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uP9531P
Dual Output 2+1 Phase PWM Controller with 3 Embedded 5V

Drivers for AMD® SVI2 Mobile CPU Core Power

General Description

The uP9531P is an AMD® SVI2 compliant mobile CPU voltage regulator controller that integrates a 2-phase PWM
controller for VDD and a 1-phase PWM controller for VDDA. The VDD controller can be configured as 2/1-phase, and
the VDDA controller can be configured as1/0-phase (0 denotes VDDA controller is disabled) for platform power design
flexibility. The controller provides further flexible operating phase configuration to support 3+0 application.

This device has 3 embedded 5V MOSFET drivers with integrated bootstrap diodes. This device combines true
differential output voltage sense, inductor DCR current sense, input voltage sense and adaptive voltage positioning to
provide accurately regulated voltage for mobile CPU. It adopts uPI’s proprietary RCOT'™ (Robust Constant On-Time)
control topology to have fast transient response. The uP9531P supports diode emulation mode operation to enhance
the light load efficiency.

The uP9531P provides power good indicator and thermal hot indicator. It also provides complete fault protection
functions, including over voltage, under voltage, over current, thermal shutdown and under voltage lockout. The
uP9531P is available in WQFN5x5 - 40L package.

Features Ordering Information

1 AMD® svI2 Compliant

Order Number | Package Type | Top Markin
[0 RCOT'™ Control Topology ge yp P 9

B  Easy Setting uP9531PQKJ WQFN5x5-40L uP9531P
B Fast Transient Response

[0 3-Embedded MOSFET Drivers with Bootstrap Note:
Diode (1) Please check the sample/production availability with uPI

1 Flexible Operation Phase Configuration representatives.

(2) uPI products are compatible with the current IPC/JEDEC

u 2/1-Phase for VDD J-STD-020 requirement. They are halogen-free, RoHS compliant

B 1/0-Phase for VDDA and 100% matte tin (Sn) plating that are suitable for use in SnPb
u Support 3+0 Phase Application or Pb-free soldering processes.
O SYIZ Voltage I_Regulator Adc!ress Selection - Pin Configuration
[0 Diode Emulation Mode at Light Load Condition
[0 Function Setting Pin for Regulator Parameter
Setting £ 8E _ss22
[0  Inductor DCR Current Sense for Droop/Per Ii, Iz, Ii, Ii, Ii, Ii, Ii, Ii, Ii, Ii,
Phase OCP/Total Output OCP N ittt 8 PO
[0 Differential Remote Output Voltage Sense on [ | I
[0 Power Good Indicator Lor [ | [id] Pwro
[0  Temperature Sense and Thermal Hot Indicator pvee [ E i E; vee
[ OCP/UVP/OVP/UVLO/Thermal Shutdown e =
1 RoHS Compliant and Halogen Free ver BTl i i ri7] won
BOOT1 [38] : : 3] proc
. . w2 [0 | | 2] Tsen
Applications B = N == D
OM MM I E G 0 6 g
1 AMD® SVI2 Mobile CPU Voltage Regulator 8REs 828G
[0 Laptop Computer
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uP9531P

Typical Application Circuit
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Note 1:

To disable VDDA for 2+0 phase application,

CSNA should be pulled up to 5V with R=1kQ, and CSPA should be connected to GND.

Note 2:

To disable phase 2 of VDD for 1+1 phase application,
CSN2 should be pulled up to 5V with R=1kQ, and CSP2 should be connected to GND.

Note 3:

The program setting resistor of LG1,LG2 and LGA must be required within 15kQ to 65kQ.

Note 4:

For 3+0 phase application, IMONA should be pulled up to 5V with R=1kQ.
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Functional Pin Description

Pin No.

Name

Pin Function

uG2

Upper Gate Driver Output for VDD 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.

BOOT2

Bootstrap Supply of Upper Gate Driver for VDD Phase 2. This pin is the supply input for
the upper MOSFET gate driver. Connect the bootstrap capacitor Cgoor between BOOT2
pin and PH2 pin. The bootstrap capacitor provides the charge to turn on the upper
MOSFET. Use at least 0.1uF MLCC as Cgoor, and make sure it is placed close to the
controller.

POK

Power Good 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 POK (goes high) at
the end of both VDD and VDDA output ramping up to their Vboot voltage if no fault occurs.

FBRTN

Output Voltage Feedback Return for VDD and VDDA. This pin is the inverting input to
the differential voltage sense amplifier. Connect this pin directly to the processor output
voltage feedback return sense point, namely VSS_SENSE. For AMD processors, both the
VDD and VDDA outputs share the same output voltage feedback return input.

COMP

Output of Control Loop Error Amplifier for VDD. Connect a resistor in series with a
capacitor from this pin to GND for voltage control loop compensation.

FB

Inverting Input of the Error Amplifier for VDD.

CSP2

Positive Differential Current Sense Input for VDD Phase 2. When VDD phase 2 is not
used, short this pin to GND to let VDD voltage regulator operate in single phase
configuration.

CSN2

Negative Differential Current Sense Input for VDD Phase 2. When VDD phase 2 is not
used, pull high this pin to 5V through a 1kQ resistor to let VDD voltage regulator operate in
single phase configuration.

CSP1

Positive Differential Current Sense Input for VDD Phase 1.

CSN1

Negative Differential Current Sense Input for VDD Phase 1.

11

VRHOT#

Thermal Hot Indicator. This pin is an open drain structure and it is active low. Pull up this
pin through a proper resistor to a voltage source. The controller asserts VRHOT#(goes
low) when the voltage of TSEN or TSENA is lower than 2.2V.

12

TSEN

Thermal Sense Input for VDD. This pin is a multi-functional pin, and it provides three
functions as below.

1. Temperature sense input of VRHOT# indicator for VDD regulator. Connect a resistor
voltage divider with a specified negative temperature coefficient (NTC) thermistor network
from REFOUT pin to GND for VDD voltage regulator temperature sense.

2. VDD output voltage offset setting. Connect a resistor divider network to set the VDD
output voltage offset. The VDD output voltage is the sum of VID value and the voltage
offset. Refer to Output Voltage Offset section for detail.

3. Provide switching frequency compensation with load with TSENA pin for VDD and
VDDA. Refer to Switching Frequency Compensation section for detail.

13

PROG

Function Setting Pin. Connect a resistor voltage divider from REFOUT to GND to set the
regulator parameters, including initial start up voltage (Vboot) for VDDA, PWM on time,
operation phase configuration and downward slew rate of dynamic VID transition for VDD
and VDDA. Refer to related sections for detail.
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Functional Pin Description

Pin No.

Name

Pin Function

14

IMON

Output Current Monitor for VDD. The output current of this pin is proportional to the VDD
total load current. Connect a resistor network with NTC thermistor from this pin to REFOUT.
The voltage across IMON and REFOUT is proportional to the total load current. This voltage
is used for load line, total output over current protection and output current telemetry. Do not
connect any capacitor to this pin.

15

REFOUT

Reference Voltage Output. This pin outputs 1.2V as the reference voltage for IMON and
IMONA. Connect a capacitor from this pin to GND. Use a 0.1uF~0.47uF MLCC as Crgrour,
and place it close to this pin.

16

IMONA

Output Current Monitor for VDDA. The output current of this pin is proportional to the
VDDA total load current. Connect a resistor network with NTC thermistor from this pin to
REFOUT. The voltage across IMONA and REFOUT is proportional to the total load current.
This voltage is used for load line, total output over current protection and output current
telemetry. Do not connect any capacitor to this pin.

17

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.

18

PWROK

System Power OK Input. This pin receives the power good signal from system. Logic high
input to this pin indicates that all voltage planes and free-running clocks are within
specification. When PWROK deasserts (logic low) while EN=high, both VDD and VDDA
ramps to their Vboot voltage.

19

SVC

Serial VID Clock. SVC is a push-pull output of the processor.

20

SVvD

Serial VID Data. SVD is a push-pull with high-Z output of the processor. SVD can be driven
by the voltage regulator during the acknowledgement phase.

21

SVT

Serial VID Telemetry. SVT is a push-pull output of the controller.

22

VDDIO

Reference Voltage for Processor I/0 Signal. Connect a capacitor from this pin to GND.
VVDDIO serves as the reference for the miscellaneous processor 1/O signals including
PWROK, SVD, SVC, and SVT. VDDIO is used to power and reference the SVI2 related pins.

23

TSENA

Thermal Sense Input for VDDA. This pin is a multi-functional pin, and it provides three
functions as below.

1. Temperature sense input of VRHOT# indicator for VDDA regulator. Connect a resistor
voltage divider with a specified negative temperature coefficient (NTC) thermistor network
from REFOUT pin to GND for VDDA voltage regulator temperature sense.

