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3/2/1+2/1/0-Phase Driver Embedded PWM Controller
with SMBus Digital Interface for FM2+ CPU Core Power

AMD SVI2 CPU Compliant
RCOT+TM Control Topology

Easy Setting
Smooth Mode Transition
Fast Transition Response

2 Integrated 12V MOSFET Drivers for VDD
Embedded Bootstrap Diode

Flexible Operation Phase Configuration
3/2/1-Phase PWM Controller for VDD
2/1/0-Phase PWM Controller for VDDA
Support Operation Phase Disable Function
Support 4+1 Phase Application

SVI2 VR Address Selection
SMBus Interface for Performance and Efficiency
Optimization

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

Programmable Operation Frequency
Inductor DCR Current Sensing for Droop/
Channel OCP/ Total OCP
Differential Current Sense Amplifier for Current
Balance
Differential Remote Output Voltage Sense
Transient Boost for Fast Transient Response
High Accuracy DAC
OCP/UVP/OVP/Thermal Shutdown
RoHS Compliant and Halogen Free

General Description Features

Applications
AMD FM2+ Desktop CPU Power Supplies

AMD VGA Card GPU Power Supplies

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) p lating that are suitable
for use in SnPb or Pb-free soldering processes.
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Ordering Information

The uP9503Q is an AMD SVI2 compliant desktop CPU
voltage regulator controller that integrates a 3-phase PWM
controller for VDD and a 2-phase controller for VDDA. The
VDD controller can be configured as 3/2/1-phase, and the
VDDA controller can be configured as 2/1/0-phase (0
denotes VDDA controller is disabled) for platform power
design flexibility. This part integrates 2 bootstrap diode
embedded 12V MOSFET drivers. For the typical 3+2-phase
application, the 3-phase VDD controller has 2 embedded
MOSFET driver and 1 PWM output. The 2-phase VDDA
controller has 2 PWM outputs. The controller provides further
flexible operating phase configurations to support 4+1 phase
application.The integrated SMBus interface programmability
makes this part with high performance and easy design.
Designer can define different power scenario for different
current states to optimize the performance and efficiency.

The uP9503Q combines true differential output voltage
sense, differential inductor DCR current sense, input voltage
feed-forward sense and adaptive voltage positioning to
provide accurately regulated power for desktop CPU. It
adopts uPI proprietary RCOT+TM (Robust Constant On-
Time) topology to have fast transient response and smooth
mode transition. Similar to digital based PWM controller,
the loop gain is also programmable by SMBus interface to
achieve design flexibility.

The uP9503Q has built-in serial interface to communicate
with AMD SVI2 compliant CPU. It supports mode transition
function with various operating states. This part provides
two different VID on-the-fly slew rates, which can be
programmed by the SMBus register.

The uP9503Q provides power good indicator and selectable
VR parameters, such as SVI2 VR address and Vboot
voltage. It also provides complete fault protection functions,
including over voltage, under voltage, over current, over
temperature and under voltage lockout. The uP9503Q is
available in VQFN6x6-52L package.
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Typical Application Circuit
3+2 Phase Application
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Typical Application Circuit
4+1 Phase Application
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*Note 1: 
Use 1kohm resistor to pull up CSN1A and CSN1P to 5V.

*Note 1
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Functional Pin Description
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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
Power Input and Power On Reset
The uP9503Q has two power inputs VCC5 and VCC12.
VCC5 is the 5V supply input for control logic circuit of the
controller. RC filter to VCC is required for locally bypassing
this supply input. VCC12 is the supply power of two
integrated 12V MOSFET gate drivers. VCC5 and VCC12
have individual power on reset (POR) function. The controller
monitors the VCC12 voltage for PWM on-time calculation.
EN is the chip enable input pin. Logic high to this pin
enables the controller, and logic low to this pin disables
the controller. The above three inputs (VCC5, VCC12 and
EN) are monitored to determine whether the controller is
ready for operation.

Figure 1 shows the power ready detection circuit. The VCC5
voltage is monitored for power on reset with typically 4.3V
threshold at its rising edge. The VCC12 voltage is monitored
for power on reset with typically 10V threshold at its rising
edge. The VDDIO voltage is monitored for power on reset
with typically 0.8V threshold at its rising edge. When VCC5,
VCC12 and VDDIO are all ready, the controller waits for
EN to start up. When EN pin is driven above 2V, the
controller begins its start up sequence. When EN pin is
driven below 0.8V, the controller will be turned off, and it
will clear all fault states to prepare to next start up once
the controller is re-enabled. Note that only VCC5 or EN
toggle will clear all fault state, VDDIO or VCC12 toggle is
not used for clearing fault state. Anytime any one of the
four inputs falls below their power on reset level will
shutdown the controller.

VCC5

VCC12

EN

4.3V

10V

2V POR

VDDIO

0.8V

Figure 1. Circuit for Power Ready Detection

Power-up Sequence
Figure 2 shows a typical power-up sequence of uP9503Q.
When VCC5, VCC12 and VDDIO inputs are all ready, the
controller waits for the EN signal to initiate the power on
sequence. After EN goes high, the controller waits for a
delay time T

A
 (<1ms) then the output voltage starts to ramp

up to Vboot. The time interval T
B
 is determined by the VID

upward slew rate. The uP9503Q asserts POK when VDD/
VDDA rails are in regulation of the voltage (Vboot).

VDD & VDDA

VCC5

VDDIO

SVC

SVD

SVT

EN

POK

PWROK

Boot-VID
Startup

VID

VOTF
Complete

Telemory Telemory

VCC12

TBTA

Figure 2. Power Up Sequence  Timing
Initial Start Up Voltage (Vboot) and SMBus Device
Address
Refer to the Table 1. The uP9503Q determines the Vboot
voltage upon the SVC and SVD status during POR. And
the SMBus device address is 0x88h.

Table 1. Vboot Voltage for both VDD and VDDA

CVS DVS toobV

0 0 V1.1

0 1 V0.1

1 0 V9.0

1 1 V8.0
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Functional Description
Operation Phase Disable Function
The uP9503Q supports operation phase disable function to further increase the design flexibility. Platform designer can
choose to disable some phases to meet their design requirement. Both VDD and VDDA rail support operation phase
disable function. The minimum operation phase number is 1+0-phase. In general, to disable a specific phase, pull up
CSNx to VCC5 through 1kΩ resistor and tie CSPx to ground for that phase, except CSP1A(pull up to VCC5).The
controller detects all the CSNx and CSP1A voltage at VCC5 power on reset to determine operation phase number.

Note that there is an exception for VDDA rail phase disable function. To let VDDA rail in zero-phase operation, pull up
CSNA to VCC5 through 1kΩ resistor and tied CSPA to ground. Table 3 shows the operation phase number setting.

In addition, the operating phase number is governed by the SVI2 command. The SVI2 command and operating phase
number are shown as Table 2.

Table 2. SVI2 Command and VDD & VDDA Operating Phase Number

L_0ISP L_1ISP rebmuNesahPDDVteS rebmuNesahPADDVteS

1 1 MCCesahPlluF MCCesahPlluF

1 0 MCCesahPlluF MCCesahPlluF

0 1 MCCesahP1 MCCesahP1

0 0 MSPesahP1 MSPesahP1

Table 3. Operation Phase Number Setting

noitarugifnoC
noitarepOdetroppuS

rebmuNesahP

tegraTotwoLlluP/hgiHlluP,noitcennocniP

APSC ANSC 3PSC 3NSC 2PSC 2NSC A2PSC A2NSC A1PSC A1NSC

esahP-2+3

2+3 -- -- -- -- -- -- -- -- -- --

1+4 -- -- -- -- -- -- -- -- 5CCV 5CCV

0+4 DNG 5CCV -- -- -- -- -- -- 5CCV 5CCV

1+3 -- -- -- -- -- -- DNG 5CCV -- --

2+2 -- -- DNG 5CCV -- -- -- -- -- --

0+3 DNG 5CCV -- -- -- -- DNG 5CCV 5CCV 5CCV

1+2 -- -- DNG 5CCV -- -- DNG 5CCV -- --

0+2 DNG 5CCV DNG 5CCV -- -- DNG 5CCV 5CCV 5CCV

1+1 -- -- DNG 5CCV DNG 5CCV DNG 5CCV -- --

0+1 DNG 5CCV DNG 5CCV DNG 5CCV DNG 5CCV 5CCV 5CCV

.noitcennoclamronsetoned"--".1etoN
k1esU.2etoN Ω 5CCVotpu-llupnehwrotsiserpullup

esahporezniliarADDVfonoitcnufelbasidesahpgnisunehwnoitcennocANSCehtotnoitnettayaP.3etoN
.noitarugifnoc

tluafcihportsatacesuaclliwnoitcennocnwod/pu-llupniptcerrocnI.elbasidesahprofelbatehtwollofyltcirtS.4etoN
.pu-tratsgnirud
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Functional Description
PWM On-Time Setting and SVI2 VR Address Selection
The PWM on-time is set by an external resistor RTON

connected between TONSET pin and GND. The controller
senses VCC12 voltage to obtain input voltage information
for PWM on-time calculation. Both the VDD rail and VDDA
rail share the same PWM on-time setting. The PWM on
time can be calculated as below equation.

100××⎟
⎠
⎞

⎜
⎝
⎛

= TON
IN

OUT
ON R

V

V
T

where T
ON

 is in ns, R
TON

 is in kΩ.
uP9503Q supports SVI2 VR address selection. The
resistance value of R

TON 
determines the SVI2 VR address.

Take the typical 3+2-phase application as an example, user
can select the 3-phase/2-phase VR address to be assigned
to VDD/VDDA or VDDA/VDD.
Note that when user assigns the 3-phase VR to VDDA and
the 2-phase VR to VDD  (i.e. swap the SVI2 VR address),
the 2-phase VR works with phase extension function
enabled.
Table 4 lists the recommended resistor R

TON
 (KΩ) for

switching frequency and SVI2 VR address selection (with
condition: V

IN
 = 12V, V

OUT 
= 1.2V). For example, given V

IN

= 12V, V
OUT 

= 1.2V, R
TON

 = 49.9kΩ, T
ON

 is about 500ns by
above equation. The PWM frequency is about 200kHz. Note
that the resistance value of R

TON
 value must be greater

than 24.9kΩ to ensure the PWM on time calculation circuit
in normal operation.

