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3/2/1+2/1-Phase Driver Embedded PWM Controller
with SMBus Digital Interface Control for IMVP8

Intel IMVP8 Compatible
Support S-Line Desktop CPU
Thermal Sense with VRHOT# Indication

RCOT+TM Control Topology
Easy Setting
Smooth Mode Transition
Fast Transition Response

3 Integrated 12V MOSFET Drivers
Embedded Bootstrap Diode
3+2 Phase: 1 driver for Vcore, 2 drivers for
VccGT

External MOSFET Driver Enable Control
Support Operation Phase Disable Function

Vcore: 3/2/1-Phase
VccGT: 2/1-Phase

Build-in ADC for Platform Parameter Setting
Selectable SVID VR Address
Selectable SMBus Device Address
Selectable Vboot Voltage

SMBus Interface for Performance and Efficiency
Optimization

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

Enable Control and VR_RDY Indicator
System Thermal Management
Differential Remote Voltage Sense
Differential Current Balance Sense Amplifier
OCP/OVP/UVP/Thermal Shutdown
RoHS Compliant and Halogen Free

General Description Features
The uP9506 is an IMVP8 compliant desktop CPU voltage
regulator controller that integrates a 3-phase PWM
controller for Vcore and a 2-phase controller for VccGT.
The Vcore controller can be configured as 3/2/1-phase, and
the VccGT controller can be configured as 2/1-phase for
platform power design flexibility. This part integrates 3
bootstrap diode embedded 12V MOSFET drivers. For the
typical 3+2-phase application, the 3-phase Vcore controller
has one embedded MOSFET driver and two PWM outputs.
The 2-phase VccGT controller has 2 embedded MOSFET
drivers. 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 uP9506 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’s
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 uP9506 provides VR_RDY indicator and selectable VR
parameters, such as SVID VR address, SMBus device
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 uP9506 is available in VQFN7x7 - 60L package.

Applications
Desktop PC CPU Power Supplies

Note: uPI products are compatible with the current IPC/
JEDEC J-STD-020 and RoHS requirements. They are
100% matte tin (Sn) plating and suitable for use in SnPb
or Pb-free soldering processes.
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Typical Application Circuit
3+2 Phase
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Typical Application Circuit
1+2 Phase

*Note 1: Use 1kohm resistor to pull up CSN2 and CSN3
to VCC. Connect CSP2 and CSP3 to ground.

*Note 2: A 10kohm resistor must still be connected
between DRCTRL to ground even if external
MOSFET driver is unused.
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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 Pin Description
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.rellortnocehtot

84 A1GU
.1esahPTGccVroftuptuOrevirDetaGreppU reppufoetagehtotnipsihttcennoC
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25 2GORP

.2niPgnitteSnoitcnuF rotsiseratcennoC.sretemarapRVowttesotdesusinipsihT
ecivedsuBMSehtdna)toobV(egatlovputratslaitiniehttcelesotDNGotnipsihtmorf

dnaliarerocVehT.V5.1roV2.1,V50.1,V8.0,V0ottesebnactoobVehT.sserdda
ottesebnacsserddaecivedsuBMSehT.gnittestoobVemasehterahsliarTGccV

.hC8x0rohA8x0,h88x0

35 A2GL
.2esahPTGccVroftuptuOrevirDetaGrewoL rewolfoetagehtotnipsihttcennoC

otyrtiucricnoitcetorphguorht-toohsevitpadaehtybderotinomsinipsihT.TEFSOM
.TEFSOMreppuehtnonrutotnehwenimreted

45 A2HP

.2esahPTGccVrofedoNhctiwS TEFSOMreppufotniojehtotnipsihttcennoC
reppurofdnuorgnruterehtsadesusinipsihT.niardTEFSOMrewoldnarotcudni,ecruos

noitcetorphguorht-toohsehtybderotinomsinipsihtnoegatloV.evirdgnitaolfTEFSOM
.TEFSOMrewolehtnonrutotnehwenimretedotyrtiucric

55 A2GU
.2esahPTGccVroftuptuOrevirDetaGreppU reppufoetagehtotnipsihttcennoC

nehwenimretedotyrtiucricnoitcetorphguorht-toohsehtybderotinomsinipsihT.TEFSOM
.TEFSOMreppuffo/nonrutot

65 A2TOOB

.2esahPTGccVrofrevirDetaGreppUrofylppuSpartstooB ylppusehtsinipsihT
CroticapacpartstoobehttcennoC.revirdetagTEFSOMreppuehtroftupni TOOB neewteb

ehtnonrutotegrahcehtsedivorproticapacpartstoobehT.nipA2HPdnanipA2TOOB
CsaCCLMFu1.0tsaeltaesU.TEFSOMreppu TOOB Cerusekamdna, TOOB esolcdecalpsi

.rellortnocehtot

75 1GL
.1esahPerocVroftuptuOrevirDetaGrewoL rewolfoetagehtotnipsihttcennoC

nehwenimretedotyrtiucricnoitcetorphguorht-toohsehtybderotinomsinipsihT.TEFSOM
.TEFSOMreppuehtnonrutot
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.oN emaN noitcnuFniP

85 1HP

.1esahPerocVrofedoNhctiwS ,ecruosTEFSOMreppufotniojehtotnipsihttcennoC
reppurofdnuorgnruterehtsadesusinipsihT.niardTEFSOMrewoldnarotcudni

noitcetorphguorht-toohsehtybderotinomsinipsihtnoegatloV.evirdgnitaolfTEFSOM
.TEFSOMrewolehtnonrutotnehwenimretedotyrtiucric

95 1GU
.1esahPerocVroftuptuOrevirDetaGreppU reppufoetagehtotnipsihttcennoC

nehwenimretedotyrtiucricnoitcetorphguorht-toohsehtybderotinomsinipsihT.TEFSOM
.TEFSOMreppuffo/nonrutot

06 1TOOB

.1esahPerocVrofrevirDetaGreppUrofylppuSpartstooB ylppusehtsinipsihT
CroticapacpartstoobehttcennoC.revirdetagTEFSOMreppuehtroftupni TOOB neewteb

ehtnonrutotegrahcehtsedivorproticapacpartstoobehT.nip1HPdnanip1TOOB
CsaCCLMFu1.0tsaeltaesU.TEFSOMreppu TOOB Cerusekamdna, TOOB esolcdecalpsi

.rellortnocehtot

daPdesopxE
.dnuorG lortnoccigoldnasrevirdTEFSOMdeddebmefodnuorgehtsidapdesopxeehT

.DNGotdetcennocdnaBCPegralaotderedlosebtsumtidna,stiucric
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Functional Block Diagram
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Functional Description
Power Input and Power On Reset
The uP9506 has two power inputs VCC and PVCC. VCC is
the 5V supply input for control logic circuit of the controller.
RC filter to VCC is required for locally bypassing this supply
input. PVCC is the supply power of three integrated 12V
MOSFET gate drivers. VCC and PVCC have individual power
on reset (POR) function. VINSEN is the power stage input
voltage sense pin, and it also has power on reset function.
The controller monitors the VINSEN 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 four inputs (VCC,
PVCC, VINSEN and EN) are monitored to determine
whether the controller is ready for operation.
Figure 1 shows the power ready detection circuit. The VCC
voltage is monitored for power on reset with typically 4.3V
threshold at its rising edge. The PVCC voltage is monitored
for power on reset with typically 8V threshold at its rising
edge. The VINSEN voltage is monitored for power on reset
with typically 6V threshold at its rising edge. When VCC,
PVCC and VINSEN are all ready, the controller waits for
EN to start up. When EN pin is driven above 0.8V, the
controller begins its start up sequence. When EN pin is
driven below 0.3V, 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. Note that only VCC or EN toggle
will clear all fault state, VINSEN or PVCC 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.

VCC

PVCC

EN

VINSEN

4.3V

8V

0.8V

6V

POR

Figure 1. Circuit for Power Ready Detection
Controller Start up Sequence
When VCC, PVCC, VINSEN 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
 (<2.5ms) then VR_RDY goes high to indicate

that the PWM controller is ready for accepting SVID
command. At the same time, the output voltage starts to
ramp up to Vboot with always slow slew rate for non-zero
Vboot case. After output voltage settled to Vboot, the
controller assert ALERT#. Then the start up sequence is
over. Figure 2 shows the typical start up sequence for non-
zero Vboot case. Time interval T

B
 is determined by the

Vboot voltage and the slow slew rate. Figure 3 shows the

typical start up sequence of zero-Vboot case. For the zero
Vboot case, the output voltage slew rate is determined by
the SetVID command. Note that VR_RDY goes high after
delay time TA in both cases.

