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3/2/1-Phase Synchronous-Rectified Buck Controller

General Description

The uP9529Q is a 3/2/1-phase PWM controller specifically
designed to work with 3V ~ 20V input voltage and deliver
high quality output voltage for high performance graphic
processor power.

The uP9529Q adopts proprietary RCOT™ technology,
providing flexible selection of output LC filter and excellent
load transient response. The uP9529Q supports NVIDIA
Open Voltage Regulator type 3i+ with PWMVID interface.
The PWMVID input is buffered and filtered to generate
accurate reference voltage and the output voltage is
precisely regulated to the reference input.

The uP9529Q is capable of supporting two types of
applications, the advanced DrMOS power module with
current reporting function, and the inductor DCR current
sensing application. The integrated power saving input (PSI)
allows for graphic processors to control the operating phase
number to obtain high efficiency in light load condition.
Other features include adjustable switching frequency,
adjustable soft-start time, channel current limit, under
voltage protection, over voltage protection and power good
indication. The uP9529Q is available in a WQFN3x3-20L
package.

Ordering Information

Order Number Package Top Marking
uP9529QQKF | WQFN3x3 - 20L uP9529Q

Note:

(1) Please check the sample/production availability with
uPl representatives.

(2) uPI products are compatible with the current IPC/
JEDEC J-STD-020 requirements. They are halogen-free,
RoOHS compliant and 100% matte tin (Sn) plating that are
suitable for use in SnPb or Pb-free soldering processes.

for GPU Power Supply

Features
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Support NVIDIA's Open VReg Type 3i+ with
PWMVID Interface

Selectable 3/2/1-Phase Operation by Hardware
Setting

Support Up to 1.2MHz Operation Frequency

REFOUT Reference Voltage for Advanced DrMOS
Power Module with Current Reporting Function
(DrMOS)

Support Inductor DCR Current Sensing Application
Selectable 2-Level Soft-Start Time

Power Saving Input (PSI)

Power Good Indication

Channel Current Limit Protection

Over/Under Voltage Protection

Over Temperature Protection

RoHS Compliant and Halogen Free

Applications

O

Middle-High End GPU Core Power Supplies
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For Advanced DrMOS Power Module with Current Reporting Function
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Typical Application Circuit
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*Note 1

Pull-up resistor is reserved for operation phase disable
*Note 2

Left the unused PWM pin open for operation phase disable
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Typical Application Circuit

For Inductor DCR Current Sense Application

5v 1 mpvcc
| | |_| 10K o Vi
1298 REFOUT
91K P
Vin EN/VINMON
EN# 15K PWM1
= = $—oVour
FS/OC/SS
cspigge I
VREF =
REFADJ
6
\Y o A REFIN
GND_SNS ‘/\, vV PWM2 . 19
> 2 g vip
1.8V
15
N 3 csP2 i
GPIO VW 3 Psi
1 }—NWJ
1.8V
1
K PGOOD
PWM3 [l 18
—| r-
i PV
I —w——] Ll gy comp :
:
Av'v‘v H
el
Vour sws O_W\/\_l l_/\/\/\,_| csps 2
Vour o——MA AMN 10 i FB
CSN 13
9
GND o—yWA M FBRTN
GND 21 *Note 1
Venp_sns Pull-up resistor is reserved for operation phase disable
- *Note 2
Left the unused PWM pin open for operation phase disable
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Functional Pin Description