Table 4. Recommended Resistor R
TON

 (KΩ) for
Switching Frequency and SVI2 VR Address Selection

gnihctiwS
ycneuqerF

)zHk(

noitacilppAlacipyT
)esahp2+3(

)1etoN(

sserddARV2IVS
pawS

)esahp3+2(
)2etoN(

002 9.94 002

003 33 331

004 9.42 001

ADDV:7tiB,DDV:6tiB:tekcaPataDDVS.1etoN
:tekcaPataDDVS.2etoN

ADDV:6tiB
delbanenoitcnufnoisnetxeesahphtiw,DDV:7tiB

DIVlaireSDMAehtotsrefertekcaPataDDVS.3etoN
noitacificepS)2IVS(0.2ecafretnI
RrotsiserfomuminimehT.4etoN NOT k9.42sieulav Ω.

DAC Reference Voltage
The uP9503Q embeds separate precise bandgap reference
voltage generation circuits for VDD and VDDA controllers.
Figure 3 shows the reference voltage generation circuit.
The output voltage of bandgap reference circuit is 1.55V
with respect to FBRTN (FBRTNA for VDDA).
The uP9503Q utilizes plural resistors to generate precise
reference voltages ranging from 6.25mV to 1.55V, with
6.25mV step. All the voltages connect to a multiplexer
(MUX). According to SVI2 command, the MUX outputs the
selected VID (VDAC) to the current limit buffer input. The
DAC voltage is generated as the reference voltage to the
DAC pin (DACA pin for VDDA). The DAC voltage for VDDA
is generated by the same method except that it is referred
to FBRTNA pin. Table 5 shows the VID voltage and the
SVI2 code.

VBG

FBRTN

1.55V

FBRTN

RN

R2

R1

+

-

1.55V

6.25mV

MUX

6.25mV~1.55V

Step=6.25mV

VDAC

SVI2

Interface

Current

Limited

Buffer

Figure 3. Reference Voltage Generation Circuit
Dynamic VID Change and Slew Rate

The controller accepts SetVID command via SVI2 bus for
output voltage change during normal operation. This allows
the output voltage 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 event may occur under either light or heavy load
condition. This voltage change direction can be upward or
downward. The default value of VID upward slew rate is
12mV/us. The value of VID downward slew rate is 1/3 of
VID upward slew rate. The upward slew rate of VDD and
VDDA can be separately further programmed by the
controllers SMBus register 0x26h. The upward slew rate
can be set from 8mV/us to 22mV/us with a total of 7 steps
and 2mV/LSB resolution. The default value of upward slew
rate is 12mV/us.
Output Voltage Differential Sense

The uP9503Q uses differential sense by a high-gain low
offset error amplifier for output voltage differential sense as
shown in Figure 4. The CPU voltage is sensed by the FB
and FBRTN pins (FBA and FBRTNA for VDDA). FB pin is
connected to the positive remote sense pin VDD_SENSE
of the CPU via the resistor R

FB
. FBRTN pin is connected

to the negative remote sense pin VSS_SENSE of CPU
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Functional Description
directly. (VDDA_SENSE and VSSA_SENSE for VDDA). The
error amplifier compares the VFB with VEAP (=VDAC - IMON x
RDRP) to regulate the output voltage.

Gm

RCOMP_INT

COMP
FB

RFB

VDD_SENSE
Positive voltage remote 
sense pin of CPU

CSP

CSN

EAP

DAC
RDRP

FBRTN

CDAC

VSS_SENSE
Negative voltage remote 
sense pin of CPU

CCOMP

RCSN

CCSN

Reference 
Voltage

RCOMP

IMON

Figure 4. Output Voltage Differential Sense
Total Load Current Sense
The uP9503Q uses a low input offset current sense amplifier
(CSA) to sense the total load current flowing through
inductors for droop function by CSP and CSN (CSPA and
CSNA for VDDA) as shown in Figure 5.

RPH2

RPH3

1ohm

PH1

PH2

PH3

1ohm

1ohm

VDD_1

VDD_2

VDD_3

CCSN

RCSN

CSP

CSN

RPH1

IMON

Figure 5.Total Load Current Sense
The voltage across CCSN is proportional to the total load
current, and the output current of CSA (IMON) is also
proportional to the total load current of the voltage regulator.
The sensed current IMON represents the total output current
of the regulator, and it is directly used for droop function,
total output over current protection, and output current
reporting. IMON is calculated as follows.

CSN

DC
OUT

MON
R

P

R
I

I
×

=

In this inductor current sensing topology, RPH and CCSN must
be selected according to the equation below:

P

CR

R

L
k

CSNPH

DC

×
=×

where R
DC

 is the DCR of the output inductor L, P 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

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

circuit in normal operation.
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Functional Description
Table 5. VID Table

]0:7[DIVS )V(egatloV ]0:7[DIVS )V(egatloV ]0:7[DIVS )V(egatloV ]0:7[DIVS )V(egatloV

0000_0000 00055.1 0000_0100 00053.1 0000_0010 00051.1 0000_0110 00059.0

1000_0000 57345.1 1000_0100 57343.1 1000_0010 57341.1 1000_0110 57349.0

0100_0000 05735.1 0100_0100 05733.1 0100_0010 05731.1 0100_0110 05739.0

1100_0000 52135.1 1100_0100 52133.1 1100_0010 52131.1 1100_0110 52139.0

0010_0000 00525.1 0010_0100 00523.1 0010_0010 00521.1 0010_0110 00529.0

1010_0000 57815.1 1010_0100 57813.1 1010_0010 57811.1 1010_0110 57819.0

0110_0000 05215.1 0110_0100 05213.1 0110_0010 05211.1 0110_0110 05219.0

1110_0000 52605.1 1110_0100 52603.1 1110_0010 52601.1 1110_0110 52609.0

0001_0000 00005.1 0001_0100 00003.1 0001_0010 00001.1 0001_0110 00009.0

1001_0000 57394.1 1001_0100 57392.1 1001_0010 57390.1 1001_0110 57398.0

0101_0000 05784.1 0101_0100 05782.1 0101_0010 05780.1 0101_0110 05788.0

1101_0000 52184.1 1101_0100 52182.1 1101_0010 52180.1 1101_0110 52188.0

0011_0000 00574.1 0011_0100 00572.1 0011_0010 00570.1 0011_0110 00578.0

1011_0000 57864.1 1011_0100 57862.1 1011_0010 57860.1 1011_0110 57868.0

0111_0000 05264.1 0111_0100 05262.1 0111_0010 05260.1 0111_0110 05268.0

1111_0000 52654.1 1111_0100 52652.1 1111_0010 52650.1 1111_0110 52658.0

0000_1000 00054.1 0000_1100 00052.1 0000_1010 00050.1 0000_1110 00058.0

1000_1000 57344.1 1000_1100 57342.1 1000_1010 57340.1 1000_1110 57348.0

0100_1000 05734.1 0100_1100 05732.1 0100_1010 05730.1 0100_1110 05738.0

1100_1000 52134.1 1100_1100 52132.1 1100_1010 52130.1 1100_1110 52138.0

0010_1000 00524.1 0010_1100 00522.1 0010_1010 00520.1 0010_1110 00528.0

1010_1000 57814.1 1010_1100 57812.1 1010_1010 57810.1 1010_1110 57818.0

0110_1000 05214.1 0110_1100 05212.1 0110_1010 05210.1 0110_1110 05218.0

1110_1000 52604.1 1110_1100 52602.1 1110_1010 52600.1 1110_1110 52608.0

0001_1000 00004.1 0001_1100 00002.1 0001_1010 00000.1 0001_1110 00008.0

1001_1000 57393.1 1001_1100 57391.1 1001_1010 57399.0 1001_1110 57397.0

0101_1000 05783.1 0101_1100 05781.1 0101_1010 05789.0 0101_1110 05787.0

1101_1000 52183.1 1101_1100 52181.1 1101_1010 52189.0 1101_1110 52187.0

0011_1000 00573.1 0011_1100 00571.1 0011_1010 00579.0 0011_1110 00577.0

1011_1000 57863.1 1011_1100 57861.1 1011_1010 57869.0 1011_1110 57867.0

0111_1000 05263.1 0111_1100 05261.1 0111_1010 05269.0 0111_1110 05267.0

1111_1000 52653.1 1111_1100 52651.1 1111_1010 52659.0 1111_1110 52657.0
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Functional Description

]0:7[DIVS )V(egatloV ]0:7[DIVS )V(egatloV ]0:7[DIVS )V(egatloV ]0:7[DIVS )V(egatloV