PVCC

VINSEN

VCC

EN

VTT
(pullup bias rail)

VR_RDY
(open drain)

TA

Vout
(Non-zero Vboot)

ALERT#
(open drain) TB

Figure 2. Start up Sequence and Enable Timing with
Non-zero Vboot

TA

SVID Bus

1st SetVID 
Command

TB

PVCC

VINSEN

VCC

EN

VTT
(pullup bias rail)

VR_RDY
(open drain)

Vout
(Zero Vboot)

ALERT#
(open drain)

Figure 3. Start up Sequence and Enable Timing with
Zero Vboot

Initial Parameter Setting
There are five essential VR initial parameters that need to
be determined such as Vcore SVID register 0x21h value,
VccGT SVID register 0x21h value, SVID VR address,
output initial start up voltage Vboot and SMBus device
address. They are programmed by PWM3_IMAX,
PWM2_IMAXA, PROG1 and PROG2 as shown in Figure
4. Each parameter setting is detailed in the following
sections.
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Functional Description

PROG1

PWM3_IMAX

A/D 
Converter

PROG2

PWM2_IMAXA

RIMAX

RIMAXA

R1

R2

R3

R4

Figure 4. Initial Parameter Setting
Vcore SVID Register (Iccmax) Value Setting
(PWM3_IMAX)
The PWM3_IMAX is a multi-functional pin, which is used
to set specific SVID register value and outputs PWM signal
for external MOSFET driver. Refer to Figure 4, a resistor
R

IMAX
 connected from this pin to ground sets the Vcore

SVID register 0x21h (Iccmax) value. During the initial setting
period, a 10uA current source is turned on for a period of
time to flow out of this pin through R

IMAX
 to create voltage

drop on this pin. This voltage is digitized by an internal 8-bit
A/D converter and stored in Vcore SVID register 0x21h
(Iccmax). The A/D converter scales 2.56V into 256 levels,
which means 10mV represents 1A. For example, if the SVID
register 0x21h (Iccmax) value to be set to 100A (64h), the
voltage should be 10mV x 100 = 1V. Therefore the resistor
RIMAX is 1V / 10uA = 100kΩ. The programmable range is
from 00h to FFh (0A to 256A). If the pin voltage is greater
than 2.56V, the SVID register 0x21h value will still be FFh.
Note that this setting is only for determining SVID register
value, and is not used for over current protection or SVID
Iccmax alert function.
VccGT SVID Register (Iccmax) Value (PWM2_IMAXA)
The PWM2_IMAXA is a multi-functional pin, which is used
to set specific SVID register value and outputs PWM signal
for external MOSFET driver. Refer to Figure 4, a resistor
R

IMAXA
 connected from this pin to ground sets the VccGT

SVID register 0x21h (Iccmax) value. During the initial setting
period, a 10uA current source is turned on for a period of
time to flow out of this pin through R

IMAXA
 to create voltage

drop on this pin. This voltage is digitized by an internal 8-bit
A/D converter and stored in VccGT SVID register 0x21h
(Iccmax). The A/D converter scales 2.56V into 256 levels,
which means 10mV represents 1A. For example, if the SVID
register 0x21h (Iccmax) value to be set to 60A (3Ch), the
voltage should be 10mV x 60 = 0.6V. Therefore the resistor
R

IMAXA
 is 0.6V / 10uA = 60kΩ. The programmable range is

from 00h to FFh (0A to 256A). If the pin voltage is greater
than 2.56V, the SVID register 0x21h value will still be FFh.
Note that this setting is only for determining SVID register
value, and is not used for over current protection or SVID
Iccmax alert function.

SVID VR Address (PROG1)
The uP9506 features selectable SVID VR address for
maximized flexibility in platform design. PROG1 is a
function setting pin, which is used to set this essential
parameter. Refer to Figure 4, resistors R

1
 and R

2
 connected

in parallel from this pin to ground sets the SVID VR
address. The SVID VR address of [Vcore/ VccGT] can be
set as [00, 01], [01, 00], [00, 02] or [01, 03]. This makes
the SVID VR address interchangeable/selectable, and
provides more design flexibility per different power
requirement. Table 1 shows the recommended resistance
value for PROG1 function setting. Strictly follows the
recommended resistor value in PROG1 setting. Note that
for the rail with SVID address being set to 02h or 03h, its
Vboot voltage will be fixed at 1.05V, regardless of the
PROG2 pin setting. See Initial Start up Voltage (Vboot)
(PROG2) section for detail.

Table 1. SVID VR Address Setting

.oN
sserddADIVS

,erocV(
)TGccV

dednemmoceR1GORP
k(eulaVrotsiseR ΩΩΩΩΩ lellaraPni)

R1 R2

1 h10,h00 0 nepO

2 h00,h10 31 21

3 h20,h00 42 42

4 h30,h10 74 34

oteulavrotsiserdednemmocerehtwollofyltcirtS:etoN
eulavecnatsiseR.tluafmetsyscihportsatacdiova

k65nahtretaerg Ω .NEDDIBROFsi

Operation Phase Disable Function
The uP9506 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 Vcore and VccGT rail support operation
phase disable function. The minimum operation phase
number is 1+1-phase. In general, to disable a specific
phase, pull up CSNx to VCC through 1kΩ resistor and tie
CSPx to ground for that phase. The controller detects all
the CSNx and CSPx voltage at VCC power on reset to
determine operation phase number.
To let VccGT in single-phase operation, pull up CSN2A  to
VCC through a 1k resistor and tie CSP2A to ground. The
CSN1A and CSP1A should remain in normal connection
without changes. In this case, the embedded MOSFET
driver with pin name suffix 2A is disabled. Table 2 shows
the operation phase number setting. Strictly follow Table
2 setting to disable phases. Incorrect PROG1 setting and
incorrect pin CSPx/CSNx pull up/down connection will
cause catastrophic fault during start up.
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noitarugifnoC

detroppuS
noitarepO

esahP
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deddebmE
revirD
rebmuN

tegraTotwoL/hgiHlluP,noitcennoCniP
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esahP-2+3
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)2etoN(
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)2etoN(
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)2etoN(
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)2etoN(

1+1 1+1 DNG CCV DNG CCV DNG CCV
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)2etoN(
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)2etoN(

.noitcennoclamronsetoned"--":1etoN
niebdluohsA1NSCdnaA1PSC,noitarepoesahpelgnisniTGccVroF.noitcennoClamroNsetonedCN.2etoN

.noitcennoclamron
k01A:3etoN Ω sirevirdTEFSOMlanretxefineveDNGotLRTCRDneewtebdetcennocebllitstsumrotsiser

.desunu
k1esU:4etoN Ω .CCVotpullupnehwrotsiserpullup

nwod/pullupniptcerrocnidnagnittes1GORPtcerrocnI.elbasidesahprofelbatehtwollofyltcirtS:5etoN
.putratsgnirudtluafcihportsatacesuaclliwnoitcennoc

Initial Start up Voltage (Vboot) and SMBus Device
Address. (PROG2)
The uP9506 features selectable initial start up voltage
(Vboot) and SMBus device address for design flexibility.
PROG2 is a function setting pin, which is used to set the
two essential parameters. Refer to Figure 4, resistors R3

and R4 connected in parallel from this pin to ground sets
the initial start up voltage (Vboot) and SMBus device
address. The Vboot can be set to 0V, 0.8V, 1.05V, 1.2V or
1.5V. Both the Vcore rail and VccGT rail share the same
Vboot setting. The SMBus device address can be set to
0x88h, 0x8Ah or 0x8Ch. Table 3 shows the recommended
resistance value for PROG2 function setting.
Although Vcore and VccGT share the same Vboot setting,
there is an exception for the rail with SVID address being
set to 02h and 03h. For the rail with SVID address being
set to 02h or 03h, its Vboot voltage will be fixed at 1.05V,
regardless of the PROG2 pin setting. The Vboot voltage of
other rail (SVID address=00h or 01h) still follows PROG2
pin setting. In this case, the Vboot voltage for SVID address
[00, 02], or [01, 03] will be different. For example, when
Vboot is set to 0V (PROG2 pin short to GND) and SVID
address is set to [00, 02], the Vboot voltage for the rail
with address=00 and address=01 is 0V and 1.05V,
respectively.

Table 3. Vboot and SMBus Device Address Setting

.oN toobV
suBMS
eciveD

lellaraPdednemmoceR
k(epyTrotsiseR ΩΩΩΩΩ )

R1 R2

1 0

h88

0 nepO

2 8.0 3.4 33

3 5.1 31 21

4 2.1 61 02

5 50.1 42 42

6 0

hA8

33 33

7 8.0 74 34

8 5.1 86 65

9 2.1 28 28

01 50.1 011 011

11 0

hC8

051 051

21 8.0 022 081

31 5.1 072 072

41 2.1 063 033

51 50.1 nepO nepO

Table 2. Operation Phase Number Setting
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Functional Description
External MOSFET Driver Control
The DRCTRL pin is used for controlling the enable/disable
of external MOSFET drivers. Make sure to connect a 10kΩ
resistor from this pin to GND and place this resistor close
to the controller. This resistor is used to generate the
reference current for thermal sense by TSENSE and
TSENSEA. Do not use any other resistance value. This
10kΩ resistor must still be connected between DRCTRL to
ground even if external MOSFET driver is unused. Connect
this pin to a resistor R

ISO
 and then connect to the enable

control pin of the external MOSFET drivers as shown in
Figure 5. The recommended resistance value of R

ISO
 is

between 1kΩ to 10kΩ. The DRCTRL is a noise sensitive
pin, therefore the PCB trace routing should be kept away
from other nets, especially the switching signals. It is
required to keep at least 20mil space to other nets.

10kohm

DRCTRL RISO To MOSFET 
Driver Enable Pin

Noise sensitive. Keep trace 
routing away from other nets.

Figure 5. DRCTRL Connection
PWM On Time Setting
The PWM on-time is set by an external resistor R

TON

connected between TONSET pin and GND. The controller
senses VINSEN voltage to obtain input voltage information
for PWM on-time calculation. Both the Vcore rail and VccGT
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
nsT

Table 4 lists the switching frequency and the recommended
resistor R

TON
 value (with condition: V

IN
 = 12V, V

OUT
 = 1.2V).

For example, given V
IN

 = 12V, V
OUT

 = 1.2V, R
TON

 = 50kΩ,
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 10kΩ to ensure the PWM on-
time calculation circuit in normal operation.

