
decoupling capacitor is required. Recommend connecting
at least a 1uF capacitor from VREF pin to local GND.

Boot Voltage and Standby Mode

The new generation PWMVID structure includes two
operation modes other than normal operation: boot mode
and standby mode. During boot mode, the GPU stops
sending PWMVID signal and the input of the PWMVID
buffer is floating. The REFADJ pin enters high impedance
state after the VID pin enters tri-state region, and the REFIN
voltage can then be calculated as:

5432
54

, RRRR
RR

VV REFBOOTREFIN +++
+×=

During standby mode, other than GPU stopping the
PWMVID transaction, an external system standby signal
additionally controls the entry of standby mode. An
additional external switch should be connected in parallel
with the original PWMVID resistors as shown in Figure 8
to generate the standby mode voltage:

=STDBYREFINV ,

( )
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//5432
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VREF ++
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++×

Functional Description

REFADJ

FBRTN

VID

VREF

REFIN

PWMVID

VSS_SNS

VSTDBY

RSTDBY

C

R5

R4

R3

R2
R1

2V

Figure 8. PWMVID structure

Load Line Enable Threshold

The uP9511R compares the V
IMON

 with V
PROG5

 to enable
the Load Line function. Connect each PROG5 pins to 5VCC
with a voltage divider to set the load line enable threshold
and hysteresis. The load line enable threshold and the
hysteresis is calculated as:

6.055 +×
⎟⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜

⎝

⎛ ×
=×

+
= IMON

SUM

DC
OUT

CC
BOTTOP

BOT
PROG R

R
N

R
I

V
RR

R
V

( ) IMON
SUM

DC
HysOUT

BOTTOPHysPROG R
R

N

R
I

RRuAV ×
⎟⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜

⎝

⎛ ×
=×=

_

_5 ||10

Where R
TOP 

is the resistor connects from 5VCC to PROG5
pin, and R

BOT 
is the resistor connects from PROG5 pin to

GND.

Channel Current Balance

The uP9511R senses phase currents for current balance
by the means of on-resistance of power stage low-side
MOSFETs when turning on as shown in Figure 9. The ISENx
pins sense the corresponding phase current when the low-
side MOSFETs are turned on.

Current
Balance

S/H

S/H

ISEN1

ISEN8

VDC

RSEN1

RSEN8

PH1

PH8

Figure 9. Current Balance Circuit
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Functional Description

( )
SENX

DCONDSPHX
SENX R

VRI
I

+×
=

where I
SENX

 is the sample and held phase current signal,
I
PHX

 is phase current, R
DS(ON)

 is the on-resistance of the
low- side MOSFETs, and V

DC
 = 30mV is an internal voltage

source. In this current sense mechanism, the valley of the
inductor current is sampled and held. Therefore, the
equivalent sensed current can be described by the following
equation:

PHXAVGPHXSHPHX III ∆×−=
2
1

__

The sensed current I
PHX_SH

 is mirrored to the current balance
circuit, comparing between each other, and generating
current adjusting signals for each phase. 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.

Channel Current Limit

The uP9511R adopts channel valley current limit function
to avoid catastrophic damage to power stage components.
The uP9511R monitors the sensed current at ISENx pins
and if the sensed ISEN[N] of any phase exceeds the channel
current limit threshold, the channel current limit function
activates. The resistor R

EN
 connected between EN and

ground determines the channel current limit the threshold.
According the mentioned current sense equation, the
channel current limit equation can be written as:

( )ONDS

DCISENX
EN

CHMAX R

VR
kR

mV

I
−××

Ω= 9
10

)(
1500

_

where 1500mV/R
EN

 denotes the internal CL_CH threshold
current, R

EN
 is the EN pin to ground resistor in KΩ (e.g.

R
EN

 = 30kΩ, CL_CH = 50uA), R
ISENX

 is the external sensing
resistor connected at ISENx pins, V

DC
 is an internal 30mV

voltage source, and R
DS(ON)

 is the on-resistance of the low-
side MOSFETs of the power stage in mΩ. Once the per-
phase current exceeds CL_CH threshold, the per-phase
output inductor current is limited to an average current. If a
continuous over load event may lead the output voltage
drop and eventually trigger under voltage protection and
shuts down the uP9511R.