0000_0001 00057.0 0000_0101 00055.0 0000_0011 00053.0 0000_0111 00051.0

1000_0001 57347.0 1000_0101 57345.0 1000_0011 57343.0 1000_0111 57341.0

0100_0001 05737.0 0100_0101 05735.0 0100_0011 05733.0 0100_0111 05731.0

1100_0001 52137.0 1100_0101 52135.0 1100_0011 52133.0 1100_0111 52131.0

0010_0001 00527.0 0010_0101 00525.0 0010_0011 00523.0 0010_0111 00521.0

1010_0001 57817.0 1010_0101 57815.0 1010_0011 57813.0 1010_0111 57811.0

0110_0001 05217.0 0110_0101 05215.0 0110_0011 05213.0 0110_0111 05211.0

1110_0001 52607.0 1110_0101 52605.0 1110_0011 52603.0 1110_0111 52601.0

0001_0001 00007.0 0001_0101 00005.0 0001_0011 00003.0 0001_0111 00001.0

1001_0001 57396.0 1001_0101 57394.0 1001_0011 57392.0 1001_0111 57390.0

0101_0001 05786.0 0101_0101 05784.0 0101_0011 05782.0 0101_0111 05780.0

1101_0001 52186.0 1101_0101 52184.0 1101_0011 52182.0 1101_0111 52180.0

0011_0001 00576.0 0011_0101 00574.0 0011_0011 00572.0 0011_0111 00570.0

1011_0001 57866.0 1011_0101 57864.0 1011_0011 57862.0 1011_0111 57860.0

0111_0001 05266.0 0111_0101 05264.0 0111_0011 05262.0 0111_0111 05260.0

1111_0001 52656.0 1111_0101 52654.0 1111_0011 52652.0 1111_0111 52650.0

0000_1001 00056.0 0000_1101 00054.0 0000_1011 00052.0 0000_1111 00050.0

1000_1001 57346.0 1000_1101 57344.0 1000_1011 57342.0 1000_1111 57340.0

0100_1001 05736.0 0100_1101 05734.0 0100_1011 05732.0 0100_1111 05730.0

1100_1001 52136.0 1100_1101 52134.0 1100_1011 52132.0 1100_1111 52130.0

0010_1001 00526.0 0010_1101 00524.0 0010_1011 00522.0 0010_1111 00520.0

1010_1001 57816.0 1010_1101 57814.0 1010_1011 57812.0 1010_1111 57810.0

0110_1001 05216.0 0110_1101 05214.0 0110_1011 05212.0 0110_1111 05210.0

1110_1001 52606.0 1110_1101 52604.0 1110_1011 52602.0 1110_1111 52600.0

0001_1001 00006.0 0001_1101 00004.0 0001_1011 00002.0 0001_1111 FFO

1001_1001 57395.0 1001_1101 57393.0 1001_1011 57391.0 1001_1111 FFO

0101_1001 05785.0 0101_1101 05783.0 0101_1011 05781.0 0101_1111 FFO

1101_1001 52185.0 1101_1101 52183.0 1101_1011 52181.0 1101_1111 FFO

0011_1001 00575.0 0011_1101 00573.0 0011_1011 00571.0 0011_1111 FFO

1011_1001 57865.0 1011_1101 57863.0 1011_1011 57861.0 1011_1111 FFO

0111_1001 05265.0 0111_1101 05263.0 0111_1011 05261.0 0111_1111 FFO

1111_1001 52655.0 1111_1101 52653.0 1111_1011 52651.0 1111_1111 FFO
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Functional Description
Droop (Load Line) Setting
As shown in Figure 4, the current I

MON
 denotes the sensed

total load current, which is mirrored to the EAP pin. When
load current increases, I

MON
 also increases and creates a

voltage drop across R
DRP

, and makes V
EAP

 lower than the
V

DAC
 as follows.

DRP
CSN

DCOUT
DACDRPMONDACEAP R

PR

RI
VRIVV ×⎟

⎠
⎞

⎜
⎝
⎛

×

×
−=×−=

where R
DC

 is the DCR of output inductor, P is the operation
phase number, and I

OUT
 denotes the total load current. In

steady state, the output voltage is regulated to V
EAP

. As the
total load current I

OUT
 increases, I

MON
 increases

proportionally, making V
EAP

 decreases accordingly. This
makes the output voltage also decreases linearly as the
total output current increases, which is also known as active
voltage positioning (AVP). The slope of output voltage
decrease to total load current increase is referred to as
load line. The load line is defined as follows

PR

RR

I

V

CSN

DRPDC

OUT

OUT

×

×
=

∆

∆
=Line Load

Total Output OCP and Operating Phase Number
As shown in Figure 6, the sensed current I

MON
 is mirrored

internally and fed to IMON pin (IMONA for VDDA) for total
output over current protection (OCP). 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 further
increases to greater than the OCP threshold (2.56V) for a
specific delay time, the total output current protection will
be triggered. POK will be pulled low immediately, both UGx

and LGx will be held low, and all PWM outputs will in high
impedance state to let driver turns off all MOSFETs to
shutdown the regulator. The other unaffected voltage
regulator will also shut down. The total output OCP is a
latch-off type protection, and it can only be reset by VCC5
or EN toggling. The total output OCP delay time can be
further programmed by the SMBus register. Avoid adding
capacitor to the IMON pin. Additional capacitance to this
pin will affect the total output OCP. The default output
current level of triggering total output OCP is calculated
as follows.

DC

CSN

IMON
OCPOUT

R

RP

R
I

×
×=

56.2
_

IMON

CSP

CSN

RCSN

CCSN

IMON

RIMON

2.56V

Figure 6. Total Output OCP
The total output OCP level is usually designed for the
voltage regulator that is operated in full phase condition
by hardware setting. The actual operating phase number
is controlled by the SVI2 command or the SMBus Auto
Phase setting. When the operating phase number is
decreased, the total output OCP level is decreased as well.
The total output OCP level is changed per actual operating
phase number. Table 6 shows the total output OCP ratio
per actual operating phase number and the hardware
configuration

Table 6. Total Output OCP and Operating Phase Number

oitaRPCOtuptuOlatoT
noitidnoCgnitarepO

esahP-4 esahP-3 esahP-2 esahP-1

erawdraH
noitarugifnoC

esahP-4 1 21/9 21/8 21/5

esahP-3 -- 1 21/9 21/5

esahP-2 -- -- 1 21/8

esahP-1 -- -- -- 1
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Functional Description
Per-Phase Over Current Protection

In addition to the total output current OCP, the controller
provides per-phase current OCP to protect the voltage
regulator. The controller uses DCR current sensing
technique to sense the inductor current in each phase for
per-phase over current protection and current balance as
shown in Figure 7. In this inductor current sensing topology,
the time constant can expressed as follows.

CSxCSPx
DC

CR
R

L
k ×=×

where L is the output inductor, R
DC

 is its parasitic resistance
and k is a constant. Theoretically, if k = 1, the sensed
current signal I

CSNx
 can be expressed as follows.

CSNx

DCLX
CSNx

R

RI
I

×
=

VIN

L RDC

VDD

RCSPx

CCSx

RCSNx

CSPx

CSNx

ICSNx

ILx

Figure 7. Phase Current Sense

The sensed current I
CSNx

 represents the current in each
phase, and it is compared to a current (default = 100uA,
SMBus programmable) for per-phase OCP. If the inductor
current of any of the active operating phase exceeds the
threshold for a specific delay time, the per-phase OCP is
triggered. POK will be pulled low immediately, both UGx
and LGx will be held low, and all PWM outputs will in high-
impedance state to let driver turns off all MOSFETs to
shutdown the regulator. The other unaffected voltage
regulator will also shut down. The per-phase OCP is a latch-
off type protection, and it can only be reset by VCC5 or EN
toggling. The per-phase OCP threshold and its delay time
can be further programmed by the SMBus register. Note
that the resistance value of R

CSNx
 must be less than 2kΩ to

ensure the current sensing circuit in normal operation. The
resistance of R

CSNx
 and the default per-phase OCP level can

be obtained using equation as follows:

uA

RI
R

DCperphaseOCP
CSNx

100

_ ×
=

Over Voltage Protection (OVP)

The controller monitors the voltage on FB pin (FBA for VDDA)
for over voltage protection. After output voltage ramps up to
Vboot, the controller initiates OVP function. Once V

FB

exceeds V
EAP

 + OVP threshold for a specific delay time,
OVP is triggered. POK will be pulled low immediately, UGx
will be held low, LGx will be held high, and PWM outputs
will be low to let driver turns on low side MOSFET and turns
off high side MOSFET to protect CPU. Since the low side
MOSFET is turned on, the regulator output capacitor will
be discharged and output voltage decreases as well. When
FB pin voltage decreases to lower than typical 0.5V, LGx
will be held low (PWM outputs turns to high impedance
state) to turn off the low side MOSFET to avoid negative
output voltage. The other unaffected voltage regulator will
also shut down. The OVP is a latch-off type protection, and
it can only be reset by VCC5 or EN toggling. The OVP
detection circuit has a fixed delay time to prevent false
trigger. The OVP threshold can be further programmed by
the SMBus register.

Under Voltage Protection (UVP)

The controller monitors the voltage on FB pin (FBA for VDDA)
for under voltage protection. After output voltage ramps up
to Vboot, the controller initiates UVP function. Once VFB is
lower than VEAP - UVP threshold for a specific delay time,
UVP is triggered. POK will be pulled low immediately, both
UGx and LGx will be held low, and all PWM outputs will in
high-impedance state to let driver turns off all MOSFETs to
shutdown the regulator. The other unaffected voltage
regulator will also shut down. The UVP is a latch-off type
protection, and it can only be reset by VCC5 or EN toggling.
The UVP detection circuit has a fixed delay time to prevent
false trigger. The UVP threshold can be further programmed
by the SMBus register.

Thermal Monitoring and VRHOT#

The TSEN pin (TSENA for VDDA) is used for voltage regulator
thermal monitoring. Connect a negative temperature
coefficient ( NTC) thermistor network to this pin for sensing
VR temperature. The curve of TSEN (TSENA for VDDA) pin
voltage and the sensed temperature is shown in Figure 8.
The NTC thermistor is placed close to the hottest point of
the regulator, normally close to the inductor and low-side
MOSFET of phase 1. The controller asserts VRHOT# when
the sensed temperature is higher than the value of SMBus
register 0x29h (TEMP_VRHOT), in which the default value
is 05h (106oC). Either VDD or VDDA regulator can trigger
the VRHOT# as long as the temperature of any of the two
regulators exceeds the maximum temperature threshold.
The threshold of VRHOT# assertion can be further
programmed by SMBus register. The recommended NTC
thermistor is 10kΩ/β = 3380 by Murata (NCP18XH103F03RB)

and the recommended lower dividing resistor is 6kΩ.
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Figure 8. TSEN/TSENA Pin Voltage and Sensed Temperature

Power OK Indication

The uP9503Q has a power ok indication pin for VDD/VDDA
controllers. The VDD/VDDA controller monitors DAC/DACA
voltage for power ok indication. When DAC/DACA voltage
ramps to the target output voltage, the controller asserts
POK. The POK is pulled low immediately if any of the faults
(OCP, OVP and UVP) occurs.

Control Loop

The uP9503Q adopts the uPI proprietary RCOT+TM control
technology. The RCOT uses the constant on-time modulator.
The output voltage is sensed to compare with the internal
high accurate reference voltage. The reference voltage is
commanded by CPU through the SVI2 interface or by system
through SMBus interface. The amplified error signal V

COMP

is compared to the internal ramp to initiate a PWM on-
time. The RCOT+TM features easy design, fast transient
response and is smooth mode transition and especially
suitable for powering the microprocessor

Serial VID Interface 2.0 (SVI2)

Serial VID Interface 2.0 (SVI2) is a three wire (SVC, SVD
and SVT) serial synchronous interface defined by AMD to
transfer power management information between the CPU
and the VR controller. The SVI2 bus operates at a maximum
frequency of 21MHz. CPU is always the master, and the VR
controller is always the slave. SVC, SVD and SVT pins are
both in push-pull structure. SVC is source synchronous
clock signal from the CPU. Only PWROK is asserted, SVC
and SVD can be used to serially transmit data from the CPU
to VR.