No. Name Pin Function
Power Good Indication. This pin is an open drain structure and it is active high. Pull this
1 PGOOD . .
pin up through a proper resistor to a voltage source.
Enable Control and Power Stage Input Voltage Monitor. Connect this pin to the power
stage input V  with a voltage divider. The controller senses the voltage on this pin for power
stage input voltage V detection and enable the controller. It is recommended to use a resistor
2 EN/VINMON | divider with 1/7 dividing ratio from V. For example, use a 91kQ / 15 kQ resistor divider is a
good practice. Refer to the typical application circuit, it is recommended to use a MOSFET
with its drain connected to EN/VINMON pin without a pull-up resistor for power sequence
control. Do NOT connect EN/VINMON pin directly to a voltage source for sequence control.
Power Saving Input. An input pin receiving power saving control signal from GPU. PSI
3 PSI . . : -
input voltage determines the controller operating mode. Do not leave this pin open.
4 VID VID. PWMVID input pin.
Reference Adjustment. PWMVID output pin. Connect this pin with an RC integrator to
5 REFADJ
generate REFIN voltage.
6 REEIN Reference Input. Connect this pin to an external reference voltage through a resistor or
connect to the output of the REFADJ circuit.
Reference Voltage. 2V LDO voltage output pin. Connect an at least 1 uF decoupling
7 VREF capacitor between this pin and GND. This pin is also used to enable/disable DrMOS
(or MOSFET driver) for power sequence control.
Function Setting Pin. Connect this pin to the VREF pin with a resistor voltage divider to
8 FS/OC/SS o o X
set switching frequency, channel current limit threshold and soft-start time.
9 FBRTN Output Voltage Feedback Return. Inverting input to the differential voltage sense ampilifier.
Connect this pin directly to the GPU output voltage feedback return sense point.
10 FB Feedback Pin. This pin is the inverting input of the error amplifier.
Compensation Output. This pin is the output of the error amplifier. Connect an RC network
11 COMP S
from this pin to GND to compensate the voltage control loop.
Reference Output Voltage. This pin provides a reference voltage for DrMOS. Connect this
12 REEOUT pin to the REFIN pin of DrMOS. Depends on application, a resistor from this pin to GND is
allowed to help sink the current from DrMOS. When this pinis pulled up to PVCC via a resistor
10k€2, the controller operate in DCR current sensing mode.
13 CSN Inverting Input of Total Current Sense Amplifier.
14 CSP3 Positive Differential Current Sense Input for Phase 3.
15 CSP2 Positive Differential Current Sense Input for Phase 2.
16 CSP1 Positive Differential Current Sense Input for Phase 1.
Supply Input for the IC. Connect this pin to a 5V voltage source with an RC filter. Connect
17 PVCC T h . ; -
this pin to a 5V supply and decouple with a ceramic capacitor of LuF minimum.
18 PWM3 Phase 3 PWM Output. It outputs a PWM logic signal for external MOSFET driver.
19 PWM2 Phase 2 PWM Output. It outputs a PWM logic signal for external MOSFET driver.
20 PWM1 Phase 1 PWM Output. It outputs a PWM logic signal for external MOSFET driver.

Exposed Pad

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

The uP9529Q receives supply input from PVCC pin to
provide current to internal control circuit. PVCC pin is
continuously monitored for power on reset. The POR level
is typical 4.1V at its rising edge. Figure 1. shows the power
ready detection circuit. When PVCC is ready, the controller
waits for EN/VINMON to start up. When EN/VINMON pin
is driven above 0.4V, the controller begins its start up
sequence. When EN/VINMON pin is driven below 0.1V,
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.

PVCC ———

4.1V 0—
POR

EN/VINMON [l———
0.4V 0—

Figure 1. Circuit of Power Ready Detection
Power Input Monitor

EN/VINMON is the power stage input voltage sense pin
and is used for on-time calculation. Connect this pin to
power stage input voltage (V) with a voltage divider and
always keep EN/VINMON as 1/7 of power stage input
voltage.

Enable Control

The EN/VINMON pin is also used to control the enable
and disable state of this device. It is recommended to use
a small MOSFET with its drain connected to EN/VINMON
pin without pull up resistor for power sequence control as
shown in Figure 2. DoNOT connect EN/VINMON pin directly
to any sequencing circuit of the system. Make sure the
slew rate of the gate signal (EN#) of Q1 is fast and not
affected by any additional circuit.

Enable EN/VINMON EN
Logic C EN_POR
g o [ EN_POR |
-~ |en# vee
PWM PWM IN
: G

PWM Controller DrMOS

Figure 2. Enable Sequence Control

Functional Description

Power Up Sequence and Power Good

A built-in soft-start function is used to prevent surge current
from power supply input during power on. Controller starts
the soft-start process right on EN/VINMON pin enable. The
following graph shows the soft-start sequence of the
uP9529Q.

