) MICro

POWER INTELLECT

uP9506

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

General Description

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*™ (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.
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Intel IMVP8 Compatible

B Support S-Line Desktop CPU

B Thermal Sense with VRHOT# Indication
RCOT*™ Control Topology

B Easy Setting

B Smooth Mode Transition

B Fast Transition Response

3 Integrated 12V MOSFET Drivers

B Embedded Bootstrap Diode

B 3+2 Phase: 1 driver for Vcore, 2 drivers for
VceGT

External MOSFET Driver Enable Control
Support Operation Phase Disable Function
B Vcore: 3/2/1-Phase

B VccGT: 2/1-Phase

Build-in ADC for Platform Parameter Setting
B Selectable SVID VR Address

B Selectable SMBus Device Address

B Selectable Vboot Voltage

SMBus Interface for Performance and Efficiency
Optimization

B Dynamic Programmable VR Parameters
B Programmable Protection Thresholds

B VR Output Reporting

B 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

O

Applications
Desktop PC CPU Power Supplies

Ordering Information

Order Number

Package

Top Marking

uP9506PQGZ

VQFN7x7 - 60L

uP9506P

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
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*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

No.

Name

Pin Function

PWM3_IMAX

This pin is a multi-functional pin. It outputs a PWM logic signal for external discrete
MOSFET driver for Vcore rail and it is also used to set the Vcore SVID register content.
Phase 3 PWM Output. Connect this pin to the PWM input of external MOSFET driver.
IMAX Setting Input for Vcore. Connect a resistor from this pin to GND to set the SVID
IccMAX register (Ox21h) value for Vcore rail.

PWM2_IMAXA

This pin is a multi-functional pin. It outputs a PWM logic signal for external discrete
MOSFET driver for Vcore rail and it is also used to set the VccGT SVID register content.
Phase 2 PWM Output. Connect this pin to PWM input of external MOSFET driver.
IMAXA Setting Input for VccGT. Connect a resistor from this pin to GND to set the SVID
IccMAX register (0x21h) value for VccGT rail.

DRCTRL

MOSFET Driver Enable Control Output. This pinis a multi-functional pin. It is used to
enable/disable all external discrete MOSFET drivers. Connect a 10kQ resistor from this
pin to ground and place this resistor close to the controller. Do not use any other
resistance value. Do not connect any capacitor directly to this pin. PCB trace routing of
this pin has special consideration. Refer to the related section in Application Information
for detail.

TSENSE

Thermal Monitoring Input for Vcore. Connect a specified negative temperature
coefficient (NTC) thermistor network from this pin to GND for Vcore VR temperature
sensing. Recommend to use 100kQ/B = 4250 NTC thermistor by Murata
(NCP15WF104F03RC). See the related section in Application Information for detail.

CSN3

Negative Differential Current Sense Input for Vcore Phase 3. When Vcore phase 3 is
not used, pull high this pin to VCC through a 1kQ resistor to disable PWM3 to let Vcore
VR operate in 2-phase configuration.

CSP3

Positive Differential Current Sense Input for Vcore Phase 3. When Vcore phase 3 is
not used, short this pin to GND when Vcore VR is configured in 2-phase configuration.

CSN2

Negative Differential Current Sense Input for Vcore Phase 2. When Vcore phase 2 is
not used, pull high this pin to VCC through a 1kQ resistor to disable PWM2 to let Vcore
VR operate in single-phase configuration.

CSP2

Positive Differential Current Sense Input for Vcore Phase 2. When Vcore phase 2 is
not used, short this pin to GND when Vcore VR is configured in single-phase
configuration.

CSN1

Negative Differential Current Sense Input for Vcore Phase 1.

10

CSP1

Positive Differential Current Sense Input for Vcore Phase 1.

11

ISUM

Over Current Protection Threshold Setting and Sensing for Vcore. Connect a
resistor from this pin to GND to set the over current protection threshold. Do not connect
any capacitor to this pin. The output current of this pin is proportional to the total load
current. The total load current is sensed and flows out of this pin, and a resistor from this
pin to GND makes the ISUM voltage proportional to the total output current. When the
voltage on ISUM pin exceeds 1.5V, only the ALERT# will be pulled low to issue the lccmax
alert through SVID interface. When the voltage on ISUM pin exceeds 1.95V (130% of
1.5V, default), the over current protection will be tripped to shutdown the controller.

12

CSN

Inverting Input of Total Current Sense Amplifier for Vcore.

13

TONSET

PWM On-time Setting. Connect a resistor from this pin to GND to set the PWM on-time.
The Vcore VR and VccGT VR share the same PWM on-time setting.

14

CSP

Non-Inverting Input of Total Current Sense Amplifier for Vcore.
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Functional Pin Description

No.

Name

Pin Function

15

COMP

Output of Control Loop Error Amplifier for Vcore. Connect a capacitor from this pin to
GND for voltage control loop compensation.

16

FB

Inverting Input of the Error Amplifier for Vcore.

17

EAP

Non-inverting Input of the Error Amplifier for Vcore. Connect a resistor between this
pin and DAC to set the droop (load line) function.

18

DAC

DAC Output for Vcore. The output voltage of this pin is the reference voltage for the
Vcore rail. DAC voltage is measured with respect to FBRTN. Connect a capacitor from
this pin to FBRTN.

19

FBRTN

Output Voltage Feedback Return for Vcore. Inverting input to the differential voltage
sense amplifier. FBRTN is the reference point in DAC output voltage measurement.
Connect this pin directly to the processor output voltage feedback return sense point,
namely VSS_SENSE.

20

IMON

Output Current Monitor for Vcore. Connect a resistor from this pin to GND to
implement digital output current reporting function for Vcore VR. The output current of this
pin is proportional to the total load current. The total load current is sensed and flows out
of this pin, and a resistor from this pin to GND makes the IMON voltage proportional to the
total output current. The built-in analog-to-digital converter (ADC) converts the IMON
voltage to digital content for output current reporting via SVID interface. A capacitor can
be connected from IMON to GND to adjust the response time of IMON. See the related
section in functional description for IMON capacitor selection. Note that the IMON is used
only for digital output current reporting. See the related section in functional description for
IMON capacitor selection.

21

SYSFAULT#

SYSFAULT# Indicator. System fault indicator. This pin is an open-drain output.

22

VINSEN

Power Stage Input Voltage Sense. Directly connect this pin to the power stage input
V- The controller senses the voltage on this pin for power stage input voltage V
detection. The VINSEN voltage is also used for PWM on-time calculation.

23

VCC

Supply Input for Logic Control Circuit. Connect this pin to a 5V voltage source via an
RC filter. VCC is the supply input for the logic control circuit.

24

SCL

SMBus Clock Input. This pin receives serial bus clock signal input.

25

SDA

SMBus Data Input. This pin is input or output of serial bus data signal.

26

VRHOT#

SVID Thermal Indicator. This pinis an open drain structure and it is active low. The
controller asserts VRHOT# to indicate the platform that the VR temperature is higher than
the threshold in the 0x22h and 0x38h registers programmed by SMBus. Default value of
VRHOT# assertion is 106°C, and the default value of SVID thermal alert is 103°C. The
VRHOT# assertion threshold can be programmed through SMBus.

27

VR_RDY

VR Ready Indicator. This pin is an open drain structure and it is active high. Pull up this
pin through a proper resistor to a voltage source. The controller asserts VR_RDY (goes
high) to indicate that the controller is ready to accept SVID command.

28

SCLK

SVID Clock Input.

29

ALERT#

SVID Alert# Line.

30

SDIO

SVID Data I/O.

31

EN

Chip Enable Control Input. Pull this pin above 0.8V enables the chip. Pull this pin below
0.3V to disable the chip. It's typically connected to the output of the VTT voltage power rail
on the mother board.
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Functional Pin Description

No.

Name

Pin Function

32

IMONA

Output Current Monitor for VccGT. Connect a resistor from this pin to GND to
implement digital output current reporting function for VccGT VR. The output current of this
pin is proportional to the total load current. The total load current is sensed and flows out
of this pin, and a resistor from this pin to GND makes the IMONA voltage proportional to
the total output current. The built-in analog-to-digital converter (ADC) converts the IMONA
voltage to digital content for output current reporting via SVID interface. A capacitor can
be connected from IMONA to GND to adjust the response time of IMONA. Note that the
IMONA is used only for digital output current reporting. See the related section in functional
description for IMONA capacitor selection.

33

FBRTNA

Output Voltage Feedback Return for VccGT. Inverting input to the differential voltage
sense amplifier. FBRTNA is the reference point in DACA output voltage measurement.
Connect this pin directly to the processor output voltage feedback return sense point,
namely VSSGT_SENSE.

34

DACA

DAC Output for VccGT. The output voltage of this pin is the reference voltage for the
VceGT rail. DACA voltage is measured with respect to FBRTNA. Connect a capacitor
from this pin to FBRTNA.

35

EAPA

Non-Inverting Input of the Error Amplifier for VccGT. Connect a resistor between this
pin and DACA to set the droop (load line) function.

36

FBA

Inverting Input of the Error Amplifier for VccGT.

37

COMPA

Output of Control Loop Error Amplifier for VccGT. Connect a capacitor from this pin
to GND for voltage control loop compensation.

38

CSNA

Inverting Input of Total Current Sense Amplifier for VccGT

39

PROG1

Function Setting Pin 1. This pin is used to set SVID VR address. Connect a resistor
from this pin to GND to select the SVID VR address for the two voltage regulators. The
SVID VR address of [Vcore/VccGT] can be set as [00, 01], [01, 00], [00, 02] or [01, 03].
Refer to the related section in Application Information for detail and strictly follow the
recommended setting.

40

CSPA

Non-Inverting Input of Total Current Sense Amplifier for VccGT.

41

ISUMA

Over Current Protection Threshold Setting and Sensing for VccGT. Connect a
resistor from this pin to GND to set the over current protection threshold. Do not connect
any capacitor to this pin. The output current of this pin is proportional to the total load
current. The total load current is sensed and flows out of this pin, and a resistor from this
pin to GND makes the ISUMA voltage proportional to the total output current. When the
voltage on ISUMA pin exceeds 1.5V, only the ALERT# will be pulled low to issue the
Iccmax alert through SVID interface. When the voltage on ISUMA pin exceeds 1.95V
(130% of 1.5V), the over current protection will be tripped to shutdown the controller.

42

CSP1A

Positive Differential Current Sense Input for VccGT Phase 1.

43

CSN1A

Negative Differential Current Sense Input for VccGT Phase 1.

44

CSP2A

Positive Differential Current Sense Input for VccGT Phase?2. To disable the MOSFET
driver of this phase (BOOT2A, UG2A, PH2A, LG2A), short this pin to GND. Refer to the
related section in Application Information for detail.

45

CSN2A

Negative Differential Current Sense Input for VccGT Phase2. To disable the
MOSFET driver of this phase (BOOT2A, UG2A, PH2A, LG2A), pull high this pinto VCC
through a 1kQ resistor to disable this phase. Refer to the related section in Application
Information for detail.

uP9506-DS-FO0AOQ, Jul. 2018
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No.

Name

Pin Function

46

TSENSEA

Thermal Monitoring Input for VccGT. Connect a specified negative temperature
coefficient (NTC) thermistor network from this pin to GND for VccGT VR temperature
sensing. Recommend to use 100kQ/B = 4250 NTC thermistor by Murata
(NCP15WF104F03RC). See the related section in Application Information for detail.

47

BOOT1A

Bootstrap Supply for Upper Gate Driver for VccGT Phase 1. This pin is the supply
input for the upper MOSFET gate driver. Connect the bootstrap capacitor C__ . between
BOOT1A pin and PH1A pin. The bootstrap capacitor provides the charge to turn on the
upper MOSFET. Use at least 0.1uF MLCC as C__ ., and make sure C__ . is placed close
to the controller.

48

UGIA

Upper Gate Driver Output for VccGT Phase 1. Connect this pin to the gate of upper
MOSFET. This pin is monitored by the shoot-through protection circuitry to determine when
to turn on/off upper MOSFET.

49

PH1A

Switch Node for VccGT Phase 1. Connect this pin to the joint of upper MOSFET
source, inductor and lower MOSFET drain. This pin is used as the return ground for upper
MOSFET floating drive. Voltage on this pin is monitored by the shoot-through protection
circuitry to determine when to turn on the lower MOSFET.

