Q@buplsaw|

UP9523R
2-Phase PWM Controller for IMVP9 Voltage Regulator

General Description
The uP9523R is an Intel® IMVP9 compatible 2-phase PWM voltage regulator controller for mobile/desktop platform

application. This device has two embedded 5V MOSFET drivers with integrated bootstrap diodes. The controller
supports 2/1-phase configuration to provide flexibility in platform power design. This device combines true differential
output voltage sense, inductor DCR current sense, input voltage sense and adaptive voltage positioning to provide
accurately regulated power for mobile/desktop CPU. It adopts uPlI's proprietary RCOT™ (Robust Constant On-Time)
control topology to have fast transient response and smooth mode transition.

The uP9523R supports selectable voltage regulator parameters, such as Vboot voltage, switching frequency and
dynamic VID transition slew rate. It also provides complete fault protection functions, including over voltage protection,
under voltage protection, over current protection, over current limit, over temperature protection and under voltage

lockout. The uP9523R is available in WQFN4x4 - 32L package.

Features Ordering Information
O Intel® IMVP9 Compatible Order Number | Package Type | Top Marking
B Support Mobile CPU
®  Support Desktop CPU uP9523RQKI WQFN4x4-32L uP9523R
0 RCOT"™ Control Topology
B Easy Setting Note:
| Smooth Mode Transition (1) Please check the sample/production availability with uPI
B Fast Transient Response representatives.

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

O 2-Embedded 5V MOSFET Drivers J-STD-020 requirement. They are halogen-free, RoHS compliant

| With Integrated Bootstrap Diodes and 100% matte tin (Sn) plating that are suitable for use in SnPb
[1  Support Operation Phase Disable Function or Pb-free soldering processes.
B 2/1-Phase Configuration Pin Configuration
[0  Selectable Voltage Regulator Parameter
®  Vboot Voltage 5 2 L Ly .
. . w o z z o
B Switching Frequency ¢z 288888
B Dynamic VID Transti_on Slew Rate B 24l 123l 221 21l Tool Taol Tugl 7!
0  System Input Power Monitor Psys BooT1|25| . _ _ _________ , L16| PROG4
[0 Enable Control and VR_RDY Indicator ue1[76) | | 05| cowp
[0  Thermal Sense Input and VRHOT# Indicator prL[271 | | 7 re
[0 Differential Output Voltage Remote Sense Le1 28 : | o3| RN
- GND —
[0 Inductor DCR Current Sense ovo [751 | 33 : o3| rerour
0 OVP/UVP/OCP/OCL/UVLO/Thermal Shutdown Lol ! | 7| o
[J RoHS Compliant and Halogen Free C ——
PH2 311 L : (10| IREF
ue2[32l N—————m——————— 4 [9|Psys
Applications Oji} 2} 3l el |5y jely7l sl
o~ H H o N4 — [N ™
[0 Mobile CPU Power Supplies ® £z e o oa
[0 Desktop PC CPU Power Supplies
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Typical Application Circuit
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2-Phase Application
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uUP9523R

Functional Pin Description

Pin No.

Name

Pin Function

BOOT2

Bootstrap Supply of Upper Gate Driver for 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 Cgoot, and make sure it is placed close to the controller.

VRHOT#

Thermal Indicator. This pin is an open drain structure and it is active low. The controller
asserts VRHOT# to indicate the platform that the VR temperature is higher than 106°C.

CALERT#

SVID Alert# Line.

(SDIO

SVID Data I/O.

[5CLK

SVID Clock Input.

PROG1

Dynamic VID Boost Setting. Connect a resistor from this pin to GND to set the dynamic
VID boost function. The resistor value should be greater than 10kQ.

PROG2

Iccmax Setting Input. Connect a resistor from this pin to GND to set the SVID lccmax
register (0x21h) value. The resistor value should be greater than 10kQ

PROG3

DC Load Line Setting. Connect a resistor from this pin to GND to set the value of load
line. The resistor value should be greater than 15kQ.

[(PSYS

Input of System Input Power Monitor. This pin is for total platform system power monitor.
The built-in analog-to-digital converter (ADC) converts the PSYS pin voltage to digital
content for total platform system power monitor (Ox1Bh) via SVID interface. The ADC input
and output range is from OV (=00h) to 2.56V (=FFh) with 20mV resolution. Connect this pin
to a voltage source from platform, or connect this pin to a current source from platform
along with a resistor from this pin to GND to implement this function. A capacitor can be
added to this pin to adjust the response time. If this function is not used, please short this
pin to GND.

10

IREF

Dynamic VID Transition Slew Rate Setting. Connect a resistor from this pin to GND to
set the value of dynamic VID transition slew rate. Use 10kQ for mobile platform
application, and use 20kQ for desktop platform application.

11

IMON

Output Current Monitor. The output current of this pin is proportional to the total load
current. Connect a resistor network with NTC thermistor from this pin to REFOUT. The
voltage across IMON and REFOUT is then proportional to the total load current. This
voltage is used for load line, total output current protection and output current reporting. A
built-in analog-to-digital converter (ADC) converts the voltage across IMON and REFOUT
to digital content for output current reporting via SVID interface. Do not connect any
capacitor to this pin.

12

REFOUT

Reference Voltage Output. This pin outputs a 1.2V as the reference voltage for IMON.
Connect a capacitor from this pin to GND. Use a 0.1uF to 0.22uF MLCC as Cggrout, and
place it close to this pin.
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uUP9523R

Functional Pin Description

Pin No. Name Pin Function
Output Voltage Feedback Return. Inverting input to the differential voltage sense amplifier.

13 FBRTN Connect this pin directly to the processor output voltage feedback return sense point, namely
VSS SENSE.

14 FB Inverting Input of the Error Amplifier.

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

PWM On-Time Setting and Internal Compensation Resistor Rcome int. CONnect a resistor

16 PROG4 from this pin to GND to set the PWM on-time and internal compensation resistor Rcomp_nT-
The resistor value should be greater than 15kQ.