MOSFET /
Driver VCC
MOSFET

Driver Enable

]
PvCC J |
EN/VINMON

Note: MOSFET Driver must be enabled
and ready before 1% PWM

VREF ———+—~

Vout

I

PWM ————————

PGOOD

A
2
b,

Figure 3. Power Up Sequence

Soft Start Time and Switching Frequency Setting
Figure 4 shows the FS/OC/SS pin connection for soft start
time setting, operation frequency selection and per phase
over current limit (OCL) threshold setting. After PVCC POR,
switch S1 and S2 are turned on. An internal current source
l.,.ce=4UA flows out to FS/OC/SS pin to generate a voltage
V., Then, S2 switch turns off, the FS/OC/SS pin voltage
V., is determined by the external voltage divider. Controller
samples/holds the V_, and V_, to calculate the V¢ (V-
V_,)and determine the controller operation frequency and
ramp up time according to the following Table 1.

Table 1. Switching Frequency and Soft-Start Time

Selection

Ve Few Ramp Up Time (T_ramp)
(mV) (kH2) (us)

60 300 150

120 300 600

180 600 150

260 600 600

380 1200 150

480 1200 600

uP9529Q-DS-F0000, Apr. 2020
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Functional Description

VREF

Operation AID
Frequency Converter

S5 T
OCP Level oo

source

§R1

FS/OC/SS
% R2

Figure 4. FS/OC/SS Pin for Operation Frequency Selection,
Soft Start Time Setting and OCL Threshold Setting

Current Sense Mode Selection

uP9529Q support two current sense modes to maximize
the flexibility of applications. One is the current reporting
function mode (when applying advanced power module with
current reporting function, DrMOS) (IMON mode), and the
other is continuous inductor DCR current sensing mode
(DCR mode). When REFOUT pinis pulled up to PVCC via
a resistor 10kQ, the controller operate in DCR current

sensing mode.
Per Phase Over Current Limit (OCL)

The operation frequency, soft start time and OC level setting
are related to the resistance of R1 and R2 as shown in
Figure 4. After the operation frequency and soft start time
are determined, the S1 and S2 switches are turned off,
and switch S3 turns on for OCL setting. When S3 is turned
on, the FS/OC/SS pin voltage is determined by the external
voltage divider, and the FS/OC/SS pin voltage is connected
to the internal OCL circuit for OCL level V__ .. setting. The
V_... setting range is 600mV~1320mV.

FSOC
Since uP9529Q supports two different current sense
modes, the OCL setting for each mode is described as the
following.

AV, is the per phase current information from DrMOS in
the form of voltage (CSPx to REFOUT) and will limit the
phase valley current when the controller is operated in

IMON mode.
When per-phase:

Sy

n
N

—O

I._______..______________..___.l

FSOC

96
Vege =1400mV ———X AV,
FsoC 119 csPx

AV, Is the differential voltage between CSPx and CSN
(Vour) and will limit the phase peak current when the

controller is operated in DCR mode.
When per-phase:

Vegoe =1400mV — gx AV e,

Therefore, the proper resistance of R1 and R2 is needed.
The following are the equations to calculate the value of
R1 and R2.

R = Ves XVoper
| source X Vesoc
R, = Ves XVoper

I source X (VVREF _VFsoc )

Phase Number of Operation (Hardware Setting)

The uP9529Q supports 3/2/1 phase operation. The
maximum phase number of operation is determined by
checking the CSP2 and CSP3 status when POR. Connect
CSP3 pinto PVCC with 100k and left PWM3 floating for
maximum 2-phase operation. Connect CSP2 and CSP3
pin to PVCC with 100kQ2 resistor, and left PWM3 and PWM2
floating for maximum 1-phase operation. When configured
to 1-phase operation, the components of PHASE2/PHASE3
can be unstuffed. Once selected, the maximum phase
number of operation is latched and can only be changed at
the next POR.

Table 2. Operation Phase Number Setting

Pin Connection
Config.
PWM1 | PWM2 | PWM3 | CSP3 | CSP2 | CSP1
3-PH - -- - - -
2-PH - - Floating | PVCC -
1-PH - Floating | Floating | PVCC | PVCC

Note 1: "--" denotes normal connection.