50

LG1A

Lower Gate Driver Output for VccGT Phase 1. Connect this pin to the gate of lower
MOSFET. This pin is monitored by the shoot-through protection circuitry to determine when
to turn on the upper MOSFET.

51

PVCC

Supply Input for Embedded MOSFET Driver. Connect this pinto a 12V voltage
source, and bypass this pin to GND with at least 1.0uF MLCC placed very close to the
PVCC pin. PVCC is the supply input for the embedded MOSFET drivers.

52

PROG2

Function Setting Pin 2. This pin is used to set two VR parameters. Connect a resistor
from this pin to GND to select the initial start up voltage (Vboot) and the SMBus device
address. The Vboot can be set to 0V, 0.8V, 1.05V, 1.2V or 1.5V. The Vcore rail and
VccGT rail share the same Vboot setting. The SMBus device address can be set to
0x88h, 0x8Ah or 0x8Ch.

53

LG2A

Lower Gate Driver Output for VccGT Phase 2. Connect this pin to the gate of lower
MOSFET. This pin is monitored by the adaptive shoot-through protection circuitry to
determine when to turn on the upper MOSFET.

54

PH2A

Switch Node for VccGT Phase 2. Connect this pin to the joint of upper MOSFET
source, inductor and lower MOSFET drain. This pin is used as the return ground for upper
MOSFET floating drive. Voltage on this pin is monitored by the shoot-through protection
circuitry to determine when to turn on the lower MOSFET.

55

UG2A

Upper Gate Driver Output for VccGT Phase 2. Connect this pin to the gate of upper
MOSFET. This pin is monitored by the shoot-through protection circuitry to determine when
to turn on/off upper MOSFET.

56

BOOT2A

Bootstrap Supply for Upper Gate Driver for VccGT Phase 2. This pin is the supply
input for the upper MOSFET gate driver. Connect the bootstrap capacitor C_ . between
BOOT2A pin and PH2A pin. The bootstrap capacitor provides the charge to turn on the
upper MOSFET. Use at least 0.1uF MLCC as C and make sure C is placed close

BOOT? BOOT
to the controller.

57

LG1

Lower Gate Driver Output for Vcore Phase 1. Connect this pin to the gate of lower
MOSFET. This pin is monitored by the shoot-through protection circuitry to determine when
to turn on the upper MOSFET.

uP9506-DS-FO0AO0, Jul. 2018
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Functional Pin Description

No. Name

Pin Function

58 PH1

Switch Node for Vcore Phase 1. Connect this pin to the joint of upper MOSFET source,
inductor and lower MOSFET drain. This pin is used as the return ground for upper
MOSFET floating drive. Voltage on this pin is monitored by the shoot-through protection
circuitry to determine when to turn on the lower MOSFET.

59 UG1

Upper Gate Driver Output for Vcore Phase 1. Connect this pin to the gate of upper
MOSFET. This pin is monitored by the shoot-through protection circuitry to determine when
to turn on/off upper MOSFET.

60 BOOT1

Bootstrap Supply for Upper Gate Driver for Vcore Phase 1. This pin is the supply
input for the upper MOSFET gate driver. Connect the bootstrap capacitor C__ . between
BOOT1 pin and PH1 pin. The bootstrap capacitor provides the charge to turn on the
upper MOSFET. Use at least 0.1uF MLCC as C, ., and make sure C__ . is placed close
to the controller.

Exposed Pad

Ground. The exposed pad is the ground of embedded MOSFET drivers and logic control
circuits, and it must be soldered to a large PCB and connected to GND.
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Power Input and Power On Reset

The uP9506 has two power inputs VCC and PVCC. VCCiis
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 ENtoggle
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.

4.3Vo——

vcC l—— +

8V o— =
POR

0.8V o— - —

EN‘*JJ

6 o—] >
I
VINSEN f—— £

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, (<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, is determined by the
Vboot voltage and the slow slew rate. Figure 3 shows the

Functional Description

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 T, in both cases.

PVCC

VINSEN

VvCC

EN

e

VR_RDY //////),

(open drain)

Vout

(Non-zero Vboot)

ALERT# /177777777, < N

Te L

(open drain)

V1T
(pullup bias rail)

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

PVCC

VINSEN

VvCC

EN

VR_RDY /////,

(open drain)

Vout
(Zero Vboot)
ALERT# /1777,

(open drain)

A
A 4

Ts L

V1T
(pullup bias rail)

SVID Bus
7.

1st SetVID
Command

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,
VcecGT 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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R
PROG1 | I
R
[l
R
PROG2 | I
AID R
Converter | |

PWM3_IMAX | RWCAX | |

PWM2_IMAXA | R\W)XA ||

Figure 4. Initial Parameter Setting

Vcore SVID Register (lccmax) Value Setting
(PWM3_IMAX)

The PWMS3_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, CONnected from this pin to ground sets the Vcore
SVIDregister 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, 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
(lccmax). The A/D converter scales 2.56V into 256 levels,
which means 10mV represents 1A. For example, if the SVID
register 0x21h (lccmax) value to be setto 100A (64h), the
voltage should be 10mV x 100 = 1V. Therefore the resistor
Ruax 1S 1V / 10uA = 100kQ. The programmable range is
from 00h to FFh (OA 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 uaxa CONNected from this pin to ground sets the VccGT
SVIDregister 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 ., 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
(lccmax). The A/D converter scales 2.56V into 256 levels,
which means 10mV represents 1A. For example, if the SVID
register Ox21h (Ilccmax) value to be set to 60A (3Ch), the
voltage should be 10mV x 60 = 0.6V. Therefore the resistor
R uaxa IS 0.6V / 10UA = 60k€2. The programmable range is
from 00h to FFh (OA 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. PROGL1 is a
function setting pin, which is used to set this essential
parameter. Refer to Figure 4, resistors R, and R, 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 PROGL1 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
PROG?2 pin setting. See Initial Start up Voltage (Vboot)
(PROG2) section for detalil.

Table 1. SVID VR Address Setting

SVID Address PROG1 Recommended
NO. (Vcore, Resistor Value (kQ) in Parallel
VccGT) R, R,
1 00h, 01h 0 Open
2 01h, 00h 13 12
3 00h, 02h 24 24
4 01h, 03h 47 43

Note: Strictly follow the recommended resistor value to
avoid catastrophic system fault. Resistance value
greater than 56kQ is FORBIDDEN.

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 VVcore 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 1kQ 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 VecGT 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.

uP9506-DS-FO0AO, Jul. 2018
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Table 2. Operation Phase Number Setting

Suppor'ted Embedded Pin Connection, Pull High/Low to Target
. . Operation :
Configuration Phase Driver
Number Number | CSP2 | CSN2 | CSP3 | CSN3 |CSP2A | CSN2A | CSP1A | CSN1A
3+2 1+2 - - - - - - - --
242 1+2 - - GND | VCC - - - -
1+2 1+2 GND | VCC | GND | VCC - - - -
NC NC
3+2-Phase 3+1 1+1 a - - - GND | VEC | (Note 2) | (Note 2)
2+1 1+1 - - GND | VCC | GND | VvCC (N(l)\ltg 2) (N(I)\Itg 2)
1+1 1+1 GND | VCC | GND | VCC | GND | VCC (N(l)\ltg 2) (N(I)\Itg 2)
Note 1: "--" denotes normal connection.
Note 2. NC denotes Normal Connection. For VccGT in single phase operation, CSP1A and CSN1A should be in
normal connection.
Note 3: A 10kQ resistor must still be connected between DRCTRL to GND even if external MOSFET driver is
unused.
Note 4: Use 1kQ pull up resistor when pull up to VCC.
Note 5: Strictly follow the table for phase disable. Incorrect PROGL1 setting and incorrect pin pull up/down
connection will cause catastrophic fault during start up.

Initial Start up Voltage (Vboot) and SMBus Device Table 3. Vboot and SMBus Device Address Setting

Address. (PROG2)

The uP9506 features selectable initial start up voltage SMBus ReF(z:gSrri]Sr?:rn_?edeP(zEg)llel

(Vboot) and SMBus device address for design flexibility. | No. | Vboot | o/ ..o yp

PROG?2 is a function setting pin, which is used to set the R, R,

two essential parameters. Refer to Figure 4, resistors R,

and R, connected in parallel from this pin to ground sets 1 0 0 Open

the initial start up voltage (Vboot) and SMBus device 2 0.8 4.3 33

address. The Vboot can be setto 0V, 0.8V, 1.05V, 1.2V or

1.5V. Both the Vcore rail and VccGT rail share the same 3 1.5 88h 13 12

Vboot setting. The SMBus device address can be set to 4 1.2 16 20

0x88h, 0x8Ah or 0x8Ch. Table 3 shows the recommended

resistance value for PROG2 function setting. 5 1.05 24 24

Although Vcore and VecGT share the same Vboot setting, 6 0 33 33

there is an exception for the rail with SVID address being

set to 02h and 03h. For the rail with SVID address being 7 0.8 47 43

set to 02h or 03h, its Vboot' voltage will be fixed at 1.05V, 8 15 8Ah 68 56

regardless of the PROG2 pin setting. The Vboot voltage of

other rail (SVID address=00h or 01h) still follows PROG2 9 12 82 82

pin setting. In this case, the Vb'oot voltage for SVID address 10 1.05 110 110

[00, 02], or [01, 03] will be different. For example, when

Vboot is set to OV (PROG2 pin short to GND) and SVID 11 0 150 150

address is set to [00, 02], the Vboot voltage for the rail

with address=00 and address=01 is OV and 1.05V, 12 0.8 220 180

respectively. 13 15 8Ch 270 270
14 12 360 330
15 1.05 Open Open
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External MOSFET Driver Control

The DRCTRL pinis used for controlling the enable/disable
of external MOSFET drivers. Make sure to connect a 10kQ2
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
10kQ resistor must still be connected between DRCTRL to
ground even if external MOSFET driver is unused. Connect
this pin to a resistor R ., and then connect to the enable
control pin of the external MOSFET drivers as shown in
Figure 5. The recommended resistance value of R is
between 1kQ to 10kQ. 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.

DRCTRL Ris To MOSFET

>
! M " Driver Enable Pin
1
i 10kohm
1 Noise sensitive. Keep trace
i
1

— routing away from other nets.

Figure 5. DRCTRL Connection

PWM On Time Setting

The PWM on-time is set by an external resistor R
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.

Ton(nS) = (VOUT jx Rron X100
VIN

Table 4 lists the switching frequency and the recommended
resistor R, value (with condition: V, =12V, V.= 1.2V).
For example, given V, =12V, V_ = 1.2V, R = 50k,
T,y is about 500ns by above equation. The PWM frequency
is about 200kHz. Note that the resistance value of R,
value must be greater than 10kQ to ensure the PWM on-
time calculation circuit in normal operation.

Table 4. Switching Frequency and Resistor RTON

ouT

Switching Frequency |Recommended Resistor

(kHz) R,y (KQ)

200 50

300 33.3

400 25

500 20

600 16.7

Note: The minimum of resistor R, value is 10kQ.

Functional Description

Soft Start

The slew rate of output voltage during soft start operation
and dynamic VID voltage change is determined internally.
Place aMLCC C_, . between DAC and FBRTN (DACA and
FBRTNAfor VccGT). The recommended capacitance of C, .
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). AVID 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 pinis
connected to the positive remote sense pin VCC_SENSE
of the CPU via the resistor R_,. FBRTN pin is connected to
the negative remote sense pin VSS_SENSE of CPU
directly. (VCCGT_SENSE and VSSGT_SENSE for
VceGT). The error amplifier compares the V_, with V
Ve = lesy X Rpge) tO regulate the output voltage.

EAP (:
DRP

VCC_SENSE o
Positive voltage remote Res
sense pin of CPU

4
EAFi 1

Reference

S
Rowe

DACY

3
o—AAA
v

Coac=— i
FBRTNi
VSS_SENSE o-

Negative voltage remote
sense pin of CPU

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
CSNAfor VecGT) as shown in Figure 7.

uP9506-DS-FO0AO, Jul. 2018
Www.upi-semi.com

13



) mICro

POWER INTELLECT

uP9506

Rpy1

—AM—o PHI
Rpyo

b AMA—o PH2
Rpys

b AAM—o PH3

lohm
W\/_OVCOR[

lohm

lesn Resn

Vcore

lohm

Vecore
Figure 7. Total Load Current Sense

The voltage across C_, is proportional to the total load
current, and the output current of CSA (l_,) is also
proportional to the total load current of the voltage regulator.
The sensed current |, 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. I, is calculated as follows.
lout % Roc
lesn = — N
RCSN

In this inductor current sensing topology, R,,, and C_., must

be selected according to the equation below:
L _ RpuXxCesy

Rpc N

where R, 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, Must be less than 2k< to ensure the current sensing

circuit in normal operation.