2. VDDA output voltage offset setting. Connect a resistor divider network to set the VDDA
output voltage offset. The VDDA output voltage is the sum of VID value and the voltage
offset. Refer to Output Voltage Offset section for detail.

3. Provide switching frequency compensation with load with TSEN pin for VDD and VDDA.
Refer to Switching Frequency Compensation section for detail.

24

CSNA

Negative Differential Current Sense Input for VDDA. When WDDA regulator is not used,
pull high this pin to 5V through a 1kQ) resistor to disable the VDDA regulator.

25

CSPA

Positive Differential Current Sense Input for VDDA. When VDDA regulator is not used,
short this pin to GND to disable the VDDA regulator.

26

FBA

Inverting Input of the Error Amplifier for VDDA.
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Functional Pin Description

Pin No.

Name

Pin Function

27

COMPA

Output of Control Loop Error Amplifier for VDDA. Connect a resistor in series with a
capacitor from this pin to GND for voltage control loop compensation.

28

VINSEN

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

29

EN

Chip Enable Control Input. Pull this pin above 2V to enable the chip. Pull this pin below
0.8V to disable the chip. There is an internal 200kQ) pull-down resistor connected to the EN
pin to prevent inadvertently enable event.

30

BOOTA

Bootstrap Supply of Upper Gate Driver for VDDA. This pin is the supply input for the
upper MOSFET gate driver. Connect the bootstrap capacitor Cgoor between BOOTA pin and
PHA pin. The bootstrap capacitor provides the charge to turn on the upper MOSFET. Use at
least 0.1uF MLCC as Cgoot , and make sure it is placed close to the controller.

31

UGA

Upper Gate Driver Output for VDDA. 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.

32

PHA

Switch Node for VDDA. 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.

33

LGA

This pin is a multi-functional pin. It is the lower gate driver output for VDDA and also used to
set the VDDA droop (load line) function.

Lower Gate Driver Output for VDDA. 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.

VDDA Droop (Load Line) Setting. Connect a resistor from this pin to GND to set the droop
(load line) function for VDDA regulator. The resistor value should be within  15kQ) to 65kQ).
To keep function work normally, it is recommended that the total capacitance from LGA to
GND be lower than 6nF.

34

PVCC

Supply Input for Embedded MOSFET Driver. Connect this pin to 5V voltage source, and
bypass this pin to GND with at least 1.0uF MLCC placed very close to PVCC pin. PVCC
must share the same 5V power source with VCC.

35

LG1

This pin is a multi-functional pin. It is the lower gate driver output for VDD phase 1 and also
used to set the VDD droop (load line) function.

Lower Gate Driver Output for VDD 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.

VDD Droop (Load Line) Setting. Connect a resistor from this pin to GND to set the droop
(load line) function for VDD regulator. The resistor value should be within 15kQ to 65kQ. To
keep function working normally, it is recommended that the total capacitance from LG1 to
GND be lower than 6nF.
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Functional Pin Description

Pin No.

Name

Pin Function

36

PH1

Switch Node for VDD 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.

37

uG1

Upper Gate Driver Output for 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.

38

BOOT1

Bootstrap Supply of Upper Gate Driver for Phase 1. This pin is the supply input for the
upper MOSFET gate driver. Connect the bootstrap capacitor Cgoor 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 Cgoot, and make sure it is placed close to the controller.

39

LG2

This pin is a multi-functional pin. It is lower gate driver for VDD phase 2 and also used to set
the VDD and VDDA DVID boost function.

Lower Gate Driver Output for VDD Phase 2. 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.

VDD and VDDA DVID Boost Function. Connect a resistor from this pin to GND to set the
VDD and VDDA DVID boost function.The resistor value should be within  15kQ to 65kQ2. To
keep function work normally, it is recommended that the total capacitance from LG2 to GND
be lower than 6nF.

40

PH2

Switch Node for VDD 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.

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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Functional Block Diagram
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Functional Description

Power Input and Power On Reset

The uP9531P has two power inputs, VCC and PVCC. VCC pin is the 5V supply input for control logic circuit of the
controller. RC filter to VCC is required for locally bypassing this supply input. PVCC pin is the 5V supply power of three
integrated MOSFET gate drivers, RC filter to PVCC pin is not required. In addition, VINSEN pin is the power stage input
voltage sense input. The controller monitors the VINSEN input voltage for PWM on-time calculation and VIN detection.
VDDIO pin serves as the reference for PWROK, SVD, SVC, and SVT pins. VDDIO input voltage is monitored for power
on reset. EN pin is the chip enable input. Logic high input to this pin enables the controller, and logic low input to this pin
disables the controller. The five inputs above (VCC, PVCC, VINSEN, VDDIO 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 VINSEN voltage is monitored for power on reset with typically 5.3V threshold at its
rising edge. VDDIO input voltage is monitored for power on reset with typically 0.8V threshold at its rising edge. When
VCC, PVCC, VINSEN and VDDIO are all ready, the controller waits for EN to start up. When EN pin is driven above 2V,
the controller begins its start up sequence. When EN pin is driven below 0.8V, the controller is turned off, and it clears
all fault states to prepare to next start up once the controller is re-enabled. Anytime any one of the five inputs falls below
their power on reset level will shutdown the controller. However, VINSEN and VDDIO POR does not clear any fault
state. Note that only VCC or EN toggle clears all fault states. For example, if the controller shuts down due to the
over current protection tripping of VDD regulator, it is not expected to re-start up by toggling PVCC, VINSEN or VDDIO.

I
“2|'_2|“|E1 | 43vo— >
A vce * I

2.2uF |
i |—1 | 29Vo— 2
PVCC* I
I

! 2o Wi — POR
EN** + —

: 53Vo— -

VINSENH +

: 0.8V o— 7
VDDIOl——

I

I

Note:
PVCC must share the same power source with VCC.

5V0

Figure 1. Circuit of Power Ready Detection

Power Up Sequence

Figure 2 shows a typical power-up sequence of uP9531P. When VCC, PVCC, VINSEN and VDDIO inputs are all ready,
the controller waits for the EN signal to initiate the power on sequence. After EN goes high ( > 2.0V), the controller
waits for a delay time Ta ( about 2.4ms), then the VDD and VDDA output voltage starts to ramp up to their Vboot. The
time interval Tg is determined by the VID upward slew rate. For example, if VID ramps from 0V to 1.2V, with slew rate
12mV/us, then Tg =100us. The controller asserts POK when both VDD and VDDA rails are in regulation of the Vboot
voltage at the end of ramp up operation.
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Functional Description
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Figure 2. Power-Up Sequence Timing

Operation Phase Number Setting

The uP9531P supports operation phase disable function to increase the design flexibility of application. Platform power
designer can choose to disable some phases by hardware pin strap setting to meet their design requirement. The VDD
regulator supports 2/1-phase configuration, and the VDDA regulator supports 1/0-phase configuration. The minimum
operation phase number of VDD and VDDA is 1 and 0, respectively. Therefore the minimum operation phase
configuration is 1+0 phase, where 0 denotes the VDDA regulator is disabled. In general, to disable a specific phase,
pull up CSNx to VCC through a 1kQ resistor and tie CSPx to ground for that phase. The controller detects all the CSNx
and CSPx input voltage at VCC and EN power on reset to determine the operation phase number. Table 1 shows the
operation phase number setting.

Table 1. Operation Phase Number Setting

Supported Operation Pin Connection, Pull High / Pull Low to Target
Configuration
Phase Number CSP1 CSN1 CSP2 CSN2 CSPA CSNA
2+1 - - - - - -
2+0 - - - - GND VCC
2+1 Phase
1+1 - - GND VCC - -
1+0 - - GND VCC GND VCC
3+0 - - - - - -
3+0 Phase 2+0 - - - - GND VCC
1+0 - - GND VCC GND VCC
Note 1. " -- " denotes normal connection.
Note 2. Use 1kQ pull up resistor when pull up to VCC.
Note 3. Strictly follow the table for phase disable. Incorrect pin pull-up/down connection will cause catastrophic fault.
Note 4. For 3+0 phase application, IMONA should be connected to R=1kQ) to pull up to 5V.
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Functional Description

Operating Phase Number

On the basis of the maximum operation number determined by hardware pin strap setting described in the above
section, the operating phase number is further governed by the SVI2 command from processor. The SVI2 command
and operating phase number are shown in Table 2, in which CCM denotes continuous conduction mode, and PSM
denotes pulse skipping mode or diode emulation mode.