17 cSP2 Positive Differential Current Sense Input for Phase 2. When phase 2 is not used, short
this pin to GND to let the controller operate in 1-phase configuration.

Negative Differential Current Sense Input for Phase 2. When phase 2 is not used, pull

18 CSN2 high this pin to DVDD through a 1kQ resistor to let the controller operate in 1-phase
configuration.

19 CSN1 Negative Differential Current Sense Input for Phase 1.

20 CSP1 Positive Differential Current Sense Input for Phase 1.

Thermal Monitoring Input. Connect a specified negative temperature coefficient (NTC)

21 TSENSE thermistor network from this pin to GND for the voltage regulator temperature sensing
Recommend to use 100kQ/B=4250 NTC thermistor by Murata (NCP15WF104F03RC). See
the related section in Application Information for detail.

Power Stage Input Voltage Sense. Directly connect this pin to the power stage input V.

22 VINSEN | The controller senses the voltage on this pin for power stage input voltage Vy detection. The
VINSEN voltage is also used for PWM on-time calculation.

This pin is a multi-functional pin. It is chip enable control input and also used to set initial start
up voltage Vboot.

23 EN Chip Enable Control Input. Pull this pin above 0.8V enables the chip. Pull this pin below
0.3V to disable the chip. Pull up EN to 3.3V for 1.8V Vboot application. Follow the
recommended power sequence and make sure DVDD is ready before EN goes high.

VR Ready Indicator. This pin is an open drain structure and it is active high. Pull up this pin

24 VR_RDY | through a proper resistor to a voltage source. The controller asserts VR_RDY (goes high) at
the end of Vboot ramp to indicate that the controller is ready to accept SVID command.
Bootstrap Supply of Upper Gate Driver for Phase 1. This pin is the supply input for the

25 BOOT1 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.

uP9523R-DS-F0000, Mar. 2021 4

Copyright© uPl Semiconductor Corp. All Rights reserved. WWW.Upi-semi.com




Q@ﬁuplsaw|

uUP9523R

Functional Pin Description

Pin No.

Name

Pin Function

26

UGl

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.

27

PH1

Switch Node for 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.

28

LG1

Lower Gate Driver Output for 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.

29

DVDD

Supply Input for the IC. Connect this pin to a 5V voltage source via an RC filter, and bypass
this pin to GND with at least 1JuF MLCC and placed very close to this pin. DVDD is the supply
input for both the logic control circuit and embedded MOSFET drivers.

30

LG2

Lower Gate Driver Output for 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.

31

PH2

Switch Node for 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.

32

uG2

Upper Gate Driver Output for 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.

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 uP9523R has single power input DVDD. DVDD is the 5V supply input for control logic circuit of the controller and
the embedded MOSFET drivers. RC filter to DVDD is required for locally bypassing this supply input. DVDD has 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 three inputs (DVDD, VINSEN
and EN) are monitored to determine whether the controller is ready for operation.

Figure 1 shows the power ready detection circuit. The DVDD voltage is monitored for power on reset with typical 4.3V
threshold at its rising edge. The VINSEN voltage is monitored for power on reset with typical 5.3V threshold at its rising
edge. When DVDD 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 for next soft-start once the controller is re-enabled. Note that only DVDD or EN toggle
will clear all fault state. VINSEN toggle is not used for clearing fault state. Anytime any one of the three inputs falls
below their power on reset level will shutdown the controller.

|
|
| 43V o—-

DVDD**%\_
: 0.8V O—M} ror
ENH >

|
| 53V 0— -

VINSEN *7 +

Figure 1. Circuit of Power Ready Detection

Controller Start up Sequence

When DVDD and VINSEN inputs are all ready, the controller waits for the EN signal to initiate the power on sequence.
Figure 2 shows the typical start up sequence for non-zero Vboot case. After EN goes high (3.3V), the output voltage
starts to ramp up to 1.8V. The controller asserts ALERT# when Vboot target is reached, and asserts VR_RDY at the
end of Vboot ramp. The delay time from EN go high to VR_RDY assertion is T ( < 2.5ms). Then the start up sequence
is over. Figure 3 shows the typical start up sequence of zero Vboot case. After EN goes high (1.0V), the controller waits
for a delay time Ty ( < 2.5ms) then asserts VR_RDY to indicate that the PWM controller is ready for accepting SVID
command. For the zero Vboot case, the output voltage slew rate is determined by the received SetVID command.

VINSEN
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A
Y

EN T

VR_RDY

(open drain; Vboot
Vout
(Non-zero Vhoot)
ﬁ)ly:eEn ﬂﬁ/////////// |_
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Figure 2. Start-Up Sequence and Enable Timing with Non-zero Vboot
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Functional Description
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Figure 3. Start-Up Sequence and Enable Timing with Zero Vboot

Voltage Regulator Parameter Setting

There are four voltage regulator parameters that need to be determined, such as dynamic VID transition boost, SVID
Iccmax register 0x21h value, load line, PWM on time setting. They are programmed by PROG1, PROG2, PROGS,
PROG4, respectively as shown in Figure 4. Each parameter setting is detailed in the following sections.