Table 4. Switching Frequency and Resistor RTON

ycneuqerFgnihctiwS
)zHk(

rotsiseRdednemmoceR
R NOT k( ΩΩΩΩΩ )

002 05

003 3.33

004 52

005 02

006 7.61

RrotsiserfomuminimehT:etoN NOT k01sieulav Ω.

Soft Start
The slew rate of output voltage during soft start operation
and dynamic VID voltage change is determined internally.
Place a MLCC C

DAC
 between DAC and FBRTN (DACA and

FBRTNA for VccGT). The recommended capacitance of C
DAC

is 10nF. The slew rate during soft start operation is always
slow for non-zero Vboot case. The slow slew rate is
determined by the processor in SVID register 2Ah. The
fast slew rate can be further programmed by SMBus register
0x1Ch.
Dynamic VID Change and Slew Rate
The controller accepts SetVID command via SVID 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. Per
SetVID command, the slew rate can be fast or slow. The
slow slew rate is determined by the SVID register 2Ah,
which can only be programmed by the processor. The
default value of slow slew rate is 1/2 of fast slew rate. The
fast slew rate of Vcore and VccGT can be separately further
programmed by the controllers SMBus register 0x1Ch. The
fast slew rate can be set from 12mV/us to 33mV/us with a
total of 7 steps and 3mV/LSB resolution. The default value
of fast slew rate is 12mV/us.
Output Voltage Differential Sense
The uP9506 uses differential sense by a high-gain low-
offset error amplifier for output voltage differential sense as
shown in Figure 6. The CPU voltage is sensed by the FB
and FBRTN pins (FBA and FBRTNA for VccGT). FB pin is
connected to the positive remote sense pin VCC_SENSE
of the CPU via the resistor R

FB
. FBRTN pin is connected to

the negative remote sense pin VSS_SENSE of CPU
directly. (VCCGT_SENSE and VSSGT_SENSE for
VccGT). The error amplifier compares the V

FB
 with V

EAP
 (=

V
DAC

 - I
CSN

 x R
DRP

) to regulate the output voltage.

Gm

RCOMP

SMBus

COMP

ICSN

FB

RFB

VCC_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

Figure 6. Output Voltage Differential Sense
Total Load Current Sense
The uP9506 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 VccGT) as shown in Figure 7.
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RPH1

RPH2

RPH3

1ohm

PH1

PH2

PH3

1ohm

1ohm

VCORE

VCORE

VCORE

CCSN

RCSN

CSP

CSN

ICSN

Figure 7. Total Load Current Sense
The voltage across CCSN is proportional to the total load
current, and the output current of CSA (ICSN) is also
proportional to the total load current of the voltage regulator.
The sensed current ICSN represents the total output current
of the regulator, and it is directly used for droop function,
and further internally mirrored for SVID IccMAX Alert function,
total output over current protection, and output current
reporting. ICSN is calculated as follows.

CSN

DC
OUT

CSN R
N

R
I

I
×

=

In this inductor current sensing topology, R
PH

 and C
CSN

 must
be selected according to the equation below:

N

CR

R
L

k CSNPH

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

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

circuit in normal operation.
Droop (Load Line) Setting
As shown in Figure 6, the current ICSN denotes the sensed
total load current, which is mirrored to the EAP pin. When
load current increases, ICSN also increases and creates a
voltage drop across RDRP, and makes VEAP lower than the
VDAC as follows.

DRP
CSN

DCOUT
DACDRPCSNDACEAP R

NR

RI
VRIVV ×⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
×

×
−=×−=

where R
DC

 is the DCR of output inductor, N 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

CSN
 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

NR

RR

I

V
LineLoad

CSN

DRPDC

OUT

OUT

×

×
=

∆

∆
=

IccMAX Alert and Total Output Over Current
Protection (OCP)
As shown in Figure 8, the sensed current I

CSN
 is mirrored

internally and fed to ISUM pin (ISUMA for VccGT) as I
SUM

for SVID IccMAX Alert function and total output over current
protection (OCP). A resistor R

ISUM
 is connected from ISUM

pin to GND. This current flows through the resistor R
ISUM

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

ISUM
) increases

proportionally. When the ISUM pin voltage is greater than
typically 1.5V, the SVID IccMAX alert will be triggered,
and then the ALERT# will be pulled low to indicate the
processor that the voltage regulator is in IccMAX condition.
The output current level of triggering SVID IccMAX alert is
calculated as follows.

DC

CSN

ISUM
IccMAXOUT R

RN

R
I

×
×=

5.1
_

ICSN

CSP

CSN

RCSN

CCSN

ISUM

RISUM

IMON

RIMON

CIMON

A/D 
Converter

SVID 
Register

OCP

ICCMAX 
Alert

SMBus

1.5V

Figure 8. IccMAX Alert and Total Output OCP
When the ISUM pin voltage further increases to greater
than the OCP threshold (default value is typically 130% of
SVID IccMAX alert threshold of 1.5V) for a specific delay
time, the total output current protection will be triggered.
VR_RDY 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 VCC
or EN toggling. The total output OCP threshold and its
delay time can be further programmed by the SMBus
register. Avoid adding capacitor to the ISUM pin. Additional
capacitance to this pin will affect the current level of SVID
IccMAX alert and the total output OCP. The default output
current level of triggering total output OCP is calculated
as follows.

3.1
5.1

_ ×
×

×=
DC

CSN

ISUM
OCPOUT R

RN

R
I

Total Output OCP and Operating Phase Number
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 SVID SetPS command or the SMBus
Auto Phase setting. When the operating phase number is
decreased, the total output OCP level is decreased as well.
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The total output OCP level is changed per actual operating
phase number. Table 5 shows the total output OCP ratio
per actual operating phase number and the hardware
configuration.
Table 5. Total Output OCP and Operating Phase Number

oitaRPCOtuptuOlatoT
noitidnoCgnitarepO

esahP-3 esahP-2 esahP-1

erawdraH
noitarugifnoC

esahP-3 1 3/2 21/5

esahP-2 -- 1 3/2

esahP-1 -- -- 1

Output Current Reporting
Refer to Figure 8, the sensed current I

CSN
 is also separately

mirrored and fed to IMON pin (IMONA for VccGT) as I
IMON

for SVID output current reporting function. Connect a resistor
R

IMON
 from IMON pin to GND. The current I

IMON
 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. An internal analog-to-digital
converter (ADC) converts V

IMON
 to a digital content for output

current reporting through SVID interface. As V
IMON

 voltage
increases, the SVID register 0x15h content increases. The
IMON voltage has typically 600mV offset, which means
V

IMON
 = 600mV and SVID register 0x15h = 00h. The ADC

input range is typically 1.5V, which means the SVID register
0x15h = FFh when V

IMON
 = 2100mV. Further increase of

V
IMON

 (>2.1V) is allowed, but the ADC results will remain
at FFh. Capacitor can be added to the IMON pin to adjust
the response time of current reporting. The IMON pin is for
digital output current reporting only, not for SVID IccMAX
alert function or OCP. The total output current level for SVID
register 0x15h = FFh is calculated as follows.

DC

CSN

IMON
FFhhxOUT R

RN

R
I

SVID

×
×==

5.1
150

Note that the resistance value of R
IMON

 must be between
10kΩ to 60kΩ to ensure the controller in normal operation.
IMON/IMONA Capacitor Selection
The capacitor CIMON connected from IMON to GND
(CIMONA for IMONA) is used to adjust the response time
of IMON voltage change to load current change. It is
recommended to add a capacitor to the IMON pin. However,
too large capacitance for CIMON is improper, and will affect
the accuracy in digital output current reporting. Due to the
embedded A/D conversion circuit to the IMON pin, the RC
time constant (tau) should be adequate to ensure correct
operation and digital current reporting accuracy. Use
4*tau=160us as the rule of thumb to determine C

IMON
. After

resistor RIMON is determined, the C
IMON

 is then calculated
by

IMON
IMON

R
C

×

×
=

−

4

10160 6

Then choose a capacitance value that is closest to but not
greater than the calculation for CIMON.
Over Voltage Protection (OVP)
The controller monitors the voltage on FB pin (FBA for
VccGT) 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. VR_RDY 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 VCC 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
VccGT) for under voltage protection. After output voltage
ramps up to Vboot, the controller initiates UVP function.
Once V

FB
 is lower than V

EAP
 - UVP threshold for a specific

delay time, UVP is triggered. VR_RDY 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
VCC 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.
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 9. 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

×
=
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VIN

L RDC VCORE

RCSPx

CCSx

RCSNx

CSPx

CSNx

ICSNx

ILx

Figure 9. Phase Current Sense
The sensed current ICSNx represents the current in each
phase, and it is compared to a current source (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. VR_RDY 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 VCC 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
_ ×

=

Thermal Monitoring and VRHOT#
The TSENSE pin (TSENSEA for VccGT) is used for voltage
regulator thermal monitoring. Connect a negative
temperature coefficient (NTC) thermistor network from
TSENSE pin to GND to implement this function as shown
in Figure 10. 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. A precision current source
flows out of the TSENSE pin through the temperature sense
network to create a voltage drop VTSENSE on this pin. As
regulator temperature rises, the VTSENSE decreases. Therefore
the controller detects the VTSENSE to obtain regulator thermal
information for SVID thermal alert and VRHOT# function.
The controller asserts VRHOT# when the sensed
temperature is higher than the value of SVID register 0x22h
(Temp_Max), in which the default value is 6Ah (106OC).