Enable Sequence Control

The EN pin controls the enable and disable of this device.
The resistor R

EN
 connected between EN pin to ground is

also used to implement this function. It is recommended
to use a MOSFET with its drain connected to EN pin without
pull up resistor for power sequence control as shown in
Figure 10. Do NOT connect EN pin directly to a voltage
source.

Disable

Enable

EN

Figure 10. Enable Sequence Control

Total Output Current Protection

ISUM

IMONRIMON

VOCP

Total Current OCP

OCPCMP

Figure 11. Total Output Current Protection

The uP9511R provides total current OCP as shown in Figure
11. The sensed current I

SUM
 is mirrored internally and fed

to IMON pin. A resistor R
IMON

 is connected from IMON pin
to GND. This current flows through the resistor R

IMON
,

creating voltage drop across it. As the total load current
increases, the voltage on IMON pin (V

IMON
) increases

proportionally. When the IMON pin voltage is greater than
V

OCP
, the OCP will be triggered. Once OCP is triggered, it

will be latched. Only re-start up can release the latch. The
uP9511R will turn off both high-side and low-side MOSFETs
of all channels. The total  OCP level is changed per actual
operating phase number. Table 4 shows the relationship
between total OCP levels (V

OCP
) and operating phase

number. The total output current ( I
OUT_MAX

) of triggered OCP
is calculated as :

Dc

SUM

IMON

OCP

MAX_OUT R
RN

R
V.V

I
×

×−= 60

The IMON pin has a 0.6V offset voltage, which means the
IMON voltage increases from 0.6V as load current
increases. The resistor R

IMON
 must be in the range of 10K

to 60K to let the 0.6V offset mechanism work normally.

Table 4. Operation Conditions and Total Output OCP
Level (V

OCP
)

noitidnoCnoitarepO V(leveLPCO PCO )

esahP-8 V0.3

esahP-7 V7.2

esahP-6 V4.2

esahP-5 V1.2

esahP-4 V8.1

esahP-3 V6.1

esahP-2 V3.1

esahP-1 V1.1
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Functional Description
Over Voltage Protection (OVP)

The OVP is triggered if V
FB

 > 1.5x V
EAP

 sustained 5us.
When OVP is activated, the uP9511R turns on all low-side
MOSFETs and turns off all high-side MOSFETs. The over
voltage protection is a latch-off function and can only be
reset by 5VCC re-POR or EN restart.

Under Voltage Protection (UVP)

The under voltage protection is triggered if VFB < 0.5 x VEAP

sustained 5us. When UVP is activated, the uP9511R turns
off all high-side and low-side MOSFETs. The under voltage
protection is a latch-off function and can only be reset by
5VCC re-POR or EN restart.

Over Temperature Protection (OTP)

The uP9511R monitors the temperature of itself. If the
temperature exceeds typical 150oC, the uP9511R is forced
into shutdown mode. The over temperature protection is a
latch-off function and can only be reset by 5VCC re-POR
or EN restart.
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(Note 1)

Supply Input Voltage, 5VCC  -----------------------------------------------------------------------------------------------------------  -0.3V to +6V

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

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

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

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

ESD Rating (Note 2)

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

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

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, VCC5  --------------------------------------------------------------------------------------------------------------  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 tinU