Droop (Load Line) Setting

As shown in Figure 6, the current |, denotes the sensed

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

load current increases, |, also increases and creates a

! "CSN
voltage drop across R, and makes V_,, lower than the
V¢ as follows.

k x

DRP’

| xR
_ _ out DC
Veap =Vpac —lesn XRpre =Vpac _(— XRprp

Resn XN

where R is the DCR of output inductor, Nis the operation
phase number, and | .. denotes the total load current.

In steady state, the output voltage is regulated to V.. As
the total load current I . increases, |, increases
proportionally, making V_,, 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

Load Line = AVour _ Rpc XRpre
Resn XN

AIOUT

T

Functional Description

IccMAX Alert and Total Output Over Current
Protection (OCP)

As shown in Figure 8, the sensed current | ., is mirrored
internally and fed to ISUM pin (ISUMA for VccGT) as |,
for SVID IccMAX Alert function and total output over current
protection (OCP). Aresistor R ., is connected from ISUM
pinto GND. This current flows through the resistor R g,
creating voltage drop across it. As the total load current
increases, the voltage on ISUM pin (V) 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.

| __15  NxRegy
OUT _lccMAX — R R
ISUM DC
SMBus \csp
ow+<ii_J <

ICCMAX —o 15V

Alert

SVID AID
Register Converter

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.

)
c
<

A

2
o
z

g

15 NxReey

RISUM RDC

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.

x1.3

lout _OocP =

14
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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

Operating Condition
Total Output OCP Ratio
3-Phase | 2-Phase | 1-Phase
3-Phase 1 2/3 5/12
Hardware 1, ppose| - 1 213
Configuration
1-Phase - - 1
Output Current Reporting
Refer to Figure 8, the sensed current |, is also separately

mirrored and fed to IMON pin (IMONA for VccGT) as |,
for SVID output current reporting function. Connect a resistor
R,yon from IMON pin to GND. The current |, flows through
the resistor R, creating voltage drop across it. As the
total load current increases, the voltage on IMON pin (V)
increases proportionally. An internal analog-to-digital
converter (ADC) converts V, . to adigital content for output
current reporting through SVID interface. As V,, voltage
increases, the SVID register 0x15h content increases. The
IMON voltage has typically 600mV offset, which means
V uon = 600mV and SVID register 0x15h = 00h. The ADC
input range is typically 1.5V, which means the SVID register
0x15h = FFh when V. = 2100mV. Further increase of
V uon (>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 Ox15h = FFh is calculated as follows.

15 NxResy

RIMON RDC
Note that the resistance value of R, must be between

10kQ to 60k 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,, | . After
resistor RIMON is determined, the C__  is then calculated

by

IOUTSV,DOxlSh:FFh =

IMON

_160x10°°
4x Rimon

Cimon

Functional Description

Then choose a capacitance value that is closest to but not
greater than the calculationforC , .

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,, exceeds V., + 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_, is lower than V_,, - 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 ENtoggling. 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.

L

RDC
where L is the outputinductor, R is its parasitic resistance
and k is a constant. Theoretically, if k = 1, the sensed
current signal I ., can be expressed as follows.

k x

= Respx XCesx

| _lix XRpe
CSNx — R
CSNx
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L
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Ira

Figure 9. Phase Current Sense

The sensed current |, 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 MOSFETSs 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, must be less than 2kQ to
ensure the current sensing circuit in normal operation. The
resistance of R . and the default per-phase OCP level can

CSNx
be obtained using equation as follows.

IOCP _ perphase X RD(:
Resnx =
100uA

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. Aprecision current source
flows out of the TSENSE pin through the temperature sense
network to create a voltage drop V_ ... On this pin. As
regulator temperature rises, the V., .. decreases. Therefore
the controller detects the V., . 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 (106°C).

Functional Description

The temperature for SVID thermal alert and VRHOT#
assertion is 103°C and 106°C, 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 7.32kQ as
R., and 100kQ/B = 4250 NTC thermistor by Murata
(NCP15WF104F03RC). R, is reserved for fine tune.

|TSENSEGD
TSENSE

VRHou_\[t_l %
<]

SMBus — —

Figure 10. Regulator Temperature Sense

—~220 N\

~

90 100 110 120 130 140 150
Sensed Temperature (°C)

Figure 11. TSENSE/TSENSEA Pin Voltage and Sensed
Temperature

Control Loop

The uP9506 adopts the uPI proprietary RCOT*™ 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.. is compared to the internal ramp to initiate a
PWM on-time. The RCOT*™ features easy design, fast
transient response and is smooth mode transition and
especially suitable for powering the microprocessor.

16
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Functional Description

SVID
HEX

V

DAC

V)

SVID
HEX

V

DAC

V)

SVID
HEX

V

DAC

V)

SVID
HEX

V

DAC

V)

SVID
HEX

DAC

V)

SVID
HEX

DAC

\2)

SVID
HEX

DAC

V)

0x00

0.000

0x25

0.430

Ox4A

0.615

Ox6F

0.800

0x94

0.985

0xB8

1.165

OxDC

1.345

0x01

0.250

0x26

0.435

0x4B

0.620

0x70

0.805

0x95

0.990

0xB9

1.170

OxDD

1.350

0x02

0.255

0x27

0.440

ox4C

0.625

0x71

0.810

0x96

0.995

OxBA

1.175

OxDE

1.355

0x03

0.260

0x28

0.445

0x4D

0.630

0x72

0.815

0x97

1.000

0OxBB

1.180

OxDF

1.360

0x04

0.265

0x29

0.450

Ox4E

0.635

0x73

0.820

0x98

1.005

0OxBC

1.185

OxEO

1.365

0x05

0.270

Ox2A

0.455

Ox4F

0.640

0x74

0.825

0x99

1.010

0xBD

1.190

OxE1l

1.370

0x06

0.275

0x2B

0.460

0x50

0.645

0X75

0.830

Ox9A

1.015

OXBE

1.195

OxE2

1.375

0x07

0.280

0x2C

0.465

0x51

0.650

0Xx76

0.835

0x9B

1.020

OxBF

1.200

OxE3

1.380

0x08

0.285

0x2D

0.470

0x52

0.655

ox77

0.840

0x9C

1.025

0xCO

1.205

OxE4

1.385

0x09

0.290

Ox2E

0.475

0x53

0.660

0x78

0.845

0x9D

1.030

0xC1

1.210

OxXE5

1.390

Ox0A

0.295

Ox2F

0.480

0x54

0.665

0x79

0.850

Ox9E

1.035

0OxC2

1.215

OXE6

1.395

0x0B

0.300

0x30

0.485

0x55

0.670

OX7A

0.855

Ox9F

1.040

OxC3

1.220

OXE7

1.400

0x0C

0.305

0x31

0.490

0x56

0.675

0x7B

0.860

O0xAO0

1.045

OxC4

1.225

OXES8

1.405

0x0D

0.310

0x32

0.495

0x57

0.680

0x7C

0.865

OxA1l

1.050

0xC5

1.230

OxE9

1.410

Ox0E

0.315

0x33

0.500

0x58

0.685

0x7D

0.870

OxA2

1.055

0xC6

1.235

OxXEA

1.415

OxOF

0.320

0x34

0.505

0x59

0.690

OX7E

0.875

OxA3

1.060

OxC7

1.240

OxEB

1.420

0x10

0.325

0x35

0.510

Ox5A

0.695

OX7F

0.880

0xA4

1.065

0xC8

1.245

OXEC

1.425

Ox11

0.330

0x36

0.515

0x5B

0.700

0x80

0.885

OxA5

1.070

0xC9

1.250

OXED

1.430

0x12

0.335

0x37

0.520

0Ox5C

0.705

0x81

0.890

OxA6

1.075

OxCA

1.255

OXEE

1.435

0x13

0.340

0x38

0.525

0x5D

0.710

0x82

0.895

OxA7

1.080

0xCB

1.260

OXEF

1.440

0x14

0.345

0x39

0.530

Ox5E

0.715

0x83

0.900

OxA8

1.085

0xCC

1.265

OxFO

1.445

0x15

0.350

Ox3A

0.535

Ox5F

0.720

0x84

0.905

OxA9

1.090

OxCD

1.270

OxF1

1.450

0x16

0.355

0x3B

0.540

0x60

0.725

0x85

0.910

OxAA

1.095

OxCE

1.275

OxF2

1.455

ox17

0.360

0x3C

0.545

0Ox61

0.730

0x86

0.915

OxAB

1.100

OxCF

1.280

OxF3

1.460

0x18

0.365

0x3D

0.550

0x62

0.735

0x87

0.920

OxAC

1.105

0OxDO

1.285

OxF4

1.465

0x19

0.370

Ox3E

0.555

0x63

0.740

0x88

0.925

OxXAD

1.110

OxD1

1.290

OxF5

1.470

Ox1A

0.375

Ox3F

0.560

0Ox64

0.745

0x89

0.930

OXAE

1.115

0xD2

1.295

OxF6

1.475

0x1B

0.380

0x40

0.565

0x65

0.750

Ox8A

0.935

OxAF

1.120

0xD3

1.300

OxF7

1.480

0x1C

0.385

0x41

0.570

0x66

0.755

0x8B

0.940

0xBO

1.125

0xD4

1.305

OxF8

1.485

0x1D

0.390

0x42

0.575

0x67

0.760

0x8C

0.945

0xB1

1.130

0xD5

1.310

OxF9

1.490

Ox1E

0.395

0x43

0.580

0x68

0.765

0x8D

0.950

0xB2

1.135

0OxD6

1.315

OxFA

1.495

Ox1F

0.400

Ox44

0.585

0x69

0.770

Ox8E

0.955

0xB3

1.140

0xD7

1.320

OxFB

1.500

0x20

0.405

0x45

0.590

Ox6A

0.775

Ox8F

0.960

0xB4

1.145

0OxD8

1.325

OxFC

1.505

0x21

0.410

0x46

0.595

0Ox6B

0.780

0x90

0.965

0xB5

1.150

0xD9

1.330

OxFD

1.510

0x22

0.415

0x47

0.600

0x6C

0.785

0x91

0.970

0xB6

1.155

OxDA

1.335

OxFE

1.515

0x23

0.420

0x48

0.605

0x6D

0.790

0x92

0.975

0xB7

1.160

OxDB

1.340

OxFF

1.520

0x24

0.425

0x49

0.610

Ox6E

0.795

0x93

0.980
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Functional Description

Table 7. Supported SVID Data and Configuration Register

Index Register Name Access Default Description
00h Vender ID RO 27h | Vender ID
01h Product ID RO 1Fh | Product ID
02h Product Revision RO 01h  |Product Revision
05h Protocol ID RO 05h Identifies what version of SVID protocol the controller
supports.
Bit mapped register, identifies the SVID VR
06h Capability RO 81h | capabilities and which of the optional telemetry are
supported.
10h Status 1 R-M. W-PWM 00h Data reglster read after the alert# signal is asserted.
- Conveying the status of the VR.

11h Status 2 R-M, W-PWM 00h Data Register showing status_2 data. Conveying the
— status of the SVID bus.

15h Output Current R-M, W-PWM - Averaged output current.

This register contains a copy of the status2 data that
1Ch Status_2_LastRead | R-M, W-PWM 00h was last read with the GETREG (status2) command.
21h ICC Max RO Platform B Data register containing the Icc maximum the platform

- supports.

Data register containing the temperature max the
22h Temp_Max RO Platform 6Ah | platform support and the level VRHOT# asserts.

Binary format in °C, i.e. 6Ah = 160°C.

Data register containing the capability of fast slew
24h SR_Fast RO 0Ch |rate the platform can sustain. Binary format in mV/us,

i.e. 0Ch = 12mV/us.

Data register containing the capability of slow slew
25h SR_Slow RO 06h rate. Binary format in mV/us, i.e. 06h = 6mV/us.
26h Vboot RO Platform -- Data register containing Vboot voltage in VID steps.
2Ah Slow Slew Selector RW Master 01h | Slew rate register must reflect actual slew rate.