The temperature for SVID thermal alert and VRHOT#
assertion is 103OC and 106OC, respectively. The curve of
TSENSE (TSENSEA for VccGT) pin voltage and the sensed
temperature is shown in Figure 11. Either Vcore or VccGT
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 SVID thermal alert assertion point will move
accordingly. It is highly recommended to use 7.32kΩ as
RP, and 100kΩ/β = 4250 NTC thermistor by Murata
(NCP15WF104F03RC). RS is reserved for fine tune.

 

RS=0

RNTC=100
kohm

TSENSE

RP=7.32
kohm

ITSENSE

SMBus

VRHOT

SVID 
Thermal 

Alert

Figure 10. Regulator Temperature Sense

Figure 11. TSENSE/TSENSEA Pin Voltage and Sensed
Temperature

Control Loop
The uP9506 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 SVID 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.
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DIVS
XEH

V CAD
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DIVS
XEH
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)V(
DIVS
XEH
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)V(
DIVS
XEH
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DIVS
XEH
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00x0 000.0 52x0 034.0 A4x0 516.0 F6x0 008.0 49x0 589.0 8Bx0 561.1 CDx0 543.1

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

42x0 524.0 94x0 016.0 E6x0 597.0 39x0 089.0

Table 6. IMVP8 VID Table
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Table 7. Supported SVID Data and Configuration Register

xednI emaNretsigeR sseccA tluafeD noitpircseD

h00 DIredneV OR h72 DIredneV

h10 DItcudorP OR hF1 DItcudorP

h20 noisiveRtcudorP OR h10 noisiveRtcudorP

h50 DIlocotorP OR h50
rellortnocehtlocotorpDIVSfonoisrevtahwseifitnedI

.stroppus

h60 ytilibapaC OR h18
RVDIVSehtseifitnedi,retsigerdeppamtiB

erayrtemeletlanoitpoehtfohcihwdnaseitilibapac
.detroppus

h01 1_sutatS MWP-W,M-R h00
.detressasilangis#trelaehtretfadaerretsigerataD

.RVehtfosutatsehtgniyevnoC

h11 2_sutatS MWP-W,M-R h00
ehtgniyevnoC.atad2_sutatsgniwohsretsigeRataD

.subDIVSehtfosutats

h51 tnerruCtuptuO MWP-W,M-R -- .tnerructuptuodegarevA

hC1 daeRtsaL_2_sutatS MWP-W,M-R h00
tahtatad2sutatsehtfoypocasniatnocretsigersihT
.dnammoc)2sutats(GERTEGehthtiwdaertsalsaw

h12 xaM_CCI mroftalPOR --
mroftalpehtmumixamccIehtgniniatnocretsigerataD

.stroppus

h22 xaM_pmeT mroftalPOR hA6
ehtxamerutarepmetehtgniniatnocretsigerataD
.stressa#TOHRVlevelehtdnatroppusmroftalp

nitamrofyraniB O 061=hA6.e.i,C O .C

h42 tsaF_RS OR hC0
welstsaffoytilibapacehtgniniatnocretsigerataD

,su/VmnitamrofyraniB.niatsusnacmroftalpehtetar
.su/Vm21=hC0.e.i

h52 wolS_RS OR h60
welswolsfoytilibapacehtgniniatnocretsigerataD

.su/Vm6=h60.e.i,su/VmnitamrofyraniB.etar

h62 toobV mroftalPOR -- .spetsDIVniegatlovtoobVgniniatnocretsigerataD

hA2 rotceleSwelSwolS retsaMWR h10 .etarwelslautcatcelfertsumretsigeretarwelS

hB2 ycnetaLtixE4SP OR h59
stneserpertahteulavdedocnenasdlohretsigersihT

su061stneserperh59.ycnetaltixe4SPRVeht

hC2 ycnetaLtixE3SP OR h54
stneserpertahteulavdedocnenasdlohretsigersihT

su5stneserperh54.ycnetaltixe3SPRVeht

hD2 ydaeRDIVSotelbanE OR h9C
stneserpertahteulavdedocnenasdlohretsigersihT

su4032stneserperh9C.ydaeRotELBANERVeht

h03 xaMtuoV retsaMWR hBF
stesdnaretsamehtybdemmargorpsiretsigersihT

.troppuslliwRVehtDIVmumixameht
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xednI emaNretsigeR sseccA tluafeD noitpircseD

h13 gnitteSDIV retsaMWR h00
DIVdemmargorpyltnerrucgniniatnocretsigerataD

.egatlov

h23 etatSrewoP retsaMWR h00
rewopdemmargorptnerrucehtgniniatnocretsigeR

.etats

h33 tesffOegatloV retsaMWR h00
rofgnittesDIVehtotdeddaspetsDIVnitesffoteS

.gninigramegatlov

h43 gifnoCRVitluM retsaMWR h10
elpitlumserugifnochcihwretsigerataddeppamtiB

.subemasehtnoroivahebsRV

h53 RDAgeRteS retsaMWR --
ehtfoegarotsyraropmetrofretsigerdaphctarcS

.retsigerretniopRDAgeRteS

h24 DIV-1DIVI W/R h00 I-1DIVInidenifedtnerrucxamehthtiwdetaicossaDIV

h34 I-1DIVI W/R hFF
tessiDIVehtnehwdetcepxe)tib/A1(tnerrucxamehT

DIV-1DIVI:sa > DIV-2DIVI>DIV

h44 DIV-2DIVI W/R h00 I-2DIVInidenifedtnerrucxamehthtiwdetaicossaDIV

h54 I-2DIVI W/R hFF
:satessiDIVehtnehwdetcepxetnerrucxamehT

DIV-2DIVI > DIV-3DIVI>DIV

h64 DIV-3DIVI W/R h00 I-3DIVInidenifedtnerrucxamehthtiwdetaicossaDIV

h74 I-3DIVI W/R hFF
:satessiDIVehtnehwdetcepxetnerrucxamehT

DIV-3DIVI > DIV

Table 7. Supported SVID Data and Configuration Register (Cont.)
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SMBus Interface

The uP9506 features an SMBus interface and data registers
to allow user to adjust various platform operating parameters
for Vcore and VccGT. The supported operating parameters
that can be adjusted through the SMBus are summarized
as Table 8. The main function is to dynamically change the
offset voltage, switching frequency, operating phase number,
and loadline 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 Vcore regulator, there are three
load current states (LCS) to set. The switching frequency,
offset voltage, operating phase number and loadline in each
LCS can be programmed independently. For the 2-phase
VccGT 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, VM1 (SVM0 for VccGT): Define the thresholds for
three load current states (LCS0, LCS1 and LCS2) for Vcore.
The Vcore controller converts ISUM pin voltage V

ISUM
 to a

digital content, which represents the total output current.
The VM0 and VM1 setting is defined as the ratio of ISUM
pin voltage to 1.5V (1.5V denotes when Vcore output current
reaches its Iccmax). It takes 1.5V 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 VM0 and VM1 content and 1.5V
(I

OUT_IccMAX
, refer to the section of IccMAX Alert and 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
ISUM

 > VM0, highest load current state.

LCS1: VM0 > V
ISUM

 > VM1

LCS2: VM1 > V
ISUM

, lowest load current state.

VM0_Hys, VM1_Hys (SVM0_Hys for VccGT): Define the
hyteresis of VM0 and VM1. The hysteresis is also defined
as the ratio of ISUM pin voltage to 1.5V (1.5V denotes when
Vcore output current reaches its Iccmax).

VOFS0, VOFS1, VOFS2 (SVOFS0, SVOFS1 for VccGT):
Define the offset voltage in each load current state. 8-bits
content setting with 5mV/step.

IICF0, IICF1, IICF2 (SIICF0, SIICF1 for VccGT): Define
the switching frequency in each load current state. The
switching frequency is defined as the ratio to current setting
per RTONSET and Vin.

IICP0, IICP1, IICP2 (SIICP0, SIICP1 for VccGT): Define
the operating phase number in each load current state.
The operating phase number can be full-phase to single-
phase.

IICLL0, IICLL1, IICLL2 (SIICLL0, SIICLL1 for VccGT):
Define the loadline value in each load current state. The
loadline adjustment is defined as the ratio to current droop
setting.

RCOMP1, RCOMP2 (SRCOMP1, SRCOMP2 for VccGT):
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 (SGCOMP for VccGT): For OTA
transconductance setting for voltage control loop. It is
defined as the ratio to the default value of 2020uA/V.

IMONOvR/OC/UV/OV (SIMONOvR/SOC/SUV/SOV for
VccGT): IMONOvR controls the overwrite for SVID register
0x15h. OC/UV/OV is used for the threshold adjustment of
per-phase OCP, UVP and OVP, respectively.

Total OCP (STotal OCP for VccGT): Used to adjust the
total output current OCP threshold.

LCHVID (SLCHVID for VccGT): 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.

IOUT (SIOUT for VccGT): This register reports real Iout
value (00h when V

IMON
 = 0.6V, FFh when V

IMON
 = 2.1V).