Table 2. SVI2 Command and Regulator Operating Phase Number

) . VDD Regulator VDDA Regulator
PSIO_Lbit | PSI1_L bit Operating Phase Ngumber and Mode | Operating Phase meber and Mode
1 1 Full Phase CCM 1-Phase CCM
1 0 Full Phase CCM 1-Phase CCM
0 1 1-Phase CCM 1-Phase CCM
0 0 1 Phase PSM 1-Phase PSM

Voltage Regulator Parameter Setting

The controller has dual outputs. They are VDD regulator and VDDA regulator. For each regulator, the controller
provides several parameters or function settings, such as initial boot up voltage (Vboot), dynamic VID transition boost,
DC load line, output voltage offset, PWM on time, SVI2 voltage regulator address selection, 3+0 phase application
support and audible noise reduction. These parameters and function settings are determined by different pins, and they
are detailed in the following sections.

Standard Initial Boot Up Voltage (Vboot)

The initial boot up voltage (Vboot) is determined upon the logic input to SVC and SVD pins during VCC and EN POR.
Table 3 shows the standard Vboot voltage for VDD and VDDA output. Upon receiving EN=high (after about 2.4ms
delay time), the VDD and VDDA output starts to ramp up to their Vboot voltage.

Table 3. Standard Vboot Voltage for Both VDD and VDDA

SvC SvD Vboot
0 0 1.1V
0 1 1.0V
1 0 0.9v
1 1 0.8V

Extended VDDA Initial Boot Up Voltage (Set by PROG Pin)

In addition to the standard Vboot voltage, the uP9531P features selectable initial start up voltage specifically for the
VDDA output. This function is set by the PROG pin. Figure 3 shows the connection of this pin. As shown in Table 4,
user can select 1.5V, 1.35V, 1.2V, or follow the SVI2 standard setting. This feature is utilized to extend the application
range of the VDDA regulator, such as for DDR memory power, which requires Vboot higher than the SVI2 standard
setting. Note that this feature is applicable only for VDDA regulator, the VDD regulator always follows the standard
Vboot setting. When the Vboot of VDDA regulator is different from that of VDD regulator, the controller waits for both
VDD and VDDA regulator output voltage settling to their target voltage then asserts POK. For example, VDD
Vboot=0.9V, VDDA Vboot=1.35V, after enable, the VDD output voltage reaches 0.9V earlier than VDDA reaches 1.35V,
the controller asserts POK when VDDA reaches 1.35V since there is only single POK output.
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Functional Description

REFOUT

R1

PROG

R2

Figure 3 PROG Connection

Table 4. PROG Function and Resistor Setting

R1 and R2 Resistor Value (kQ)
PWM On Time
For 400kHz For 300kHz For 300kHz For 300kHz For 400kHz
(VDD and VDDA)
142
i ) 2+1 2+1 3+0 3+0
VDDA Regulator Configuration VDD=1VDDA=0
VDD=0, VDD=0, VDD=0 VDD=0
VBoot Voltage SVI2 VR Address (SVI2 VR
VDDA=1 VDDA=1 VDDA=1 VDDA=1
Address Swap)
Audible Noise
. R1 R2 R1 R2 R1 R2 R1 R2 R1 R2
Reduction
1.50V 492 | 3.37 | 2461 | 16.84 44.3 30.32 73.84 | 50.53 | 147.67 | 101.06
1.35V 427 | 3.77 | 21.33 | 18.83 38.4 33.89 63.99 | 56.48 | 127.99 | 112.95
1.20V Disable 3.76 | 4.27 18.82 | 21.34 | 33.88 38.4 56.47 | 64.01 112.93 | 128.01
Follow SVI2
. 3.37 | 492 16.84 | 24.62 | 30.31 44.31 50.52 | 73.86 | 101.04 | 147.71
Standard Setting
1.50V 3.05| 5.82 15.24 | 291 27.43 52.37 4571 | 87.29 91.42 | 174.57
1.35V 278 | 7.1 13.91 | 35.56 | 25.04 64.01 41.74 | 106.69 | 83.47 | 213.37
1.20V Enable 256 | 9.14 12.8 | 45.72 | 23.04 82.3 38.4 | 137.17 76.8 274.35
Follow SVI2
. 2.37 12.8 11.85 | 64.02 | 21.33 115.24 35.55 | 192.06 | 71.11 | 384.12
Standard Setting
Note 1: The tolerance of the resistance listed in this table is +3%. It is recommended to choose the resistor with +1%. tolerance for setting. For example,
choose 3.32k for R1 (error=(3.32-3.37)/3.37= -1.48%, within £3%.), and choose 4.99k for R2 (error=(4.99-4.92)/4.92=1.42%, within £3%.)
Note 2: For 3+0 phase application, IMONA should be connected to R=1kQ pull up to 5V.
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PWM On Time (Set by PROG Pin)

The PWM on time of VDD regulator and VDDA regulator is determined by the PROG pin setting. Refer to Table 4, the
controller provides two PWM on time (for 300kHz or for 400kHz) settings to choose from. Note that both the VDD
regulator and VDDA regulator share the same PWM on time setting.

SVI2 VR Address Selection (Set by PROG Pin)

The standard SVI2 voltage regulator address for VDD regulator and VDDA regulator is 0 and 1, respectively. Therefore
the configuration is 2+1 phase. To further extend the application flexibility, the uP9531P features SVI2 voltage regulator
address selection, which is set by the PROG pin. Refer to Table 4, user can choose to swap the regulator address to let
the controller operate in 1+2 phase configuration, namely the address for VDD regulator and VDDA regulator is 1 and 0,
respectively. This feature is utilized to further extend the application range, specifically for the case that the current
demand for regulator address=1 is greater than that of regulator address=0.

3+0 Phase Application (Set by PROG Pin)

The standard configuration of the controller is 2+1 phase application. To widen the application range, the controller
supports 3+0 phase application, in which only single output is required and the output current demand requires 3-phase
operation to fulfill. In this scenario, the only working regulator is VDD, which has three phases and its SVI2 VR
address=0. VDDA regulator is disabled, and any SVI2 command sent to regulator address 1 is not acknowledged since
the VDDA regulator is disabled. Refer to Table 4 for 3+0 phase application setting. For 3+0 phase application, IMONA
should be connected to R=1kQ) pull up to 5V.

Dynamic VID Change and Slew Rate

The controller receives VID command via the SVI2 interface to change the regulator output voltage dynamically while
the regulator is running and supplying current to the load. This is commonly referred to as the VID on-the-fly (VID OTF).
A VID OTF event may occur under either light or heavy load condition. Depends on the VID command, the voltage
change direction can be upward or downward. The value of VID upward transition slew rate is 12mV/us in CCM, and
the value of VID downward transition slew rate is by default 1/3 of VID upward slew rate in CCM.

Audible Noise Reduction (Set by PROG Pin)

For the purpose of energy saving, microprocessor tends to let the supply voltage decrease to several hundreds of mV
or OV if the workload is low, and increase the supply voltage to normally above 1V at high workload. In other words, the
processor frequently enters/exits different sleeping states with large step supply voltage change. The frequently large
step increase/decrease in regulator output voltage denotes the output capacitor of the regulator is frequently
charged/discharged. This operation sometimes causes audible noise. One of the solutions to reduce the audible noise
caused by the dynamic VID transition is to reduce the voltage change step. The controller provides an effective way to
implement the audible noise reduction function, which is to decrease the slew rate only for downward dynamic VID
transition. Refer to Table 4 for setting to enable this function.

The standard slew rate of downward VID transition of the controller is 4mV/us (1/3 of 12mV/us). When the audible
noise reduction function is enabled, the slew rate is reduced to typical 0.18mV/us. Although this function helps reduce
the audible noise, the price to be paid is the power dissipation of processor. It is usually a trade-off for the platform
power designer.
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Dynamic VID Transition Boost (Set by LG2 Pin)

The voltage regulator to supply power for micro processor usually requires droop (namely load line, or active voltage
positioning) function. In a positive VID transition event, the output current increases during the transition to charge the
output capacitor such that the output voltage ramps up to a target level. Due to the nature of load line, the output
voltage is expected to be lower than the required level at the end of transition. The controller provides a function to help
boost the ramping up of output voltage to meet the requirement in a positive dynamic VID transition event. This
dynamic VID boost function is set by resistor strap to the LG2 pin. Table 5 shows the setting and the recommended
resistance value. Both the VDD regulator and VDDA regulator share the same boost setting. To ensure correct setting,
the resistance value should be within 15kQ to 65k, and it is recommended that the total capacitance from LG2 to
GND be lower than 6nF. Given the total output capacitance and the upward VID transition slew rate and load line, the
boost level can be calculated as a start point. Then fine tune the level per actual measurement. For example, total
output capacitance is 990uF, slew rate SR is 12mV/us, load line LL=0.7mQ, the droop voltage caused by the inrush
current during upward dynamic VID transition can be expressed as: Vdroop = (Cout*SR*LL) = 8.3mV, then choose R ,
= 16.5kQ (as shown in Table 5) as the baseline. Because VDD and VDDA share the same setting, it is recommended
to select the regulator whose droop voltage is greater for setting. Fine-tuning is required per actual measurement to
ensure that both regulators meet the requirements.