PROG1 |  Reroct

Wl
PROG2 | Rerosz

AID I
Converter PROG3 | Rprocs

——w—]l

PROG4 | Rerocs |

——————W\— [l

Figure 4. Initial Parameter Setting

Dynamic VID Transition Boost (PROG1)

The uP9523R provides dynamic VID (DVID) transition boost function to improve the DVID transition performance. The
PROGL1 pin is used to set the DVID boost function. Table 1 lists the PROG1 resistor setting for dynamic VID transition
boost. Below is an example of choosing the PROG1 resistor. No matter what the DVID transition slew rate SR setting is,
use 13mV/us as the slew rate in the DVID transition boost setting calculation. Given slew rate SR = 13mV/us, load line
(LL) = 2mQ, Cout = 1000uF, the droop voltage caused by the inrush current during upward dynamic VID transition can
be calculated as Vdroop = (Cout*SR)*LL = 26mV. The DVID boost factor K is defined as K = Vdroop(mV)/K_SR, where
K_SR =15. Then K = 26/15 = 1.73, choose K = 2 from Table 1, therefore the resistor Rprog: = 18.7kQ. Fine-tuning may
be required per actual measurement to ensure that the dynamic VID transition performance meets the requirement.
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Functional Description

Table 1. Dynamic VID Transition Boost Setting

Recommended Resistor Recommended Resistor
DVID Boost Factor (K) Rerocs (kQ) DVID Boost Factor (K) Rerocs (kQ)
0 16.2 8 24.9
1 17.8 9 26.1
2 18.7 10 26.7
3 19.6 11 28
4 20.5 12 28.7
5 21.5 13 30.1
6 22.6 14 30.9
7 23.7 15 32.4

SVID Register 0x21h (Ilccmax) Value (PROG2)

The PROGZ2 pin is used to set the SVID register 0x21h value as shown in Figure 4. During the initial setting period, a
10uA current source is turned on for a period of time to flow out of PROG2 pin through Rprog2 to create voltage drop on
this pin. This voltage is digitized by an internal 8-bit A/D converter and stored in SVID register 0x21h (Ilccmax). The
Iccmax register value is calculated as below equation.

RPRoez(kQ) 255

Iccmax(A) =
The recommended resistance range of Rprogz is from 10kQ to 65kQ. The programmable range is from 27h to FFh
(39A to 255A). If the pin voltage is greater than 0.65V, the SVID register 0x21h value is still 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.

Load Line Factor K. and Load Line Setting (PROG3)

As shown in Figure 5, the current lcsnk denotes the sensed current in each phase. These currents are scaled and
summed as lon, 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 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.

2 Rbc
Load Line = RLL=—x > x RimMoN x KLL

5 Resn
Where Ry, 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. R¢sy is obtained by giving the per phase current limit level. The Ryyon Value is obtained through
Iccmax trigger level calculation, then load line factor K., can be obtained as follows.

Rcsn 5 RLL
KLL = X — X
Roc 2 Rivon
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Functional Description

The PROG3 pin 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 PROG3 pin through Rprog3 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 Rprogz = 255 kQ or
greater is for LL= 0 and Rprogz = 15kQ is also for LL = 0. Fine-tuning may be required per actual measurement to
ensure that the DC load line meets the requirement.

_ 255— RPRoes(kQ)

Ko
128
rr----------"-"=- - - "=- - -—- - —-""-""—-"—-"-"=—-"—-"—-"=- 1
Rrs I !
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Figure 5. Load Line and Output Voltage Differential Sense

PWM On Time (Switching Frequency) and Internal Reome int (PROG4)

Refer to Figure 4, a resistor Rprogs cOnnected from PROG4 pin to GND is used to set two parameters: PWM on time
and internal compensation resistor Rcome_int. The PWM on time determines the switching frequency. Table 2 shows
the recommended resistance value for Rcome vt @nd the switching frequency (with the condition of V\y = 12V, Vour =
1.8V). Select the resistor from Table 2 to set the switching frequency. The other parameter to be set is Rcomp int, Which
is a resistor internal to the COMP pin. There is an external resistor Rcomp connected to COMP pin for voltage loop
compensation. The additional internal compensation resistor (Rcome int) Will be in series with the external Rcome Only
when the voltage regulator is in single-phase operation to improve the load transient response. When the voltage
regulator is in multi-phase operation, the Rcome vt is fixed at 2.5kQ).
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Functional Description

Table 2. Rcomp vt @nd Switching Frequency

R ded Resist . L
ecommended Resistor Rcomp ivtn Single-Phase | Switching Frequency (kHz)
Reroca (kKQ) B

15.8 300

215 400
+7.5kQ

30.1 500

40.2 600

54,9 600

75.0 500
+5kQ

95.3 400

118 300

147 300

182 400
+2.5kQ

226 500

open 600

Initial Start Up Voltage (Vboot)

The EN pin is used for chip enable control input and also used to set initial start up voltage Vboot. The uP9523R has
selectable initial start up voltage (Vboot) for design flexibility. The Vboot can be set to OV or 1.8V as below.

If Ven < 2V, Vboot = 0V.
If Ven > 2V, Vboot = 1.8V.

It is recommended to use 3.3V from system for 1.8V Vboot typical implementation.

Operation Phase Disable Function

uP9523R supports operation phase disable function to further increase the design flexibility. Platform designer can
choose to disable a phase to meet their design requirement. The minimum operation phase number is 1 phase. In
general, to disable phase 2, pull up CSN2 to DVDD through 1kQ resistor and tie CSP2 to ground. The controller
detects all the CSNx and CSPx voltage at DVDD power on reset to determine operation phase number.

Dynamic VID Transition Slew Rate

The IREF pin is used for the dynamic VID transition slew rate setting. The slew rate can be set to 52mV/us (for mobile
platform application) or 13mV/us (for desktop platform application) by the Rrgr resistor as shown in Figure 6. Table 3
shows the recommended resistance value for slew rate selection. Make sure to connect a resistor from IREF 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.
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Functional Description

Table 3. Dynamic VID Transition Slew Rate Setting

Recommended Resistor Riger (kQ) 10 20

Fast Slew Rate (mV/us) 52 13

Slow Slew Rate (mV/us) 13 3

Slew Rate During Soft Start Operation (mV/us) 52 13

Rirer

Figure 6.IREF Connection

Dynamic VID Transition

The controller accepts SetVID command via SVID bus for output voltage change during normal operation. This allows
the output voltage to change while the voltage regulator is running and supplying current to the load. This is commonly
referred to as VID on-the-fly (VID OTF). A VID OTF event may occur under either light or heavy load condition. This
voltage change direction can be upward or downward. Per SetVID command, the slew rate can be fast or slow. The
default value of slow slew rate is 1/4 of fast slew rate. The slow slew rate is determined by the processor in SVID
register 2Ah, which can only be programmed by the processor.