VOUT (SVOUT for VccGT): This register reports the output
voltage that is converted by the internal ADC with 10mV/
LSB. The data source can be selected (in specific register)
from either the A/D result of actual output voltage or a
copy of SVID register 0x21h (VID_setting).
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Functional Description
Table 8. SMBus Configuration Register

geR
.rddA

sucoF
liaR

emaNretsigeR sseccA tluafeD noitpircseD

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

0levelegatlovMUSIlanretniteS
)etatstnerructsehgih(0SCL>=0leveL>MUSIV

otegatlovnipMUSIotoitarehtsadenifedsignittes0MV
.)xamccIstisehcaertnerructuptuoerocVnehw(V5.1

xamccIx)46/]2:7[tiB(=0MV
eract'nod]0:1[tiB

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

1levelegatlovMUSIlanretniteS
1SCL>=1leveL>MUSIV>0leveL

2SCL>=1leveL<MUSIV
otegatlovnipMUSIotoitarehtsadenifedsignittes1MV

.)xamccIstisehcaertnerructuptuoerocVnehw(V5.1
xamccIx)46/]2:7[tiB(=1MV

eract'nod]0:1[tiB

30x0 TGccV ]2:7[2MVS W/R h00

0levelegatlovAMUSIlanretniteS
)etatstnerructsehgih(0SCLS>=0leveL>AMUSIV

)etatstnerructsewol(1SCLS>=0leveL<AMUSIV
egatlovnipAMUSIotoitarehtsadenifedsignittes0MVS

.)xamccIstisehcaertnerructuptuoTGccVnehw(V5.1ot
xamccIx)46/]2:7[0MVS(=0MVS

eract'nod]0:1[tiB

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

W/R h00

eract'noD:]7[tiB
spets8,siseretsyH1MVteS:]4:6[syH_1MV

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

spets8,siseretsyH0MVteS:]0:2[syH_0MV
)]0:2[tib+2(x)001/xamccI(=syH

otegatlovnipMUSIfooitarehtsadenifedsisiseretsyH
)xamccIstisehcaertnerructuptuoerocVnehw(V5.1

50x0 TGccV ]0:2[syH_0MVS W/R h00

eract'noD:]7[tiB
tonoD.esopruptsetlanretnirofdevreseR:]4:6[tiB

.stibesehtegnahc
eract'noD:]3[syH_0MVS

spets8,siseretsyH0MVSteS:]0:2[syH_0MVS
)]0:2[tib+2(x)001/AxamccI(=syH

otegatlovnipAMUSIfooitarehtsadenifedsisiseretsyH
)xamccIstisehcaertnerructuptuoTGccVnehw(V5.1

60x0
,erocV

TGccV

]7[1PCIIS
]6[0PCIIS
]4:5[2PCII
]2:3[1PCII
]0:1[0PCII

W/R h00

gnittesrebmunesahpnoitarepoTGccV
1SCLSTGccVforebmuNesahP:]7[1PCIIS
0SCLSTGccVforebmuNesahP:]6[0PCIIS

esahP1:1,esahP2:0
gnittesrebmunesahpnoitarepoerocV

2SCLerocVforebmuNesahP:]4:5[2PCII
1SCLerocVforebmuNesahP:]2:3[1PCII
0SCLerocVforebmuNesahP:]0:1[0PCII

esahP1:11,esahP2:01,esahP3:10,esahP3:00
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geR
.rddA

sucoF
liaR

emaNretsigeR sseccA tluafeD noitpircseD

70x0 erocV ]0:7[0SFOV W/R h00

)pets/Vm5(.0SCLerocVfotesffoegatloV
tesffoevitagen="1";tesffoevitisop="0",tibngissi7tiB

Vm0+=00000000
Vm5+=10000000

Vm513+=11111100
Vm536+=11111110

Vm5-=11111111
Vm01-=01111111

Vm023-=00000011
Vm046-=00000001

80x0 erocV ]0:7[1SFOV W/R h00

)pets/Vm5(.1SCLerocVfotesffoegatloV
tesffoevitagen="1";tesffoevitisop="0",tibngissi7tiB

Vm0+=00000000
Vm5+=10000000

Vm513+=11111100
Vm536+=11111110

Vm5-=11111111
Vm01-=01111111

Vm023-=00000011
Vm046-=00000001

90x0 erocV ]0:7[2SFOV W/R h00

)pets/Vm5(.2SCLerocVfotesffoegatloV
tesffoevitagen="1";tesffoevitisop="0",tibngissi7tiB

Vm0+=00000000
Vm5+=10000000

Vm513+=11111100
Vm536+=11111110

Vm5-=11111111
Vm01-=01111111

Vm023-=00000011
Vm046-=00000001

A0x0 TGccV ]0:7[1SFOVS W/R h00

)pets/Vm5(.1SCLSTGccVfotesffoegatloV
tesffoevitagen="1";tesffoevitisop="0",tibngissi7tiB

Vm0+=00000000
Vm5+=10000000

Vm513+=11111100
Vm536+=11111110

Vm5-=11111111
Vm01-=01111111

Vm023-=00000011
Vm046-=00000001

Functional Description
Table 8. SMBus Configuration Register (Cont.)
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geR
.rddA

sucoF
liaR

emaNretsigeR sseccA tluafeD noitpircseD

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

W/R h88

,0SCLerocVfoycneuqerfgnitarepo:]4:7[0FCII
.%001=tluafed

,1SCLerocVfoycneuqerfgnitarepo:]0:3[1FCII
%001=tluafed

;%07=0100;%56=1000;%06=0000
;%58=1010;%08=0010;%57=1100

;)tluafed(%001=0001;%59=1110;%09=0110
;%571=1101;%051=0101;%521=1001

%572=1111;%052=0111;%522=1011;%002=0011

C0x0 erocV ]4:7[2FCII W/R h88

=tluafed,2SCLerocVfoycneuqerfgnitarepo:]4:7[2FCII
%001

;%57=1100;%07=0100;%56=1000;%06=0000
;%59=1110;%09=0110;%58=1010;%08=0010

;%051=0101,%521=1001;)tluafed(%001=0001
;%522=1011;%002=0011;%571=1101

%572=1111;%052=0111
eract'noD:]0:3[tiB

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

W/R h88

,0SCLerocVfognittesenildaoL:]4:7[0LLCII
%001=tluafed

)pets/%5.21,%5.781=xam,%0=nim(
,1SCLerocVfognittesenildaoL:]0:3[1LLCII

%001=tluafed
)pets/%5.21,%5.781=xam,%0=nim(

E0x0 erocV ]4:7[2LLCII W/R h88

,2SCLerocVfognittesenildaoL:]4:7[2LLCII
%001=tluafed

)pets/%5.21,%5.781=xam,%0=nim(
eract'noD:]0:3[tiB

F0x0 erocV
]7[NE_BC

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

W/R h44

ecnalabtnerrucerocVfolortnocffO/nO:]7[NE_BC
,NO=tluafed,noitcnuf

)delbanesinoitcnufecnalabtnerruc(NO=0
)delbasidsinoitcnufecnalabtnerruc(FFO=1

niagecnalabtnerruc1ESAHPerocV:]4:6[NIAGI_1HP
%001=tluafed,tnemtsujda

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

%5.731=111
eract'noD:]3[tiB

niagecnalabtnerruc2ESAHPerocV:]0:2[NIAGI_2HP
%001=tluafed,tnemtsujda

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

%5.731=111

Table 8. SMBus Configuration Register (Cont.)

Functional Description
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Functional Description
Table 8. SMBus Configuration Register (Cont.)

geR
.rddA

sucoF
liaR

emaNretsigeR sseccA tluafeD noitpircseD

01x0 erocV ]4:6[NIAGI_3HP W/R h44

eract'noD:]7[tiB
niagecnalabtnerruc3ESAHPerocV:]4:6[NIAGI_3HP

%001=tluafed,tnemtsujda
;%5.78=110;%57=010;%5.26=100;%05=000

;%521=011;%5.211=101;)tluafed(%001=001
%5.731=111

eract'noD:]0:3[tiB

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

W/R h00

eract'noD:]7[tiB
tesffoecnalabtnerruc1ESAHPerocV:]4:6[SOI_1HP

Au0=tluafed,tnemtsujda
;Au6=110;Au4=010;Au2=100;)tluafed(Au0=000

Au41=111;Au21=011;Au01=101;Au8=001
eract'noD:]3[tiB

tesffoecnalabtnerruc2ESAHPerocV:]0:2[SOI_2HP
Au0=tluafed,tnemtsujda

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

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

W/R h00

eract'noD:]7[tiB
tesffoecnalabtnerruc3ESAHPerocV:]4:6[SOI_3HP

Au0=tluafed,tnemtsujda
;Au6=110;Au4=010;Au2=100;)tluafed(Au0=000

Au41=111;Au21=011;Au01=101;Au8=001
eract'noD:]0:3[tiB

31x0 erocV
]4:7[1PMOCR
]0:3[2PMOCR

W/R h7B

gnittesrotsiserpmocRerocV
noitasnepmocnoitarepoesahp-elgnis:]4:7[1PMOCR

,gnittesrotsiser
,K04=xam,K5.2=nim,)]4:7[tiB+1(xK5.2=1PMOCR

K03=tluafed
noitasnepmocnoitarepoesahp-itlum:]0:3[2PMOCR

,gnittesrotsiser
,K04=xam,K5.2=nim,)]0:3[tiB+1(xK5.2=2PMOCR

K01=tluafed
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Table 8. SMBus Configuration Register (Cont.)

