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Introduction

The PE25204 is an ultra-high-efficiency charge pump solution that divides down an input voltage by four and
delivers up to 72W output at up to 96.8% peak efficiency. The PE25204 can also be used in parallel to increase
output power. The PE25204 supports an input voltage range of 18V to 60V and is available in a WLCSP package.

Evaluation Kit Overview

The PE25204 evaluation kit (EVK) is a hardware platform that allows customers to easily test the step-down DC-
DC converter. The PE25204 EVK can be operated with an 18V to 60V input voltage, and the input is divided by
four and delivers up to 6A.

By default, the EVK is equipped with a 10KQ resistor R2, which sets the minimum operating input voltage to 18V.
To raise the minimum operating input voltage, change the value of resistor R2 as described in Changing the
UVLO Value on page 11.

Table 1 lists the PE25204 EVK electrical parameters. For more information, see the PE25204 Data Sheet.
Table 1. PE25204 Electrical Specifications

Input voltage range ViN - 18 48 60 \
Nominal output voltage Vour lout = OA - Vin/4 - \
Output power delivered™ Pout ViN = 48V 72 - - w
Output current delivered - SYNC_SEL=GND 6 - - A
Nominal clock frequency - Divided by 2 internally for - 545 - kHz
charge pump frequency.
TA=+25°C
Input SYNC frequency fsync ILOAD = 6A® 300 - 600 kHz
Peak efficiency - - - 96.8 - %
Notes:

1. The maximum output power depends on the system thermal solution and the ambient temperature.
2. External component changes are necessary if operating outside default switching frequency.

Evaluation Kit User's Manual Overview

This PE25204 Evaluation Kit (EVK) User’s Manual includes information about the hardware required to control
and evaluate the functionality of the DC-DC converter.
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Evaluation Kit Contents and Requirements

Kit Contents
Table 2 lists the hardware required to evaluate the DC-DC converter.
Table 2. EVK Contents

1 PE25204 DC-DC converter evaluation board assembly EK25204-01

Hardware Requirements
To evaluate the performance of the evaluation board, the following equipment is required:

= Bench DC power supply capable of providing up to 60V at up to 3A

= DC load (power resistors or electrical load)

=  Four high-accuracy digital multimeters

= DC power and sense leads

= Optional: Four-channel oscilloscope with probes to view waveforms

Warning: The PE25204 DC-DC converter EVK contains components that could be damaged by exposure to
voltages higher than the maximum specified voltage, including voltages produced by electrostatic discharges.

Handle the board in accordance with procedures for handling static-sensitive components. Avoid applying
excessive voltages to the power supply terminals, or to signal inputs and outputs.

Before you connect the EVK to the source power supply, verify that the power supply is off. Connecting the EVK
to a live power supply could induce failures.
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Quick Start Guide

Quick Start Overview

The evaluation board is designed to ease your evaluation of the PE25204 DC-DC converter. This section guides
you through the hardware configuration and the startup process.

Evaluation Board Overview
The evaluation board includes the following:

= Input and output terminals
= PCB jumpers
=  Sense points

VOUT VOUT
power (-ve) power (+ve)

vouT YRR G vouT
sense (-ve) SN TN A sense (+ve)
\x i \ 2 -

BARREL

ENABLE .E.
selector 55 SYNC_SEL
o & selector
ENABLE :
test point VA EXT V
<y e i
s Et:g g & J.Hijﬁ l[;’-ﬂc_ : header
PGATE test ci9 BN ‘;":‘cbxa
point TR e
l@, 0 ; o PGOOD
pcooD | RGN S ' selector
test point
EXT_V test
SYNC test point

point

VIN sense
(+ve)

VIN sense
(-ve)

VIN power VIN power
(-ve) (+ve)

Figure 1. PE25204 Evaluation Board Assembly
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Input and Output Terminals
The PE25204 EVK includes the following terminals, as shown in Figure 1:

= Input terminals VIN power (+ve) and VIN power (-ve), which receive input power from a connected bench DC
power supply.

= Qutput terminals VOUT power (+ve) and VOUT power (-ve), which supply output power to a DC load.