Table 5. Dynamic VID Transition Boost Setting

DVID Boost (mV), LG2 Resistor Strap DVID Boost (mV), LG2 Resistor Strap
shared by VDD and VDDA (kQ) shared by VDD and VDDA (kQ)
0 15 60 23.7
7.5 16.5 67.5 24.9
15 17.4 75 26.1
225 18.7 82.5 27
30 19.6 90 28
37.5 20.5 97.5 2904
45 215 105 30.1
52.5 22.6 112.5 31.6

Load Line Factor K, and Load Line Setting (Set by LG1,LGA Pins)

As shown in Figure 4, the current |, denotes the sensed current in each phase. These currents are scaled and
summed as |, which denotes the total output current, and it is fed to the IMON pin. The voltage difference between
IMON and REFOUT is internally converted to generate a scaled voltage, which is subtracted from the reference voltage
for load line. As total load current increases, the scaled voltage increases. This makes the output voltage decreases
linearly as the total output current linearly 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.

VEAP = VDAC b RLL X ILOAD

V_.andV

Eap oac are internal signals

R
Load Line= R = AVore :1 DC

Al ouT 5 CSN
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Where R, is the load line, Rpc is the DC resistance of inductor, and they are given parameters. K, is the load line
factor to be determined. Rcsy is obtained by giving the per phase OCP level. The Ryyon Value is obtained through total
OCP calculation, then load line factor K| can be obtained as follows.

KLL — RCSN ><5>< RLL

RDC RIMON

For VDD regulator, the LG1 is a multi-functional pin, and a resistor R g, connected from this pin to GND is used to set
the K., value for load line setting. During the initial setting period, a 10uA current source is turned on for a period of time
to flow out of LG1 pin through R g4 to create voltage drop on this pin. This voltage is used to determine the K, value,
which is defined as below equation. Note that the resistance of R g1 = 65 kQ is for R | = 0. To ensure correct setting, the
resistor value should be within 15kQ to 65kQ.

128x K
R, .(kQ)=65x|1-———LL
LG( ) X( 248 j

Similarly, the above load line factor and load line setting calculations also apply to the VDDA regulator, where a resistor
(R, ,) strap to the LGA pin is used to set the load line for VDDA regulator.

LGA )

-
@

————— a1

VDD_SENSE o AMN
Positive voltage remote Reg
sense pin of CPU

FBRTN

VSS_SENSE &
Negative voltage remote
sense pin of CPU

N
x
g
@
2
o
x
I8
@
2

2
o
z

Figure 4. Load Line and Output Voltage Differential Sense

Output Voltage Differential Sense

For VDD regulator, the controller uses differential sense by a high-gain low offset error amplifier for output voltage
differential sense as shown in Figure 4. The CPU voltage is sensed by the FB and FBRTN pins for VDD regulator. FB
pin is connected to the positive remote sense pin VDD_SENSE of the CPU via the resistor Rgg. FBRTN pin is
connected to the negative remote sense pin VSS_SENSE of CPU directly. For VDDA regulator, the output voltage is
sensed by the FBA and FBRTN pins. Because of the single VSS_SENSE pin of CPU, the VDD and VDDA regulator
shares the FBRTN pin for remote output voltage sense.
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Thermal Sense, Output Voltage Offset and Switching Frequency Compensation

The TSEN and TSENA pins are multi-functional pins, and they provide three functions for VDD regulator and VDDA
regulator, respectively.

The first function is temperature sense input of VRHOT# thermal indicator for voltage regulator. Refer to Figure 5, a
resistor voltage divider network with a specified negative temperature coefficient (NTC) thermistor is connected
between TSEN/TSENA pin, REFOUT pin and GND. A current lrsgy flows out of the TSEN/TSENA pin, and the voltage
at the TSEN/TSENA pin decreases as the NTC thermistor temperature increases, thus to achieve voltage regulator
temperature sense.

The second function is regulator output voltage offset setting. This function is used to provide positive offset to the
output voltage when needed. Connect a resistor divider network to set the regulator output voltage offset as shown in
Figure 5. The regulator output voltage is the sum of VID voltage and the voltage offset.

The third function is to adjust the PWM on time to compensate the switching frequency to decrease the deviation of
switching frequency over load current to improve the efficiency at heavy load. Connect a resistor divider network to set
the frequency compensation factor M as shown in Figure 5 and Table 6. Both the VDD regulator and VDDA regulator
share the same frequency compensation setting.

— REFOUT

Figure 5. Resistor Network for Thermal Monitor

Regulator Thermal Sense

The NTC thermistor is placed close to the hottest point of the regulator, normally close to the inductor and low-side
MOSFET of phase 1. The controller asserts VRHOT#, which is an open drain architecture pin and active low when the
sensed temperature is higher than the threshold value. Either VDD or VDDA regulator can trigger VRHOT# as long as
the temperature of any of the two regulators exceeds the maximum temperature threshold. VRHOT# is triggered when
voltage at TSEN/TSENA pin reduces to 2.2V(typical). VRHOT# is an indicator to the platform for the purpose of thermal
warning, and it does not impact the regulator operation. The regulator is still running when VRHOT# is triggered.

Take VDD regulator as an example, the recommended NTC thermistor is 100kQ with = 4485 from Murata
(NCPO3WL104J05RL), and thermistor network resistors R,, R, and R are determined by the equation (1) as below.

R1XRrrig
R1+RTrig

RyXR R
) + Irspn X (RZTRZ) + Vrerour X —— = 2.2 (1)

Ry+Rp -

Irsgn X (

Where lrsgny = 100uA(typical), which is an internal precision current source of the the controller. Vregrour = 1.2V, which is
output voltage of REFOUT. Ry is the NTC thermistor resistance value at the required temperature threshold. The
above thermal sense mechanism and calculation equation also apply to the VDDA regulator.
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Output Voltage Offset (Set by TSEN, TSENA Pins)

The controller provides a function to add positive voltage to the regulator output voltage. The regulator output voltage is
the sum of VID voltage and the offset voltage. The offset voltage for VDD and VDDA regulator is set by TSEN and

TSENA pin, respectively. The setting level is calculated according to equation (1) in previous section, and the
corresponding voltage offset is shown in Table 6.

Switching Frequency Compensation with Load (Set by TSEN and TSENA pin)

uP9531P is a constant on time based PWM controller, the switching frequency usually increases as load current
increases in order to compensate the power loss of the regulator. The increase in switching frequency at heavy load
usually results in the decrease of conversion efficiency. The uP9531P provides a function to adjust the PWM on time to
compensate the switching frequency to decrease the deviation of switching frequency over load current to improve the
efficiency at heavy load. The frequency compensation factor is denoted by M, and this parameter has two values
(M=[00], [01]=[TSEN TSENA]) to choose from, and it is determined by the two bit setting from selecting Ry and Ry, for
TSEN and TSENA pin, respectively. Refer to Table 6 for setting to select frequency compensation factor M value.
Note that both the VDD regulator and VDDA regulator share the same frequency compensation setting. The reference
setting value can be obtained from uPlI.

Table 6. VDD/VDDA Output Voltage Offset and Frequency Compensation Factor Setting

Frequency Compensation Factor:
Visentsena= % of REFOUT | VDD/VDDA Output Voltage Offset (mV) M [TSEN:TSENA]=[1:0]
TSEN TSENA
40.625 0
46.875 6.25 0 0
53.125 12.5
59.375 18.75
65.625 0
71.875 6.25 N 1
78.125 12.5
84.375 18.75
Note:

1. M=00, 01 by selecting Ry and Rp
2. The output voltage offset is set by selecting Ry and Rp.

DCR Current Sense and Per-Phase Over Current Protection

The controller provides per-phase over current protection (OCP) function to protect the voltage regulator. The controller
uses DCR current sense technique to sense the inductor current in each phase for per-phase OCP and current balance
as shown in Figure 6. In this inductor current sense circuit, the time constant is expressed as follows.

L
k XR_ = Respx* Cesny

DC

where L is the output inductor, R is its DC resistance and k is a constant.
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Theoretically, if k = 1, the sensed current signal |

csny 1S €xpressed as follows.

lx x Roc

ICSNx =5
RCSNX

Vi

| cspx FWP
’_<l—TT CCSNX—E v — ~ ‘—’VRVV—M VDD
N csNe [ —
' 1
T 1

Figure 6. Inductor DCR Current Sense

Note that the resistance value of Rcgny must be less than 2kQ) to ensure the current sensing circuit in normal operation.
The sensed current Icsny represents the current in each phase, and it is compared to a 50uA current source internally
for per-phase OCP. If any inductor current of the active operating phase exceeds the threshold for a specific delay time,
the regulator shuts down and POK is pulled low immediately, then both UGx and LGx is held low to turn off all
MOSFETSs to shutdown the regulator. The per-phase OCP is a latch-off type protection, and it can only be reset by VCC
or EN toggling.