. This register holds an encoded value that represents
2Bh PS4 Exit Latency RO 95h the VR PS4 exit latency. 95h represents 160us

. This register holds an encoded value that represents
2Ch PS3 Exit Latency RO 45h the VR PS3 exit latency. 45h represents 5us

This register holds an encoded value that represents
2Dh | Enable to SVID Ready RO C9N 1 ihe VR ENABLE to Ready. COh represents 2304us
30h Vout Max RW Master FBh This register is programmed by the master and sets

the maximum VID the VR will support.

18
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Table 7. Supported SVID Data and Configuration Register (Cont.)

Functional Description

Index Register Name Access Default Description

31h VID Setting RW Master 00h Data register containing currently programmed VID
voltage.
Register containing the current programmed power

32h Power State RW Master 00h State

33h Voltage Offset RW Master 00h Set offset in VID steps added to the VID setting for
voltage margining.

34h Multi VR Config RW Master 01h Bit mapped_ data register which configures multiple
VRs behavior on the same bus.

B Scratch pad register for temporary storage of the

35h SetRegADR RW Master SetRegADR pointer register.

42h VID1-VID R/W 00h | VID associated with the max current defined in IVID1-|
The max current (1A/bit) expected when the VID is set

43h VID1 RIW FFh as: VID1-VID > VID > VID2-VID

44h VID2-VID R/W 00h | VID associated with the max current defined in IVID2-I
The max current expected when the VID is set as:

45h Vib2-l RIW FFh VID2-VID 2VID > IVID3-VID

46h IVID3-VID R/W 00h | VID associated with the max current defined in IVID3-I
The max current expected when the VID is set as:

47h VID3-I RW FFh VID3-VID > VID

uP9506-DS-FO0AO, Jul. 2018
Www.upi-semi.com

19



) mICro

POWER INTELLECT

uP9506

Functional Description

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
VceGT 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.

VMO, VM1 (SVMO for VccGT): Define the thresholds for
three load current states (LCSO0, LCS1 and LCS2) for Vcore.
The Vcore controller converts ISUM pin voltage V., to a
digital content, which represents the total output current.
The VMO 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 VMO and VM1 content and 1.5V
(oot cemaxe T€fer 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: Vg, > VMO, highest load current state.
LCS1: VMO >V, > VM1
LCS2: VM1 >V lowest load current state.

ISUM’
VMO_Hys, VM1_Hys (SVMO_Hys for VccGT): Define the
hyteresis of VMO and VML1. 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).

VOFSO0, VOFS1, VOFS2 (SVOFS0, SVOFS1 for VecGT):
Define the offset voltage in each load current state. 8-bits
content setting with 5mV/step.

IICFO, IICF1, lICF2 (SIICFO, SIICF1 for VccGT): Define
the switching frequency in each load current state. The
switching frequency is defined as the ratio to current setting
per R and Vin.

TONSET

[ICPO, IICP1, ICP2 (SIICPO, SIICP1 for VccGT): Define
the operating phase number in each load current state.
The operating phase number can be full-phase to single-
phase.

[ICLLO, lICLL1, HCLL2 (SIICLLO, 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
VceGT): IMONOVR controls the overwrite for SVID register
0x15h. OC/UV/QV 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 VeccGT): This register reports real lout
value (OOhwhenV, . =0.6V, FFhwhenV  =2.1V).

VOUT (SVOUT for VecGT): 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).

20

uP9506-DS-FO0AOQ, Jul. 2018
WWW.upi-semi.com



MICIO uP9506

POWER INTELLECT

Functional Description

Table 8. SMBus Configuration Register

Reg | Focus

Addr. | Rail Register Name | Access | Default Description
Set internal ISUM voltage level O
VISUM > Level 0 => LCSO (highest current state)
ox01 | Veore VMO[7:2] RIW 00h VMO setting is defined as the ratio to ISUM pin voltage to

1.5V (when Vcore output current reaches its Iccmax).
VMO = (Bit[7:2] / 64) x lccmax
Bit[1:0] don't care

Set internal ISUM voltage level 1

Level 0 > VISUM > Level 1 => LCS1

VISUM < Level 1 => LCS2

0x02 | Vcore VM1[7:2] R/W 00h | VML setting is defined as the ratio to ISUM pin voltage to
1.5V (when Vcore output current reaches its Iccmax).
VM1 = (Bit[7:2] / 64) x lccmax

Bit[1:0] don't care

Set internal ISUMA voltage level 0

VISUMA > Level 0 => SLCSO (highest current state)
VISUMA < Level 0 => SLCS1 (lowest current state)

0x03 |VceGT SVM2[7:2] R/W 00h | SVMO setting is defined as the ratio to ISUMA pin voltage
to 1.5V (when VccGT output current reaches its Iccmax).
SVMO = (SVMO[7:2] / 64) x lccmax

Bit[1:0] don't care

Bit[7]: Don't care

VM1_Hys[6:4]: Set VM1 Hysteresis, 8 steps

Hys = (lccmax / 100) x (2 + bit[6:4])

VM1_Hys[6:4] RIW 00oh Bit[3]: Don't care

VMO_Hys[2:0] VMO_Hys[2:0]: Set VMO Hysteresis, 8 steps

Hys = (lccmax / 100) x (2 + bit[2:0])

Hysteresis is defined as the ratio of ISUM pin voltage to
1.5V (when Vcore output current reaches its Iccmax)

0x04 | Vcore

Bit[7]: Don't care

Bit[6:4]: Reserved for internal test purpose. Do not
change these bits.

SVMO_Hys|[3]: Don't care

SVMO_Hys[2:0]: Set SVMO Hysteresis, 8 steps

Hys = (IccmaxA / 100) x (2 + bit[2:0])

Hysteresis is defined as the ratio of ISUMA pin voltage to
1.5V (when VccGT output current reaches its Iccmax)

0x05 |VceGT| SVMO_Hys[2:0] | RW 00h

VccGT operation phase number setting
SICP1[7]: Phase Number of VccGT SLCS1

SICP1[7] SICPO[6]: Phase Number of VccGT SLCSO
Veore SICPO[6] 0: 2 Phase, 1: 1 Phase
0x06 VccG'I,' IICP2[5:4] R/W 00h | Vcore operation phase number setting

IICP1[3:2] IICP2[5:4]: Phase Number of Vcore LCS2

IICPO[1:0] IICP1[3:2]: Phase Number of Vcore LCS1
IICPO[1:0]: Phase Number of Vcore LCSO
00: 3 Phase, 01: 3 Phase, 10: 2 Phase, 11: 1 Phase

uP9506-DS-FO0AOQ, Jul. 2018 21
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Functional Description

Table 8. SMBus Configuration Register (Cont.)

Reg
Addr.

Focus
Rail

Register Name

Access

Default

Description

ox07

Vcore

VOFS0[7:0]

RW

00h

Voltage offset of Vcore LCSO. (5mV / step)

Bit7 is sign bit, "0" = positive offset; "1" = negative offset
00000000 = +0mV

00000001 = +5mV

00111111 = +315mV

01111111 = +635mV

11111111 =-5mV

11111110 = -10mV

11000000 = -320mV

10000000 = -640mV

0x08

Vcore

VOFS1[7:0]

RW

00h

Voltage offset of Vcore LCS1. (5mV / step)

Bit7 is sign bit, "0" = positive offset; "1" = negative offset
00000000 = +0mV

00000001 = +5mV

00111111 = +315mV

01111111 = +635mV

11111111 =-5mV

11111110 = -10mV

11000000 = -320mV

10000000 = -640mV

0x09

Vcore

VOFS2[7:0]

R/W

00h

Voltage offset of Vcore LCS2. (5mV / step)

Bit7 is sign bit, "0" = positive offset; "1" = negative offset
00000000 = +0mV

00000001 = +5mV

00111111 = +315mV

01111111 = +635mV

11111111 =-5mV

11111110 = -10mV

11000000 = -320mV

10000000 = -640mV

Ox0A

VeeGT

SVOFS1[7:0]

RIW

00h

Voltage offset of VccGT SLCS1. (5mV / step)

Bit7 is sign bit, "0" = positive offset; "1" = negative offset
00000000 = +0mV

00000001 = +5mV

00111111 = +315mV

01111111 = +635mV

11111111 =-5mV

11111110 =-10mV

11000000 = -320mV

10000000 = -640mV
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Table 8. SMBus Configuration Register (Cont.)

Functional Description

Reg

Addr.

Focus
Rail

Register Name

Access

Default

Description

0x0B

Vcore

ICFO[7:4]
ICF1[3:0]

RW

88h

IICFO[7:4] : operating frequency of Vcore LCSO,

default = 100%.

IICF1[3:0] : operating frequency of Vcore LCS1,

default = 100%

0000 = 60%; 0001 = 65%; 0010 = 70%;

0011 = 75%; 0100 = 80%; 0101 = 85%;

0110 = 90%; 0111 = 95%; 1000 = 100% (default);

1001 = 125%; 1010 = 150%; 1011 = 175%;

1100 = 200%,; 1101 = 225%,; 1110 = 250%; 1111 = 275%

0x0C

Vcore

ICF2[7:4]

RW

88h

IICF2[7:4]: operating frequency of Vcore LCS2, default =
100%

0000 = 60%; 0001 = 65%; 0010 = 70%;0011 = 75%;
0100 = 80%; 0101 = 85%; 0110 = 90%; 0111 = 95%;
1000 = 100% (default); 1001 = 125%, 1010 = 150%;
1011 = 175%; 1100 = 200%; 1101 = 225%;

1110 = 250%; 1111 = 275%

Bit[3:0] : Don't care

0x0D

Vcore

ICLLO[7:4]
ICLL1[3:0]

RW

88h

IICLLO[7:4]: Load line setting of Vcore LCSO,
default = 100%

(min = 0%, max = 187.5%, 12.5% / step)
IICLL1[3:0]: Load line setting of Vcore LCS1,
default = 100%

(min = 0%, max = 187.5%, 12.5% / step)

OxOE

Vcore

ICLL2[7:4]

RW

88h

IICLL2[7:4]: Load line setting of Vcore LCS2,
default = 100%

(min = 0%, max = 187.5%, 12.5% / step)
Bit[3:0] : Don't care

OxOF

Vcore

CB_EN[7]
PH1_IGAIN[6:4]
PH2_IGAIN[2:0]

RW

44h

CB_ENI[7] : On/Off control of Vcore current balance
function, default = ON,

0 = ON (current balance function is enabled)

1 = OFF (current balance function is disabled)

PH1 IGAIN[6:4]: Vcore PHASEL current balance gain
adjustment, default = 100%

000 = 50%; 001 = 62.5%; 010 = 75%; 011 = 87.5%;
100 = 100% (default); 101 = 112.5%; 110 = 125%;
111 =137.5%

Bit[3]: Don't care

PH2_IGAIN[2:0]: Vcore PHASE?2 current balance gain
adjustment, default = 100%

000 = 50%; 001 = 62.5%; 010 = 75%; 011 = 87.5%;
100 = 100% (default); 101 = 112.5%; 110 = 125%;
111 = 137.5%
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Table 8. SMBus Configuration Register (Cont.)

Reg | Focus . _

addr. | Rail Register Name | Access | Default Description
Bit[7]: Don't care
PH3_IGAIN[6:4]: Vcore PHASE3 current balance gain
adjustment, default = 100%

0x10 | Vcore | PH3_IGAIN[6:4] RW 44h | 000 = 50%; 001 = 62.5%; 010 = 75%; 011 = 87.5%;
100 = 100% (default); 101 = 112.5%; 110 = 125%;
111 = 137.5%
Bit[3:0]: Don't care
Bit[7]: Don't care
PH1_lOS[6:4]: Vcore PHASEL current balance offset
adjustment, default = OuA
000 = OuA (default); 001 = 2uA; 010 = 4uA; 011 = 6UA;

PH1 10S[6:4] 100 = 8uA; 101 = 10uA; 110 = 12uA; 111 = 14uA

OxL1 | Veore PH2_I0S[2:0] RIW 00h Bit[3]: Don't care
PH2_10S[2:0]: Vcore PHASE?2 current balance offset
adjustment, default = OuA
000 = OuA (default); 001 = 2uA; 010 = 4uA; 011 = 6UA;
100 = 8uA; 101 = 10uA; 110 = 12uA; 111 = 14uA
Bit[7]: Don't care
PH3 10S[6:4]: Vcore PHASE3 current balance offset

PH3 10S[6:4] adjustment, default = OuA

Oz veore | praospo) | RW | 99" 1000 = 0uA (default); 001 = 2A; 010 = 4uA; 011 = 6uA;
100 = 8uUA; 101 = 10UA; 110 = 12uA; 111 = 14uA
Bit[3:0]: Don't care
Vcore Rcomp resistor setting
RCOMP1][7:4]: single-phase operation compensation
resistor setting,

. RCOMP1 = 25K x (1 + Bit[7:4] ), min = 2.5K, max = 40K,
0x13 | Vcore Eggmiégg% R/W B7h | default = 30K
' RCOMP2[3:0]: multi-phase operation compensation
resistor setting,
RCOMP2 = 2.5K x (1 + Bit[3:0] ), min = 2.5K, max = 40K,
default = 10K
24 uP9506-DS-FO0AOQ, Jul. 2018
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Table 8. SMBus Configuration Register (Cont.)