PCB Headers

The PE25204 EVK has two types of PCB headers:
e Supply (2-pin) header, which supplies an external voltage to the EVK.
e Configuration (3-pin) headers, which configure the EVK.

Supply Header

The PE25204 EVK has a supply (2-pin) header EXT_V, as shown in Figure 1. The EXT_V header supplies an
external pull-up power good (PGOOD) voltage between 3.3V and 5V to the EVK. Table 3 lists the EXT_V header
functions and how to properly connect its pins to supply an external pull-up PGOOD voltage.

To successfully pull up the PGOOD pin of the PE25204 with the supplied external pull-up PGOOQOD voltage, follow
these steps.

1. Connect and supply an external pull-up PGOOD voltage to the EVK before you power up the EVK.
2. Verify that the PGOOD selector, as indicated in Figure 1, is fitted with a jumper configured to short pin 2 and
pin 3.

Do not use a jumper to short the pins of the EXT_V header.
Table 3. Supply (2-pin) Header Functions

, Connect pin 1 to the positive Connect pin 2 to the negative
EXT_V 3;?;":?Oa&zxgggglzgxlEl\J/F:J(D*?OOD terminal of the external pull-up terminal of the external pull-
9 PGOOD voltage. up PGOOD voltage.

Note: * Before you supply an external voltage, power off the EVK.
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Configuration Headers

Before you apply power to the EVK, verify that the ENABLE, SYNC_SEL, and PGOOD selectors shown in Figure
1 are properly fitted with the jumpers for your preferred configuration. Table 4 lists the configuration headers, the
associated jumper configurations, and the recommended jumper configurations for a quick evaluation. Before you
change any jumper configurations, always remove the input power.

Table 4. 3-Pin Configuration Jumper Functionalities, Configurations, and Recommendations

Enables or disables the
PE25204 through its EN .
. ) S . Disabled. EN
input pin. Logic high Enabled. EN pin AN .

ENABLE enables the PE25204. is tied to Vi, pin is tied to N/A Short pins 1 and 2.

) . GND.
Logic low disables the
PE25204.
Sets the PE25204 SYNC Internal clock External
pin as an output for the output. clock input.
SYNC_SEL internal clock signal or an N/A SYNC_SEL SYNC pin is Short pins 2 and 3.

input for an applied pin is tied to open for
external clock signal. GND. input
Pulls up the PE25204
PGOOD pin to the . PGOOD is

PGOOD internal VDD or an PGSO,[E \'/SDp[l;”ed pulled up to N/A Short pins 1 and 2.
applied external PGOOD P ) EXT_V.
pull-up voltage.

Sense Points

To ensure accurate measurement of the input and output voltages, use the PE25204 EVK sense (+ve) and sense
(-ve) test points for the VIN and VOUT voltages, as shown in Figure 1.

Table 5 lists the PE25204 EVK test point information. These test points make it easy to capture the waveforms of
critical signals.

Table 5. Test Point Descriptions

VIN sense (+ve) (VINS)

Positive input voltage TP to measure Vin

VIN sense (-ve) (GNDINS)

Negative or ground input voltage TP to measure VN

VOUT sense (+ve) (VOUTS)

Positive output voltage TP to measure Vour

VOUT sense (-ve) (GNDVOUTS)

Negative or ground output voltage TP to measure Vout

ENABLE

Status of the enable (EN) signal from the PE25204 EN pin

PGOOD Status of the power good (PGOOD) signal from the PE25204 PGOOD pin
EXT V External pull-up PGOOD voltage TP to measure external voltages between 3.3V and
- 5V to successfully pull-up PGOOD.
SYNC Status of the SYNC internal clock output signal from the PE25204 SYNC pin.
Apply and measure an external clock input signal to the PE25204 SYNC pin.
PGATEIN External P-type FET’s gate drive voltage TP to measure the PE25204 PGATEIN gate

drive voltage of an optional external P-type input disconnect FET switch.