When one regulator triggers per-phase OCP, after about 5us, the other unaffected regulator also shuts down with both
UGx and LGx are held low. The resistance of Rcsnk and the per-phase OCP level can be obtained using equation as
follows.

R.. —
CSNx 5OUA

The above per-phase OCP mechanism and setting calculations also apply to the VDDA regulator.

xRy

OCP _ perphase

Total Output Over Current Protection

In addition to the per-phase OCP, the controller provides total output over current protection (TOCP). As shown in
Figure 7, the current Icsnx denotes the sensed per-phase current, and the summed current is further internally mirrored
to IMON pin as ljyon for total output over current protection. A resistor Ryon is connected from IMON pin to REFOUT
pin. This Ion current flows through the resistor Ryyon, creating voltage drop across it. As the total load current
increases, the voltage on IMON pin (V\won) increases proportionally. When the IMON voltage is greater than Vrerour
+1.5V for a specific delay time, the total output over current protection is triggered. POK is pulled low immediately, and
both UGx and LGx are held low to turn off all MOSFETSs to shutdown the regulator. When one regulator triggers total
output OCP, after about 5us, the other unaffected regulator also shuts down with both UGx and LGx held low. The total
output OCP is a latch-off type protection, and it can only be reset by VCC or EN toggling.

Avoid adding any capacitor to the IMON pin since it brings extra delay. The output current level of triggering total output
OCP is calculated as follows.

15 Regy, 1
RIMON RDC 2

IOUT_OCP =

The above total output OCP mechanism and setting calculations also apply to the VDDA regulator.
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Inon l\MON
svI2 AD —>
Converter Ea,
MON
| REFOUT

Figure 7. Phase Current Summing and Total Output OCP

Total Output OCP Ratio 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 further controlled by the SVI2 command. When the operating
phase number is decreased, the total output OCP level is decreased as well. The total output OCP level is changed per
actual operating phase number. Table 7 shows the total output OCP ratio per actual operating phase number and the
hardware configuration.

Table 7. Total Output OCP Ratio and Operating Phase Number
Total Ouput OCP Ratio

Hardware Configuration Full Phase 1-Phase
3-Phase* 1 512
2-Phase 1 712
1-Phase 1 1

*Note: Applicable only for 3+0 phase configuration

Output Current Telemetry

Refer to Figure 7, the summed current is internally mirrored and fed to IMON pin as ljyon. A resistor Ryyon is connected
between IMON and REFOUT. The current ljyon flows through the resistor Ryyon, creating voltage drop across it. As the
total load current increases, the voltage on IMON pin (Viyon) increases proportionally. An internal analog-to-digital
converter (ADC) converts the voltage difference between IMON and REFOUT to a digital content for output current
telemetry through SVI2 interface. As V\uon voltage increases, the output current telemetry data increases. REFOUT is
used as the reference of IMON, therefore V\yon =1.2V means that output current telemetry data=00h. The ADC input
range is typically 1.5V, which means the current telemetry data=FFh when V\yon = 2.7V. Further increment Vyon ( >
2.7V) is allowed, but the ADC results will remain at FFh. The above output current mechanism also applies to the
VDDA regulator.
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Output Voltage Telemetry

In addition to the output current telemetry, the output voltage telemetry is also transmitted via the SVI2 interface. The
voltage on FB and FBA pin is converted to digital content via the ADC for output voltage telemetry of VDD and VDDA,
respectively.

Over Voltage Protection

The controller monitors the voltage on FB pin for over voltage protection (OVP). After output voltage ramps up to Vboot,
the controller initiates OVP function. Once Vgg exceeds the OVP threshold (VID+325mV - Vdroop) for a specific delay
time, OVP is triggered and POK is pulled low immediately, then UGx is held low, LGx is held high to turn off high side
MOSFET and turn on low side MOSFET to protect CPU. Since the low side MOSFET is turned on, the regulator output
capacitor is discharged and output voltage decreases as well. When FB pin voltage decreases to lower than typical
0.5V, LGx is held low to turn off the low side MOSFET to avoid negative output voltage. 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. When one regulator triggers OVP, after about 5us, the other unaffected regulator also shuts down but with
both UGx and LGx held low. Similarly, the above OVP mechanism also applies to the VDDA regulator, in which the
output voltage is monitored by the FBA pin.

Absolute Over Voltage Protection

In addition to OVP, which threshold is the target voltage (subtracts droop voltage from VID voltage) plus the OVP
threshold voltage, the controller further provides absolute over voltage protection (AOVP). The controller monitors the
voltage on FB pin for AOVP, which is referred to GND. After output voltage ramps up to Vboot, the controller initiates
AOQVP function. Once Vg exceeds the AOVP threshold (1.85V) for a specific delay time, AOVP is triggered. POK is
pulled low immediately. UGx is held low, LGx is held high to turn off high side MOSFET and turn on low side MOSFET
to protect CPU. Since the low side MOSFET is turned on, the regulator output capacitor is discharged and output
voltage decreases as well. When FB pin voltage decreases to lower than typical 0.5V, LGx is held low to turn off the low
side MOSFET to avoid negative output voltage. The AOVP is a latch-off type protection, and it can only be reset by
VCC or EN toggling. The AOVP detection circuit has a fixed delay time to prevent false trigger. When one regulator
triggers AOVP, after about 5us , the other unaffected regulator also shuts down but with both UGx and LGx held low.
Similarly, the above AOVP mechanism also applies to the VDDA regulator, in which the output voltage is monitored by
the FBA pin.

Under Voltage Protection

The controller monitors the voltage on FB pin for under voltage protection(UVP). After output voltage ramps up to Vboot,
the controller initiates UVP function. Once VEg is lower than the UVP threshold (VID-325mV-Vdroop) for a specific
delay time, UVP is triggered and POK is pulled low immediately, then both UGx and LGx are held low to turn off all
MOSFETSs to shutdown the regulator. The UVP is a latch-off type protection, and it can only be reset by VCC or EN
toggling. The UVP detection circuit has a fixed delay time to prevent false trigger. When one regulator triggers UVP,
after about 5us, the other unaffected regulator also shuts down with both UGx and LGx held low. In a similar way, the
above UVP mechanism also applies to the VDDA regulator, in which the output voltage is monitored by the FBA pin.

Thermal Shutdown

The uP9531P provides thermal shutdown function by monitoring the temperature of the chip. If the temperature
exceeds typical 160°C, the controller shuts down. All the UGx and LGx of VDD and VDDA regulator are held low. The
thermal shutdown function is a latch-off type protection, and it can only be reset by VCC or EN toggling.
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Table 8. VID Table