tupnIylppuS

dlohserhTROPCCV5 ROP CCV5 gnisirCCV5 4 3.4 5.4 V

siseretsyHROPCCV5 SYH ROP_CCV5 -- 003 -- Vm

tnerruCylppuS I CCV5 gnihctiwsoN,hgihNE -- 5.4 -- Am

tnerruCnwodtuhS I DS V0=NE -- 052 -- Au

gnirotinoMegatloVtupnIegatSrewoP

egnargnirotinomNOMNIV 7.0 -- 6.2 V

dlohserhTgnisiRNOMNIV V NOMNIV -- 5.0 -- V

siseretsyHNOMNIV V SYH_NOMNIV -- 001 -- Vm

lortnoCelbanE

dlohserhTwoLcigoL V NE_LI -- -- 2.0 V

dlohserhThgiHcigoL V NE_HI 4.0 -- -- V

egatloVFERVV2

ycaruccAegatloVFERV V FER 89.1 2 20.2 V

tnerruCgnicruoSFERV I FER 01 -- -- Am

)NIFER(egatloVtupnIecenerefeR

dlohserhTelbasiDNIFER V BSD_NIFER -- -- 1.0 V

egnaRegatloVecnerefeRlanretxE V NIFER 2.0 -- 2 V

reffuBDIVMWP

leveLwoLtupniDIV V DIV_LI -- -- 6.0 V

leveLhgiHtupniDIV V DIV_HI 2.1 -- -- V

yaleDetats-irTDIV T DIV_IRT -- 001 -- sn

ecnatsiseRecruoSJDAFER R CRS_FB I CRS Am1= -- 02 -- Ω

ecnatsiseRkniSJDAFER R KNS_FB I KNIS Am1= -- 02 -- Ω

rotallicsO

egnaRycneuqerFnoitarepO F WS 002 -- 006 zHk

yccaruccAycneuqerFnoitarepO R 6GORP k33= Ω 072 003 033 zHk

egatloVtuptuO6GORP -- 2.1 -- V

tratS-tfoS

tnerruCtratS-tfoS ssI
)doireptrats-tfosgnirud(lamroN -- 31 --

Au
tneisnarTNIFER -- 022 --

emiTnoitazilaitinI T TINI V0morfputratStuoVothgihNE -- 1.1 -- sm

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

retemaraP lobmyS snoitidnoCtseT niM pyT xaM tinU

reifilpmArorrEegatloV

niaGCDpooLnepO OA ngiseDybdeetnarauG -- 07 -- Bd

tcudorPhtdiwdnaB-niaG WBG ngiseDybdeetnarauG -- 01 -- zHM

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

tnerruCecruoSPMOC I CRS_PMOC -- 003 -- Au

tnerruCkniSPMOC I KNS_PMOC -- 003 -- Au

NTRBF

tnerruCNTRBF I NTRBF gnihctiwSoN,V4.1=NE -- -- 005 Au

)gnimmuStnerruClatoT(reifilpmAesneStnerruC

egatloVtesffOtupnI V ASC_FFO 1- -- 1 Vm

tnerruCgnicruoSxaM I ASC_CRS 002 -- -- Au

)ecnalaBtnerruC(reifilpmAesneStnerruC

egatloVtesffOtupnI V ASC_FFO 1- -- 1 Vm

tnerruCgnicruoSxaM I ASC_CRS 002 -- -- Au

egatloVxNESI V ASC_CD 52 03 53 Vm

tuptuOMWP

egatloVwoLtuptuO V L_MWP I KNS Am4= -- -- 2.0 V

egatloVthgiHtuptuO V H_MWP I ECRUOS Am4= 7.4 -- -- V

egakaeLetatSecnadepmIhgiH
V MWP V0= 1- -- 0 Au

V MWP V5= 0 -- 1 Au

)ISP(tupnIgnivaSrewoP

cigoLedoMgnivaSrewoP V ISP

edoMesahP-lluF 4.1 -- -- V

edoMesahP-otuA 8.0 -- 2.1 V

edoMesahP-woL -- -- 4.0 V

eniLdaoL/esahP-otuA

tnerruCkniSlanretnI I KNS -- 01 -- Au

NOMI/poorDrofgnirotinoMtnerruC

ycaruccArorriMtnerruC I PAE I/ NOM 59 001 501 %

egatloVtesffO V SFO_NOMI -- 6.0 -- V

noitcetorP

dlohserhT)HC_LC(timiLtnerruClennahC I HC_CO I xNES I> HC_LC R, NE k03= Ω -- 05 -- Au

dlohserhT)PCO(noitcetorPtnerruClatoT V PCO V NOMI V> PCO edomesahp-8, -- 3 -- V

dlohserhT)PVU(noitcetorPegatloVrednU V PVU V BF V/ PAE 04 -- 05 %

yaleD)PVU(noitcetorPegatloVrednU T PVU -- 5 -- su



uP9511R

15uP9511R-DS-F0000, Oct. 2017
www.upi-semi.com

Electrical Characteristics

retemaraP lobmyS snoitidnoCtseT niM pyT xaM tinU

)d'tnoc(noitcetorP

dlohserhT)PVO(noitcetorPegatloVrevO V PVO V BF V/ PAE 051 -- %

yaleD)PVO(noitcetorPegatloVrevO T PVO -- 5 -- su

)PTO(noitcetorPerutarepmeTrevO T PTO ngiseDybdeetnarauG -- 051 -- oC

rotacidnIdooGrewoP

leveLwoLtuptuODOOGP V GP I KNIS Am4= -- -- 3.0 V

tnerruCegakaeLDOOGP I kaeL_GP V GP V5= -- -- 2.0 Au
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 PWM (5V/Div)