SMBus Interface

The uP9503Q features an SMBus interface and data registers
to allow user to adjust various platform operating parameters
for VDD and VDDA. The supported operating parameters

Functional Description

T
S

E
N

/T
S

E
N

A
 P

in
 V

ol
ta

ge
 (V

)

Sensed Temperature (oC)

that can be adjusted through the SMBus are summarized
as Table 7. The main function is to dynamically change the
offset voltage, switching frequency, operating phase number,
and load line according to the total load current. This function
is referred to as Auto Phase, and it provides user the
maximal flexibility in the platform design to maximize
voltage regulator’s efficiency and the processor performance
as well. For the 3-phase VDD regulator, there are three
load current states (LCS) to set. The switching frequency,
offset voltage, operating phase number and load line in each
LCS can be programmed independently. For the 2-phase
VDDA regulator, there are two load current states (LCS) to
set. The switching frequency, offset voltage and operating
phase number in each LCS can also be programmed
independently.

VM0~ VM3 (AVM0 for VDDA): Define the thresholds for
six load current states (LCS0~LCS4) for VDD. The VDD
controller converts IMON pin voltage V

IMON
 to a digital

content, which represents the total output current. The VMx
setting is defined as the ratio of IMON pin voltage to 2.56V

(2.56V denotes when VDD output current reaches its
summed total current). It takes 2.56V as the full scale, and
6-bits means that there are 64 steps for user to choose
from. Each load current state register has 6-bits to set the
level of output current that the load current state is entered.
The controller compares the VMx content and the I

MON
 (refer

to the section of Total Output Over Current Protection )
to determine which load current state should be entered
and executes the corresponding operating parameter
settings (frequency, offset and operating phase number).

LCS0: V
IMON

 > VM0, highest load current state

LCS1: VM0 > V
IMON

 > VM1

LCS2: VM1 > V
IMON

 > VM2

LCS3: VM2 > V
IMON

 > VM3

LCS4: VM3 > V
IMON ,

 lowest load current state.

VM0_Hys~ VM3_Hys (AVM0_Hys for VDDA) :

Define the hysteresis of VM0~VM3. The hysteresis is also
defined as the ratio of IMON pin voltage to 2.56V.

VOFS0~VOFS4 (AVOFS0, AVOFS1 for VDDA) :

Define the offset voltage in each load current state. 8-bits
content setting with 6.25mV/step.

IICF0~ IICF4 (AIICF0, AIICF1 for VDDA) :

Define the switching frequency in each load current state.
The switching frequency is defined as the ratio to current
setting per R

TONSET
 and V

IN
. The default is 1000 for 100%.

0000 = 60%; 0001 = 65%; 0010 = 70%;0011 = 75%; 0100
= 80%; 0101 = 85%; 0110 = 90%; 0111 = 95%; 1000 =
100%; 1001=125%; 1010 = 150%; 1011 = 175%; 1100 =
200%; 1101 = 225%; 1110 = 250%; 1111 = 275%.
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Functional Description
IICP0~IICP4 (AIICP0, AIICP1 for VDDA) :

Define the operating phase number in each load current
state. The operating phase number can be full-phase to
single phase

 IICLL0~ IICLL4 (AIICLL0, AIICLL1 for VDDA) :

Define the load line value in each load current state. The
load line adjustment is defined as the ratio to current droop
setting. The default is 0110 for 100%. 0000 = 0%; 0001 =
40%; 0010 = 60%;0011 = 70%; 0100 = 80%; 0101 = 90%;
0110 = 100%; 0111 =110%; 1000 = 120%;1001=130%;
1010 = 140%; 1011 = 150%; 1100 = 160%; 1101 =170%;
1110 = 180%; 1111 = 190%.

RCOMP1, RCOMP2 (ARCOMP1, ARCOMP2 for VDDA) :
Define the compensation resistor value. The compensation
resistor value for the regulator operating in single-phase
operation and multi-phase operation can be adjusted
separately.

GCOMP (AGCOMP for VDDA) :

For OTA transconductance setting for voltage control loop.
It is defined as the ratio to the default value of 2020 uA/V.

OC/UV/OV:

OC/UV/OV is used for the threshold adjustment of per-phase
OCP, UVP and OVP, respectively.

OCP Delay : For total OCP threshold and per-phase OCP
delay time setting.

LCHVID (ALCHVID for VDDA) :

This register stores the 8-bits VID code. When latch VID
function is enabled, controller will ignore the SetVID
command from CPU and move output voltage to the targeted
value.

IMON (IMONA for VDDA) :

The register reports real IMON value (FFh when VIMON =
2.56V).

VFB (VFBA for VDDA) :

This register reports the output voltage that is converted by
the internal ADC with 6.25mV/LSB.
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Functional Description
Table 7. SMBus Configuration Register

.geR
.rddA

sucoF
liaR

emaN.geR sseccA tluafeD noitpircseD

10x0 DDV ]2:7[0MV W/R h00

0levelegatlovNOMIlanretniteS
)etatstnerructsehgih(0SCL>=0leveL>NOMIV

eract'noD:]0:1[tiB
65.2x)46/]2:7[tiB(=0MV

V65.2otegatlovNOMIotoitarehtsadenifedsignittes0MV

20x0 DDV ]2:7[1MV W/R h00

1levelegatlovNOMIlanretniteS
1SCL>=1leveL>NOMIV
2SCL>=1leveL<NOMIV

eract'noD:]0:1[tiB
65.2x)46/]2:7[tiB(=1MV

V65.2otegatlovNOMIotoitarehtsadenifedsignittes1MV

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

2levelegatlovNOMIlanretniteS
2SCL>=2leveL>NOMIV
3SCL>=2leveL<NOMIV

eract'noD:]0:1[tiB
65.2x)46/]2:7[tiB(=2MV

V65.2otegatlovNOMIotoitarehtsadenifedsignittes2MV

40x0 DDV ]2:7[3MV W/R h00

3levelegatlovNOMIlanretniteS
3SCL>=3leveL>NOMIV
4SCL>=3leveL<NOMIV

eract'noD:]0:1[tiB
65.2x)46/]2:7[tiB(=3MV

V65.2otegatlovNOMIotoitarehtsadenifedsignittes3MV

60x0 DDV ]4:6[syH_0MV
]0:2[syH_1MV W/R h00

eract'noD:]7[tiBV
spets8,siseretsyH0MVteS:]4:6[tiB

)]4:6[tib+2(x)001/65.2(=syH
eract'noD:]3[tiB

spets8,siseretsyH1MVteS:]0:2[tiB
)]0:2[tib+2(x)001/65.2(=syH

V65.2otegatlovnipNOMIfooitarehtsadenifedsisiseretsyH

70x0
DDV
ADDV

]4:6[syH_2MV
]0:2[syH_0MVA W/R h00

eract'noD:]7[tiB
spets8,siseretsyH2MVteS:]4:6[tiB

)]4:6[tib+2(x)001/65.2(=syH
eract'noD:]3[tiB

spets8,siseretsyH0MVAteS:]0:2[tiB
)]0:2[tib+2(x)001/65.2(=syH

V65.2otegatlovnipNOMIfooitarehtsadenifedsisiseretsyH

80x0 DDV ]4:6[syH_3MV W/R h00

eract'noD:]7[tiB
spets8,siseretsyH3MVteS:]4:6[tiB

)]4:6[tib+2(x)001/65.2(=syH
eract'noD:]3[tiB

V65.2otegatlovnipNOMIfooitarehtsadenifedsisiseretsyH

90x0 DDV ]4:6[0PCII
]0:2[1PCII W/R h66

gnitteSrebmuNesahPnoitarepODDV
0SCLDDVforebmuNesahP:]4:6[tiB
1SCLDDVforebmuNesahP:]0:2[tiB

;esahP3:110;esahP4:001;esahP5:101;esahP6:011
MSPesahP1:000;MCCesahP1:100;esahP2:010

A0x0 DDV ]4:6[2PCII
]0:2[3PCII W/R h66

gnitteSrebmuNesahPnoitarepODDV
2SCLDDVforebmuNesahP:]4:6[tiB
3SCLDDVforebmuNesahP:]0:2[tiB

;esahP3:110;esahP4:001;esahP5:101;esahP6:011
MSPesahP1:000;MCCesahP1:100;esahP2:010
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.geR
.rddA

sucoF
liaR

emaN.geR sseccA tluafeD noitpircseD

B0x0 DDV ]4:6[4PCII W/R h66

gnitteSrebmuNesahPnoitarepODDV
4SCLDDVforebmuNesahP:]4:6[tiB

;esahP3:110;esahP4:001;esahP5:101;esahP6:011
MSPesahP1:000;MCCesahP1:100;esahP2:010

C0x0 DDV ]0:7[0SFOV W/R h00

)pets/Vm52.6(.0SCLDDVfotesffoegatloV
tesffoevitagen="1";tesffoevitisop="0",tibngissi7tiB

Vm057-/+=stimilrewoldnareppU
Vm0+=00000000

Vm52.6+=10000000
Vm573+=00111100
Vm057+=00011110
Vm057+=11111110

Vm0-=00000001
Vm52.6-=10000001

Vm573-=00111101
Vm057-=00011111
Vm057-=11111111

D0x0 DDV ]0:7[1SFOV W/R h00

)pets/Vm52.6(.1SCLDDVfotesffoegatloV
tesffoevitagen="1";tesffoevitisop="0",tibngissi7tiB

Vm057-/+=stimilrewoldnareppU
Vm0+=00000000

Vm52.6+=10000000
Vm573+=00111100
Vm057+=00011110
Vm057+=11111110

Vm0-=00000001
Vm52.6-=10000001

Vm573-=00111101
Vm057-=00011111
Vm057-=11111111

E0x0
DDV ]0:7[2SFOV W/R h00

)pets/Vm52.6(.2SCLDDVfotesffoegatloV
tesffoevitagen="1";tesffoevitisop="0",tibngissi7tiB