Functional Description

geR
.rddA

sucoF
liaR

emaNretsigeR sseccA tluafeD noitpircseD

41x0
,erocV

TGccV
]4:7[PMOCGS

]0:3[PMOCG
W/R h00

noitceleseulavmGATOTGccV:]7[PMOCGS
]4:6[PMOCGS,)V/Au0202(eulavtluafedesuotecrof=0

;)tluafed(derongieblliwgnittes
]4:6[PMOCGSniteseulavehtesu=1

,gnittesmGecnatcudnocsnartTGccV:]4:6[PMOCGS
oitarehtsadenifed,rebmunesahpgnitarepollaotdeilppa

)V/Au0202=(tluafedot
;X13.1=010;X71.1=100;)tluafed(X1=000

;X6.0=011;X18.0=101;X96.1=001;X54.1=110
X33.0=111

noitceleseulavmGATOerocV:]3[PMOCG
]0:2[PMOCG,)V/Au0202(eulavtluafedesuotecrof=0

;)tluafed(derongieblliwgnittes
]0:2[PMOCGniteseulavehtesu=1

deilppa,gnittesmGecnatcudnocsnarterocV:]0:2[PMOCG
otoitarehtsadenifed,rebmunesahpgnitarepollaot

)V/Au0202=(tluafed
;X13.1=010;X71.1=100;)tluafed(X1=000

;X6.0=011;X18.0=101;X96.1=001;X54.1=110
X33.0=111

51x0 erocV ]0:7[DIVHCL W/R hBA .)V001.1(hBA=tluafeD.retsigerDIVhctalerocV

61x0 erocV ]0:7[TUOI OR -- .gnitropertuoIlaererocV

71x0 erocV ]0:7[TUOV OR --

.gnidaeregatlovtuptuoerocV
tluserD/Amorfebnac]0:7[TUOVnieulavgnidaeregatloV

retsigerDIVSfoypocaebnacro,egatlovtuptuolautcafo
atadehtsenimreted]6[2csiM.tnetnoc)gnitteS_DIV(h13x0

]0:7[TUOVfoecruos

81x0 erocV ]0:5[dnI_tcetorP OR h00

sinoitcetorphcihwgnitacidni,rotacidninoitcetorperocV
dereggirt

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

evitcA=1;evitcatoN=0
rotacidniPCOesahpreP:]4[dnI_tcetorP

evitcA=1;evitcatoN=0
rotacidniPVO:]3[dnI_tcetorP

evitcA=1;evitcatoN=0
rotacidniPVU:]2[dnI_tcetorP

evitcA=1;evitcatoN=0
]4[dnI_tcetorPfirotacidniPCOesahpreP:]0:1[dnI_tcetorP

1=
;00=4esahp;11=3esahp;01=2esahp;10=1esahp

nehwylnodilavsi]0:1[dnI_tcetorPfoeulavtropeR
1=]4[dnI_tcetorP



uP9506

26 uP9506-DS-F00A0, Jul. 2018
www.upi-semi.com

Functional Description
Table 8. SMBus Configuration Register (Cont.)

geR
.rddA

sucoF
liaR

emaNretsigeR sseccA tluafeD noitpircseD

91x0 erocV ]4:7[PCOlatoT W/R h08

gnittesPCOtnerructuptuolatoterocV:]4:7[PCOlatoT
,egatlovnipMUSIV5.1otoitarehtsadenifedsignitteS

%031=tluafed
;%08=1100;%07=0100;%06=1000;%05=0000

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

;%061=
%002=1111;%091=0111;%081=1011;%071=0011

eract'noD:]0:3[tiB

A1x0 erocV

]6:7[RvONOMI
]4:5[CO
]2:3[VU
]0:1[VO

W/R h04

,erocVrof)NOMI(h51x0DIVSetirwrevO:]7[RvONOMI
elbasiD=tluafed

elbasiD=0;elbanE=1
rofoitar)NOMI(h51x0DIVSetirwrevO:]6[RvONOMI

2/1=tluafed,erocV
4/1=0;)tluafed(2/1=1

Au001=tluafed,dlohserhtPCOesahpreperocV:]4:5[CO
;Au021=10;)tluafed(Au001=00

Au061=11;Au041=01
Vm004=tluafed,gnittesdlohserhtPVUerocV:]2:3[VU

;Vm005=10;)tluafed(Vm004=00
Vm007=11;Vm006=01

Vm004=tluafed,gnittesdlohserhtPVOerocV:]0:1[VO
;Vm005=10;)tluafed(Vm004=00

Vm007=11;Vm006=01

B1x0 derahS ]2:7[yaled_PCO W/R h86

gnittesemasehterahsTGccVdnaerocVhtoB
su02=tluafed,emityaledPCOlatoT:]5:7[yaleD_PCO

;)tluafed(su02=110;su51=010;su01=100;su5=000
su04=111;su53=011;su03=101;su52=001

su6=tluafed,emityaledPCOesahpreP:]2:4[yaleD_PCO
;su8=110;)tluafed(su6=010;su4=100;su2=000

su61=111;su41=011;su21=101;su01=001
eract'noD:]0:1[tiB

C1x0
,erocV

TGccV
]4:6[RS_RV
]0:2[RS_RVS

W/R 22

eract'noD:]7[tiB
tluafeD.noitcelesetarwelstsafDIV-derocV:]4:6[RS_RV

.su/Vm21=
;)tluafed(su/Vm21=010;su/Vm5.7=100;su/Vm3=000

;su/Vm5.52=101;su/Vm12=001;su/Vm5.61=110
su/Vm5.43=111;su/Vm03=011

dnammocDIVteSswollofgnimitnoitressa#trelA:etoN
eract'noD:]3[tiB

.noitcelesetarwelstsafDIV-dTGccV:]0:2[RS_RVS
.su/Vm21=tluafeD

;)tluafed(su/Vm21=010;su/Vm5.7=100;su/Vm3=000
;su/Vm5.52=101;su/Vm12=001;su/Vm5.61=110

su/Vm5.43=111;su/Vm03=011
dnammocDIVteSswollofgnimitnoitressa#trelA:etoN
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Table 8. SMBus Configuration Register (Cont.)

Functional Description

geR
.rddA

sucoF
liaR

emaNretsigeR sseccA tluafeD noitpircseD

D1x0 erocV ]0:7[1csiM W/R hF0

erocVrofsiretsigersihT
=tesffomumixamwolla(noitcnuftesffolluF:]7[1csiM

elbasid=tluafed,)V572.1+
)V536.0-/+nihtiwdetimilsitesffo,tluafed(elbasid=0

)V555.2otpudetimilsituoVllarevotahtetoN(elbane=1
lortnocegatlovCADV:]6[1csiM

dnammocDIVSwollofCADVh13x0.geRDIVS=0
)tluafed(

dnammocDIVSerongiCADVh13x0.geRDIVS=1
lortnocetatsrewoP:]5[1csiM

dnammocDIVSwollofetatsRWPh23x0.geRDIVS=0
)tluafed(

dnammocDIVSerongietatsRWPh23x0.geRDIVS=1
lortnoctesffO:]4[1csiM

dnammocDIVSwolloftesffOh33x0.geRDIVS=0
)tluafed(

dnammocDIVSerongitesffOh33x0.geRDIVS=1
lortnocPCOtuptuolatoT:]3[1csiM

noitcnufPCOtuptuolatotelbasiD=0
)tluafed(noitcnufPCOtuptuolatotelbanE=1

lortnocPCOesahp-reP:]2[1csiM
noitcnufPCOesahp-repelbasiD=0

)tluafed(noitcnufPCOesahp-repelbanE=1
lortnocPVO:]1[1csiM

noitcnufPVOelbasiD=0
)tluafed(noitcnufPVOelbanE=1

lortnocPVU:]0[1csiM
noitcnufPVUelbasiD=0

)tluafed(noitcnufPVUelbanE=1



uP9506

28 uP9506-DS-F00A0, Jul. 2018
www.upi-semi.com

Functional Description
Table 8. SMBus Configuration Register (Cont.)

geR
.rddA

sucoF
liaR

emaNretsigeR sseccA tluafeD noitpircseD

E1x0 erocV ]0:7[2csiM W/R hC0

erocVrofsiretsigersihT
ycneuqerfgnihctiwsrofmurtcepsdaerpS:]7[2csiM

)tluafed(murtcepSdaerpSelbasiD=0
murtcepSdaerpSelbanE=1

.geRsuBMSfoecruosatadehtfonoitceleS:]6[2csiM
)]0:7[TUOV(gnidaeregatlovtuptuoerocVh71x0

)gnitteS_DIV(h13x0retsigerDIVSfoedocDIV=0
)tluafed(

tluserD/AtuoVlautcA=1
lortnocelbanetesffoegatlovtuptuO:]5[2csiM

.geRsuBMSnignittestesffO(tesffoelbasiD=0
)tluafed()h90x0~h70x0

tesffOelbanE=1
lortnocelbanenoitcnufesahPotuA:]4[2csiM

)tluafed(esahPotuAelbasiD=0
fiSP_DIVSwollofro,1=]5[D1x0fi0PCIIwolloF:etoN(

)0=]5[D1x0
esahPotuAelbanE=1

esahp-elgnisninehwlortnocelbaneMCD:]3[2csiM
noitarepo

)MCCnisyawlA(MCDelbasiD=0
ybdetcelesrehtrufsiMSU/MSP,MCDelbanE=1

)tluafed(]1[2csiM
lortnocelbaneenildaoL:]2[2csiM

)0=LL(eniLdaoLelbasiD=0
)tluafed(eniLdaoLelbanE=1

=]3[2csiMnehwylnodilav,noitcelesMSP/MSU:]1[2csiM
)MCDelbane(1

)tluafeD(MSP=0
MSU=1

tonoD.esopruptsetlanretnirofdevreseR:]0[2csiM
tibsihtegnahc

F1x0 derahS ]5:7[DW W/R h00

noitcnufgodhctaW:]7[DW
)tluafed(elbasiD=0;elbanE=1

sutatsgodhctaW:]6[DW
doirepgodhctawnihtiwderruccosnoitcasnartsuBMS=0

godhctawsdeecxenoitcasnartsuBMSneewtebemit=1
doirep

suBMSonfi,delbanesinoitcnufgodhctawehtnehW
rosm008(doirepdetcelesanihtiwruccosnoitcasnart

.eulavtluafedottesereblliwstnetnocretsigerlla,)sm0061
.retsigersihtmorfdaersuBMSybderaelcsitibsihT

doirepgodhctaW:]5[DW
sm0061=1;)tluafed(sm008=0

eract'noD:]0:4[tiB
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Table 8. SMBus Configuration Register (Cont.)