Soft Start

The slew rate of output voltage during soft start operation and dynamic VID voltage change is determined internally.
The slew rate during soft start operation for non-zero Vboot case (refer to Figure 2) is shown in Table 3.

Output Voltage Differential Sense

The uP9523R uses differential sense by a high-gain low offset error amplifier for output voltage differential sense as
shown in Figure 5. The CPU voltage is sensed by the FB and FBRTN pins. FB pin is connected to the positive remote
sense pin VCCIN_SENSE of the CPU via the resistor Rrg. FBRTN pin is connected to the negative remote sense pin
VSS_SENSE of CPU directly.

Iccmax Alert and Total Output Over Current Protection (OCP)

As shown in Figure 7, the current Icsnx denotes the sensed per-phase load current, and the summed current is further
internally mirrored to IMON pin as I,yon for SVID Iccmax alert function and total output over current protection (OCP). A
resistor Ryyon is connected from IMON pin to REFOUT. This lyon current flows through the resistor R)yon, Creating
voltage drop across it. As the total load current increases, the voltage on IMON pin (V\yon) increases proportionally.
When the IMON voltage is greater than Vgerour+1.5V, the SVID lccmax alert is triggered, and then the ALERT# is
pulled low to indicate the processor that the voltage regulator is in lccmax condition.
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Functional Description

The output current level of triggering SVID Iccmax alert is calculated as follows.

15 Resv 1
X

|OUT_muwu==
Rmon  Roc 2

— —0 VReroutt1.95V
ocp G
+
C pr—
lccmax — F—O Vgerourtl1l.5V — Wy
Alert . csN2 : Resw _|_
| L
| —

I\M(]N IMON
SVID
A/ID —>
Register % B VVv

Converter | Rivon
| REFOUT
i
|
|
|

Figure 7. Iccmax Alert and Total Output OCP

When the IMON voltage further increases to greater than the OCP threshold (it is typically 130% of SVID Iccmax alert
threshold) 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, to turn off all MOSFETs to shutdown the regulator. The total output
OCP is a latch-off type protection, and it can only be reset by DVDD or EN toggling. Avoid connecting any capacitor to
the IMON pin since it brings extra delay. The output current level of triggering total output OCP is calculated as follows.

1.5x1.3 8 Resn 1

Rimon Roc 2

lout ocp =

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. 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 4 shows the total output OCP ratio per actual operating phase number and the
hardware configuration.

Table 4. Total Output OCP and Operation Phase Number

Operation Condition
Total Output OCP Ratio
2-Phase 1-Phase
Configuration 1-Phase -- 1
uP9523R-DS-F0000, Mar. 2021 13
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Output Current Reporting

Refer to Figure 7, the summed current is internally mirrored and fed to IMON pin as lyon for SVID output current
reporting function. A resistor Ryyon is connected between IMON and REFOUT. The current lyon flows through the
resistor Ryvon, Creating voltage drop across it. As the total load current increases, the voltage on IMON pin (Viuon)
increases proportionally. An internal analog-to-digital converter (ADC) converts the voltage difference between IMON
and REFOUT to a digital content for output current reporting through SVID interface. As V,yon Voltage increases, the
SVID register 0x15h content increases. REFOUT is used as the reference of IMON, therefore Vyon = 1.2V means
SVID register 0x15h = 00h. The ADC input range is typically 1.5V, which means the SVID register 0x15h = FFh when
Vivon = 2.7V. Further increase of Vyon (>2.7V) is allowed, but the ADC results will remain at FFh. The total output
current level for SVID register O0x15h = FFh is calculated as follows.

15 Resw 1
louTsvioox15h= FFh = X
Rmon  Roc 2

Over Voltage Protection (OVP)

The controller monitors the voltage on FB pin for over voltage protection. After output voltage ramps up to Vboot, the
controller initiates OVP function. Once Vg exceeds the OVP threshold for a specific delay time, OVP is triggered.
VR_RDY is pulled low immediately, UGx is held low, LGx is held high, and 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 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 DVDD or EN toggling. The OVP detection circuit has a fixed delay time to prevent false trigger.
Note that the OVP is blocked during VID OTF.

Under Voltage Protection (UVP)

The controller monitors the voltage on FB pin for under voltage protection. After output voltage ramps up to Vboot, the
controller initiates UVP function. Once Vgg is lower than the UVP threshold for a specific delay time, UVP is triggered.
VR_RDY is pulled low immediately, both UGx and LGx is held low, and then turns off all MOSFETSs to shutdown the
regulator. The UVP is a latch-off type protection, and it can only be reset by DVDD or EN toggling. The UVP detection
circuit has a fixed delay time to prevent false trigger. Note that the UVP is blocked during VID OTF.

Per-Phase Over Current Limit

In addition to the total output current OCP, the controller provides per-phase peak current limit function to protect the
voltage regulator. The controller uses DCR current sense technique to sense the inductor current in each phase for
per-phase current peak limit and current balance as shown in Figure 8. In this inductor current sensing topology, the
time constant is expressed as follows

k x L = Rcspxx Cesnx
Roc

uP9523R-DS-F0000, Mar. 2021 14
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where L is the output inductor, Rpc is its DC resistance and k is a constant. Theoretically, if k = 1, the sensed current
signal Icsny is expressed as follows.

lux x Roc
lesny = ————
CSNx

— VNV AN — VCCIN
g
L

Figure 8. Inductor DCR Current Sense

The sensed current Icsny represents the current in each phase, and it is compared to a 60uA current source for
per-phase peak current limit. If the inductor current of any of the active operating phase exceeds the threshold, the
per-phase output inductor current is limited to an averaged current. A continuous over load event will cause the output
voltage to drop and eventually trigger under voltage protection to shut down the voltage regulator.