GND (GND, GND, GND)

0V ground reference TPs
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EVK Connection

Connect the EVK and the DC power and sense leads as shown in Figure 2.

o~

; ‘P q-:IL‘HM o~
dil-1noAG = g 2 ?mii
1744Y8 LNOAG L ol X =S 3 [ (
AR i h | A
2 : ¢ '/‘!!!\
3 <

Figure 2. EVK Lead Connections

Voltage-only Measurement Connections

To only measure the voltage, connect the EVK to the equipment as shown in Figure 3.

Output Voltage Input Voltage

Vout

Electronic
Load

dIl-1nOAGQ

Power
T3¥¥VE LNOA T

Supply

PE25204 DIV4

REV-D

4
@

GND
GNDOUTS

GND

Figure 3. Voltage-only Measurement Connections

If the power supply is capable of 4-wire sense, use the VINS and GNDVINS to sense the input voltage at the
power supply.
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Voltage and Current Measurement Connections

To measure the voltage and current, connect the EVK to the equipment as shown in Figure 4.

Output Current Output Voltage Input Voltage | Input Current
DMM DMM DMM DMM

o0 |00 (o9 jo0

o
’ (S)
W Z
NI F=
"
| o~
: cE O
. .
Electronic % dIL-1n0AG ) Power
2 T3¥¥VE LNOA D i
~ (8] Suppl
> =1 ‘ PPy
w 1
a ==

Load .\

PGATEIN

Figure 4. Voltage and Current Measurement Connections

External Pull-up of PGOOD Voltage Connections

An external voltage can be supplied to the EVK to pull up the PE25204 PGOOQOD pin rather than the internal VDD
through the EXT_V supply header. To supply and measure the external pull-up of the PGOOD voltage, connect
the EVK to the equipment as shown in Figure 5 and configure the PGOOQOD selector with the jumper as shown.

59
2|

OVOUT-TIP

GNDOUTS

o

© VOUT_BARREL

c2fl )

czzl ()]

res cguen g
ci4l q ) e

D cisu e TG External

ENABLE 130 :'; ‘?: VOItage
: Source

PGATEIN
T

c1 a
psoon GhoINS VINS éxT g
[ J vin L.
SYNC‘ _a

VIN BARREL

External pullup PGOOD voltage

Figure 5. EVK Equipment Connections for External Pull-up PGOOD Voltage Supply and Measurement
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Hardware Operation

The section describes the general guidelines for operating the hardware evaluation board. To configure the EVK
to achieve optimal performance, follow these steps:

1. Before you power up the EVK, configure the ENABLE, SYNC_SEL, and PGOOD selectors by fitting the jumpers
in the recommended position shown in Figure 6 and listed in Table 3.

2. Optional: If you prefer, supply and measure an external voltage between 3.3V and 5V to pullup the PGOOD pin
of PE25204 instead of using the internal VDD of the IC by connecting the EVK as shown in Figure 5 and
reconfiguring the PGOOD selector as shown in Figure 5.

3. Connect the DC power and sense leads to the EVK as shown in Figure 2, then connect the EVK to the power
and measuring equipment as shown in Figure 4. Minimize the length of the connections.

4. Apply an input voltage to the EVK through the connected DC bench power supply.

5. Apply a load current to the EVK after it successfully starts up through the connected electronic load.

PE25204 DIV4
REV-D vouT

© VOUT_BARREL
OVOUT-TIP

INNOVATOR IN (LICTAONICS C2: wvn L1

€20 1
cial = 8 magcis [ = T

c15(nm S Imc17 sync_seL
0] R 18

G1afmy

C12{] ¢

cnm"u;

=g

FPGATEIR -~ ~iR23

@ (5374 / ik \
PGOOD GNDINS g’ (= g VINS EXTV
qiﬁ:

655: GND

4J4- VIN
ct{/( TR

Figure 6. Recommended Jumper Positions
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EVK Startup
When you start the EVK, start it with no load.
If you start the EVK with a load, it might not start due to the soft-start current limit.

Changing the UVLO Value

Resistor R2 sets under-voltage lockout of the device. The reference number is labeled in white text. See Figure 7.
UVLO (V) = RUV (KQ) x 1.51.