Reg
Addr.

Focus
Rail

Register Name

Access

Default

Description

0x14

Vcore,
VeeGT

SGCOMP[7:4]
GCOMPJ[3:0]

R/W

00h

SGCOMPJ[7]: VccGT OTA Gm value selection

0 = force to use default value (2020uA/V), SGCOMPI6:4]
setting will be ignored (default);

1 = use the value setin SGCOMP[6:4]

SGCOMP[6:4]: VccGT transconductance Gm setting,
applied to all operating phase number, defined as the ratio
to default (=2020uA/V)

000 = 1X (default); 001 = 1.17X; 010 = 1.31X;

011 = 1.45X; 100 = 1.69X; 101 = 0.81X; 110 = 0.6X;

111 = 0.33X

GCOMP[3] : Vcore OTA Gm value selection

0 = force to use default value (2020uA/V), GCOMP[2:0]
setting will be ignored (default);

1 = use the value set in GCOMP[2:0]

GCOMP[2:0] : Vcore transconductance Gm setting, applied
to all operating phase number, defined as the ratio to
default (=2020uA/V)

000 = 1X (default); 001 = 1.17X; 010 = 1.31X;

011 = 1.45X; 100 = 1.69X; 101 = 0.81X; 110 = 0.6X;

111 = 0.33X

0x15

Vcore

LCHVID[7:0]

RW

ABh

Vcore latch VID register. Default = ABh (1.100V).

0x16

Vcore

IOUT[7:0]

RO

Vcore real lout reporting.

ox17

Vcore

VOUT[7:0]

RO

Vcore output voltage reading.

Voltage reading value in VOUT[7:0] can be from A/D result
of actual output voltage, or can be a copy of SVID register
0x31h (VID_Setting) content. Misc2[6] determines the data
source of VOUTI[7:0]

0x18

Vcore

Protect_Ind[5:0]

RO

00h

Vcore protection indicator, indicating which protection is
triggered

Bit[7:6]: Don't care

Protect_Ind[5]: OCP indicator

0 = Not active; 1 = Active

Protect_Ind[4]: Per phase OCP indicator

0 = Not active; 1 = Active

Protect_Ind[3]: OVP indicator

0 = Not active; 1 = Active

Protect_Ind[2]: UVP indicator

0 = Not active; 1 = Active

Protect_Ind[1:0]: Per phase OCP indicator if Protect Ind[4]
=1

phase 1 = 01; phase 2 = 10; phase 3 = 11; phase 4 = 00;
Report value of Protect_Ind[1:0] is valid only when
Protect_Ind[4] =1
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Table 8. SMBus Configuration Register (Cont.)

Reg
Addr.

Focus
Rail

Register Name

Access

Default

Description

0x19

Vcore

Total OCP[7:4]

RIW

80h

Total OCPJ[7:4]: Vcore total output current OCP setting
Setting is defined as the ratio to 1.5V ISUM pin voltage,
default = 130%

0000 = 50%; 0001 = 60%; 0010 = 70%,; 0011 = 80%;
0100 = 90%; 0101 = 100%; 0110 = 110%,; 0111 = 120%;
1000 = 130% (default); 1001 = 140%; 1010 = 150%; 1011
= 160%;

1100 = 170%,; 1101 = 180%,; 1110 = 190%; 1111 = 200%
Bit[3:0]: Don't care

Ox1A

Vcore

IMONOVR([7:6]
OCI[5:4]
UVI[3:2]
OVI[1:0]

RIW

40h

IMONOVR([7]: Overwrite SVID 0x15h (IMON) for Vcore,
default = Disable

1 = Enable; 0 = Disable

IMONOVR[6]: Overwrite SVID 0x15h (IMON) ratio for
Vcore, default = 1/2

1 =1/2 (default); 0 = 1/4

OC]J5:4]: Vcore per phase OCP threshold, default = 100uA
00 = 100uA (default); 01 = 120UA;

10 = 140uA; 11 = 160uA

UV][3:2]: Vcore UVP threshold setting, default = 400mV
00 =400mV (default); 01 = 500mV;

10 =600mV; 11 = 700mV

OVI1:0]: Vcore OVP threshold setting, default = 400mV
00 =400mV (default); 01 = 500mV;

10 =600mV; 11 = 700mV

0x1B

Shared

OCP_delay [7:2]

RIW

68h

Both Vcore and VccGT share the same setting
OCP_Delay[7:5]: Total OCP delay time, default = 20us
000 =5us; 001 = 10us; 010 = 15us; 011 = 20us (default);
100 = 25us; 101 = 30us; 110 = 35us; 111 = 40us
OCP_Delay[4:2]: Per phase OCP delay time, default = 6us
000 = 2us; 001 = 4us; 010 = 6us (default); 011 = 8us;

100 = 10us; 101 = 12us; 110 = 14us; 111 = 16us

Bit[1:0]: Don't care

ox1C

Vcore,
VeeGT

VR_SR[6:4]
SVR_SR[2:0]

RIW

22

Bit[7]: Don't care

VR_SR[6:4]: Vcore d-VID fast slew rate selection. Default
=12mV/us.

000 = 3mV/us; 001 = 7.5mV/us; 010 = 12mV/us (default);
011 = 16.5mV/us; 100 = 21mV/us; 101 = 25.5mV/us;

110 = 30mV/us; 111 = 34.5mV/us

Note: Alert# assertion timing follows SetVID command
Bit[3]: Don't care

SVR_SR[2:0]: VccGT d-VID fast slew rate selection.
Default = 12mV/us.

000 = 3mV/us; 001 = 7.5mV/us; 010 = 12mV/us (default);
011 = 16.5mV/us; 100 = 21mV/us; 101 = 25.5mV/us;

110 = 30mV/us; 111 = 34.5mV/us

Note: Alert# assertion timing follows SetVID command
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Table 8. SMBus Configuration Register (Cont.)

Functional Description

Reg
Addr.

Focus
Rail

Register Name

Access

Default

Description

0x1D

Vcore

Misc1[7:0]

RW

OFh

This register is for Vcore

Miscl[7]: Full offset function (allow maximum offset =
+1.275V), default = disable

0 = disable (default, offset is limited within +/- 0.635V)
1 = enable (Note that overall Vout is limited up to 2.555V)
Misc1[6]: VDAC voltage control

0 = SVID Reg. 0x31h VDAC follow SVID command
(default)

1 = SVID Reg. 0x31h VDAC ignore SVID command
Misc1[5]: Power state control

0 = SVID Reg. 0x32h PWR state follow SVID command
(default)

1 = SVID Reg. 0x32h PWR state ignore SVID command
Misc1[4]: Offset control

0 = SVID Reg. 0x33h Offset follow SVID command
(default)

1 = SVID Reg. 0x33h Offset ignore SVID command
Misc1[3]: Total output OCP control

0 = Disable total output OCP function

1 = Enable total output OCP function (default)

Miscl[2]: Per-phase OCP control

0 = Disable per-phase OCP function

1 = Enable per-phase OCP function (default)

Misc1[1]: OVP control

0 = Disable OVP function

1 = Enable OVP function (default)

Misc1[0]: UVP control

0 = Disable UVP function

1 = Enable UVP function (default)
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Table 8. SMBus Configuration Register (Cont.)

Reg
Addr.

Focus
Rail

Register Name

Access

Default

Description

Ox1E

Vcore

Misc2[7:0]

R/W

0Ch

This register is for Vcore

Misc2[7]: Spread spectrum for switching frequency

0 = Disable Spread Spectrum (default)

1 = Enable Spread Spectrum

Misc2[6]: Selection of the data source of SMBus Reg.
0x17h Vcore output voltage reading (VOUT[7:0])

0 = VID code of SVID register 0x31h (VID_Setting)
(default)

1 = Actual Vout A/D result

Misc2[5]: Output voltage offset enable control

0 = Disable offset (Offset setting in SMBus Reg.
0x07h~0x09h) (default)

1 = Enable Offset

Misc2[4]: Auto Phase function enable control

0 = Disable Auto Phase (default)

(Note: Follow IICPO if 0x1D[5] = 1, or follow SVID_PS if
0x1D[5] = 0)

1 = Enable Auto Phase

Misc2[3]: DCM enable control when in single-phase
operation

0 = Disable DCM (Always in CCM)

1 = Enable DCM, PSM/USM is further selected by
Misc2[1] (default)

Misc2[2]: Load line enable control

0 = Disable Load Line (LL = 0)

1 = Enable Load Line (default)

Misc2[1]: USM/PSM selection, valid only when Misc2[3] =
1 (enable DCM)

0 = PSM (Default)

1 =USM

Misc2[0]: Reserved for internal test purpose. Do not
change this bit

Ox1F

Shared

WD[7:5]

RW

00h

WD[7]: Watchdog function

1 = Enable; 0 = Disable (default)

WD[6]: Watchdog status

0 = SMBus transactions occurred within watchdog period
1 = time between SMBus transaction exceeds watchdog
period

When the watchdog function is enabled, if no SMBus
transactions occur within a selected period (800ms or
1600ms), all register contents will be reset to default value.
This bit is cleared by SMBus read from this register.
WD[5]: Watchdog period

0 = 800ms (default); 1 = 1600ms

Bit[4:0]: Don't care
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Table 8. SMBus Configuration Register (Cont.)

Reg
Addr.

Focus
Rail

Register Name

Access

Default

Description

0x22

Vcore,
Shared

SYSFAULTEN[6]
OTPEN[5]
TEMP_VRHOT[4:0]

RW

05h

This register is for Vcore

SYSFAULTENI6]: SYSFAULT function enable/disable
control.

0 = Disable (default); 1 = Enable

OTPENI5]: Controller OTP (thermal shutdown) function
enable/disable control.

0 = Disable (default); 1 = Enable

TEMP_VRHOT[4]: VRHOT# function enable/disable
control

0 = Enable (default); 1 = Disable

TEMP_VRHOT][3:0]: SVID Reg. 0x12h shift left by LSB.
Temperature setting range is from 91°C to 121°C,
3°C/LSB, default = 106°C,

0000 = No Shift; 0001 = Shift 1LSB; 0010 = Shift 2LSB;
0011 = Shift 3LSB; 0100 = Shift 4LSB;

0101 = Shift 5LSB (default); 0110 = Shift 6LSB;

0111= Shift 7LSB; 1000 = Shift 8LSB;

1001 = Shift 9LSB; 1010 = Shift 10LSB

0x23

Vcore

TB[7:0]

R/W

44h

Vcore TB in multi-phase operation (PS0)

TB[7]: 0 = Disable (default); 1 = Enable

TB[6:4]:

000 = 0mV; 001 = 10mV; 010 = 20mV; 011 = 30mV;
100 = 40mV (default); 101 = 50mV; 110 = 60mV;
111 =70mV

Vcore TB in single-phase operation (PS1/2/3)

TB[3]: 0 = Disable (default); 1 = Enable

TB[2:0]:

000 = 0mV; 001 = 10mV; 010 = 20mV; 011 = 30mV;
100 = 40mV (default); 101 = 50mV; 110 = 60mV;
111 =70mV

0x24

Vcore

TRIG[7:0]

RW

D%Sh

Vcore TB Vtrig limit in multi-phase operation (PS0)
TRIG[7]: 0 = Disable; 1 = Enable(default)

TRIG[6:4]:

000 = 1.25V; 001 = 1.30V; 010 = 1.35V; 011 = 1.40V;
100 = 1.45V; 101 = 1.50V(default); 110 = 1.60V;

111 =1.70V

Vcore TB Vtrig Limit in single-phase operation (PS1/2/3)
TRIG[3]: 0 = Disable; 1 = Enable(default)

TRIG[2:0]:

000 =1.25V; 001 = 1.30V(default); 010 = 1.35V;

011 =1.40V; 100 =1.45Vv; 101 = 1.50V; 110 = 1.60V;
111 =1.70V
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Table 8. SMBus Configuration Register (Cont.)