SVID[7:0] | Voltage(V) | SVID[7:0] | Voltage(V) | SVID[7:0] | Voltage(V) | SVID[7:0] | Voltage(V)
0000_0000 | 1.55000 | 0010_0000 | 1.35000 | 0100_0000 | 1.15000 | 0110_0000 | 0.95000
0000_0001 1.54375 | 0010_0001 1.34375 | 0100_0001 1.14375 | 0110_0001 | 0.94375
0000_0010 | 1.53750 | 0010_0010 | 1.33750 | 0100 _0010 | 1.13750 | 0110_0010 | 0.93750
0000_0011 1.53125 | 0010_0011 1.33125 | 0100_0011 1.13125 | 0110 _0011 | 0.93125
0000_0100 | 1.52500 | 0010 0100 | 1.32500 | 0100 0100 | 1.12500 | 0110_0100 | 0.92500
0000_0101 1.51875 | 0010_0101 1.31875 | 0100_0101 1.11875 | 0110_0101 | 0.91875
0000_0110 | 1.51250 | 0010_0110 | 1.31250 | 0100 0110 | 1.11250 | 0110_0110 | 0.91250
0000_0111 1.50625 | 0010_0111 1.30625 | 0100_0111 1.10625 | 0110_0111 0.90625
0000_1000 | 1.50000 | 0010 _1000 | 1.30000 | 0100_1000 | 1.10000 | 0110_1000 | 0.90000
0000_1001 1.49375 | 0010_1001 1.29375 | 0100_1001 1.09375 | 0110_1001 | 0.89375
0000_1010 | 1.48750 | 0010 _1010 | 1.28750 | 0100 1010 | 1.08750 | 0110_1010 | 0.88750
0000_1011 1.48125 | 0010_1011 1.28125 | 0100_1011 1.08125 | 0110_1011 | 0.88125
0000_1100 | 1.47500 | 0010_1100 | 1.27500 | 0100_1100 | 1.07500 | 0110_1100 | 0.87500
0000_1101 1.46875 | 0010_1101 1.26875 | 0100_1101 1.06875 | 0110_1101 | 0.86875
0000_1110 | 1.46250 | 0010_1110 | 1.26250 | 0100_1110 | 1.06250 | 0110_1110 | 0.86250
0000_1111 1.45625 | 0010_1111 1.25625 | 0100_1111 1.05625 | 0110 _1111 0.85625
0001_0000 | 1.45000 | 0011_0000 | 1.25000 | 0101_0000 | 1.05000 | 0111_0000 | 0.85000
0001_0001 1.44375 | 0011_0001 1.24375 | 0101_0001 1.04375 | 0111_0001 | 0.84375
0001_0010 | 1.43750 | 0011_0010 | 1.23750 | 0101_0010 | 1.03750 | 0111_0010 | 0.83750
0001_0011 1.43125 | 0011_0011 1.23125 | 0101_0011 1.03125 | 0111_0011 0.83125
0001_0100 | 1.42500 | 0011_0100 | 1.22500 | 0101_0100 | 1.02500 | 0111_0100 | 0.82500
0001_0101 1.41875 | 0011_0101 1.21875 | 0101_0101 1.01875 | 0111_0101 | 0.81875
0001 0110 | 1.41250 | 0011 _0110 | 1.21250 | 0101 _0110 | 1.01250 | 0111_0110 | 0.81250
0001_0111 1.40625 | 0011_0111 1.20625 | 0101_0111 1.00625 | 0111_0111 0.80625
0001_1000 | 1.40000 | 0011_1000 | 1.20000 | 0101_1000 | 1.00000 | 0111_1000 | 0.80000
0001_1001 1.39375 | 0011_1001 1.19375 | 0101_1001 | 0.99375 | 0111_1001 | 0.79375
0001_1010 | 1.38750 | 0011_1010 | 1.18750 | 0101_1010| 0.98750 | 0111_1010 | 0.78750
0001_1011 1.38125 | 0011_1011 1.18125 | 0101_1011 0.98125 | 0111_10M11 0.78125
0001_1100 | 1.37500 | 0011_1100 | 1.17500 | 0101_1100 | 0.97500 | 0111_1100 | 0.77500
0001_1101 1.36875 | 0011_1101 1.16875 | 0101_1101 0.96875 | 0111_1101 0.76875
0001_1110 | 1.36250 | 0011_1110 1.16250 | 0101_1110 | 0.96250 | 0111_1110 | 0.76250
0001_1111 1.35625 | 0011_1111 1.15625 | 0101_1111 0.95625 | 0111_1111 0.75625
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Table 8. VID Table (Cont.)

SVID[7:0] | Voltage(V) | SVID[7:0] | Voltage(V) | SVID[7:0] | Voltage(V) | SVID[7:0] | Voltage(V)
1000_0000 | 0.75000 | 1010 0000 | 0.55000 | 1100 0000 | 0.35000 | 1110 0000 | 0.15000
1000 0001 | 0.74375 | 1010_0001 | 0.54375 | 1100 0001 | 0.34375 | 1110 0001 | 0.14375
1000 0010 | 0.73750 | 1010 0010 | 0.53750 | 1100 0010 | 0.33750 | 1110 0010 | 0.13750
1000 0011 | 0.73125 | 1010 0011 | 0.53125 | 1100 0011 | 0.33125 | 1110 0011 | 0.13125
1000 0100 | 0.72500 | 1010 0100 | 0.52500 | 1100 0100 | 0.32500 | 1110 0100 | 0.12500
1000 0101 | 0.71875 | 1010 0101 | 0.51875 | 1100 0101 | 0.31875 | 1110 0101 | 0.11875
1000 0110 | 0.71250 | 1010 0110 | 0.51250 | 1100 0110 | 0.31250 | 1110 0110 | 0.11250
1000 0111 | 0.70625 | 1010 0111 | 0.50625 | 1100 0111 | 0.30625 | 1110 0111 | 0.10625
1000 _1000 | 0.70000 | 1010_1000 | 0.50000 | 1100_1000 | 0.30000 | 1110_1000 | 0.10000
1000_1001 | 0.69375 | 1010 1001 | 0.49375 | 1100 1001 | 0.29375 | 1110 1001 | 0.09375
1000_1010 | 0.68750 | 1010 1010 | 0.48750 | 1100 1010 | 0.28750 | 1110 1010 | 0.08750
1000_1011 | 0.68125 | 1010_1011 | 0.48125 | 1100_1011 | 0.28125 | 1110_1011 | 0.08125
1000_1100 | 0.67500 | 1010 1100 | 0.47500 | 1100_1100 | 0.27500 | 1110 _1100 | 0.07500
1000 1101 | 0.66875 | 1010 1101 | 0.46875 | 1100 1101 | 0.26875 | 1110 1101 | 0.06875
1000_1110 | 0.66250 | 1010 1110 | 0.46250 | 1100 1110 | 0.26250 | 1110 1110 | 0.06250
1000 1111 | 0.65625 | 1010 1111 | 0.45625 | 1100 1111 | 0.25625 | 1110 1111 | 0.05625
1001 0000 | 0.65000 | 1011 0000 | 0.45000 | 1101 0000 | 0.25000 | 1111 0000 | 0.05000
1001_0001 | 0.64375 | 1011 0001 | 0.44375 | 1101 0001 | 0.24375 | 1111 0001 | 0.04375
1001 0010 | 0.63750 | 1011 0010 | 0.43750 | 1101 0010 | 0.23750 | 1111 0010 | 0.03750
1001 0011 | 0.63125 | 1011 0011 | 0.43125 | 1101 0011 | 0.23125 | 1111 0011 | 0.03125
1001_0100 | 0.62500 | 1011_0100 | 0.42500 | 1101 0100 | 0.22500 | 1111_0100 | 0.02500
1001 0101 | 0.61875 | 1011 0101 | 0.41875 | 1101 0101 | 0.21875 | 1111 0101 | 0.01875
1001 0110 | 0.61250 | 1011 0110 | 0.41250 | 1101 0110 | 0.21250 | 1111 0110 | 0.01250
1001 0111 | 0.60625 | 1011 0111 | 0.40625 | 1101 0111 | 0.20625 | 1111_0111 | 0.00625
1001_1000 | 0.60000 | 1011 1000 | 0.40000 | 1101 _1000 | 0.20000 | 1111 1000 | OFF
1001_1001 | 0.59375 | 1011_1001 | 0.39375 | 1101_1001 | 0.19375 | 1111_1001 OFF
1001 1010 | 0.58750 | 1011 1010 | 0.38750 | 1101 1010 | 0.18750 | 1111 1010 | OFF
1001_1011 | 0.58125 | 1011_1011 | 0.38125 | 1101_1011 | 0.18125 | 1111_1011 OFF
1001_1100 | 0.57500 | 1011_1100 | 0.37500 | 1101_1100 | 0.17500 | 1111_1100 OFF
1001_1101 | 0.56875 | 1011 1101 | 0.36875 | 1101 _1101 | 0.16875 | 1111_1101 OFF
1001_1110 | 0.56250 | 1011 1110 | 0.36250 | 1101 1110 | 0.16250 | 1111_1110 OFF
1001 1111 | 055625 | 1011 1111 | 0.35625 | 1101 1111 | 0.15625 | 1111 1111 OFF
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Absolute Maximum Rating

(Note 1)

Supply Input Voltage, VCC and PVCC -0.3V to +6V
VINSEN -0.3V to +30V
BOOTx to PHx

DC -0.3V to +6V
PHx to GND

DC -0.7V to +28V

< 100ns -8V to +36V
BOOTx to GND

DC -0.3V to +34V

<100ns -5V to +42V
UGx to PHx

DC -0.3V to +6V

<100ns -5V to +7V
LGx to GND

DC -0.3V to +6V

<100ns -5V to +7V
Other Pins -0.3V to +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) 2kV
Thermal Information
Package Thermal Resistance (Note 3)

WQFN5x5-40L 0, 36°C/W

WQFN5x5-40L 0, 3°C/wW
Power Dissipation, Ppb @ Ta = 25°C

WQFN5x5-40L 2.78W
Recommended Operation Conditions
(Note 4)
Operating Junction Temperature Range -40°C to +125°C
Operating Ambient Temperature Range -40°C to +85°C
Supply Input Voltage, VCC and PVCC 4.5V to 5.5V
Power Stage Input Voltage, Viy 6V to 26V

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. 0,, is measured in the natural convection at To = 25°C on a high effective thermal conductivity test board of
JEDEC 51-7 thermal measurement standard.