Note that the resistance value of Rcgny must be less than 1kQ to ensure the current sensing circuit in normal operation.
The resistance of Rcsny and the per-phase current limit level can be obtained using equation as follows.

_ IOCP_perphaLse ><RDC
Resm™ 60uA

Thermal Monitoring and VRHOT#

The TSENSE pin 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 9. The NTC thermistor is
placed close to the hottest point of the regulator, normally close to the inductor and low-side MOSFET of phase 1. A
precision current source flows out of the TSENSE pin through the temperature sense network to create a voltage drop
Vrsense ON this pin. As regulator temperature rises, the Vrsense decreases. Therefore the controller detects the Vrsense
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 value is 6Ah (106°C).

The temperature for SVID thermal alert and VRHOT# assertion is 103°C and 106°C, respectively. The curve of
TSENSE pin voltage and the sensed temperature is shown in Figure 10. The regulator can trigger the VRHOT# as long
as the temperature exceeds the maximum temperature threshold. It is highly recommended to use 7.32kQ as Rp, and
100kQ/B= 4250 NTC thermistor by Murata (NCP15WF104F03RC). Rs is reserved for fine tune.

uP9523R-DS-F0000, Mar. 2021 15
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Irsense GD

VRHOT T

|
|
SVID < | —
Thermal v |
Alert - —| | Rp=7.32kohm Rntc=100kohm
H |
i |

Figure 9. Regulator Temperature Sense

430
410 ™
390 \

N
370 N
350 \\
330

310 N
290 \
270 ~
250 N

N
230 N

™

TSENSE Pin Voltage (mV)

210

95 100 105 110 115 120 125 130
Sensed Temperature ('C)

Figure 10. TSENSE Pin Voltage and Sensed Temperature

Control Loop

The uP9523R adopts the uPI’s 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. The amplified error signal Vcomp is compared to the internal
ramp to initiate a PWM on-time. The RCOT'™ features easy design, fast transient response, smooth mode transition
for powering the microprocessor.

uP9523R-DS-F0000, Mar. 2021 16
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Table 5. IMVP9 VID Table

SVID VID SVID | VID SVID | VID SVID | VID SVID | VID SVID VID SVID VID
HEX ) HEX V) HEX V) HEX V) HEX V) HEX V) HEX V)