Below is an example of implementing the above formula when RUV (or R2) = 10KQ:

UVLO (V) =10 X 1.51 = UVLO (V) = 15.1V.

Recommended resistors must be 1% or better of the resistance value of the E96 series. Use the closest resistor
value needed between 10KQ to 38.3KQ. The current fitted value is 10KQ.

PE\2/5204 DIV4

© VOUT_BARREL
OVOUT-TIP

INNOVATOR IN ILICTRONICS Cz (2] L 1

€20 EE—
ciswal = 8 magcis [+ =
NABL E ST ‘ZL*‘I"I}CH SYNC_SEL

cNABLE

N VIN
PGOOD GNDINS ? \ﬂ INS EXT_V

\.\ -+
@‘ GND [ J VIN

SYNC

VIN_BARREL

(1]
\ =z
o

Figure 7. Resistor R2 Location
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Test Results
Figure 8—Figure 11 show the typical performance of the PE25204 evaluation board.

Efficiency (%) vs. Output Current (A)

100%

Efficiency (%)
©
a
8

93%

92%

91%

90%
0 1 2 3 4 5 6
Output Current (A)

Figure 8. Efficiency (%) vs. Output Current (A)

Power Dissipation (W) vs. Output Current (A)

35

Power Dissipation (W)
~

0.5

Output Current (A)

Figure 9. Power Loss/Dissipation (W) vs. Output Current (A)
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Figure 11. Load Transient Response (VIN=48V, 1 — 5A Load Step, 50A/ms) with Added 44 uF Output Capacitance through
2%22 uF Capacitors
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PE25204 EVK PCB Layout

Figure 12. Evaluation Board Layout (Top Layer)
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Figure 13. Evaluation Board Layout (Inner Layer 1)
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PE25204 Functional Block Diagram
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Figure 16. PE25204 Functional Block Diagram
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PE25204 EVK PCB Schematic
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Figure 17. PE25204 Evaluation Board Schematic
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PE25204 EVK BOM
Table 6. PE25204 EVK BOM

PE25204
EVK User's Manual

C1 47 uF CAP ALUM 47uF 20% 100V SMD UUX2A470MNL1GS
4.7 uF £20% 100V Ceramic Capacitor X7R
C2,C3 4.7 yF 1206 (3216 Metric) GRM31CZ72A475ME11L
0.22 yF £10% 16V Ceramic Capacitor X7R
C4 220nF | (402 (1005 Metric) GRM155R71C224KA12D
C5 1nF CAP CER 1000pF 50V COG/NPO 0402 GRM1555C1H102JA01D
C6, C7 47 nF CAP CER 4.7nF 50V R 0402 GRM155R11H472KA01D
C8, Co, Cé%m 1,C12, 2.2 uF CAP CER 2.2uF 100V X7T 0805 GRM21BD72A225KE01L
C14, %11%’ %11% 17, 47uF | CAP CER 4.7uF 50V X7S 0805 GRM21BC71H475KE11L
0.22 yF £10% 50V Ceramic Capacitor X7R
C20 220nF | (503 (1608 Metric) GRM188R71H224KAC4D
0.1 pyF £10% 50V Ceramic Capacitor X7R
c21 1000F | G105 (1005 Metric) GRM155R71H104KE 14D
C22, C23 22 uF CAP CER 22yF 25V X7S 1206 GRM31CC71E226ME15L
IND, SMD, fixed inductors 220 nH, 6000 mA, HMLQ25201B-R22MSR-01
10 mQ, 1008 (2520 Metric) i i
H 220 nH P Ind (SMD), W d, 220 nH, 5
ower Inductor , Wirewound, nH, _
A, Shielded, 7.2 A, DFE252010F DFE252010F-R22M=P2
U1 PE25204 ::(’:E25204 IC, PE25204, WLCSP-BGA, pSemi PE25204
H 1 _10,
R1 R2 10 KQ ;ggsREs, SMD, thick film, 10K, +/-1%, 1/10W, RCOBO3FR.0710KL
PREC003SAAN-RC
H1, H2, H3 HEADER | CONN HEADER VERT 3POS 2.54MM Alternative: 61300311121
PREC002SAAN-RC
H4 HEADER | CONN HEADER VERT 2POS 2.54MM Alternative. 61300211121
GNDOUTS, GNDINS TP PC TEST POINT MINIATURE BLACK 5011
VOUTS, VINS TP PC TEST POINT MINIATURE RED 5010
PGATEIN, EN, SYNC,
PGOOD, EXT V. TP PC TEST POINT MINIATURE WHITE 5012
GNDOUT, GNDIN,
VOUT. VIN TERMINAL | CONN BANANA JACK SOLDER 575-4
GND1, GND2, GND3 TP SMT | PC TEST POINT COMPACT SMT 5016