Functional Description

geR
.rddA

sucoF
liaR

emaNretsigeR sseccA tluafeD noitpircseD

22x0
,erocV
derahS

]6[NETLUAFSYS
]5[NEPTO
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wolebsituoVnehwDIVdgniruddexifemit-no:]0:3[IPDS

]0:2[IPDSybtesegatlov
,lortnocelbasid/elbanenoitcnufemit-nodexif:]3[IPDS

)tluafed(elbanE=1;elbasiD=0
gnittesdlohserhtegatlov:]0:2[IPDS

;Vm084=010;Vm023=100;Vm061=000
;)tluafed(Vm008=001;Vm046=110

Vm0821=111;Vm0211=011;Vm069=101

E3x0 erocV ]0:7[toobV W/R h00

gnittesegatlovtoobVerocV
ot)h10(V052.0morfsiegnargnittes,tnetnoctib-8

.)hFF(V025.1
erawdrahswollofegatlovtoobVehtsnaemti,h00=tluafeD

.gnittes
ecivedsuBMStluafedesufiylnodilavsinoitcnufsihT:etoN

NEerofebretsigersihtotatadetirwdna,h88x0sserdda
.hgihog
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Functional Description
Table 8. SMBus Configuration Register (Cont.)

geR
.rddA

sucoF
liaR

emaNretsigeR sseccA tluafeD noitpircseD

F3x0 TGccV ]0:7[toobVS W/R h00

gnittesegatlovtoobVTGccV
ot)h10(V052.0morfsiegnargnittes,tnetnoctib-8

.)hFF(V025.1
swollofegatlovtoobVehtsnaemti,h00=tluafeD

.gnitteserawdrah
suBMStluafedesufiylnodilavsinoitcnufsihT:etoN
retsigersihtotatadetirwdna,h88x0sserddaecived

.hgihogNEerofeb

04x0 erocV ]0:7[MT OR h00

.gnidaereulavrotinomlamrehtsuBMSerocV
rofnoisrevnocD/AfoeulavehtserotsretsigersihT

.nipESNEST
051(h69x0sieulavdetropermumixaM O .)C

14x0 TGccV ]0:7[MTS OR h00

.gnidaereulavrotinomlamrehtsuBMSTGccV
rofnoisrevnocD/AfoeulavehtserotsretsigersihT

.nipAESNEST
051(h69x0sieulavdetropermumixaM O .)C

24x0 erocV
]4:7[F_SSAO
]0:3[S_SSAO

W/R h36
noitisnartDIVcimanydgnirudtnemtsujdatoohsrevoteS

tneveputsafDIVteSrof:]4:7[tiB
tnevepuwolsDIVteSrof:]0:3[tiB

34x0 TGccV
]4:7[F_SSAOS
]0:3[S_SSAOS

W/R h36
noitisnartDIVcimanydgnirudtnemtsujdatoohsrevoteS

tneveputsafDIVteSrof:]4:7[tiB
tnevepuwolsDIVteSrof:]0:3[tiB

84x0 derahS DInoisreV OR h20

2Bx0 derahS DIPIHC OR hA2
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(Note 1)
Supply Input Voltage VCC to GND  --------------------------------------------------------------------------------------------------  -0.3V to +6V
Supply Input Voltage PVCC to GND  -----------------------------------------------------------------------------------------------  -0.3V to +15V
VINSEN  -----------------------------------------------------------------------------------------------------------------------------------------  -0.3V to +30V
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 (PVCC+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 (PVCC+15V)
< 200ns  --------------------------------------------------------------------------------------------------------------------------  -5V to (PVCC+0.3V)

Other Pins  -------------------------------------------------------------------------------------------------------------------------------------  -0.3V to +6V
Storage Temperature Range  -----------------------------------------------------------------------------------------------------------  -65OC to +150OC
Junction Temperature  ------------------------------------------------------------------------------------------------------------------------------------  150OC
Lead Temperature (Soldering, 10 sec)  ------------------------------------------------------------------------------------------------------------  260OC
ESD Rating (Note 2)

HBM (Human Body Mode)  ---------------------------------------------------------------------------------------------------------------------  2kV
MM (Machine Mode)  -----------------------------------------------------------------------------------------------------------------------------  200V

Package Thermal Resistance (Note 3)
VQFN7x7 - 60L θJA  ------------------------------------------------------------------------------------------------------------------------  31OC/W
VQFN7x7 - 60L θJC  -------------------------------------------------------------------------------------------------------------------------  2OC/W

Power Dissipation, PD @ TA = 25OC
VQFN7x7 - 60L  ---------------------------------------------------------------------------------------------------------------------------------------  3.23W

(Note 4)
Operating Junction Temperature Range  -------------------------------------------------------------------------------------------  -40OC to +125OC
Operating Ambient Temperature Range  -------------------------------------------------------------------------------------------  -40OC to +85OC
Supply Input Voltage VCC  ---------------------------------------------------------------------------------------------------------------  4.5V to 5.5V
Supply Input Voltage PVCC  -----------------------------------------------------------------------------------------------------------  10.8V to 13.2V

Absolute Maximum Rating

Thermal Information

Recommended Operation Conditions

Note 1. Stresses listed as the above Absolute Maximum Ratings may cause permanent damage to the device.
These are for stress ratings. Functional operation of the device at these or any other conditions beyond those
indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum
rating conditions for extended periods may remain possibility to affect device reliability.

Note 2. Devices are ESD sensitive. Handling precaution recommended.

Note 3. 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.



uP9506

40 uP9506-DS-F00A0, Jul. 2018
www.upi-semi.com

Electrical Characteristics

retemaraP lobmyS snoitidnoCtseT niM pyT xaM stinU

tupnIylppuSCCV

dlohserhTROPCCV ROP CCV gnisirCCV 0.4 3.4 5.4 V

siseretsyHROPCCV SYH ROPCCV -- 3.0 -- V

tnerruCylppuS I CCV

,V0=DIVTGccVdnaerocV,V5=NE
gnihctiwsonMWP

-- 7 -- Am

tnerruCnwodtuhS I NDHS_CCV V0=NE -- 05 -- Au

4SPnitnerruCylppuS I 4SP_CCV etats4SP,V5=NE -- 051 -- Au

tupnIylppuSCCVP

dlohserhTROPCCVP ROP CCVP gnisirCCVP -- 8 -- V

siseretsyHROPCCVP SYH ROPCCVP -- 2 -- V

tnerruCylppuS I CCVP

,V0=DIVTGccVdnaerocV,V5=NE
gnihctiwsonMWP

-- 052 -- Au

tnerruCnwodtuhS I NDHS_CCVP V0=NE -- -- 08 Au

reifilpmArorrE

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

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

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

ycaruccAegatloVCAD

ycaruccAegatloVCAD V CAD

otegatnecrep,V25.1otV57.0=DIV
DIV

5.0- -- 5.0 %

V547.0otV5.0=DIV 8- -- 8 Vm

V594.0otV52.0=DIV 01- -- 01 Vm

etaRwelS

tsaFetaRwelS tsaF_RS tsaF_DIVteS 01 21 --
/Vm

su

wolSetaRwelS wolS_RS
=hA2x0retsigerDIVS,wolS_DIVteS

10
5 6 --

/Vm
su

(VCC = 5V, PVCC = 12V, TA = 25OC, unless otherwise specified)
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Electrical Characteristics

retemaraP lobmyS snoitidnoCtseT niM pyT xaM stinU

tupnINE

hgiHtupnI V HI 8.0 -- -- V

woLtupnI V LI -- -- 3.0 V

tnerruCwoL-lluP I LP_NE V0=NE 1 2 3 Au

esneSNIV

dlohserhTROPNESNIV ROP r_NESNIV gnisirNESNIV -- 6 -- V

dlohserhTROPNESNIV ROP f_NESNIV gnillafNESNIV -- 5.4 -- V

tnerruCtupnI I NESNIV V21=NESNIV,V5=NE -- 03 -- Au

gnitteSemiT-nOMWP

emiT-nOMWP T NO

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

-- 005 -- sn

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

gnimmuStnerruClatoTrofreifilpmAeseneStnerruC

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

tnerruCsaiBtupnI I AE V PSC ngisedybdeetnaraug,V2.1= 01- -- 01 An

tnerruCgnicruoSmumixaM I CRSXAM 001 -- -- Au

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

ecnalaBtnerruCesahProfreifilpmAeseneStnerruC

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

tnerruCsaiBtupnI I AE V xPSC ngisedybdeetnaraug,V2.1= 01- -- 01 An

tnerruCgnicruoSmumixaM I CRSXAM 001 -- -- Au

tcudorPhtdiwdnaBniaG G )AE(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

tnerruCecruoS I CRS_MWP doirepgnittesnoitcnufgnirud,V5=NE -- 01 -- Au

gnitteSretsigeRXAMccIDIVS

ycaruccAD/A
nipAXAMI_2MWPdnaXAMI_3MWP

retsigerDIVSdaer,V15.1=egatlov
h12x0

741 151 551 CED
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Electrical Characteristics