Reg
Addr.

Focus
Rail

Register Name | Access | Default Description

0x25

Vcore

TBCUTOFF[7:6]: Vcore TB cut-off frequency control

00 = 100kHz (default); 01 = 100kHz; 10 = 200kHz; 11 =
300kHz

TBTONI5:3]: Vcore TB ON time when in multi-phase
operation (PS0)

000 = 200ns; 001 = 300ns; 010 = 400ns;

011 = 500ns(default); 100 = 600ns; 101 = 700ns;

RW 1Bh |110 = 800ns; 111 = 900ns

TBTONI2:0]: Vcore TB ON time when in single-phase
operation (PS1/2/3)

000 = 200ns; 001 = 300ns; 010 = 400ns;

011 = 500ns(default); 100 = 600ns; 101 = 700ns;

110 = 800ns; 111 = 900ns

(The above TB ON time value is based on Vin = 12V. TB
ON time is fixed and it is independent of Vin)

TBCUTOFF[7:6]
TBTON[5:0]

0x26

Vcore

Vcore lout reporting trimming

IOUTR][7:4] is for 1-phase DCM

IOUTR][7] is sign bit, O = positive offset, 1 = negative
offset

IOUTR[6:4] is amount of adjustment

0001 = +1, 0111 = +7 (positive maximum)
IOUTR][7:0] R/W 00h [1001 =-7, 1111 =-1, 1000 = -8 (negative maximum)
IOUTR[3:0] is for 1-phase CCM

IOUTR][3] is sign bit, O = positive offset, 1 = negative
offset

IOUTR[2:0] is amount of adjustment

0001 = +1, 0111 = +7 (positive maximum)

1001 =-7, 1111 = -1, 1000 = -8 (negative maximum)

0x27

Vcore

This register is for Vcore

ITB[7:4]: Internal Testing Bit

15mV x ITB[7:4], default = 120mV

DPI[3:0]: on-time fixed during dVID when Vout is below
voltage set by DPI[2:0]

R/W 8Ch |DPI[3]: fixed on-time function enable/disable control,
0 = Disable; 1 = Enable (default)

DPI[2:0]: voltage threshold setting

000 = 160mV; 001 = 320mV; 010 = 480mV;

011 = 640mV; 100 = 800mV (default); 101 = 960mV;
110 =1120mV; 111 = 1280mV

TB[7:4]
DPI[3:0]
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Table 8. SMBus Configuration Register (Cont.)

ARd?jgr. F(F);;Lijls Register Name | Access | Default Description
Vcore internal ramp slope setting
RAMP[7:4] is for multi-phase operation, default = 100%
0000 = 60%; 0001 = 65%; 0010 = 70%; 0011 = 75%;
0100 = 80%; 0101 = 85%; 0110 = 90%; 0111 = 95%;
1000 = 100% (default); 1001 = 105%; 1010 = 110%;
1011 = 115%; 1100 = 120%,; 1101 = 125%;
1110 = 130%; 1111 = 135%
0x28 | Vcore RAMPJ[7:0] R/W 88h | Note that RAMP[7:4] setting will be ignored when in single-
phase operation
RAMPJ[3:0] is for single-phase operation, default = 100%
0000 = 60%; 0001 = 65%; 0010 = 70%; 0011 = 75%;
0100 = 80%; 0101 = 85%; 0110 = 90%; 0111 = 95%;
1000 = 100% (default); 2001 = 105%; 1010 = 110%;
1011 = 115%; 1100 = 120%,; 1101 = 125%;
1110 = 130%; 1111 = 135%
0x29 | VeeGT| SVOFSO0[7:0] RW 00h | Voltage offset of VccGT SLCSO. (5mV / step)
SIICFO[7:4]: operating frequency of VccGT SLCSO, default
=100%
SIICF1[3:0]: operating frequency of VccGT SLCS1, default
=100%.
OX2A | VeeGT g:gggg} RW | 88h |0000 = 60%; 0001 = 65%; 0010 = 70%;0011 = 75%;
’ 0100 = 80%; 0101 = 85%; 0110 = 90%; 0111 = 95%;
1000 = 100% (default); 1001 = 125%, 1010 = 150%;
1011 = 175%,; 1100 = 200%,; 1101 = 225%;
1110 = 250%; 1111 = 275%
SICLLO[7:4]: Load line setting of VccGT SLCSO, default =
100%
SICLLO[7:4] (default 100%, min 0%, max 187.5%, 12.5 % / step)
O0x2B | VecGT SICLL1[3:0] RIW 88h SICLL1[3:0]: Load line setting of VccGT SLCS1, default =
100%
(default 100%, min 0%, max 187.5%, 12.5 % / step)
SCB_EN[7]: On/Off control of VccGT current balance
function, default = ON
0 = ON (current balance function is enabled)
1 = OFF (current balance function is disabled)
SPH1_IGAIN[6:4]: VccGT PHASEL current balance gain
adjustment, default = 100%
SCB_EN[7] 000 = 50%; 001 = 62.5%; 010 = 75%; 011 = 87.5%;
0x2C | VccGT | SPH1_IGAIN[6:4] | R/W 44h |100 = 100% (default); 101 = 112.5%; 110 = 125%;
SPH2_IGAIN[2:0] 111 =137.5%
Bit[3]: Don't care
SPH2_IGAIN[2:0]: VccGT PHASE?2 current balance gain
adjustment, default = 100%
000 = 50%; 001 = 62.5%; 010 = 75%; 011 = 87.5%;
100 = 100% (default); 101 = 112.5%; 110 = 125%;
111 = 137.5%
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Reg
Addr.

Focus
Rail

Register Name

Access

Default

Description

0x2D

VeeGT

SPH1_I0S[6:4]
SPH2_I0S[2:0]

RW

00h

Bit[7]: Don't care

SPH1_10S[6:4]: VccGT PHASEL current balance offset
adjustment, default = OuA

000 = OuA (default); 001 = 2uA; 010 = 4uA; 011 = 6UA,;
100 = 8uA; 101 = 10uA; 110 = 12uA; 111 = 14uA
Bit[3]: Don't care

SPH2_10S[2:0]: VccGT PHASE?2 current balance offset
adjustment, default = OuA.

000 = OuA (default); 001 = 2uA; 010 = 4uA; 011 = 6UA;
100 = 8uA; 101 = 10uA; 110 = 12uA; 111=14uA

Ox2E

VceGT

SRCOMP1[7:4]
SRCOMP2[3:0]

RW

73h

VceGT Rcomp resistor setting

SRCOMP1 [7:4]: single-phase operation compensation
resistor setting,

SRCOMP1 = 25K x (1 + bit[7:4] ), min = 2.5K, max =
40K, default = 20K

SRCOMP?2 [3:0]: multi-phase operation compensation
resistor setting,

SRCOMP2 = 2.5K x (1 + bit[3:0] ), min = 2.5K, max =
40K, default = 10K

Ox2F

VeeGT

SRAMP[7:0]

R/W

88h

VceGT internal ramp slope setting

SRAMP[7:4] is for multi-phase operation

0000 = 60%; 0001 = 65%; 0010 = 70%; 0011 = 75%;
0100 = 80%; 0101 = 85%; 0110 = 90%; 0111 = 95%;
1000 = 100% (default); 1001 = 105%; 1010 = 110%;
1011 = 115%; 1100 = 120%; 1101 = 125%;

1110 = 130%; 1111 = 135%

SRAMP[7:4] setting will be ignored when in single-phase
operation

SRAMPJ3:0] is for single-phase operation

0000 = 60%; 0001 = 65%; 0010 = 70%; 0011 = 75%;
0100 = 80%; 0101 = 85%; 0110 = 90%; 0111 = 95%;
1000 = 100% (default); 1001 = 105%; 1010 = 110%;
1011 = 115%; 1100 = 120%; 1101 = 125%;

1110 = 130%; 1111 = 135%

0x30

VeeGT

SLCHVID[7:0]

R/W

ABh

VccGT latch VID register. Default = ABh (1.100V).

0x31

VeeGT

SIOUT[7:0]

RO

VccGT real lout reporting.

0x32

VeceGT

SVOUT[7:0]

RO

VccGT output voltage reading.

Voltage reading value in SVOUT][7:0] can be from A/D
result of actual output voltage, or can be a copy of SVID
register 0x31h (VID_Setting) content. SMisc2[6]
determines the data source of SVOUT][7:0].
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Reg
Addr.

Focus
Rail

Register Name

Access

Default

Description

0x33

VceGT

SProtec_Ind[5:0]

RO

00h

VccGT protection indicator, indicating which protection is
triggered.

Bit[7:6]: Don't care

SProtec_Ind[5]: OCP Indicator

0 = Not active, 1 = Active

SProtec_Ind[4]: Per phase OCP indicator

0 = Not active, 1 = Active

SProtec_Ind[3]: OVP indicator

0 = Not active, 1 = Active

SProtec_Ind[2]: UVP indicator

SProtec_Ind[1:0]: Per phase OCP indicator if
SProtec_Ind[4]=1

phase 1 = 01; phase 2 = 10; Report value of
SProtec_Ind[1:0] is valid only when SProtec_Ind[4] = 1.

0x34

VeeGT

STotal OCP[7:4]

R/W

80h

STotal OCP[7:4]: VccGT total output current OCP setting
Setting is defined as the ratio to 1.5V ISUMA pin voltage,
default = 130%

0000 = 50%; 0001 = 60%; 0010 = 70%; 0011 = 80%;
0100 = 90%; 0101 = 100%; 0110 = 110%; 0111 = 120%;
1000 = 130% (default); 1001 = 140%; 1010 = 150%;
1011 = 160%,; 1100 = 170%,; 1101 = 180%;

1110 = 190%; 1111 = 200%

Bit[3:0]: Don't care

0x35

VeceGT

SIMONOVR][7:6]
SOCI[5:4]
SUV[3:2]
SOV[1:0]

RW

40h

SIMONOVR][7]: Overwrite SVID 0x15h (IMON) for VccGT,
default = Disable

1 = Enable; 0 = Disable (default)

SIMONOVR][6]: Overwrite SVID 0x15h (IMON) ratio for
VceGT, default = 1/2

1 =1/2 (default); 0 = 1/4

SOC|[5:4]: VccGT per phase OCP threshold, default =
100uA

00 = 100uA (default); 01 = 120UA;

10 = 140uA; 11 = 160uA

SUVJ3:2]: VecGT UVP threshold setting, default = 400mV
00 = 400mV (default); 01 = 500mV;

10 = 600mV; 11 = 700mV

SOVJ[1:0]: VccGT OVP threshold setting, default =
400mvV

00 = 400mV (default); 01 = 500mV;

10 =600mV; 11 = 700mV
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Reg
Addr.

Focus
Rail

Register Name

Access

Default

Description

0x36

VeeGT

SMiscl[7:0]

RW

OFh

This register is for VecGT

SMiscl[7]: Full offset function (allow maximum offset =
+1.275V), default = disable

0 = disable (default, offset is limited within +/- 0.635V)
1 = enable (Note that overall Vout is limited up to
2.555V)

SMisc1[6]: VDAC voltage control

0 = SVID Reg. 0x31h VDAC follow SVID command
(default)

1 = SVID Reg. 0x31h VDAC ignore SVID command
SMiscl1[5]: Power state control

0 = SVID Reg. 0x32h PWR state follow SVID command
(default)

1 = SVID Reg. 0x32h PWR state ignore SVID command
SMiscl[4]: Offset control

0 = SVID Reg. 0x33h Offset follow SVID command
(default)

1 = SVID Reg. 0x33h Offset ignore SVID command
SMiscl[3]: Total output OCP control

0 = Disable total output OCP function

1 = Enable total output OCP function (default)
SMiscl1[2]: Per-phase OCP control

0 = Disable per-phase OCP function

1 = Enable per-phase OCP function (default)
SMisc1[1]: OVP control

0 = Disable OVP function

1 = Enable OVP function (default)

SMiscl [0]: UVP control

0 = Disable UVP function

1 = Enable UVP function (default)
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Reg
Addr.