Vm057-/+=stimilrewoldnareppU
Vm0+=00000000

Vm52.6+=10000000
Vm573+=00111100
Vm057+=00011110
Vm057+=11111110

Vm0-=00000001
Vm52.6-=10000001

Vm573-=00111101
Vm057-=00011111
Vm057-=11111111

F0x0 DDV ]0:7[3SFOV W/R h00

)pets/Vm52.6(.3SCLDDVfotesffoegatloV
tesffoevitagen="1";tesffoevitisop="0",tibngissi7tiB

Vm057-/+=stimilrewoldnareppU
Vm0+=00000000

Vm52.6+=10000000
Vm573+=00111100
Vm057+=00011110
Vm057+=11111110

Vm0-=00000001
Vm52.6-=10000001

Vm573-=00111101
Vm057-=00011111
Vm057-=11111111
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.geR
.rddA

sucoF
liaR

emaN.geR sseccA tluafeD noitpircseD

01x0 DDV ]0:7[4SFOV W/R h00

)pets/Vm52.6(.4SCLDDVfotesffoegatloV
tesffoevitagen="1";tesffoevitisop="0",tibngissi7tiB

Vm057-/+=stimilrewoldnareppU
Vm0+=00000000

Vm52.6+=10000000
Vm573+=00111100
Vm057+=00011110
Vm057+=11111110

Vm0-=00000001
Vm52.6-=10000001

Vm573-=00111101
Vm057-=00011111
Vm057-=11111111

21x0 DDV ]4:7[0FCII
]0:3[1FCII W/R h88

gnitteSycneuqerFnoitarepODDV
%001=tluafed,0SCLDDVforebmuNesahP:]4:7[tiB
%001=tluafed,1SCLDDVforebmuNesahP:]0:3[tiB
;%57=1100;%07=0100;%56=1000;%06=0000
;%59=1110;%09=0110;%58=1010;%08=0010

;%571=110;%051=0101;%521=1001;)tluafed(%001=0001
%572=1111;%052=0111;%522=1011;%002=0011

31x0 DDV ]4:7[2FCII
]0:3[3FCII W/R h88

gnitteSycneuqerFnoitarepODDV
%001=tluafed,2SCLDDVforebmuNesahP:]4:7[tiB
%001=tluafed,3SCLDDVforebmuNesahP:]0:3[tiB
;%57=1100;%07=0100;%56=1000;%06=0000
;%59=1110;%09=0110;%58=1010;%08=0010

;%571=110;%051=0101;%521=1001;)tluafed(%001=0001
%572=1111;%052=0111;%522=1011;%002=0011

41x0 DDV ]4:7[4FCII W/R h88

gnitteSycneuqerFnoitarepODDV
%001=tluafed,4SCLDDVforebmuNesahP:]4:7[tiB
;%57=1100;%07=0100;%56=1000;%06=0000
;%59=1110;%09=0110;%58=1010;%08=0010

;%571=110;%051=0101;%521=1001;)tluafed(%001=0001
%572=1111;%052=0111;%522=1011;%002=0011

51x0 DDV ]4:7[0LLCII
]0:3[1LLCII W/R h66

gnitteSeniLdaoLDDV
%001=tluafed,0SCLDDVfognittesenildaoL:]4:7[tiB
%001=tluafed,1SCLDDVfognittesenildaoL:]0:3[tiB

;%08=0010;%07=1100;%06=0100;%04=1000;%0=0000
;%021=0001;%011=1110;)tluafed(%001=0110;%09=1010

;%061=0011;%051=1101;%041=0101;%031=1001
%091=1111;%081=0111;%071=1011

61x0 DDV ]4:7[2LLCII
]0:3[3LLCII W/R h66

gnitteSeniLdaoLDDV
%001=tluafed,2SCLDDVfognittesenildaoL:]4:7[tiB
%001=tluafed,3SCLDDVfognittesenildaoL:]0:3[tiB

;%08=0010;%07=1100;%06=0100;%04=1000;%0=0000
;%021=0001;%011=1110;)tluafed(%001=0110;%09=1010

;%061=0011;%051=1101;%041=0101;%031=1001
%091=1111;%081=0111;%071=1011

71x0 DDV ]4:7[4LLCII W/R h66

gnitteSeniLdaoLDDV
%001=tluafed,4SCLDDVfognittesenildaoL:]4:7[tiB

;%08=0010;%07=1100;%06=0100;%04=1000;%0=0000
;%021=0001;%011=1110;)tluafed(%001=0110;%09=1010

;%061=0011;%051=1101;%041=0101;%031=1001
%091=1111;%081=0111;%071=1011
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.geR
.rddA

sucoF
liaR

emaN.geR sseccA tluafeD noitpircseD

81x0 DDV
]7[NE_BC

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

W/R h44

,noitcnufecnalabtnerrucDDVfolortnocffO/nO:]7[tiB
FFO="1",NO="0",NO=tluafed

%001=tluafed,tsujdaniagecnalabtnerruc1esahPDDV:]4:6[tiB
%001=001;%5.78=110;%57=010;%5.26=100;%05=000

%5.731=111;%521=011;%5.211=101;)tluafed(
eract'noD:]3[tiB

%001=tluafed,tsujdaniagecnalabtnerruc2esahPDDV:]0:2[tiB
%001=001;%5.78=110;%57=010;%5.26=100;%05=000

%5.731=111;%521=011;%5.211=101;)tluafed(

91x0 DDV ]4:6[NIAGI_3HP W/R h44

eract'noD:]7[tiB
%001=tluafed,tsujdaniagecnalabtnerruc3esahPDDV:]4:6[tiB

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

eract'noD:]3[tiB

B1x0
DDV ]4:6[SOI_1HP

]0:2[SOI_2HP W/R h00

eract'noD:]7[tiB
Au0=tluafed,tesffoecnalabtnerruc1esahPDDV:]4:6[tiB

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

eract'noD:]3[tiB
Au0=tluafed,tesffoecnalabtnerruc2esahPDDV:]0:2[tiB

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

C1x0 DDV ]4:6[SOI_3HP W/R h00

eract'noD:]7[tiB
Au0=tluafed,tesffoecnalabtnerruc3esahPDDV:]4:6[tiB

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

eract'noD:]3[tiB

E1x0 DDV ]4:7[1PMOCR
]0:3[2PMOCR W/R h37

gnitteSrotsiseRPMOCR
PMOCRnoitarepoesahp-elgniS:]4:7[tiB
K02=tluafed,)]4:7[+1(xK5.2=PMOCR

PMOCRnoitarepoesahp-itluM:]0:3[tiB
K01=tluafed,)]0:3[+1(xK5.2=PMOCR

F1x0 DDV ]0:3[PMOCG W/R h08

noitceleseulavmGATODDV
noitceleseulavmGATODDV:]3[PMOCG

lliwgnittes]0:2[PMOCG,)V/Au0202(eulavtluafedesuotecrof=0
;)tluafed(derongieb

]0:2[PMOCGniteseulavehtesu=1
llaotdeilppa,gnittesmGecnatcudnocsnartDDV:]0:2[PMOCG

)V/Au0202=(tluafedotoitarehtsadenifed,rebmunesahpgnitarepo
;X54.1=110;X13.1=010;X71.1=100;)tluafed(X1=000

X33.0=111;X6.0=011;X18.0=101;X96.1=001

02x0 DDV ]0:7[DIVHCL W/R h84 V1.1=h84=tluafeD.retsigeRDIVhctaLDDV

12x0 DDV ]0:7[NOMI OR -- gnitroperNOMIDDV

22x0 DDV ]0:7[BFV OR --
gnidaeRegatlovDDV

lautcafotluserD/Amorfsi]0:7[BFVniseulavgnidaeregatloV
.tluafedybegatlovtuptuo
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.geR
.rddA

sucoF
liaR

emaN.geR sseccA tluafeD noitpircseD

32x0 DDV ]0:6[dnI_tcetorP OR h00

dereggirtsinoitcetorphcihwgnitacidni,rotacidninoitcetorpDDV
eract'noD:]7[tiB

rotacidnIPVO:]6[tiB
evitcA="1",evitcAtoN="0"

rotacidnIPVU:]5[tiB
evitcA="1",evitcAtoN="0"

rotacidnIPCO:]4[tiB
evitcA="1",evitcAtoN="0"

rotacidnIPCOesahPreP:]3[tiB
evitcA="1",evitcAtoN="0"

1=]3[tiBfirotacidnIPCOesahPreP:]0:2[tiB
3HP=110;2HP=010;1HP=100

5HP=101;4HP=001
1=]3[tiBnehwylnodilavsi]0:2[tiBfoeulavtropeR

42x0 derahs yaleDPCO
]0:6[ W/R h23

gnittesemasehterahsADDVdnaDDVhtoB
eract'noD:]7[tiB

emiTyaleDPCOlatoT:]4:6[tiB
;)tluafed(su02=110;su51=010;su01=100;su5=000

su04=111;su53=011;su03=101;su52=001
eract'noD:]3[tiB

emiTyaleDPCOesahPreP:]0:2[tiB
;su01=001;su8=110;)tluafed(su6=010;su4=100;su2=000

su61=111;su41=011;su21=101

52x0 derahs VO/VU/CO
]0:5[ W/R h00

gnittesemasehterahsADDVdnaDDVhtoB
eract'noD:]7[tiB

tnerruCPCOesahPreP:]4:5[tiB
Au061=11;Au041=01;Au021=10;)tluafed(Au001=00

dlohserhTPVU:]2:3[tiB
Vm075=11;Vm584=01;Vm504=10;)tluafed(Vm523=00

dlohserhTPVO:]0:1[tiB
Vm075=11;Vm584=01;Vm504=10;)tluafed(Vm523=00

62x0 derahs ]4:6[RS_RVA
]0:2[RS_RV W/R h22

eract'noD:]7[tiB
noitcelesetarwelsdrawpuDIV-dDDV:]4:6[tiB

noitcelesetarwelsdrawpuDIV-dADDV:]0:2[tiB
.Su/Vm22ot8morfegnargnitteS.noitcelesetarwelsdrawpuDIVD

.su/Vm21sitluafeD.BSL-repsu/Vm2dnaspets7latoT
;)tluafed(su/Vm21=010;su/Vm01=100;su/Vm8=000