Note 2: Use 100kQ2 pull-up resistor when pull up to PVCC

Note 3: Strictly follow the table for phase disable. Incorrect pull-up
connection may cause catastrophic fault during start-up.

Voltage Control Loop and PWMVID Function

The PWMVID signal from GPU is applied to the VID pin,
which is the input pin of the internal buffer. This buffer plays
the role of level shifting, and the output of this buffer is
injected into the external RC integrator to generate REFIN
voltage, which can be calculated as:

VREFIN =

y R2//(R3+ R4+ R5) . RA+R5
Rl+ R2//(R3+R4+R5) R3+R4+R5

VVREF X

y RL//(R3+ R4+ R5) . RA+R5
T R2+ R1//(R3+ R4+ R5)” R3+ R4+ R5

uP9529Q-DS-F0000, Apr. 2020
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Functional Description

whereV___ is the DC voltage of REFIN, V, .. is the voltage
of VREF (typically 2V), and D is the duty cycle of PWMVID
input. The VREF pin is the output of an internal LDO,
therefore an output decoupling capacitor is required.
Recommend to connect at least a 1uF capacitor from VREF

pin to local GND.
Boot Mode and Standby Mode

The PWMVID structure includes two operation modes: boot
mode and standby mode. During boot mode, controller
ignores the PWMVID signal before PGOOD signal goes
high and the REFADJ pin enters high impedance state.
The REFIN voltage during boot mode can be calculated as:

v vy R4+RS
REFIN,BOOT VREF R2+ R3+ R4+ R5

During standby mode, other than GPU stopping the
PWMVID transaction, an external system standby signal
additionally controls the entry of standby mode. An
additional external switch should be connected in parallel
with the original PWMVID resistors as shown in Figure 5
to generate the standby mode voltage:

VREFI N,STDBY —

N (R3+ R4+ R5)// Ryrppy R4+R5
T R2+ (R3+ R4+ R5)// Ry, R3+ R4+ R5

Vour

+ REFAD
VVV%

1

R1

< <
> R3 Rsroey =
E

>R4
>

V'
T Vstosy

>
= R5

1|
11
o

Vanp_sns 0

EBRTN
0

@—+

PWMVID L

Figure 5. PWMVID Structure
Power Saving Mode

The uP9529Q provides power saving features for platform
designers to program platform specific power saving
configuration. There are four operation modes: Multi-phase

CCM, multi-phase DCM, single-phase CCM, and single
phase DCM. The uP9529Q switches between these four
operation modes according to the input voltage level of the
PSI pin. Figure 6 shows typical PSI application circuit,
and Table 3 shows recommended PSI setting voltage level
of four operation modes. In single-phase operation, the
uP9529Q auto-selects phase 1 to be the operating phase.
In DCM, the uP9529Q automatically reduces switching
frequency at light load to maintain high efficiency. As the
load current decreases, the rectifying MOSFET is turned
off when zero inductor current is detected, and the converter
runs in discontinuous conduction mode.

1.8v

M % PSI

Figure 6. PSI Application Circuit
Table 3. Recommended PSI Setting

Power
State
Selection

>

H-L Logic

Operation Mode Recommer;otle;js\l/(allt;alge Setting
Multi-Phase CCM 18

Multi-Phase DCM 1.2
Single-Phase CCM 0.6
Single-Phase DCM 0

Channel Current Balance

The uP9529Q senses each phase current through CSPx
pin for current balancing. The phase current signal is
sampled and held when the low-side MOSFETs are turned
on. The sensed current I, can be determined by the
following equation:

AVCSDX

Ren
Where |

seny 1S the sampled and held phase current signal.
In IMON mode, AV ., is the differential voltage between
CSPxand REFOUT, the R is internal sense resistor which
is typical 5kQ as shown in Figure 7. In DCR mode, AV
is the differential voltage between CSPx and CSN (V
the R, is internal sense resistor which is typical 655Q2 as
shown in Figure 8. The sensed current | is mirrored to
the current balance circuit, comparing between each other,

and generating current adjusting signals for each phase.

N.