Focus
Rail

Register Name

Access

Default

Description

0x37

VeeGT

SMisc2[7:0]

R/W

0Ch

This register is for VecGT

SMisc2[7]: Spread spectrum for switching frequency
0 = Disable Spread Spectrum (default)

1 = Enable Spread Spectrum

SMisc2[6]: Selection of the data source of SMBus Reg.
0x32h VccGT output voltage reading (SVOUT[7:0])

0 = VID code of SVID register 0x31h (VID_Setting)
(default)

1 = Actual Vout A/D result

SMisc2[5]: Output voltage offset enable control

0 = Disable offset (Offset setting in SMBus Reg. 0x29h,
0x0A) (default)

1 = Enable Offset

SMisc2[4]: Auto Phase function enable control

0 = Disable Auto Phase (default)

Note: Follow SICPO if 0x36[5] = 1, or follow SVID_PS if
0x36[5]=0

1 = Enable Auto Phase

SMisc2[3]: DCM enable control when in single-phase
operation

0 = Disable DCM (Always in CCM)

1 = Enable DCM, PSM/USM is further selected by
SMisc2[1] (default)

SMisc2[2]: Load line enable control

0 = Disable Load Line (LL = 0)

1 = Enable Load Line (default)

SMisc2[1]: USM/PSM selection, valid only when
SMisc2[3] = 1 (enable DCM)

0 = PSM (Default)

1=USM

SMisc?2[0]: Reserved for internal test purpose. Do
not change this bit.
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Functional Description

Table 8. SMBus Configuration Register (Cont.)

Reg |Focus
Addr.| Rail

Register Name

Access

Default

Description

0x38 | VceGT

STEMP_VRHOT[4:0]

RW

05h

This register is for VccGT

Bit[7:5]: Don't care

STEMP_VRHOT[4]: VRHOT# function enable/disable
control

0 = Enable (default); 1 = Disable

STEMP_VRHOT[3:0]: SVID Reg. 0x12h shift left by LSB.
Temperature setting range is from 91°C to 121°C,
3°C/LSB, default = 106°C

0000 = No Shift; 0001 = Shift 1LSB; 0010 = Shift 2LSB;
0011 = Shift 3LSB; 0100 = Shift 4LSB;

0101 = Shift 5LSB (default); 0110 = Shift 6LSB;

0111= Shift 7LSB; 1000 = Shift 8LSB;

1001 = Shift 9LSB; 1010 = Shift 10LSB

0x39 | VceGT

STB[7:0]

R/W

44h

VccGT TB in multi-phase operation (PS0)

STB[7]: 0 = Disable (default); 1 = Enable

STB[6:4]:

000 =0mV; 001 =10mV; 010 = 20mV; 011 = 30mV;
100 = 40mV (default); 101 = 50mV; 110 = 60mV;
111 = 70mV

VccGT TB in single-phase operation (PS1/2/3)
STB[3]: 0 = Disable (default); 1 = Enable

STB[2:0]:

000 =0mV; 001 =10mV; 010 = 20mV; 011 = 30mV;
100 = 40mV (default); 101 = 50mV; 110 = 60mV;,
111 =70mV

Ox3A |VceGT

STRIG[7:0]

R/W

D9h

VceGT TB Virig limit in multi-phase operation (PSO0)
STRIG[7]: 0 = Disable; 1 = Enable (default);
STRIG[6:4]:

000 =1.25V; 001 =1.30V; 010 =1.35V; 011 = 1.40V;,
100 = 1.45V; 101 = 1.50V(default); 110 = 1.60V ;

111 =1.70V

VceGT TB Virig Limit in single-phase operation (PS1/2/3)
STRIG[3]: 0 = Disable; 1 = Enable(default)

STRIG[2:0]:

000 =1.25V; 001 = 1.30V(default); 010 = 1.35V;

011 =1.40V; 100 = 1.45V; 101 = 1.50V; 110 = 1.60V;
111 =1.70V
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Functional Description

Table 8. SMBus Configuration Register (Cont.)

Reg
Addr.

Focus
Rail

Register Name

Access

Default

Description

0x3B

VceGT

STBCUTOFF[7:6]
STBTON[5:0]

RW

1Bh

STBCUTOFF[7:6]: VccGT TB cut-off frequency control
00 = 100kHz (default); 01 = 100kHz; 10 = 200kHz;

11 = 300kHz

STBTONI5:3]: VccGT TB ON time when in multi-phase
operation (PS0)

000 = 200ns; 001 = 300ns; 010 = 400ns;

011 = 500ns(default); 100 = 600ns; 101 = 700ns;

110 = 800ns;

111 = 900ns

STBTONJ[2:0]: VccGT TB ON time when in single-phase
operation (PS1/2/3)

000 = 200ns; 001 = 300ns; 010 = 400ns;

011 = 500ns(default); 100 = 600ns; 101 = 700ns;

110 = 800ns; 111 = 900ns

(The above TB ON time value is based on Vin=12V. TB
ON time is fixed, and it is independent of Vin)

0x3C

VceGT

SIOUTR[7:0]

RW

00h

VceGT lout reporting trimming

SIOUTR([7:4] is for 1-phase DCM

SIOUTRJ7] is sign bit, 0 = positive offset, 1 = negative
offset

SIOUTRI[6:4] is amount of adjustment

0001 = +1, 0111 = +7 (positive maximum)

1001 =-7, 1111 = -1, 1000 = -8 (negative maximum)
SIOUTRJ[3:0] is for 1-phase CCM

SIOUTRJ[3] is sign bit, 0 = positive offset, 1 = negative
offset

SIOUTRJ[2:0] is amount of adjustment

0001 = +1, 0111 = +7 (positive maximum)

1001 =-7, 1111 = -1, 1000 = -8 (negative maximum)

0x3D

VceGT

SITB[7:4]
SDPI[3:0]

RW

8Ch

This register is for VccGT

SITB[7:4]: Internal Testing Bit

15mV x SITB[7:4], default = 120mV

SDPI[3:0]: on-time fixed during dVID when Vout is below
voltage set by SDPI[2:0]

SDPI[3]: fixed on-time function enable/disable control,
0 = Disable; 1 = Enable (default)

SDPI[2:0]: voltage threshold setting

000 = 160mV; 001 = 320mV; 010 = 480mV;

011 = 640mV; 100 = 800mV (default);

101 =960mV; 110 = 1120mV; 111 = 1280mV

Ox3E

Vcore

Vboot[7:0]

RW

00h

Vcore Vboot voltage setting

8-bit content, setting range is from 0.250V(01h) to
1.520V(FFh).

Default = 00h, it means the Vboot voltage follows hardware
setting.

Note: This function is valid only if use default SMBus device
address 0x88h, and write data to this register before EN
go high.
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Functional Description

Table 8. SMBus Configuration Register (Cont.)

Reg | Focus . I

Addr. | Rail Register Name | Access | Default Description
VcceGT Vboot voltage setting
8-bit content, setting range is from 0.250V(01h) to
1.520V(FFh).

0GE | VeeoT SVboot[7:0] RIW 00h Default = OOh,_ it means the Vboot voltage follows
hardware setting.
Note: This function is valid only if use default SMBus
device address 0x88h, and write data to this register
before EN go high.
Vcore SMBus thermal monitor value reading.

. This register stores the value of A/D conversion for

0x40 | Vcore TM[7:0] RO 00h TSENSE pin.
Maximum reported value is 0x96h (150°C).
VceGT SMBus thermal monitor value reading.

. This register stores the value of A/D conversion for

0x41 | VccGT STMI[7:0] RO 00h TSENSEA pin.

Maximum reported value is 0x96h (150°C).
OASS_F[7:4] Set overshoot adjustment during dynamic VID transition
0x42 | Vcore o ASS_S[3:0] R/W 63h |Bit[7:4]: for SetVID fast up event
- Bit[3:0]: for SetVID slow up event
SOASS_ F[7:4] Set gvgrshoot adjustment during dynamic VID transition
0x43 | VecGT SOASS_S[3:0] R/W 63h |Bit[7:4]: for SetVID fast up event
- Bit[3:0]: for SetVID slow up event
0x48 | Shared Version ID RO 02h
0xB2 | Shared CHIP ID RO 2Ah
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(Note 1)

Absolute Maximum Rating

Supply Input Voltage VCC to GND -0.3Vto +6V
Supply Input Voltage PVCC to GND -0.3Vto+15Vv
VINSEN -0.3Vto+30V
BOOTXx to PHx -0.3Vto +15V
PHx to GND

DC -0.7Vto+15V

<200ns -8Vto +30V
BOOTxtoGND

DC -0.3Vto (PVCC+15V)

<200ns -0.3Vto +42V
UGx to PHx

DC -0.3Vto (BOOTx-PHx+0.3V)

<200ns -5V to (BOOTx-PHx+0.3V)
LGx to GND

DC -0.3Vto (PVCC+15V)

<200ns -5Vto (PVCC+0.3V)
Other Pins -0.3Vto+6V
Storage Temperature Range -65°C to +150°C
Junction Temperature 150°C
Lead Temperature (Soldering, 10 sec) 260°C
ESD Rating (Note 2)

HBM (Human Body Mode) 2kvV

MM (Machine Mode) 200V

Package Thermal Resistance (Note 3)

Thermal Information

VQFN7X7 -60L 6, 31°C/W
VQFN7X7-60L6 . 2°C/W
Power Dissipation, P, @ T, =25°C
VQRNT7x7 -60L 3.23W
Recommended Operation Conditions
(Note 4)

Operating Junction Temperature Range
Operating Ambient Temperature Range
Supply Input Voltage VCC

-40°Cto+125°C

-40°Cto +85°C

4.5V105.5V

Supply Input Voltage PVCC

10.8Vt013.2V

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. 8,, is measured in the natural convection at T, = 25°C on a low effective thermal conductivity test board of

JEDEC 51-3 thermal measurement standard.
Note 4. The device is not guaranteed to function outside its operating conditions.
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(VCC =5V, PVCC =12V, T,= 25°C, unless otherwise specified)

Electrical Characteristics

Parameter Symbol Test Conditions Min | Typ | Max | Units
VCC Supply Input
VCC POR Threshold POR,.. |VCCrising 40 | 43 | 45 \
VCC POR Hysteresis HYS, .cror - 0.3 - \
Supply Current Lee E\,)IVI?/I Sn\(; sVV\(/:i(t)crﬁir?gnd VecGTVID =0V, |- 7 -- mA
Shutdown Current hec ston |[EN=0V - 50 - UA
Supply Current in PS4 hec pss  |EN =5V, PS4 state - 150 - UA
PVCC Supply Input
PVCC POR Threshold POR, .. |PVCCrising - 8 - \%
PVCC POR Hysteresis HYS,, ccror - 2 - \%
Supply Current byvee ECIVIT/I i\é S\/V;?gﬁ"?;d VecGT VID=0V, - 250 - UA
Shutdown Current lovee sion |EN =0V - - 80 UA
Error Amplifier
Offset Voltage Vosen -1 - 1 mV
Trans-Conductance GM - 12020 | -- UAN
Gain Bandwidth Product GBW(EA) Guaranteed by Design - 10 - MHz
DAC Voltage Accuracy
x:g =0.75V to 1.52V, percentage to 05 B 05 %
DAC Voltage Accuracy Vore | VID = 05V 10 0.745V 8 | - | 8 | mv
VID = 0.25V to 0.495V -10 -- 10 mV
Slew Rate
Slew Rate Fast SR_Fast | SetVID_Fast 10 12 - n;\s{/
Slew Rate Slow SR_Slow gletVID_Slow, SVID register 0x2Ah = 5 6 B n:nJ\S//

40
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Electrical Characteristics