;su/Vm02=011;su/Vm81=101;su/Vm61=001;su/Vm41=110
;su/Vm22=111

72x0 DDV ]0:7[1csiM W/R hF0

2lortnocSFO:]7[tiB
1=]4[tiBnehwylnodilavsi]7[tiBfoeulavtropeR

suBMS+2IVS="1",suBMSylnO="0"
lortnoCCADV:]6[tiB

2IVSerongI="1",2IVSwolloF="0"
lortnoCetatSRWP:]5[tiB

2IVSerongI="1",2IVSwolloF="0"
1lortnocSFO:]4[tiB

]7[tiBwolloF="1",2IVSwolloF="0"
lortnoCPCOlatoT:]3[tiB

)tluafed(elbanE="1",elbasiD="0"
lortnoCPCOesahp-reP:]2[tiB

)tluafed(elbanE="1",elbasiD="0"
lortnoCPVO:]1[tiB

)tluafed(elbanE="1",elbasiD="0"
lortnoCPVU:]0[tiB

)tluafed(elbanE="1",elbasiD="0"
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Functional Description

.geR
.rddA

sucoF
liaR

emaN.geR sseccA tluafeD noitpircseD

82x0 DDV ]0:7[2csiM W/R h40

lortnoCeniLdaoL:]7[tiB
2IVSwolloF="0"
2IVSerongI="1"

ycneuqerfgnihctiwsrofmurtcepSdaerpS:]6[tiB
)tluafed(murtcepSdaerpSelbasiD="0"

murtcepSdaerpSelbanE="1"
.geRsuBMSfoecruosatadehtfonoitceleS:]5[tiB

)]0:7[BFV(gnidaeregatlovtuptuoDDVh22x0
)tluafed(D/AmorF="0"

2IVSmorF="1"
lortnoCelbanEesahPotuA:]4[tiB

)tluafed(esahPotuAelbasiD="0"
esahPotuAelbanE="1"

lortnoCelbanEeniLdaoL:]3[tiB
)tluafed(eniLdaoLelbanE="0"
)0=LL(eniLdaoLelbasiD="1"

lortnoCelbanEMSP:]2[tiB
MSPelbasiD="0"

)tluafed(MSPelbanE="1"
lortnoCelbanEMSU:]:1[tiB

)tluafed(MSUelbasiD="0"
MSUelbanE="1"

92x0
,DDV
derahs

]7[1NEPTO
]6[2NEPTO
TOHRV_PMET

]0:4[

W/R h54

)ANEST/NEST(lortnoCelbanEnwodtuhSPTO:]7[tiB
elbanE="1",)tluafed(elbasiD="0"

)nwodtuhslamrehtrellortnoc(lortnoCelbanE)lanretni(PTO:]6[tiB
)tluafed(elbanE="1",elbasiD="0"

eract'noD:]5[tiB
lortnoCelbanE#TOHRV:]4[tiB

elbasiD="1",)tluafed(elbanE="0"
19morfegnarpmeT,BSLybtfeltfihS:]0:3[tiB o 121otC o =tluafed,C

601 o 3,C o BSL/C
;BSL2tfihS=0100;BSL1tfihS=1000;tfihSoN=0000

;)tluafed(BSL5tfihS=1010;BSL4tfihS=0010;BSL3tfihS=1100
;BSL8tfihS=0001;BSL7tfihS=1110;BSL6tfihS=0110

BSL01tfihS=0101;BSL9tfihS=1001

A2x0 derahs
]5:7[DW

tuoemiT_CVS
]0:2[

W/R h50

remiTgodhctaW
)tluafed(elbasiD="0";elbanE="1":]7[tiB

sutatsgodhctaW:]6[tiB
doirepgodhctawnihtiwderruccosnoitcasnartsuBMS="0"

doirepgodhctawsdeecxenoitcasnartsuBMSneewtebemit="1"
snoitcasnartsuBMSonfi,delbanesinoitcnufgodhctawehtnehW

retsigerlla,)sm0021rosm006(doirepdetcelesanihtiwrucco
suBMSybderaelcsitibsihT.eulavtluafedottesereblliwstnetnoc

.retsigersihtmorfdaer
doirepgodhctaW:]5[tiB

)tluafed(sm006="0"
sm0021="1"

;...;su2=010;su1=100;su5.0=000:]0:2[tiB:tuoemiT_CVS
su46=111;su23=011
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Functional Description

.geR
.rddA

sucoF
liaR

emaN.geR sseccA tluafeD noitpircseD

E2x0 DDV PMOC_pmaR
]0:7[ W/R h88

%001=tluafed,noitarepoesahp-itlumrofsi]4:7[PMOC_pmaR
;%08=0010;%57=1100;%07=0100;%56=1000;%06=0000

;)tluafed(%001=0001;%59=1110;%09=0110;%58=1010
;%521=1011;%021=0011;%511=1101;%011=0101;%501=1001

%531=1111;%031=0111
%001=tluafed,noitarepoesahp-elgnisrofsi]0:3[PMOC_pmaR

;%08=0010;%57=1100;%07=0100;%56=1000;%06=0000
;)tluafed(%001=0001;%59=1110;%09=0110;%58=1010

;%521=1011;%021=0011;%511=1101;%011=0101;%501=1001
%531=1111;%031=0111

F2x0 DDV ]0:7[MT W/R -- .gnidaeReulaVrotinoMlamrehTsuBMSDDV
nipNESTrofnoisrevnocD/AfoeulavehtserotsretsigersihT

03x0 ADDV ]2:3[0PCIIA
]0:1[1PCIIA W/R h50

gnitteSrebmuNesahPnoitarepOADDV
0SCLADDVforebmuNesahP:]2:3[tiB
1SCLADDVforebmuNesahP:]0:1[tiB

esahP1:00;esahP2:10

13x0 ADDV ]0:7[0SFOVA W/R h00

)pets/Vm52.6(.0SCLADDVfotesffoegatloV
tesffoevitagen="1";tesffoevitisop="0",tibngissi7tiB

Vm057-/+=stimilrewoldnareppU
Vm0+=00000000

Vm52.6+=10000000
Vm573+=00111100
Vm057+=00011110
Vm057+=11111110

Vm0-=00000001
Vm52.6-=10000001

Vm573-=00111101
Vm057-=00011111
Vm057-=11111111

23x0 ADDV ]0:7[1SFOVA W/R h00

)pets/Vm52.6(.1SCLADDVfotesffoegatloV
tesffoevitagen="1";tesffoevitisop="0",tibngissi7tiB

Vm057-/+=stimilrewoldnareppU
Vm0+=00000000

Vm52.6+=10000000
Vm573+=00111100
Vm057+=00011110
Vm057+=11111110

Vm0-=00000001
Vm52.6-=10000001

Vm573-=00111101
Vm057-=00011111
Vm057-=11111111

33x0 ADDV ]2:3[0FCIIA
]0:1[1FCIIA W/R h88

gnitteSycneuqerFnoitarepOADDV
%001=tluafed,0SCLADDVforebmuNesahP:]4:7[tiB
%001=tluafed,1SCLADDVforebmuNesahP:]0:3[tiB

;%08=0010;%57=1100;%07=0100;%56=1000;%06=0000
;)tluafed(%001=0001;%59=1110;%09=0110;%58=1010

;%002=0011;%571=1101;%051=0101;%521=1001
%572=1111;%052=0111;%522=1011

43x0 ADDV ]2:3[0LLCIIA
]0:1[1LLCIIA W/R h66

gnitteSeniLdaoLADDV
%001=tluafed,0SCLADDVfognittesenildaoL:]4:7[tiB
%001=tluafed,1SCLADDVfognittesenildaoL:]0:3[tiB

;%08=0010;%07=1100;%06=0100;%04=1000;%0=0000
;%021=0001;%011=1110;)tluafed(%001=0110;%09=1010

;%061=0011;%051=1101;%041=0101;%031=1001
%091=1111;%081=0111;%071=1011
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Functional Description

.geR
.rddA

sucoF
liaR

emaN.geR sseccA tluafeD noitpircseD

53x0 ADDV

]7[NE_BCA
NIAGI_1HPA

]4:6[
NIAGI_2HPA

]0:2[

W/R h44

,NO=tluafed,noitcnufecnalabtnerrucADDVfolortnocffO/nO:]7[tiB
FFO="1",NO="0"

%001=tluafed,tsujdaniagecnalabtnerruc1esahPADDV:]4:6[tiB
%001=001;%5.78=110;%57=010;%5.26=100;%05=000

%5.731=111;%521=011;%5.211=101;)tluafed(
eract'noD:]3[tiB

%001=tluafed,tsujdaniagecnalabtnerruc2esahPADDV:]0:2[tiB
%001=001;%5.78=110;%57=010;%5.26=100;%05=000

%5.731=111;%521=011;%5.211=101;)tluafed(

63x0 ADDV ]4:6[SOI_1HPA
]0:2[SOI_2HPA W/R h00

eract'noD:]7[tiB
Au0=tluafed,tesffoecnalabtnerruc1esahPADDV:]4:6[tiB

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

eract'noD:]3[tiB
Au0=tluafed,tesffoecnalabtnerruc2esahPADDV:]0:2[tiB

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

73x0 ADDV ]4:7[1PMOCRA
]0:3[2PMOCRA W/R h37

gnitteSrotsiseRPMOCRA
PMOCRAnoitarepoesahp-elgnis:]4:7[tiB
K02=tluafed,)]4:7[+1(xK5.2=PMOCRA

PMOCRAnoitarepoesahp-itlum:]0:3[tiB
K01=tluafed,)]0:3[+1(xK5.2=PMOCRA

83x0 ADDV ]0:3[PMOCGA W/R h00

noitceleseulavmGATOADDV
noitceleseulavmGATOADDV:]3[PMOCGA

lliwgnittes]0:2[PMOCGA,)V/Au0202(eulavtluafedesuotecrof=0
;)tluafed(derongieb

]0:2[PMOCGAniteseulavehtesu=1
llaotdeilppa,gnittesmGecnatcudnocsnartADDV:]0:2[PMOCGA
)V/Au0202=(tluafedotoitarehtsadenifed,rebmunesahpgnitarepo