ISENx -

CSPx
OUT) !
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These current adjusting signals are fed to the on-time circuit
of the uP9529Q to separately adjust each phase on-time
for the purpose of adjusting current balance.

CSP1

O I0UTL (DrMOS)

A
VWA

csP2
O I10UT2 (DIMOS)

Current
Balance

O I10UT3 (DIMOS)

REFOUT
PVCC LDO

O REFIN (DrMOS)

%
:
:

1uF

I
i

—OVour

o
I
=

CSP1

b}
I
S

ik

Current
Balance

a
1%}
bl
@

———— -
[9]
%]
0

CSN

Figure 8. DCR Mode Current Balance Circuit

Functional Description

Over Voltage Protection (OVP)
sustained 6us.

The OVP is triggered if V_, > 1.55 X V.

When OVP is activated, the uP9529Q turns on all low-
side MOSFET and turns off all high-side MOSFET. The
over voltage protection is a latch-off function and can only
be reset by PVCC re-POR or EN/VINMON restart.

Under Voltage Protection (UVP)

The UVP is triggered, if Vrs < 0.45 X Vrerin sustained 9us.
When UVP is activated, the uP9529Q turns off all high-
side and low-side MOSFET. The under voltage protection
is a latch-off function and can only be reset by PVCC re-
POR or EN/VINMON restart.

Over Temperature Protection (OTP)

The uP9529Q monitors the temperature of itself. If the
temperature exceeds typical 160°C, the uP9529Q is forced
into shutdown mode. The over temperature protection is a

latch-off function and can only be reset by PVCC re-POR
or EN/VINMON restart.

uP9529Q-DS-F0000, Apr. 2020
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Absolute Maximum Rating

(Note 1)
Supply Input Voltage, PVCC -0.3Vto +6V
Other Pins -0.3Vto+6V
Storage Temperature Range -65°C to +150°C
Junction Temperature 150°C
Lead Temperature (Soldering, 10 sec) 260°C
ESD Rating (Note 2)

HBM (Human Body Mode) 2kv

Thermal Information

Package Thermal Resistance (Note 3)

WQFN3X3 - 20L 6, 68°C/W
WQFN3x3-20L 6, 6°C/W
Power Dissipation, P, @ T, = 25°C
WQRN3x3-20L 1.47W
Recommended Operation Conditions
(Note 4)

Operating Junction Temperature Range
Operating Ambient Temperature Range

-40°C to +125°C

-40°C to +85°C

Supply Input Voltage, V¢

4.5V1t05.5V
3.0Vto 20V

Supply Input Voltage, V

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. 6,, 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.

10
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(PVCC =5V, T,=25°C, unless otherwise specified)

Electrical Characteristics

Parameter Symbol Test Conditions Min | Typ | Max | Unit

Supply Input

PVCC POR Threshold POR,,.. |PVCC rising 38 | 41 | 44 \
PVCC POR Hysteresis HYS, cc por - 375 - mV
Quiescent Current ly EN/VINMON = high , No switching -- 3 -- mA
Shutdown Current lsp EN/VINMON = 0V -- 50 -- UA
Enable Control and Power Stage Input Voltage Monitoring (EN/VINMON)

VINMON Monitoring Range 0.4 - 3.43 \%
Logic Low Vi en - - 0.1 \%
Logic High Vi en 0.4 - - V
PWMVID Interface (VREF, VID, REFADJ, REFIN)

VREF Voltage Accuracy Vier 1.98 2 2.02 V
VREF Sourcing Current ler sre VREF short to GND 10 - - mA
REFIN Disable Threshold Veeri pss - 0.1 - \Y,
External Reference Voltage Range Vieeen 0.2 - 2 \%
VID Input Low Vi - - 0.6 \%
VID input High Vi vo 1.2 - - \
VID Tri-state Voltage Virivo - 0.9 - \%
VID Tri-state Delay Tirivo x:g 282 E(I)%c tt(;)%i_;it;; - 100 - ns
REFADJ Source Resistance Rer sre | lsre = 1IMA -- 20 -- Q
REFADJ Sink Resistance er snk | Ik = LMA -- 20 -- Q
Soft-Start