retemaraP lobmyS snoitidnoCtseT niM pyT xaM stinU

#TOHRV,#TRELA,OIDS,KLCS

)OIDS,KLCS(egatloVwoLtupnI V DIVS_LI -- -- 54.0 V

)OIDS,KLCS(egatloVhgiHtupnI V DIVS_HI 56.0 -- -- V

,OIDS(ecnatsiseRnwoDlluP
)#TOHRV,#TRELA

R DIVS_no 4 -- 31 Ω

,OIDS,KLCS(tnerruCegakaeL
)#TOHRV,#TRELA

I DIVS_L 1- -- 1 Au

#TLUAFSYS,YDR_RV

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

tnerruCegakaeLtuptuO IL V5otpulluP -- -- 1 Au

noitcetorProfgnirotinoMtnerruC

ycaruccArorriMtnerruC I MUS Iot NSC oitar 59 001 501 %

gnitropeRrofgnirotinoMtnerruC

ycaruccArorriMtnerruC I NOM Iot NSC oitar 59 001 501 %

egatloVtesffO V SFO_NOMI h00=tuodaerh51x0retsigerDIVS -- 006 -- Vm

egatloVtuptuO V NOMI hFF=tuodaerh51x0retsigerDIVS -- 0012 -- Vm

poorDrofgnirotinoMtnerruC

ycaruccArorriMtnerruC I PAE Iot NSC oitar 59 001 501 %

2GORP,1GORP

tnerruCecruoS I CRSGORP -- 04 -- Au

tnerruCegakaeL I KAEL_GORP

gnittesnoitcnufretfa,V0=xGORP
doirep

-- -- 1 Au

gnirotinoMlamrehT

tnerruCecruoS I ESNEST R,V5=NE LRTCRD k01= Ω 75 06 36 Au

dlohserhTtressA#trelA V 1ESNEST 301=tluserCDAerutarepmeT OC -- 281 -- Vm

dlohserhTtressA-eD#trelA V 2ESNEST 001=tluserCDAerutarepmeT OC -- 391 -- Vm

dlohserhTtressA#TOHRV V 3ESNEST 601=tluserCDAerutarepmeT OC -- 271 -- Vm

dlohserhTtressA-eD#TOHRV V 4ESNEST 301=tluserCDAerutarepmeT OC -- 281 -- Vm

lortnoCelbanErevirDTEFSOMlanretxE

leveLhgiHegatloVtuptuO V NO_LRTCRD R,V5=NE LRTCRD k01= Ω -- 4.2 -- V

leveLwoLegatloVtuptuO V L_LRTCRD R,V0=NE LRTCRD k01= Ω -- 0 -- V
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Electrical Characteristics

retemaraP lobmyS snoitidnoCtseT niM pyT xaM stinU

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

edoiDpartstooB

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

noitcetorPegatloVrevO

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

emiTyaleDPVO T YALED_PVO -- 5 -- su

noitcetorPegatloVrednU

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

yaleDPVU T YALED_PVU -- 5.7 -- su

noitcetorPtnerruCrevO

DIVS(noitressA#TRELA
dlohserhT)TRELAXAMCCI

V TRELA_MUSI egatlovxMUSIerusaeM -- 5.1 -- V

dlohserhTPCOtnerruClatoT V PCO_MUSI

esahplluf,egatlovxMUSIerusaeM
noitarepo

-- 59.1 -- V

yaleDPCOtnerruClatoT T YALED_1PCO -- 02 -- su

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

yaleDPCOesahP-reP T YALED_2PCO -- 6 -- su

noitcetorPnwodtuhSlamrehT

dlohserhTnwodtuhSlamrehT T PTO ngiseDybdeetnarauG -- 061 -- OC
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EN (1V/Div)

VOUT (200mV/Div)

VR_READY (5V/Div)

EN (1V/Div)

VOUT (200mV/Div)

VR_READY (5V/Div)

CSO# (1V/Div)

ALERT# (1V/Div)

VOUT (100mV/Div)

CSO# (1V/Div)

ALERT# (1V/Div)

VOUT (100mV/Div)

CSO# (1V/Div)

ALERT# (1V/Div)

VOUT (100mV/Div)

CSO# (1V/Div)

ALERT# (1V/Div)

VOUT (100mV/Div)

Typical Operation Characteristics

Vcore SetVID_Slow Downward

Time : 20us/Div
VID = 0.9V to 0.3V

Vcore Power On from EN

Time : 400us/Div
VIN = 12V, IOUT = 1A

Vcore Power Off from EN

Time : 400us/Div
VIN = 12V, IOUT = 1A

Vcore SetVID_Fast Upward

Time : 10us/Div
VID = 0.3V to 0.9V

Vcore SetVID_Fast Downward

Time : 10us/Div
VID = 0.9V to 0.3V

Vcore SetVID_Slow Upward

Time : 20us/Div
VID = 0.3V to 0.9V
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0
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40
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0 10 20 30 40 50 60

UG1 (20V/Div)

VOUT (1V/Div)

VR_Ready (5V/Div)

LG1 (10V/Div)

UG1 (20V/Div)

VOUT (1V/Div)

VR_Ready (5V/Div)

IOUT (50A/Div)

ISENSE (500mV/Div)

VOUT (50mV/Div)

ISENSE (500mV/Div)

VOUT (50mV/Div)

CSO# (1V/Div)

ALERT# (1V/Div)

VOUT (100mV/Div)

Vcore SetVID_Decay

Time : 100us/Div
VID = 0.9V to 0.3V, IOUT = 5A

Typical Operation Characteristics

Vcore Over Current Protection

Time : 200us/Div

Vcore Load Transient Response

Time : 40us/Div
PS0, VOUT = 0.9V, IOUT = 14A ~ 67A

Vcore Load Transient  Response

Time : 40us/Div
PS0, VOUT = 0.9V, IOUT = 14A ~ 79A

Vcore Over Voltage Protection

Time : 10us/Div

Vcore IOUT Reporting

Load Current (A)

I O
U

T
 R

eg
is

te
r D

at
a 

(A
)
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VOUT (200mV/Div)

VR_READY (5V/Div)

EN (1V/Div)
EN (1V/Div)

VOUT (200mV/Div)

VR_READY (5V/Div)

CSO# (1V/Div)

ALERT#
(1V/Div)

VOUT (100mV/Div)

CSO# (1V/Div)

ALERT# (1V/Div)

VOUT (100mV/Div)

CSO# (1V/Div)

ALERT# (1V/Div)

VOUT (100mV/Div)

CSO# (1V/Div)

ALERT# (1V/Div)

VOUT (100mV/Div)

Typical Operation Characteristics

VccGT SetVID_Slow Downward

Time : 20us/Div
VID = 0.9V to 0.3V

VccGT Power On from EN

Time : 400us/Div
VIN = 12V, IOUT = 1A

VccGT Power Off from EN

Time : 400us/Div
VIN = 12V, IOUT = 1A

VccGT SetVID_Fast Upward

Time : 20us/Div
VID = 0.3V to 0.9V

VccGT SetVID_Fast Downward

Time : 20us/Div
VID = 0.9V to 0.3V

VccGT SetVID_Slow Upward

Time : 20us/Div
VID = 0.3V to 0.9V
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UG1 (20V/Div)

VOUT (1V/Div)

VR_Ready (5V/Div)

LG1 (10V/Div)

0
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0 5 10 15 20 25 30 35 40

CSO# (1V/Div)

ALERT# (1V/Div)

VOUT (100mV/Div)

UG1 (20V/Div)

VOUT (1V/Div)

VR_Ready (5V/Div)

IOUT (50A/Div)

ISENSE (500mV/Div)

VOUT (50mV/Div)

ISENSE (500mV/Div)

VOUT (50mV/Div)

VccGT SetVID_Decay

Time : 40us/Div
VID = 0.9V to 0.3V, IOUT = 5A

Typical Operation Characteristics

VccGT Over Current Protection

Time : 200us/Div

VccGT IOUT Reporting

VccGT Load Transient Response

Time : 100us/Div
PS0, VOUT = 0.9V, IOUT = 5A ~ 43A

VccGT Load Transient  Response

Time : 100us/Div
PS0, VOUT = 0.9V, IOUT = 5A ~ 51A

VccGT Over Voltage Protection

Time : 10us/Div

Load Current (A)

I O
U

T
 R

eg
is

te
r D

at
a 

(A
)
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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.

VQFN7x7 - 60L

6.90 - 7.10

Pin 1 mark Bottom View - Exposed Pad

5
.2

0
 - 5

.8
0

0 .15 - 0.25

5.20 - 5.80
0.30 - 0.50

6
.9

0
 - 7

.1
0

0.20 REF0.00 - 0.05

0.80 - 1.00
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Important Notice

uPI and its subsidiaries reserve the right to make corrections, modifications, enhancements, improvements, and other changes to its products
and services at any time and to discontinue any product or service without notice. Customers should obtain the latest relevant information
before placing orders and should verify that such information is current and complete.
uPI products are sold subject to the terms and conditions of sale supplied at the time of order acknowledgment. However, no responsibility
is assumed by uPI or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result from its
use. No license is granted by implication or otherwise under any patent or patent rights of uPI or its subsidiaries.
COPYRIGHT (C) 2014, UPI SEMICONDUCTOR CORP.

uPI Semiconductor Corp.
Headquarter
9F.,No.5, Taiyuan 1st St. Zhubei City,
Hsinchu Taiwan, R.O.C.
TEL : 886.3.560.1666   FAX : 886.3.560.1888

uPI Semiconductor Corp.
Sales Branch Office
12F-5, No. 408, Ruiguang Rd. Neihu District,
Taipei Taiwan, R.O.C.
TEL : 886.2.8751.2062    FAX : 886.2.8751.5064