Parameter Symbol Test Conditions Min | Typ | Max | Units
EN Input
Input High Vi 0.8 - - \%
Input Low L - - 0.3 \%
Pull-Low Current len oo EN =0V 1 2 3 UA
VIN Sense
VINSEN POR Threshold PORcen | VINSEN rising - 6 | - |V
VINSEN POR Threshold PORcen | VINSEN falling ~ | 45| - |V
Input Current Lnsew  |EN =5V, VINSEN = 12V ~ | 30 | - | uA
PWM On-Time Setting
PWM On-Time T, Xi:'i’i’i ok Fewea0oktiz ~ |s00| ~ | ns
Minimum Off-Time Torr wm Single phase operation - 1300 | - ns
Current Senese Amplifier for Total Current Summing
Offset Voltage Vosen -1 - 1 mV
Input Bias Current lea Ve = 1.2V, guaranteed by design -10 - 10 nA
Maximum Sourcing Current lwaxsre 100 | -- - UA
Gain Bandwidth Product Guyen | CGuaranteed by Design - 10 - | MHz
Current Senese Amplifier for Phase Current Balance
Offset Voltage Vosea -1 - 1 mV
Input Bias Current lea Vep = 1.2V, guaranteed by design -10 - 10 nA
Maximum Sourcing Current hiaxsre 100 | -- - UA
Gain Bandwidth Product Gowea Guaranteed by Design - 10 - MHz
PWM Output
Output Low Voltage Voreww | lsnk = 4MA - - 0.2 \%
Output High Voltage Vorewwy | lsource = 4MA 4.7 - - \%
High Impedance State Leakage bueaio | Vown = OV il 0 uA
IF,WNLleakl Vo = 2V 0 - 1 UA
Source Current bwu sre  |EN =5V, during function setting period - 10 - UA
SVID IccMAX Register Setting
PWM3_IMAX and PWM2_IMAXA pin
A/D Accuracy voltage = 1.51V, read SVID register 147 | 151 | 155 | DEC
0x21h
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Electrical Characteristics

Parameter Symbol Test Conditions Min | Typ | Max | Units
SCLK, SDIO, ALERT#, VRHOT#
Input Low Voltage (SCLK, SDIO) Vi svp - - 045 | V
Input High Voltage (SCLK, SDIO) Vi svp 065 | - - \%
ALERTH VRO, | Rase 4] - |1 e
Leakage Current (SCLK, SDIO, | 1 B 1 UA
ALERT#, VRHOT#) L_Ssvib
VR_RDY, SYSFAULT#
Output Low Voltage VoL lp = 4MA -- - 0.2 \%
Output Leakage Current I Pull up to 5V - - 1 UA
Current Monitoring for Protection
Current Mirror Accuracy o 1O g, ratio 95 | 100 | 105 %
Current Monitoring for Reporting
Current Mirror Accuracy Lo 1O legy, ratio 95 | 100 | 105 %
Offset Voltage Vion ors | SVID register 0x15h readout = 00h - 600 - mV
Output Voltage Vion | SVID register 0x15h readout = FFh - |12100| - mvVv
Current Monitoring for Droop
Current Mirror Accuracy | 1O Igy ratio 95 | 100 | 105 %
PROG1, PROG2
Source Current b rocsre - 40 -- UA
Leakage Current bros rene I;Er%(jx = 0V, after function setting B B 1 UA
Thermal Monitoring
Source Current Leense | EN =5V, Ry =10kQ 57 60 63 UA
Alert# Assert Threshold Viense: | Temperature ADC result = 103°C - 182 - mV
Alert# De-Assert Threshold Voenses | Temperature ADC result = 100°C - 193 - mV
VRHOT# Assert Threshold Voenses | Temperature ADC result = 106°C - 172 - mV
VRHOT# De-Assert Threshold Visenses | Temperature ADC result = 103°C - | 182 | - mV
External MOSFET Driver Enable Control
Output Voltage High Level Vorerre on |EN =5V, Rypern = 10kQ - 2.4 - \%
Output Voltage Low Level V EN=0V,R =10kQ - 0 - \%

DRCTRL_L

DRCTRL

42

uP9506-DS-FO0AOQ, Jul. 2018
WWW.upi-semi.com




) MICro

POWER INTELLECT

uP9506

Electrical Characteristics

Parameter Symbol Test Conditions Min | Typ | Max | Units
MOSFET Gate Drivers
Upper Gate Source Rue sre 1S§\L/Jrce current = 80mA, Vooor - Veu = | 2 4 Q
Upper Gate Sink Ruc o 1S;\1j( current = 80mA, Vo, - Vo, = N 1 5 o
Lower Gate Source Rcsre | Source current = 80mA - 2 4 Q
Lower Gate Sink R s | Sink current = 80mA - 08 | 1.6 Q
Dead Time Torweie |FTOMUG<1Vio LG>1V - 30 - ns
Dead Time Toroue |FrOMLG <1V io UG > 1V - 30 - ns
Bootstrap Diode
Forward Voltage V. Forward bias current = 3.5mA - 1033| - Vv
Over Voltage Protection
OVP Threshold Ve Ve - Ve - | 400 | - | mV
OVP Delay Time Tove beLAY - 5 - us
Under Voltage Protection
UVP Threshold Vi Ve " Ves - | 400 | - mvV
UVP Delay Tove pELAY - 7.5 - us
Over Current Protection
éLCEMR;i QSLSEeS_II_()) rjl'ﬁe\;{slﬁol d Visum aerr | Measure ISUMx voltage -- 15 -- \Y,
Total Current OCP Threshold Vi ocs '\0"532‘::5”'8”'\"’( voltage, full phase - |1es| ~ | v
Total Current OCP Delay Toce1 pELAY - 20 - us
Per-Phase OCP Threshold locps Measure |, current - | 100 | - UA
Per-Phase OCP Delay Tocra pELAY - 6 - us
Thermal Shutdown Protection
Thermal Shutdown Threshold Tor Guaranteed by Design - 160 | -- oC
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Vcore Power On from EN

T 1

| — 1
LI L L L L B

Lo EN@VDIV) e T ]
1->f : : : : : : : : 1

[ ... .VR_READY.(5V/Div} - : - .

-

- Vour (200mV/Div) .

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

ouT

Vcore SetVID_Fast Upward

E T 1
LI L I I B

s Vour (100mV/Div) - -]

Time : 10us/Div
VID=0.3V1t0 0.9V

Vcore SetVID_Slow Upward

E 1

* Vour.(100mV/Div) . 7

ALERT# (1V/Div) ]

CSO# (1V/Div)

Time : 20us/Div
VID=0.3Vt0 0.9V

Typical Operation Characteristics

Vcore Power Off from EN

LT 1
T

Time : 400us/Div

V=12V, 1, = 1A

ouT

Vcore SetVID_Fast Downward

E T 1
LI L I B B

N L ;
‘ “Vour {100mV/Div):

Time : 10us/Div
VID=0.9V1t0 0.3V

Vcore SetVID_Slow Downward

E + 1
R IEEE s e e e R EE s e
:_VOUT:(]‘OOmV/Di'VE)""E""E""E ....... _'

ALERT# (LV/DiV)

CSO# (LV/Div):

Time : 20us/Div
VID=0.9Vt0 0.3V
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Vcore SetVID_Decay

E T 1

b Vour (100mV/DIV) s
ALERT# (1V/Div)

CSO# (1V/Div)

Time : 100us/Div

VID=0.9V1t0 0.3V, | 5A

out —

Vcore Load Transient Response

E T 1

g T 1
LI L B L B L

e

Isense (500mMV/Div)

Vout (50mV/Div)

Time : 40us/Div
PSO,V_ _=0.9V,|_ _=14A~79A

ouT ? ouT

Vcore Over Current Protection

3 t 1
LI e
I I I I I I I I I ]

UG1 (20V/Div) 1

Eo Vour AVIDV) - T
4> : : : :

N 'EIOUT(SOA/DN)"'E ........ ’

Time : 200us/Div

lo,r Register Data (A)

Typical Operation Characteristics

Vcore Load Transient Response

E + 1
I [ I I T I I I I ]
L. e : : — ]
: “Isense: (500mV/Div) ]
T T

© Vout (SOmV/D IV) .

Time : 40us/Div
PSO,V_ _=0.9V,|_ _=14A~67A

ouT ? ouT

Vcore Over Voltage Protection

E 1
T T LI LA B e e e

UG1 (20V/Div)

Ly

Time : 10us/Div

Vcore IOUT Reporting

[}
o

[6)]
o

N
o

w
o

N
o

N\

0 10 20 30 40 50 60
Load Current (A)
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VccGT Power On from E

T 1
| — 1

R R A R B AR SRR
._._-J[E___EE_N_(lw_Div)ﬁ___E___E______E___E__j
opud S "
L. .0.VR_READY.(SV/DiV). ... ..[..................°

" Vour (200mV/Div). - .

e

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

ouT

VccGT SetVID_Fast Upward

E 1

L LI L L L BNLL L L BRI BN BN BRI L
: : : VOUT(lOOmV/DiV)E

ALERT# (1V/Div) ]

CSO# (1V/Div)

Time : 20us/Div
VID=0.3Vt0 0.9V

VcceGT SetVID

T

Slow Upward

E T

e e e
Vour (100mV/Div)

ALERT# (1V/Div)

CSO# (1V/Div) ]
! 1 | | | I | | |

Time : 20us/Div
VID =0.3Vt0 0.9V

Typical Operation Characteristics
VceGT Power Off from E

LT 1
| — 1

‘ VR_READY (5V/Div)’
2-»

_\VOUT(ZOOmV/DN) .
§|||||||||

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

ouT

VccGT SetVID_Fast Downward

3 T 1

L Voot (LOOMVIDIVY - - 5 v e el S

Time : 20us/Div
VID=0.9V1t0 0.3V

VccGT SetVID_Slow Downward

E 1

F Vour (100mV/Div) 1

- ALERT#
N (lV/DIV) :

D S R N L -
E&Y cso# (1vibiv) -

T

Time : 20us/Div
VID=0.9V1t0 0.3V
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VccGT SetVID_Decay

E 1

e
b Vour (100mMV/DIv). s E

ALERT# (1VIDiv)

CSO#:(1V/Div)

Time : 40us/Div

VID=0.9Vto 0.3V, | 5A

out —

VccGT Load Transient Response

E T 1
E T 1

Time : 100us/Div
=0.9V,l_ _=5A~51A

ouT ? ouT

PSO, V,

VccGT Over Current Protection

3 t 1
LI e
I I I I I I I I I ]

UGL (20V/Div) ]
I VR_Ready (5V/Div) Lo
ol i
o Vo @VIDY)
4-> X X X X
”s T e
lour (SOADI) N/
Lo b b b b b by b v b a by g v 0

Time : 200us/Div

lo,r Register Data (A)

Typical Operation Characteristics

VccGT Load Transient Response

E + |
T IR T T T T T T "]
. ISENSE(SOOmV/DN) ................. ]
e A J

Time : 100us/Div
=0.9V,|_ _=5A~43A

ouT ? TouT

PSO, V,

VccGT Over Voltage Protection

E 1

AL L

.......................... ooy

1_>_ ............................................... —

b eraovoiy

2> f f ] f f f f f .
: : : VIS?_Reaédy (5\/S/DiV)

L i;l.........ZVOUT(lVlDiV) ....... 3
qnnnnin | | | | | | | |

Time : 10us/Div

VccGT IOUT Reporting
40

35

30

25
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0 5 10 %5 20 25 30 35 40
Load Current (A)
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Package Information
VQFN7X7 - 60L

0.30-0.50

5.20-5.80

T Ijdtuduntouiuyp_]
— At
] ]
] ]
] ]
] ]
] ]

Z g -

: :E =
] ]
] ]
] ]
] ]
] ]

O
,,O\ AOOO OO T AR
8 6.90-7.10 | 040850+ —] l—0.15-025
Pin 1 mark Bottom View - Exposed Pad
0.80-1.00
L:D-D-D—D—D-D-D—D-D-D-D—D-D-D-D;i
T

0.00-0.05 0.20 REF

Note
1.Package Outline Unit Description:
BSC: Basic. Represents theoretical exact dimension or dimension target
MIN: Minimum dimension specified.
MAX: Maximum dimension specified.
REF: Reference. Represents dimension for reference use only. This value is not a device specification.
TYP. Typical. Provided as a general value. This value is not a device specification.
2.Dimensions in Millimeters.
3.Drawing not to scale.
4.These dimensions do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15mm.
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Important Notice

uPI and its subsidiaries reserve the right to make corrections, modifications, enhancements, improvements, and other changes to its products
and services at any time and to discontinue any product or service without notice. Customers should obtain the latest relevant information
before placing orders and should verify that such information is current and complete.

uPI products are sold subject to the terms and conditions of sale supplied at the time of order acknowledgment. However, no responsibility
is assumed by uPlI 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.

uPIl Semiconductor Corp.

Headquarter Sales Branch Office

9F.,No.5, Taiyuan 1st St. Zhubei City, 12F-5, No. 408, Ruiguang Rd. Neihu District,

Hsinchu Taiwan, R.O.C. Taipei Taiwan, R.O.C.

TEL:886.3.560.1666 FAX :886.3.560.1888 TEL:886.2.8751.2062 FAX:886.2.8751.5064
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