FB (1V/Div)

PGOOD (2V/Div)

LG (10V/Div)

 PWM (5V/Div)

FB (1V/Div)

PGOOD (2V/Div)

LG (10V/Div)

 PSI (1V/Div)

VOUT (50mV/Div)

PWM8 (5V/Div)

PWM1 (5V/Div)

 PSI (1V/Div)

VOUT (50mV/Div)

PWM8 (5V/Div)

PWM1 (5V/Div)

 PWM (5V/Div)

VOUT (200mV/Div)

PGOOD (2V/Div)

EN (2V/Div)

Time : 40us/Div
VIN = 12V, VOUT = 0.88V,

VOUT Offset = 0.88V, No Load

 PWM (5V/Div)

VOUT (200mV/Div)

PGOOD (2V/Div)

EN (2V/Div)

Typical Operation Characteristics

UVP

Enable Power On

Time : 400us/Div
VIN = 12V, VOUT = 0.88V, No Load

Enable Power Off

Time : 400us/Div
VIN = 12V, VOUT = 0.88V, IOUT = 2A

PSI = 1.0V  1.8V PSI = 0V  1.8V

Time : 40us/Div
VIN = 12V, VOUT = 0.88V,

VOUT Offset = 0.88V, No Load

Time : 4us/Div
VIN = 12V,  No Load

OVP

Time : 4us/Div
VIN = 12V,  No Load
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PHASE1 (10V/Div)

VOUT (200mV/Div)

IOUT (125A/Div)

PHASE1 (10V/Div)

VOUT (200mV/Div)

IOUT (125A/Div)

PWM4 (5V/Div)

VIMON (500mV/Div)

PWM8 
(5V/Div)

PWM6 (5V/Div)

PWM1 (5V/Div)

PWM2 (5V/Div)

PWM1 (5V/Div)

VOUT (200mV/Div)

VID (2V/Div)

PWM8 (5V/Div)

PWM1 (5V/Div)

VOUT (200mV/Div)

VID (2V/Div) PWM8 (5V/Div)

PWM 
(5V/Div)

VOUT (1V/Div)

PGOOD (2V/Div)

IOUT (50A/Div)

Typical Operation Characteristics

VID Low to High

Time : 40us/Div
VIN = 12V, VOUT = 0.88V, VOUT Offset = 0.88V,

PSI = 0V,Cold Boot 6 Phase, No Load

Auto Phase

Total OCP

Time : 200us/Div
VIN = 12V, VOUT = 0.88V, IOUT = 160A

VID High to Low

Time : 40us/Div
VIN = 12V, VOUT = 0.88V, VOUT Offset = 0.88V,

PSI = 0V,Cold Boot 6 Phase, No Load

Time : 40us/Div
VIN = 12V, VOUT = 0.88V, VIMON = 0.6 - 3.0V, No Load

Load Transient, Overshoot

Time : 40us/Div
VIN = 12V, VOUT = 0.88V, VOUT Offset = 0.88V,

PSI = 1.8V, IOUT = 14A~160A

Load Transient, Undershoot

Time : 40us/Div
VIN = 12V, VOUT = 0.88V, VOUT Offset = 0.88V,

PSI = 1.8V, IOUT = 14A~160A
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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 taerms and conditions of sale supplied at the time of order acknowledgment.
However, no responsibility is assumed by uPI or its subsidiaries for its use or application of any product or circuit; nor
for any infringements of patents or other rights of third parties which may result from its use or application, including
but not limited to any consequential or incidental damages. No uPI components are designed, intended or authorized
for use in military, aerospace, automotive applications nor in systems for surgical implantation or life-sustaining. No
license is granted by implication or otherwise under any patent or patent rights of uPI or its subsidiaries.
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