[(Dx00 | 0.00 | Ox25 | 0.56 | Ox4A | 0.93 | Ox6F | 1.30 | 0x94 | 1.67 | 0xB8 | 2.03 | OxDC | 2.39
[(Dx01 | 0.20 | Ox26 | 0.57 | Ox4B | 0.94 | Ox70 | 1.31 | O0x95 | 1.68 | OxB9 | 2.04 | OxDD | 2.40
(Ox02 | 0.21 | Ox27 | 0.58 | Ox4C | 0.95 | Ox71 | 1.32 | 0x96 | 1.69 | OxBA | 2.05 | OxDE | 2.41
[(Dx03 | 0.22 | Ox28 | 0.59 | Ox4D | 0.96 | Ox72 | 1.33 | 0x97 1.70 | OxBB | 2.06 | OxDF | 2.42
(Dx04 | 0.23 | Ox29 | 0.60 | Ox4E | 0.97 | Ox73 | 1.34 | 0x98 | 1.71 | OxBC | 2.07 | OxEQO | 2.43
[(Dx05 | 0.24 | Ox2A | 0.61 | Ox4F | 0.98 | Ox74 | 1.35 | 0x99 172 | OxBD | 2.08 | OxEl | 2.44
[(Dx06 | 0.25 | Ox2B | 0.62 | Ox50 | 0.99 | Ox75 | 1.36 | Ox9A | 1.73 | OxBE | 2.09 | OxE2 | 2.45
(Dx07 | 0.26 | Ox2C | 0.63 | Ox51 | 1.00 | Ox76 | 1.37 | Ox9B | 1.74 | OxBF | 2.10 | OXE3 | 2.46
(Dx08 | 0.27 | Ox2D | 0.64 | Ox52 | 1.01 | Ox77 | 1.38 | Ox9C | 1.75 | OxCO | 2.11 | OxE4 | 2.47
[(Ox09 | 0.28 | Ox2E | 0.65 | Ox53 | 1.02 | 0x78 | 1.39 | Ox9D | 1.76 | OxC1 | 2.12 | OxE5 | 2.48
[Ox0A | 0.29 | Ox2F | 0.66 | Ox54 | 1.03 | O0x79 | 1.40 | Ox9E | 1.77 | OxC2 | 2.13 | OxE6 | 2.49
[DxOB | 0.30 | Ox30 | 0.67 | Ox55 | 1.04 | Ox7A | 1.41 | Ox9F | 1.78 | OxC3 | 2.14 | OxE7 | 2.50
(Ox0C | 0.31 | Ox31 | 0.68 | Ox56 | 1.05 | Ox7B | 1.42 | OxAO | 1.79 | OxC4 | 2.15 | OxE8 | 2.51
[OxOD | 0.32 | O0x32 | 0.69 | Ox57 | 1.06 | Ox7C | 1.43 | OxAl | 1.80 | OxC5 | 2.16 | OxE9 | 2.52
[(OxOE | 0.33 | O0x33 | 0.70 | Ox58 | 1.07 | Ox7D | 1.44 | OxA2 | 1.81 | OxC6 | 2.17 | OXEA | 2.53
[OXOF | 0.34 | O0x34 | 0.71 | Ox59 | 1.08 | Ox7E | 1.45 | OxA3 | 1.82 | OxC7 | 2.18 | OxEB | 2.54
(Dx10 | 0.35 | Ox35 | 0.72 | Ox5A | 1.09 | Ox7F | 1.46 | OxA4 | 1.83 | O0xC8 | 2.19 | OXEC | 2.55
[Ox11 | 0.36 | Ox36 | 0.73 | Ox5B | 1.10 | Ox80 | 1.47 | OxA5 | 1.84 | OxC9 | 2.20 | OXED | 2.56
Ox12 | 0.37 | Ox37 | 0.74 | Ox5C | 1.11 | Ox81 | 1.48 | OxA6 | 1.85 | OxCA | 2.21 | OxEE | 2.57
[(Ox13 | 0.38 | Ox38 | 0.75 | Ox5D | 1.12 | 0x82 | 1.49 | OxA7 | 1.86 | OxCB | 2.22 | OxEF | 2.58
[Ox14 | 0.39 | Ox39 | 0.76 | Ox5E | 1.13 | 0x83 | 1.50 | OxA8 | 1.87 | OxCC | 2.23 | OxFO | 2.59
[(Dx15 | 0.40 | Ox3A | 0.77 | Ox5F | 1.14 | Ox84 | 1.51 | OxA9 | 1.88 | OxCD | 2.24 | OxF1 | 2.60
[(Ox16 | 041 | Ox3B | 0.78 | Ox60 | 1.15 | O0x85 | 1.52 | OxAA | 1.89 | OxCE | 2.25 | OxF2 | 2.61
(Dx17 | 042 | Ox3C | 0.79 | Ox61 | 1.16 | Ox86 | 1.53 | OXAB | 1.90 | OXxCF | 2.26 | OxF3 | 2.62
[(Ox18 | 043 | Ox3D | 0.80 | Ox62 | 1.17 | Ox87 | 1.54 | OXAC | 1.91 | OxDO | 2.27 | OxF4 | 2.63
(Dx19 | 0.44 | Ox3E | 0.81 | Ox63 | 1.18 | 0x88 | 1.55 | OxAD | 1.92 | OxD1 | 2.28 | OxF5 | 2.64
[Dx1A | 045 | Ox3F | 0.82 | Ox64 | 1.19 | Ox89 | 1.56 | OXAE | 1.93 | OxD2 | 2.29 | OxF6 | 2.65
[(Ox1B | 0.46 | 0x40 | 0.83 | Ox65 | 1.20 | Ox8A | 1.57 | OxAF | 1.94 | 0xD3 | 2.30 | OxF7 | 2.66
[Dx1C | 047 | Ox41 | 0.84 | Ox66 | 1.21 | Ox8B | 1.58 | OxBO | 1.95 | OxD4 | 2.31 | OxF8 | 2.67
(Ox1D | 0.48 | O0x42 | 0.85 | Ox67 | 1.22 | Ox8C | 1.59 | OxB1 | 1.96 | OxD5 | 2.32 | OxF9 | 2.68
[Dx1E | 0.49 | Ox43 | 0.86 | Ox68 | 1.23 | O0x8D | 1.60 | OxB2 | 1.97 | OxD6 | 2.33 | OxFA | 2.69
[(Dx1F | 0.50 | Ox44 | 0.87 | Ox69 | 1.24 | Ox8E | 1.61 | OxB3 | 1.98 | OxD7 | 2.34 | OxFB | 2.70
[(Dx20 | 0.51 | Ox45 | 0.88 | Ox6A | 1.25 | Ox8F | 1.62 | OxB4 | 1.99 | 0xD8 | 2.35 | OxFC | 2.71
[Ox21 | 0.52 | Ox46 | 0.89 | Ox6B | 1.26 | 0x90 | 1.63 | OxB5 | 2.00 | OxD9 | 2.36 | OxFD | 2.72
(Dx22 | 0.53 | Ox47 | 0.90 | Ox6C | 1.27 | O0x91 | 1.64 | OxB6 | 2.01 | OxDA | 2.37 | OxXFE | 2.73
[(Ox23 | 0.54 | Ox48 | 0.91 | Ox6D | 1.28 | 0x92 | 1.65 | OxB7 | 2.02 | OxDB | 2.38 | OxFF | 2.74
(Dx24 | 055 | O0x49 | 092 | Ox6E | 1.29 | 0x93 | 1.66 -- -- -- -- -- --

uP9523R-DS-F0000, Mar. 2021 17

Copyright© uPl Semiconductor Corp. All Rights reserved.

WWW.Upi-semi.com




@ uPl SEMI
uP9523R

Functional Description

Table 6. Supported SVID Data and Configuration Register for Address = 00h

Index Register Name | Access Default Description
00h Vendor ID RO 27h Vendor ID
01h Product ID RO 1Fh Product ID
02h Product Revision RO 01lh Product Revision
Identifies what version of SVID protocol the controller
05h Protocol ID RO 08h
supports. IMVP9 = 08h.
06h Capability RO Alh Bit mapped register,. identifies the SVID VR capabilities
and which of the optional telemetry are supported.
00h
(Zero Vboot)
10h Status_1 RO Data register containing the status of VR.
01lh
(Non-zeroVboot)
11h Status_2 RC 00h Data Register containing the status of transmission.
Averaged output current. This read-only field yields the
15h Output Current RO -- conversion result for VR output current commonly
referred to as IMON.
1Bh Input Power RO Averaged input power or PSYS. This read-only field
(PSYS) contains the telemetry's input power measurement data.
This register contains a copy of the status2 data that was
1Ch Status2_LastRead RO 00h .
- last read with the GETREG (status2) command.
Data register containing the ICC maximum the plastform
21h ICC_Max RO . gl ning ximum the p
- supports.
Data register containing the temperature maximum the
22h Temp_Max RO 6Ah platform supports and the level VRHOT# asserts. Binary
formatin °C, i.e. 6Ah = 106°C.
34h Data register containing the capability of fast slew rate
(mobile) i i i i
24h SR Fast RO the platform can sustain. Binary format m_mV/us, ie.
- 0Dh ODh = 13mV/us. 34h = 52mV/us. The register content
(desktop) depends on the resistor setting of IREF pin.
0Dh Data register containing the capability of slow slew rate
(mobile) in. Bi i i
25h SR Slow RO the platform can sustain. Binary format |_n mV/us, i.e.
- 03h 03h = 3mV/us. 0Dh = 13mV/us. The register content
(desktop) depends on the resistor setting of IREF pin.

uP9523R-DS-F0000, Mar. 2021
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Table 6. Supported SVID Data and Configuration Register for Address = 00h (cont.)