;X54.1=110;X13.1=010;X71.1=100;)tluafed(X1=000
X33.0=111;X6.0=011;X18.0=101;X96.1=001

93x0 ADDV PMOC_pmaRA
]0:7[ W/R h88

%001=tluafed,noitarepoesahp-itlumrofsi]4:7[PMOC_pmaRA
;%08=0010;%57=1100;%07=0100;%56=1000;%06=0000

;)tluafed(%001=0001;%59=1110;%09=0110;%58=1010
;%521=1011;%021=0011;%511=1101;%011=0101;%501=1001

%531=1111;%031=0111
%001=tluafed,noitarepoesahp-elgnisrofsi]0:3[PMOC_pmaRA

;%08=0010;%57=1100;%07=0100;%56=1000;%06=0000
;)tluafed(%001=0001;%59=1110;%09=0110;%58=1010

;%521=1011;%021=0011;%511=1101;%011=0101;%501=1001
%531=1111;%031=0111

A3x0 ADDV ]0:7[ANOMI OR -- gnitroperANOMIADDV

B3x0 ADDV ]0:7[ABFV OR --
gnidaeRegatloVADDV

lautcafotluserD/Amorfsi]0:7[ABFVniseulavgnidaeregatloV
.tluafedybegatlovtuptuo
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Functional Description

.geR
.rddA

sucoF
liaR

emaN.geR sseccA tluafeD noitpircseD

C3x0 ADDV ]0:7[1csiMA W/R hF0

2lortnocSFO:]7[tiB
1=]4[tiBnehwylnodilavsi]7[tiBfoeulavtropeR

suBMS+2IVS="1",suBMSylnO="0"
lortnoCCADV:]6[tiB

2IVSerongI="1",2IVSwolloF="0"
lortnoCetatSRWP:]5[tiB

2IVSerongI="1",2IVSwolloF="0"
1lortnocSFO:]4[tiB

]7[tiBwolloF="1",2IVSwolloF="0"
lortnoCPCOlatoT:]3[tiB

)tluafed(elbanE="1",elbasiD="0"
lortnoCPCOesahp-reP:]2[tiB

)tluafed(elbanE="1",elbasiD="0"
lortnoCPVO:]1[tiB

)tluafed(elbanE="1",elbasiD="0"
lortnoCPVU:]0[tiB

)tluafed(elbanE="1",elbasiD="0"

D3x0 ADDV ]0:7[2csiMA W/R h40

lortnoCeniLdaoL:]7[tiB
2IVSerongI="1",2IVSwolloF="0"

ycneuqerfgnihctiwsrofmurtcepSdaerpS:]6[tiB
)tluafed(murtcepSdaerpSelbasiD="0"

murtcepSdaerpSelbanE="1"
.geRsuBMSfoecruosatadehtfonoitceleS:]5[tiB

)]0:7[ABFV(gnidaeregatlovtuptuoADDVhB3x0
)tluafed(DAmorF="0"

2IVSmorF="1"
lortnoCelbanEesahPotuA:]4[tiB

)tluafed(esahPotuAelbasiD="0"
esahPotuAelbanE="1"

lortnoCelbanEeniLdaoL:]3[tiB
)tluafed(eniLdaoLelbanE="0"
)0=LL(eniLdaoLelbasiD="1"

lortnoCelbanEMSP:]2[tiB
MSPelbasiD="0"

)tluafed(MSPelbanE="1"
lortnoCelbanEMSU:]:1[tiB

)tluafed(MSUelbasiD="0"
MSUelbanE="1"

E3x0 ADDV TOHRV_PMETA
]0:4[ W/R h50

eract'noD:]7[tiB
eract'noD:]6[tiB
eract'noD:]5[tiB

lortnoCelbanE#TOHRV:]4[tiB
elbasiD="1",)tluafed(elbanE="0

19morfegnarpmeT,BSLybtfeltfihS:]0:3[tiB o 121otC oC
601=tluafed o 3,C o BSL/C

;BSL2tfihS=0100;BSL1tfihS=1000;tfihSoN=0000
)tluafeD(BSL5tfihS=1010;BSL4tfihS=0010;BSL3tfihS=1100

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

F3x0 ADDV ]0:7[DIVHCLA W/R h84 V1.1=h84=tluafeD,retsigeRDIVhctaLADDV

44x0 ADDV ]0:7[0MVA W/R h00

0SCL>=0leveL>ANOMIV
esahp-2roF()etatstnerructsewol(1SCL>=0leveL<ANOMIV

)ADDVfonoitarepo
eract'noD:]0:1[tiB

65.2x)46/]2:7[tiB(=0MVA
V65.2otegatlovNOMIotoitarehtsadenifedsignittes0MVA
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Functional Description

.geR
.rddA

sucoF
liaR

emaN.geR sseccA tluafeD noitpircseD

54x0 ADDV ]0:7[MTA OR h00 .gnidaeReulaVrotinoMlamrehTsuBMSADDV
nipANESTrofnoisrevnocD/AfoeulavehtserotsretsigersihT

64x0 ADDV dnI_tcetorPA
]0:6[ OR h00

dereggirtsinoitcetorphcihwgnitacidni,rotacidninoitcetorpADDV
eract'noD:]7[tiB

rotacidnIPVO:]6[tiB
evitcA="1",evitcAtoN="0"

rotacidnIPVU:]5[tiB
evitcA="1",evitcAtoN="0"

rotacidnIPCO:]4[tiB
evitcA="1",evitcAtoN="0"

rotacidnIPCOesahPreP:]3[tiB
evitcA="1",evitcAtoN="0"

eract'noD:]1:2[tiB
1HP="1",2HP="0":]0[tiB

1=]3[tiBnehwylnodilavsi]0[tiBfoeulavtropeR

74x0 DDV
]4:7[DSRV
syHDSRV

]0:3[
W/R h07

gnittesdlohserhtnwodtuhsPTOrellortnocMWPDDV
2,spets61:]4:7[tiB o pets/C

111=NDHS_RV o ,2x)]4:7[tiB(+C
111morfegnarpmet o 141otC o 521=tluafed,C oC

gnitteSsiseretsyHNDHS_RV
2,spets61:]0:3[tiB o pets/C

2x)]0:3[tiB(=syHNDHS_RV

84x0 ADDV
]4:7[DSRVA
syHDSRVA

]0:3[
W/R h07

gnittesdlohserhtnwodtuhsPTOrellortnocMWPDDV
2,spets61:]4:7[tiB o pets/C

111=NDHS_RV o ,2x)]4:7[tiB(+C
111morfegnarpmet o 141otC o 521=tluafed,C oC

gnitteSsiseretsyHNDHS_RV
2,spets61:]0:3[tiB o pets/C

2x)]0:3[tiB(=syHNDHS_RV

A4x0 derahs DIPIHC OR h92
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(Note 1)
Supply Input Voltage VCC12  to GND  ---------------------------------------------------------------------------------------------  -0.3V to +15V
Supply Input Voltage VCC5  to GND  ------------------------------------------------------------------------------------------------  -0.3V to +6V
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+15V)
< 200ns  --------------------------------------------------------------------------------------------------------------------  -5V to +(VCC12+0.3V)

Other Pins to GND --------------------------------------------------------------------------------------------------------------------------  -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)
VQFN6x6 - 52L θJA  ----------------------------------------------------------------------------------------------------------------------  35oC/W
VQFN6x6 - 52L θJC  -----------------------------------------------------------------------------------------------------------------------  3oC/W

Power Dissipation, PD @ TA = 25oC
VQFN6x6 - 52L   ----------------------------------------------------------------------------------------------------------------------------------  2.86W

(Note 4)
Operating Junction Temperature Range  -------------------------------------------------------------------------------------------  -40oC to +125oC
Operating Ambient Temperature Range  -------------------------------------------------------------------------------------------  -40oC to +85oC
Supply Input Voltage VCC12 -----------------------------------------------------------------------------------------------------------  10.8V to 13.2V
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. θJA is measured in the natural convection at TA = 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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Electrical Characteristics

retemaraP lobmyS snoitidnoCtseT niM pyT xaM stinU

tupnIylppuS

dlohserhTROP5CCV ROP 5CCV gnisir5CCV 1.4 3.4 5.4 V

siseretsyHROP5CCV SYH ROP5CCV -- 3.0 -- V

tnerruCylppuS I 5CCV

,V0=DIVADDVdnaDDV,V5=NE
gnihctiwsonMWP

-- 01 -- Am

tnerruCnwodtuhS I NDHS_5CCV V0=NE -- 06 -- Au

tupnIylppuS21CCV

dlohserhTROP21CCV ROP 21CCV gnisir21CCV -- 01 -- V

siseretsyHROP21CCV SYH ROP21CCV -- 2 -- V

tnerruCylppuS I 21CCV

,V0=DIVADDVdnaDDV,V5=NE
gnihctiwsonMWP

-- 052 -- Au

tnerruCnwodtuhS I NDHS_21CCV V0=NE -- 06 -- Au

tupnINE

woLtupnI V LI -- -- 8.0 V

hgiHtupnI V HI 2 -- -- V

tnerruCwoL-lluP I LP_NE 1 2 3 Au

)ngisedybdeetnarauG(sretemaraPgnimiTsuB2IVS

doirePCVS T DOIREP 6.74 -- -- sn

ycneuqerFCVS F CVS 1.0 -- 12 zHM

emiThgiHCVS T HGIH 02 -- -- sn

emiTwoLCVS T WOL 03 -- -- sn

CVSotemiTputeSTVS,DVS
egdegnisir

T puteS 5 -- -- sn

CVSmorfemiTdloHTVS,DVS
egdegnillaf

T dloH 5 -- -- sn

CVSotemiTtratSTVS,DVS
egdegnillaf

T TRATS 51 -- -- sn

CVSmorfemiTpotSTVS,DVS
egdegnisir

T POTS 5 -- -- sn

emiTllaF,TVS,DVS,CVS T LLAF V CD_HO Vot CD_LO -- -- 1 sn

emiTesiR,TVS,DVS,CVS T ESIR V CD_LO Vot CD_HO -- -- 1 sn

(VCC5 = 5V, VCC12 = 12V, TA = 25oC, unless otherwise specified)
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Electrical Characteristics