Note 4. The device is not guaranteed to function outside its operating conditions.
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Electrical Characteristics

(VCC =PVCC =5V, Ta = 25°C, unless otherwise specified)

Parameter ‘ Symbol Test Conditions ‘ Min ‘ Typ | Max ‘ Units
Supply Input
VCC POR High Threshold PORHycc |VCC rising 41 | 43 | 45 \Y,
VCC POR Hysteresis HYSvcc -- 0.3 -- \Y
VCC Supply Current lvee EN = 5V, VDD and VDDA, no switching -- -- mA
VCC Shutdown Current lvcc shon |[EN =0V - - uA
PVCC POR High Threshold PORHpycc |VCC rising 27 | 29 | 3.1 Y,
PVCC POR Hysteresis HYSpycc -- 0.2 -- \Y
PVCC Supply Current lpvee EN = 5V, VDD and VDDA, no switching -- 40 -- uA
PVCC Shutdown Current lpcce ston  |[EN = 0V -- 5 -- uA
VIN Sense
VINSEN POR High Threshold | PORHysen |VINSEN rising - |925| - \
VINSEN POR Hysteresis HY Svinsen - 10.75] -- \Y
VINSEN Input Current lvnsen  |VINSEN =12V - |30 | - uA
EN Input
Input Low Vi - | - 108] V
Input High Vi 2 — - \V;
Pull-Low Resistance Ren_pL - 200 | -- kQ
VDDIO Input
VDDIO POR High Threshold | PORHvopio_r |VDDIO rising - |08 ] -
VDDIO POR Low Threshold PORLyppio s [VDDIO falling - 1045 --
Input Current lvobio VDDIO = 1.5V - 100 | -- uA
Reference Output
REFOUT Output Voltage ‘ Vrerout "1 MA < |rerout < TMA ‘ -- ‘ 1.2 | -- ‘ V
SVI2 Bus Timing Parameters (Guaranteed by Design)
SVC Period TeeriOD 476 -- - ns
SVC Frequency Fsvc 01| - | 21 | MHz
SVC High Time ThicH 20 | - - ns
SVC Low Time TLow 30 | -- -- ns
SVD,SVT Setup Time to SVC 5 -- -- ns
Rising Edge Tserue
SVD,SVT Hold Time from SVC 5 - - ns
Falling Edge Thoto
SVF),SVT Start Time to SVC Temsr 15 | - - ns
Falling Edge
SVD,SVT Stop Time from SVC 5 -- -- ns
Rising Edge Tsto
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Electrical Characteristics

Parameter Symbol Test Conditions Min ‘ Typ ‘ Max | Units
SVI2 Bus Timing Parameters (Guaranteed by Design) cont.
SVC,SVD,SVT Fall Time TeaLL Von_pc to Vo pc -- -- 1 ns
SVC,SVD,SVT Rise Time Trise VoL pc to Vou_pe -- - 1 ns
SVI2
SVC,SVD,SVT and PWROK Input Vi oo 0 N 0.35 Vv
Low Voltage - *VDDIO
SVC,SVD,SVT and PWROK Input 0.7
High Voltage " Vir_oc wppio | ~ |VPPIO| V
SVC,SVD,SVT and PWROK 0.1
Hysteresis Voltage Vivst *VDDIO - B v
SVC,SVD,SVT and PWROK Input ) 100 3 100 UA
Leakage Current
SVC’S.VD’SVT and PWROK Input Cn Guaranteed by design - - 5 pF
Capacitances
SVC,SVD,SVT Output Low Voltage VoL 0 -- 0.2 \Y
. VDDIO
SVC,SVD,SVT Output High Voltage Von 02 -- |VDDIO| V
SVC,SVD,SVT Output Current lon when driving Voy 4 -- - mA
SVD,High Z Output Leakage Current loz -100 -- 100 uA
Telemetry and ADC
ADC Accuracy FB/FBA = 0.8V to 1.2V -1 - 1 LSB
ADC Accuracy FB/FBA> 1.2V or < 0.8V -2 -- 2 LSB
VID Voltage Accuracy
0.5V <VID <0.8V -15 -- 15 mV
VID Voltage Accuracy VID 0.8V <VID <1.0V -10 -- 10 mV
1.0V < VID < 1.55V -1 - 1 %
Slew Rate
DVID Up Slew Rate SR _UP 7.5 12 - mV/us
DVID Down Slew Rate SR_powN | ¢t audible noise reduction - 4 ~  |mvius
= disable
DVID Down Slew Rate Slow SR_DOWN_sLow| oot audible naise reduction |1 oy | nvius
= enable
Error Amplifier
Trans-Conductance GM -- 2020 -- uA/vV
Gain Bandwidth Product GBW(EA) Guaranteed by design -- 10 -- MHz
PWM On-Time Setting
) VINSEN =12V, VID =
PWM On-Time Ton 12V, Fsw=400kHz - 250 - ns
Minimum Off-Time Twin_oFF - 150 - ns
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Electrical Characteristics

Parameter ‘ Symbol Test Conditions Min ‘ Typ | Max | Units
Current Sense Amplifier
Offset Voltage Vos(csa) -1 -- 1 mV
CSP Input Bias Current lacicsa) Vesec = 1.1V, , -10 - 10 | nA
guaranteed by design
Maximum Sourcing Current IMAxsrRC 100 -- - uA
Gain Bandwidth Product Gew(csa) Guaranteed by design - 10 - MHz
Output Current Monitoring IMON
Current Mirror Accuracy laccu IMoN limon 1o lcsnx ratio 190 200 210 %
VIMON ooh telemetry = 00h - 1.2 -
Output Voltage Vivon ren_|telemetry = FFh 27| - |V
Current Monitoring for Droop
, Set K| =1,
Current Mirror Accuracy laccu_proop 9 10 11 %

AVdroop to AV yon ratio

Source Current for LG Setting

EN = 2V, during function
Source Current setting period (LG1,LG2, - 10 -- uA
LGA)

MOSFET Gate Driver

Voot - Vpy =3V,
Upper Gate Source Rue_sre source current = 80mA - 0.7 1.3 Q

Voot - Ve = 5V,

ink R 4 7 | a
Upper Gata Sin UE_SNK sink current = 80mA 0 0
Lower Gate Source Ric_src source current = 80mA - 0.7 13 Q
Lower Gate Sink Ric_snk sink current = 80mA - 04 0.7 Q
Tot uc-Lc fromUG <1Vto LG > 1V 20 - ns
Dead Time =
Tor Leue from LG <1V to UG > 1V - 20 - ns

Bootstrap Diode

Forward bias current =

Forward Voltage 3.5mA - 0.33 -- V
VRHOT#, POK

Output Low Voltage VoL Isink = 4mA 0 -- 0.2 \Y
Output Leakage Current I pull up to 5V 0 -- 1 uA
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Electrical Characteristics

Parameter ‘ Symbol Test Conditions Min ‘ Typ | Max | Units

Over Current Protection

Total Current OCP Threshold Vocp Vion - Veerour, i - 15 - \Y;
full phase operation

Total Current OCP Delay Tocp - 2.5 - us

Per-Phase OCP Threshold lpEROCP Measure lcgny current - 50 - uA

Per-Phase OCP Delay TrerocP - 6 - us

Under Voltage Protection

UVP Threshold Vuvp Load = 0A, VID - Vig - 325 -- mV

UVP Delay Time Tuve DELAY - 7.5 - us

Over Voltage Protection

Absolute OVP Threshold Va ovp Vg to GND, Viga to GND - 1.85 - \Y

Absolute OVP Delay Time TH ovP DELAY - 1 - us

OVP Threshold Vove Load = 0A, Vis - VID - 325 -- mV

OVP Delay Time Tovp DELAY - 5 - us

Thermal Sense

TSEN/TSENA Source Current EN =5V 95 100 105 uA

VRHOT# Assert Threshold - 2.2 - \

VRHOT# De-Assert Threshold - 2.3 - \

Thermal Shutdown Protection

Thermal Shutdown Threshold Torp Guaranteed by design - ‘ 160 | - | °C
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Typical Operation Characteristics

VDD Power On from EN

Tek  Rum Sample 2hegs (Buttons )
Chd Position
|
[ e +|  chd Scale
e pe—
Eopox

Vin =19V, Full phase, lour=0A
VDD Power On from EN

Tek  Run L Sample 1heqs mj
Ch1 Position
I 1 20dn |
Yoo / Ch1 Scale
EE» :
Eom
o I PP (PRI IS s I
[ e
2 b
uG2
4
T e
cha 20w By che 200V By A Ch3 s 960mY
Vin = 19V, Full phase, loyt=0A
VDD VR Dynamic VID Down
Tek Run _ Sample - 1heqs mj
Ch1 Position
chi Scale
L i
YT