Index Register Name Access Default Description
26h Vboot RO 3 Dat'a register containing Vboot voltage in VID steps. The
register content depends on the EN voltage level.
2Ah Slow Slew Selector RW 02h Default 02h denotes slow slew rate is 1/4 of fast slew rate.
. This register holds an encoded value that represents the
2Bh PS4 Exit Latenc RO 7Bh .
X y VR PS4 exit latency. 7Bh represents 88us.
Thi ister hol lue that ts th
oCh PS3 Exit Latency RO 45h is regis gr olds an encoded value that represents the
VR PS3 exit latency. 45h represents 5us.
oDh ENABLE to SVID RO coh This register holds an encoded value that represents the
Ready VR ENABLE to Ready. C9h represents 2304us.
This register is programmed by the master and sets the
30h Vout_Max RW b3h maximum VID. D3h = 2.3V,
31h VID_Setting RO -- Data register containing currently programmed VID.
32h Power_State RwW 00h Register containing the programmed power state.
33h Voltage Offset RW 00h Set offset in VID steps.
Bit mapped data register which configures multiple VRs
34h Multi VR_Config | SW 01h it mapp gister wh 'gures mutip
behavior on the same bus.
Scratch pad register for temporary storage of the
35h SetRegADR RW 0oh pad register porary g
SetRegADR pointer register.
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Table 7. Supported SVID Data and Configuration Register for Address = ODh

Index Register Name Access | Default Description
00h Vendor ID RO 27h Vendor ID
01lh Product ID RO 1Fh Product ID
02h Product Revision RO 01lh Product Revision
Identifies what version of SVID protocol the controller supports
05h Protocol ID RO 08h IMVPS =08h.
10h Status_1 RO 01lh Data register containing the status of VR.
11h Status_2 RC 00h Data register containing the status of transmission.
Averaged output current. This read-only field vyields the
15h Output Current RO -- conversion result for VR output current commonly referred to as
IMON.
Averaged input power or PSYS. This read-only field contains the
1Bh Input Power (PSYS) RO -- verag '|'pu pow ! v I
telemetry's input power measurement data.
This register contains a copy of the status2 data that was last read
1Ch Status2_LastRead RO 00h
Hse_ with the GETREG (status2) command.
32h Power_State RW 00h Register containing the programmed power state.
Bi [ hich fi ltiple VR havi
34h Multi VR_Config SW 01h it mapped data register which configures multiple VRs behavior
- - on the same bus.
Thie register contains the minimum time for which the input
49h PSYSC DBC CLR RW 00h system power (Psys input) must continually pe below the
- - CRITICAL threshold (PsysCrLvl) before VRHOT# is de-asserted
(high).
Thi i fiel he P itical P D
4AR PSYS CR LVL H RW 00h is register field sets the Psys Critical Power Detector
- - - comparator threshold level.
4Bh PSYS W2 LVL H RW 00h This register field sets the threshold level of the WARNING2
- -~ comparator.
4Ch PSYS W1 LVL H RW 00h This register field sets the threshold level of the WARNING1
- - = comparator.
This register contains the total time for which input Psys is above
4Dh | PSYS_WARN2_CNT RC 00h
- - or below the WARNING2 threshold (PsysW2Lvl).
This register contains the total time for which input Psys is above
4Eh | PSYS WARN1 CNT RC 00h
- - or below the WARNINGL1 threshold (PsysW1Lvl).
This register contains the minimum time for which the input
4Fh PSYSC DBC SET RW 00h system power (Psys input) must continually meet.or exceed
- - CRITICAL threshold (PsysCrLvl) before VRHOT# is asserted
(low).
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Absolute Maximum Rating

(Note 1)
Supply Input Voltage, DVDD ---- -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 -65C to +150C
Junction Temperature 150°C
Lead Temperature (Soldering,10 sec) 260C
ESD Rating (Note 2)

HBM (Human Body Mode) 2kv

Thermal Information

Package Thermal Resistance (Note 3)

WQFN4x4-32L 63, - 37°C/W

WQFN4x4-32L 6,c --- 2°C/W
Power Dissipation, P, @ T = 25°C

WQFN4x4-32L 2.7TW

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, DVDD 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. 8,4 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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Electrical Characteristics
(DVDD =5V, T, = 25°C, unless otherwise specified)