Output Ramp-up Time T ramp | Setto 600us - 600 - us
Initialization Time Tor Eyl\lmrl\rl]hg?/'\l = highto Vo, start - 550 - us
On Time

One Shot Width T, V=12V, Vv =1.2V, F,=300kHz | - | 333 | - | ns
Minimum Off Time Tore -- 400 -- ns

V,, > 15V, guaranteed by design - 30 -
Minimum On Time Ton Zb/a:a\r{{hé: dlk?)\//;jesign - 60 - ns
9V >V, , guaranteed by design - 90 -

FBRTN

FBRTN Current o EONr/r;/ ;'}";";’;'a;ohri]gh' ~ | -~ | 100 uA
uP9529Q-DS-F0000, Apr. 2020 11
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Electrical Characteristics

Parameter Symbol Test Conditions Min | Typ | Max | Unit
Error Amplifier
Offset Voltage Vosen -1 - 1 mV
Open Loop DC Gain AO Guaranteed by Design - 70 - dB
Gain-Bandwidth Product GBW | Guaranteed by Design - 10 - MHz
Trans-conductance GM - 2020 | - |uAlV
COMP Source Current lcomp_sre -- 300 - UA
COMP Sink Current loomp_snk - 300 - UA
Current Sense Amplifier (CSP1~CSP3, CSN)
Input Offset Voltage Vorr csa | GUaranteed by Design -1 - 1 mV
Max Sourcing Current ISRC_CS A 100 - - UA
REFOUT
REFOUT Output Voltage REFOUT - 1.2 - \
REFOUT Sink Resistor Reerour | Guaranteed by Design - 240 - kQ
PWM Output (PWM1 ~ PWM3)
Output Low Voltage Vo | s = 4MA - - 0.2 Vv
Output Hight Voltage Vowun | lsource = 4MA 4.7 - - \%
. Vo = OV 1| - 0 | uA
High Impedance State Leakage
Vo = 5V 0 - 1 | uA
Power Saving Input (PSI)
Multi-Phase CCM 1.6 - -
Multi-Phase DCM 1 -- 1.4
Power Saving Mode Logic Vg - \%
Single-Phase CCM 0.4 - 0.8
Single-Phase DCM - - 0.2
Zero Current Detection Offset Voltage
_ DCR Mode,V g, - Vo r - | 16| -
Zero Current Detection Offset Voltage Ve orrser mV
- IMON Mode,V . - Veerour - 8 -
Protection
Phase Current Limit (OCL) Setting Range Veeoe |Measure V. 600 - 1320 | mVv
Under Voltage Protection (UVP) Threshold Vive VealVeen - 45 - %
Under Voltage Protection (UVP) Delay Tove - 9 - us
Over Voltage Protection (OVP) Threshold Vo VoV eeen - 155 - %
Over Voltage Protection (OVP) Delay Tove - 6 - us
Over Temperature Protection (OTP) Tore Guaranteed by Design - 160 - °C

12
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Electrical Characteristics

Parameter Symbol Test Conditions Min | Typ | Max | Unit
Power Good Indicator
PGOOD Output Low Level Viocoon | lsnk = 4MA -- -- 0.3 V
PGOOD Leakage Current IPGOOD*L%‘k Vosoon = OV -- -- 0.1 UA
uP9529Q-DS-F0000, Apr. 2020 13
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Enable Power On
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Typical Operation Characteristics
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Package Information
WQFN3X3 - 20L
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| 2.90-3.10 | 040BSC —» | — k—o015-025

Pin 1 mark Bottom View - Exposed Pad

0.70-0.80

v I Yy B

0.00-0.05 0.20 REF

.

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

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 estoppel or otherwise, to any intellectual property rights, is granted by
this publication. Except as provided in uPI's terms and conditions of sale for such products, uPl assumes no liability
whatsoever, and uPI disclaims any express or implied warranty relating to sale and/or use of uPI products, including
liability or warranties relating to fithess 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. uPI reserves the right to discontinue or
make changes to its products at any time without notice.

Copyright 2019 ©, uPIl Semiconductor Corp. All rights reserved.
uPl, uPI Micro Power Intellect 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
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