Viy =19V, Full phase, VID = 1.4V to 1V, loyr = 16.5A
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VDD Power Off from EN

Tek _Freview Sample BT, (Bmorss)
Chd Position
o i «|  chascate
1o . |1 5000mv__]
L I v Ty o T P
Ch3 o By (2 SO0mY By AChT » 19Y
Vin=19YV, Full phase, lout =1A
VDD VR Dynamic VID Up
Tek  Pun  Samgle 8Ags (o)
T : Ch1 Position
. i
) 1 Chi Scale
EE Yoo 1

uG1
Chd  200v By o 20w By A # 960mY

Vv =19V, Full phase, VID = 1V to 1.4V, loyr = 16.5A

VDD VR Load Transient
— (Burtons )
Ch1 Offset

Ch1 Scale

Tek  Stopped 18 Aogs

Vin = 19V, Full phase, VDD = 0.7V, lout = 5A ~ 70A
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Typical Operation Characteristics

VDD VR Dynamic VID Up

Tek _ Run
i DL | FSSSEINN | . L eSS CS RO

(Bustons )
Ch1 Position

- 2.044iv

Chi Scale

L uG1

I ' r
Y R T = P ITsoop:Ipl L
Ch3 200 L o 20V By A Chd s SEOmY

Viny =19V, 1-phase CCM,VID = 0.4V to 0.8V, loyr = 0A
VDD VR Dynamic VID Up

Tek  Aun 2hens

(Buntons )

Ch1 Position

- 2044 I

1 Ch1 Scale
EE

¥ ]

I

&1

LABNLAE S B A L Bae B AR O i BLEE GO A
o oY ew e 2OV s& ) muamzss&rs LCT T
Ch3 200v  Bw O 20V Bw  AChE

Vin = 19V, 1-phase DCM, VID = 0.4V to 0.8V, loyr = 5A
VDD VR Load Transient

Tek  Stopped Thens

....... —

(Buntons )
Chl Offset

699.99my

Ch1 Scale

o Sooav @ ew  Mi00mSOGSA TSDp
A Chl 7 TiEmYy

Viy =19V, 1-phase DCM,VDD = 0.7V, loyr = 4A ~ 18A
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VDD VR Dynamic VID Down

Tek  Preview  Sample 0 Acgs

Bustons |
Ch1 Position

1 Ch1 Scale
L !

UGt 1
T
I
I
3+ ’
AW e G 2V Bw W20 12565k WI0ORR
Ch3 200% B (=0 a2 By A Crd s 9B0mY

Viy = 19V, 1-phase CCM, VID = 0.8V to 0.4V, loyr = 9A
VDD VR Dynamic VID Down

Tek Tun __ Gimgh L 2088 Gmva)
Position
I J28%
ﬁ i " Scale
- ;
L s
ta ]
St T i e
. -
o 1
L .
uG1 |
0 \
:,!
i:rh"'u'ov:"'éa]"'i:r}:'"'z'u-\?""a«;”:mm»swsmr TsTpep
oh3  200¢  fw e 2 By A Crd s 960n

Viy =19V, 1-phase DCM, VID = 0.8V to 0.4V, loyr = 2A

T Suped Y. . e (oo
[Le3) : Ch4 Position
i 1l 1) il (1 T
it i il : 30 omdir
B
i | i | 1 Chd Scale
[ P— e - [* [ 8
1
B+ H- b
61 1 J[
e
2
A P
L——:
POk
g+
chi 200w G2 1 Bw  M20m 12565k M200pept
ch3  20v B oM SOV Bw AT A\ 108V

Viy =19V, VDD=1.1V, loyr=0A
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Typical Operation Characteristics

VDD VR UVP
Tek Run _ Sample L. o (Brons)
UGt \ ! Chd Position
J=vacd
f |' Chd Scale
1 L sy |
_Trjr— !
[ a1
P S A eSS
8
2"- G ind 1
v " 1
o1 200V Bw oz 10V Ow  M20m 12865 M200pAx
Ch3 o B (=] Sov By A Ch3 » 104v
Viy =19V, VDD=1.1V, loyr=0A
VDDA VR Dynamic VID Up
Tek Run _ Sample b S vy (5o
Position
- 2% |
| Scale
- ;

ohl 10V ew 2 20¢ Bw MI00p 125654 T 500pske
(=] 20y By (= By

Chd  200v L

Vin = 19V, Full phase, VID = 0.7V to 1.2V, loyr = 6.5A
VDDA VR Load Transient

Tek  Stopped Single Seq 1hegs

(Buttons )
Chl Offset
639.99mY

Ch1 Scale

MI00mS0GSA  TS0Dpskt
A Chl 7 710mY

T

Viy = 19V, Full phase, VDDA = 0.7V, loyr = 4A ~ 17A
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Chd Scale

VDD VR OCP
Tek  Pun  Sample as. : - (Bunons)
[ mwiwmawummuamw

Chd am By O\d S00A O Bw A O3~ 128Y

Viy =19V, VDD=1.1V
VDDA VR Dynamic VID Down

Te  Pin  mmgh il (Bmors)
Position
20.8% I
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= !
[ YoDo& 1
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24

uss 1
3 3
B A e e A e IR
ch3 200¢ By (= 2o By A Chd s 9B0mY

Vin = 19V, Full phase, VID = 1V to 0.7V, loyr =5A
VDDA VR Dynamic VID Up

Tek  Run _ Samge 1

‘Buttons |

Position

258% I

Scale

= il 3. :
HHHHIHHIIHHIHHHIIH|HIIH||IH|H

| maomm [E
A Chd s 960m

ol 10\- =
Cha 200V Sw

W 20‘-’ Dw

Vin = 19V, 1-phase DCM, VID = 0.65V to 0.8V, Igyr = 5A
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Typical Operation Characteristics

VDDA VR Dynamic VID Down VDDA VR Load Transient
LT S S R R (B Tek  Stopped SingleSeq haws e : (omons)
Position Ch1 Offset
: i
'- ! Scale Chi Scale
g ; | ;
ST

Hlllll!HU HHHHH\UUM

e 1oy i X mocmm Msoopske T T =y Y T Ty v e
o3 wov  ow o AChd s 960V ACnT s 710mY

Vin =19V, 1-phase DCM, VID = 0.8V to 0.65V, loyr = 5A Vi =19V, 1-phase DCM,VID = 0.7V, lour = 4A ~ 17A

VDDA VR OVP VDDA VR UVP
Tek  Sopped A — SN T RSN | R — ()
Fousa q \ \ Ch4 Position _ ‘“G‘ ' 1 g i ! Chd Position
| AR : [ o | Ll R [ oor ]
Foog i f Chd Scale ‘ | ! J i .1 'Hﬂ:dj - chd Scale
!._ ‘s ! : s s et :'r i . sov_ |
T T
B R L ................................ " e
L6 [ Foow
a F rea o
R e ECEE Y e e
Vin =19V, VDDA=1.1V Vin =19V, VDDA=1.1V
VDDA VR OCP
Tek __Preview Sample LT S . _— Ty
Ch2 Position
ch2 Scale
1.0v I
SR A S
Vi = 19V, VDDA=1.1V
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Package Information

WQFN5x5-40L

0.30-0.50

l 3.20-3.80 > i
gututouuy_

]

0T'§-06'%
08'€-0C°¢

quuomoooum

OO0O0OO0M00

Ck\ QOO0
l« 4.905.10 N 0.408SC —+| ] fe—015-0.25

Bottom View - Exposed Pad

Pin 1 mark

0.70-0.80

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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Legal Notice

The contents of this document are provided in connection with uPlI Semiconductor Corp.
(“uPI”) products. uPl makes no representations or warranties with respect to the
accuracy or completeness of the contents of this publication and reserves the right to
make changes to specifications and product descriptions at any time without notice.

No license, whether express, implied, arising by estoppels or otherwise, to any
intellectual property rights, is granted by this publication. Except as provided in uPl’s
terms and conditions of sale for such products, uPl assumes no liability whatsoever, and
uPl disclaims any express or implied warranty relating to sale and/or use of uPlI
products, including liability or warranties relating to fitness for a particular purpose,
merchantability, or infringement of any patent, copyright or other intellectual property
right. uPl products are not designed, intended, authorized or warranted for use as
components in systems intended for medical, life-saving, or life sustaining applications.
uPlI reserves the right to discontinue or make changes to its products at any time without
notice.

Copyright 2021 ©, uPI Semiconductor Corp. All rights reserved.
uPl, uPI design logo, and combinations thereof, are registered trademarks of
uPl Semiconductor Corp.

Other product names used in this publication are for identification purposes only and
may be trademarks of their respective companies.

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

sales@upi-semi.com
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