Parameter ‘ Symbol Test Conditions ’ Min ‘ Typ ’ Max ‘ Units
Supply Input
DVDD POR High Threshold PORHpypp |DVDD rising 4 | 43 | 45 \Y,
DVDD POR Hysteresis HYSpvop - 0.3 - V
Supply Current lovob EN =5V, VID = 0V, PWM no switching -- 5 -- mA
Shutdown Current Iovop_sion |EN =0V -- 10 -- uA
Supply Current in PS4 lovop psa  |EN =5V, PS4 state -- -- 1100 | uA
VIN Sense
VINSEN POR High Threshold | PORHynsen [VINSEN rising - |525| -- \Y,
VINSEN POR Low Threshold PORLynsen |VINSEN falling - | 45| -- Y,
VINSEN Input Current IvinsEN EN =5V, VINSEN =12V - 25 - uA
EN Input
Input Low Vi -- -- 0.3 V
Input High Viy 08 | -- -- \%
Pull-Low Resistance Ren pL -- | 200 | -- kQ
Slew Rate
SetVID_Fast, Rger = 10kQ - 52 -
Slew Rate Fast SR_Fast mV/us
SetVID_Fast, Rirer = 20kQ -- 13 --
SetVID_Slow, SVID register 0x2Ah = 02h, 3 13 3
Rirer = 10kQ
Slew Rate Slow SR_Slow mV/us
SetVID_Slow, SVID register 0x2Ah = 02h, 3 3 3
Rirer = 20kQ
PWM On-Time Setting
PWM On-Time Ton VINSEN =12V, VID = 1.8V,[Fsw=300kHz 400 | 500 | 600 ns
Minimum Off-Time Torr miN - | 150 | -- ns
VR_RDY
Output Low Voltage VoL Isink = 4MA -- -- 0.2 V
Output Leakage Current I Pull up to 5V -- -- 1 UA
Error Amplifier
Trans-Conductance GM -- |12020| -- | UA/V
Gain Bandwidth Product Gew(en) Guaranteed by design -- 10 -- MHz
Current Sense Amplifier
Offset Voltage Vos(csa) -1 -- 1 mV
Input Bias Current lcicsa) Vespx = 1.8V, guaranteed by design -10 | -- 10 nA
Maximum Sourcing Current IMAXSRC 100 | -- -- UuA
Gain Bandwidth Product Gewcsny |Guaranteed by design -- 10 -- | MHz
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Copyright© uPl Semiconductor Corp. All Rights reserved. WWW.Upi-semi.com



@ uPl SEMI
uP9523R

Electrical Characteristics

Parameter Symbol Test Conditions Min | Typ | Max | Units
Output Current Monitoring IMON
Current Mirror Accuracy laccu_imon  |livon O Icsnx ratio 190 | 200 | 210 %
Output Voltage Vimon_oo SVID register 0x15h readout = 00h -- 1200 -- v
Vivon e |SVID register 0x15h readout = FFh -- 2700 --
Current Monitoring for Droop
Current Mirror Accuracy laccu_proop  [Set Ky =1, AVpgre to AV yop ratio 18 | 20 | 22 %
Thermal Monitoring
TSENSE Source Current ITsensE EN =5V, Rrer = 10kQ 114 | 120 | 126 | uA
ALERT# Assert Threshold Vrisenser | Temperature ADC result = 103°C -- | 365 | -- mV
ALERT# De-Assert Threshold Vrisensez | Temperature ADC result = 100°C -- | 384 | -- mV
VRHOT# Assert Threshold Vrisensezs | Temperature ADC result = 106°C - | 346 | -- mV
VRHOT# De-Assert Threshold Vrisenses | Temperature ADC result = 103°C - | 365 | -- mV
SCLK,SDIO, ALERT#, VRHOT#
oo oss| | - | v
F;&[(;?XE;:TS??;;SOT#) Ron_svio o R e B
Leak rren
(segé?if;Rf#,t VRHOT#) I_svo el R B
VID Voltage Accuracy
0.0V < VID < 0.495V -10 -- 10 mV
VID Voltage Accuracy VID 0.5V <VID < 0.795V -8 -- 8 mV
0.795V < VID 05| -- 0.5 %
Reference Output
REFOUT Output Voltage VRerouT -1MA < lgerout < 1MA - 1.2 - V
System Input Power Monitoring Psys
A/D Accuracy ;i;i@'lgvr‘:;?gt: 01'1288;/ ! 124 | 128 | 132 | DEC
SVID Iccmax Register Setting
A/D Accuracy rpezg(;\Z/Ig”r;’gi';?gfoigif‘gv' 149 | 153 | 157 | DEC
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Parameter Symbol Test Conditions Min | Typ | Max | Units
PROG
EN = 5V, during function setting period 3 10 3
(PROG1,PROG2,PROG3)
Source Current Isrc_PrOG UuA
EN = 5V, during function setting period 3 30 3
(PROG4)
MOSFET Gate Driver
Upper Gate Source Rue_sre Voot - Vph = 5Y, lyg = -80mA -- 0.7 | 1.3 Q
Upper Gate Sink Ruc_snk [Veoor- Ver = 5V, lyg = 80mMA -- 0.4 | 0.7 Q
Lower Gate Source Ric src I = -80mA - 07|13 Q
Lower Gate Sink Ric snk ILc = 8OMA -- 0.4 | 0.7 Q
Dead Time Torveio — 30 — e
Tot Le-uc -- 30 -- ns
Bootstrap Diode
Forward Voltage Forward bias current = 3.5mA - 1033 -- \%
Over Voltage Protection
OVP Threshold Vovp Load = OA, VID =1.8V, Vs - VID -- | 400 | -- mV
OVP Delay Time Tovp_pELAY -- 5 -- us
Under Voltage Protection
UVP Threshold Vuve Load = OA, VID =1.8V, VID - Vgg -- | 400 | -- mV
UVP Delay Time Tuve_pELAY -- 7.5 -- us
Over Current Protection
Total Current OCP Threshold Vocp Vivon - Vrerour, full phase operation - 195 -- \Y
Total Current OCP Delay Tocp -- 25 -- us
Per-Phase OC Limit Threshold locumit Measure lcgny current -- 60 -- UA
Thermal Shutdown Protection
Thermal Shutdown Threshold Tore Guaranteed by design -- | 160 | -- °C
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VR Load Transient Response
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VCCIN lour Reporting
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Note
1. Package Outline Unit Description:
MIN: Minimum dimension specified.
NOM: Nominal. Provided as a general value.
MAX: Maximum dimension specified.
BSC: Basic. Represents theoretical exact dimension or dimension target.
REF: Reference. Represents dimension for reference use only. This value is not a device specification.
Dimensions in Millimeters.
Drawing not to scale.
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 uPl 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.
uPl reserves the right to discontinue or make changes to its products at any time without
notice.

Copyright 2021 ©, uPl 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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