retemaraP lobmyS snoitidnoCtseT niM pyT xaM stinU

2IVS

tupniKORWPdnaTVS,DVS,CVS
egatloVwoL

V CD_LI
0 -- *53.0

OIDDV V

tupniKORWPdnaTVS,DVS,CVS
egatloVhgiH

V CD_HI
*7.0
OIDDV

-- OIDDV V

KORWPdnaTVS,DVS,CVS
egatloVsiseretsyH

V TSYH
*1.0
OIDDV

-- -- V

tuptuOleveLwoLTVS,DVS,CVS
egatloV

V LO
0 -- 2.0 V

tuptuOleveLhgiHTVS,DVS,CVS
egatloV

V HO

OIDDV
2.0- -- OIDDV V

tnerruCtuptuOTVS,DVS,CVS I HO Vgnivirdnehw HO
4 -- -- Am

tupnIKORWP,TVS,DVS,CVS
tnerruCegakaeL

IL 001- -- 001 Au

egakaeLtuptuOZhgiHDVS
tnerruC

I ZO
001- -- 001 Au

secnaticapaCtupnITVS,DVS,CVS C NI ngisedybdeetnarauG -- -- 5 Fp

CDAdnayrtemeleT

ycaruccACDA
V2.1otV8.0 1- -- 1

BSL
V8.0<roV2.1> 2- -- 2

)ACAD,CAD(ycaruccAegatloVCAD

ycaruccAegatloVCAD V CAD

V8.0<DIV<V5.0 51- -- 51 Vm

V0.1<DIV<V8.0 01- -- 01 Vm

V55.1<DIV<V0.1 1- -- 1 %

)ACAD,CAD(etaRwelS

etaRwelS RS 8 21 22
/Vm

su

reifilpmArorrE

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

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

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

gnitteSemiT-nOMWP

emiTnOMWP T NO

,V2.1=DIV,V21=NESNIV
R TESNOT k05= Ω zHk002=wsF,

-- 005 -- sn

emiT-ffOmuminiM T NIM_FFO noitarepoesahpelgniS -- 003 -- sn

gnimmuStnerruClatoTrofreifilpmAesneStnerruC

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

tnerruCsaiBtupnI I )ASC(CB V xPSC ngisedybdeetnaraug,V2.1= 01- -- 01 An

_

_

_
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Electrical Characteristics
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)d'tnoc(gnimmuStnerruClatoTrofreifilpmAesneStnerruC

tnerruCgnicruoSmumixaM I CRSXAM 001 -- -- Au

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

ecnalaBtnerruCesahProfreifilpmAesneStnerruC

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

tnerruCsaiBtupnI I )ASC(CB V xPSC ngisedybdeetnaraug,V2.1= 01- -- 01 An

tnerruCgnicruoSmumixaM I CRSXAM 001 -- -- Au

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

tuptuOMWP

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

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

egakaeLetatSecnadepmIhgiH
I 0kael_MWP V MWP V0= 1- -- 0 Au

I 1kael_MWP V MWP V5= 0 -- 1 Au

poorDrofgnirotinoMtnerruC

DDVrofoitaRrorriMtnerruC I PAE Iot NSC oitar 59 001 501 %

ADDVrofoitaRrorriMtnerruC I APAE Iot ANSC oitar 59 001 501 %

srevirDetaGTEFSOM

ecruoSetaGreppU R CRS_GU
V,Am08=tnerrucecruos TOOB V- HP V21= -- 2 4 Ω

kniSetaGreppU R KNS_GU
V,Am08=tnerrucknis TOOB V- HP V21= -- 1 2 Ω

ecruoSetaGrewoL R CRS_GL
Am08=tnerrucecruos -- 2 4 Ω

kniSetaGrewoL R KNS_GL
Am08=tnerrucknis -- 8.0 6.1 Ω

emiTdaeD T GL-GU_TD
V1>GLotV1<GUmorf -- 03 -- sn

emiTdaeD T GU-GL_TD
V1>GUotV1<GLmorf -- 03 -- sn

edoiDpartstsooB

egatloVdrawroF Am5.3=tnerrucsaibdrawroF -- 33.0 -- V

KOP,#TOHRV

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

tnerruCegakaeLtuptuO IL V5otpulluP -- -- 1 Au

noitcetorPtnerruCrevO

DDVrofoitaRrorriMtnerruC I NOM Iot NSC oitar 59 001 501 %

ADDVrofoitaRrorriMtnerruC I ANOM Iot ANSC oitar 59 001 501 %

dlohserhTPCOtnerruClatoT V PCO_NOMI 45.2 65.2 85.2 V

emiTyaleDPCOtnerruClatoT T YALED_1PCO -- 02 -- su
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Electrical Characteristics

retemaraP lobmyS snoitidnoCtseT niM pyT xaM stinU

)d'tnoc(noitcetorPtnerruCrevO

dlohserhTPCOesahP-reP I 2PCO IerusaeM XNSC tnerruc -- 001 -- Au

emiTyaleDPCOesahP-reP T YALED_2PCO -- 6 -- su

noitcetorPegatloVrednU

dlohserhTPVU V PVU V PAE V- BF V; APAE V- ABF 003 523 053 Vm

emiTyaleDPVU T PVU -- 8 -- su

noitcetorPegatloVrevO

dlohserhTPVO V PVO V BF V- PAE V; ABF V- APAE 003 523 053 Vm

emiTyaleDPVO T PVO -- 6 -- su

noitcetorPnwodtuhSlamrehT

dlohserhTPTO T PTO -- 061 -- oC

gnirotinoMlamrehT

dlohserhTtressA#TOHRV V R_NEST

601=tluserCDAerutarepmeT o ,C
egatlovANEST/NESTerusaem

-- 383.4 -- V

dlohserhTtressA-eD#TOHRV V F_NEST

201=tluserCDAerutarepmeT o ,C
egatlovANEST/NESTerusaem

-- 623.4 -- V
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EN (5V/Div)

VDD (500mV/Div)

POK (5V/Div)

VDDA (500mV/Div)

EN (5V/Div)

VDD (500mV/Div)

POK (5V/Div)

VDDA (500mV/Div)

SVC (2V/Div)

VDD (500mV/Div)

SVT (2V/Div)

SVD (2V/Div)

SVC (2V/Div)

VDD (500mV/Div)

SVT (2V/Div)

SVD (2V/Div)

SVC (2V/Div)

VDD (500mV/Div)

SVT (2V/Div)

SVD (2V/Div)

SVC (2V/Div)

VDD (500mV/Div)

SVT (2V/Div)

SVD (2V/Div)

Typical Operation Characteristics

VDD VR Dynamic VID Up

Time : 10us/Div
VID = 1V to 1.2V, ILOAD = 45A

Power On from EN

Time : 100us/Div
VIN = 12V, no load

Power Off from EN

Time : 1ms/Div
VIN = 12V, IOUT = 1A

VDD VR Dynamic VID Up

Time : 10us/Div
VID = 0.4V to 1V,  ILOAD = 9A

VDD VR Dynamic VID Up

Time : 10us/Div
VID = 1V to 1.06875V, ILOAD = 45A

VDD VR Dynamic VID Up

Time : 10us/Div
VID = 1V to 1.1V, ILOAD = 45A



uP9503Q

34 uP9503Q-DS-F0000, June 2017
www.upi-semi.com

UGATE1 
(20V/Div)

VDD (1V/Div)
POK

(5V/Div)

IOUT

(50A/Div)

UGATE1 (20V/Div)

VFB (1V/Div)

POK (5V/Div)

LGATE1 (10V/Div)

VDD (100mV/Div)

SVC (2V/Div)

VDD (500mV/Div)

SVT (2V/Div)

SVD (2V/Div)

VDD VR Dynamic VID Up

Time : 10us/Div
VID = 1V to 1.4V, ILOAD = 45A

Typical Operation Characteristics
VDD VR Load Transient

Time : 10us/Div
FLOAD = 10kHz, VDD = 1V, ILOAD = 35A ~ 120A

VDD VR OVP

Time : 4us/Div

VDD VR OCP

Time : 200us/Div
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VDDA (100mV/Div)

SVC (2V/Div)

VDDA (500mV/Div)

SVT (2V/Div)

SVD (2V/Div)

SVC (2V/Div)

VDDA (500mV/Div)

SVT (2V/Div)

SVD (2V/Div)

SVC (2V/Div)

VDDA (500mV/Div)

SVT (2V/Div)

SVD (2V/Div)

SVC (2V/Div)

VDDA (500mV/Div)

SVT (2V/Div)

SVD (2V/Div)

SVC (2V/Div)

VDDA (500mV/Div)

SVT (2V/Div)

SVD (2V/Div)

VDDA VR Dynamic VID Up

Time : 10us/Div
VID = 1V to 1.4V, ILOAD = 20.5A

VDDA VR Load Transient

Time : 10us/Div
FLOAD = 10kHz, VDDA = 1V, ILOAD = 20A ~ 60A

Typical Operation Characteristics

VDDA VR Dynamic VID Up

Time : 10us/Div
VID = 1V to 1.2V, ILOAD = 20.5A

VDDA VR Dynamic VID Up

Time : 10us/Div
VID = 0.4V to 1V,  ILOAD = 4.1A

VDDA VR Dynamic VID Up

Time : 10us/Div
VID = 1V to 1.06875V, ILOAD = 20.5A

VDDA VR Dynamic VID Up

Time : 10us/Div
VID = 1V to 1.1V, ILOAD = 20.5A



uP9503Q

36 uP9503Q-DS-F0000, June 2017
www.upi-semi.com

UGATE1A 
(20V/Div)

VDDA (1V/Div)

POK (5V/Div)

IOUT (50A/Div)

UGATE1A (20V/Div)

VFBA (1V/Div)

POK (5V/Div)

LGATE1A (10V/Div)

Typical Operation Characteristics
VDDA VR OVP

Time : 4us/Div

VDDA VR OCP

Time : 200us/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.

VQFN6x6 - 52L Package

5.90 - 6.10

Pin 1 mark
Bottom View - Exposed Pad

0.15 - 0.25

4.40 - 4.60
0.35 - 0.45

5
.9

0
 - 6

.1
0

0.00 - 0.05 0.20 REF

0.80 -1.00

0.30 - 0.40

0.13 - 0.23
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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.

COPYRIGHT (C) 2016, 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