©2024-2025, pSemi Corporation. All rights reserved. * Headquarters: 9369 Carroll Park Drive, San Diego, CA, 92121

Page 20 of 22

Wwww.psemi.com

DOC-102909-4 — (03/2025)




Semi

PE25204
EVK User's Manual

PE25204 Parallel Operation Pin Connections

Multiple PE25204 devices can be operated in parallel. The pin connections for parallel operation are slightly
different from single operation, as shown in Figure 18.

VIN: 18V-60V

VIN

BOOT1

cic

P1A

C1A

C1B

P1B

PGATEIN
SYNC
FC] SYNC_SEL

S OEn
LOW=DISABLE RUVLO

HIGH=ENABLE

VIN DIV 4 VIN DIV 4

AL

VouT VIN VouT
VX vx
BOOT2 I BOOTH BOOT2
ca2c cic ca2c
P2A P1A P2A
C2A C1A C2A
C2B c1B C28B
P28 P1B P2B
3.3V-5V rail
% PGATEIN
PEOOD ( - { ) SYNC PGOOD [_}
g
LOW=Fault or in SS Mode
HIGH=Power OK C]) SYNC_SEL
e _l_ EN VDD
GND LOW=DISABLE RUVLO  GND
HIGH=ENABLE = :[

i—0)

AN
i—-)

Figure 18. Master and Slave Operation in Parallel

Combine the PGOOD outputs of all PE25204 devices in a wired OR configuration. Do not switch on the load
following the charge pumps until the common PGOOQOD signal goes high. Immediately switch off the load if any of
the PGOOD outputs switch low after startup.

Leave the SYNCSEL pin(s) on all but the first PE25204 device floating. On the first PE25204 device, connect the
SYNCSEL pin to GND so that this PE25204 device provides the clock to the other PE25204 devices connected in

parallel.

The resistor connected to the RUVLO pins of all the PE25204 devices must be the same and equal.
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Technical Resources

Additional technical resources are available for download in the Products section at www.psemi.com. These
include the product specification datasheet, S-parameters, zip file, evaluation kit schematic, bill of materials,
material declaration form, and PC-compatible software file.

Trademarks are subject to trademark claims.

Sales Contact
For additional information, contact Sales at sales@psemi.com.
Disclaimers

The information in this document is believed to be reliable. However, pSemi assumes no liability for the use of this
information. Use shall be entirely at the user’s own risk. No patent rights or licenses to any circuits described in
this document are implied or granted to any third party. pSemi’s products are not designed or intended for use in
devices or systems intended for surgical implant, or in other applications intended to support or sustain life, or in
any application in which the failure of the pSemi product could create a situation in which personal injury or death
might occur. pSemi assumes no liability for damages, including consequential or incidental damages, arising out
of the use of its products in such applications.

Patent Statement
pSemi products are protected under one or more of the following U.S. patents: patents.psemi.com

Copyright and Trademarks

©2024-2025, pSemi Corporation. All rights reserved. The Peregrine Semiconductor name, Peregrine
Semiconductor logo and UltraCMOS are registered trademarks and the pSemi name, pSemi logo, HaRP and
DuNE are trademarks of pSemi Corporation in the U.S. and other countries.

Corporate Headquarters
9369 Carroll Park Drive, San Diego, CA, 92121
858-731-9400
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