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Introduction

The PE25208 parallel evaluation kit (EVK) is a hardware platform designed to easily test two PE25208 devices
operating in parallel.

The PE25208 is an ultra-high efficiency charge pump and capacitor divider that you can configure to divide an
input voltage by 2 or 3 and operates in parallel with an additional PE25208. In parallel operation, the two
PE25208 devices can collectively deliver up to 240W output at up to 98.2% peak efficiency. The PE25208 is
available in a wafer-level chip scale package (WLCSP) and supports the following input voltage ranges:

= 18V to 45V in divide-by-2 mode

= 18V to 60V in divide-by-3 mode

Evaluation Kit Overview
The EVK provides the following:

= Mounted input and output capacitors to accommodate the entire range of input and output voltages

= Test and sense points to provide accurate measurement and monitoring of efficiency, power dissipation, load
regulation, and primary signals

= Control headers and jumpers and unfitted component footprints to easily configure the PE25208 and
implement an optional input disconnect P-channel FET switch

For more PE25208 application information, see the PE25208 Data Sheet.

Document Overview

This PE25208 Parallel Evaluation Kit (EVK) User’s Manual includes information on the correct use of the parallel
EVK and describes the featured terminals, test points, and jumpers. The EVK features two PE25208 devices
operating in parallel, which you can configure for divide-by-2 or divide-by-3 modes. You can also configure the
EVK for fixed-frequency or low-power mode operations. The EVK operates across the entire PE25208 input
voltage range.

This document describes the parallel PE25208 EVK. Do not reference it for the single PE25208 EVK.

©2024-2025, pSemi Corporation. All rights reserved. « Headquarters: 9369 Carroll Park Drive, San Diego, CA, 92121
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Table 1 lists the electrical parameters of the PE25208 parallel EVK and only applies to two PE25208 devices
operating in parallel. For details about single PE25208 operation, see the PE25208 Data Sheet.

Table 1. Performance Summary for Two PE25208 Devices Operating in Parallel

Input voltage range Vin Divide-by-3 mode (DIV3) 18 48 60 \%
Divide-by-2 mode (DIV2) 18 36 45 V
. DIV3, lout = 0A — Vin/3 - \Y,
Nominal output voltage Vour DIV2, lour = OA — Vin/2 ~ v
Maximum output power(") Pourt Vin = 48V, DIV3 240 — — W
Vin = 36V, DIV2 180 - - w
Maximum output current lout DIV3 15 — — A
DIV2 10 - - A
Switching frequency fsw - - 300 - kHz
Minimum switching
frequence in low-power - LPM, l.oap = 0A - fsw/4 - kHz
mode (LPM)
Peak efficiency - DIV2 - 98.2 - %
Note: * The maximum output power depends on the system thermal solution and the ambient temperature.
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Parallel Evaluation Kit Contents and Hardware Requirements

Kit Contents

Table 2 lists the PE25208 parallel EVK box contents, as shown in Figure 1. Due to the high power (240W)
required for USB-PD EPR application, even a 1% loss in efficiency results in a power dissipation of 2.4W. This is
a high-power dissipation for the two PE25208 devices to handle without thermal solutions; therefore, heatsinks
are provided to draw out heat from the devices as practically as possible.

Table 2. EVK Box Contents

Parallel PE25208 DC-DC converter evaluation board assembly

Thermal pads, to connect the devices to the heatsinks

Heatsinks, which require thermal glue to attach the thermal pads

Alala]la

P-channel MOSFET, for a PGATE input disconnect switch

Figure 1. EVK Box Contents

Hardware Requirements

To evaluate the performance of the EVK board, the following equipment is required:

Bench DC power supply capable of providing up to 60V at up to 5.5A
DC load (power resistors or electric load)

Four high-accuracy digital multimeters

DC power and sense leads

Optional: Bench DC power supply capable of supplying 5V for EXT_VDD to provide power to the PE25208
internal circuit while bypassing the PE25208 internal VDD LDO. This helps to reduce the VDD LDO loss,
which further reduces the PE25208 power consumption, especially in low-power conditions.

Optional: Four-channel oscilloscope with probes to view waveforms

©2024-2025, pSemi Corporation. All rights reserved. « Headquarters: 9369 Carroll Park Drive, San Diego, CA, 92121
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Warning: The PE25208 parallel 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 parallel EVK to the source power supply, verify that the power supply is off. Connecting
the parallel EVK to a live power supply could induce failures.

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

Quick Start Overview

The evaluation board is designed to ease your evaluation of the two PE25208 DC-DC converters operating in
parallel. This section guides you through the hardware interfaces, various hardware configurations, EVK
connections, and the startup procedure to operate the PE25208 parallel EVK.

Evaluation Board Overview

The parallel EVK is designed with accessible components for easy customer evaluation and contains the
following:

= Power input and output terminals

= PCB headers

= Test and sense points
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Figure 2. PE25208 Parallel EVK Hardware Interfaces
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Power Input and Output Terminals
The PE25208 parallel EVK has four power terminals, as shown in Figure 2:

= The two VIN positive (+) and VIN negative (-) power input terminals, which receive input power from a
connected bench DC power supply.

= The two VOUT positive (+) and VOUT negative (-) power output terminals, which deliver the output power to a
connected DC load.

PCB Headers
The PE25208 parallel EVK includes two types of PCB headers:

= Configuration headers: These 3-pin headers configure the parallel PE25208 system.

=  Connection headers: These 2-pin headers connect the PGATE pin of the primary PE25208 and the PGOOD
pins of the two PE25208 devices to their respective auxiliary EVK connections.

Configuration Headers

The three configuration headers on the PE25208 parallel EVK include the following, as shown in Figure 2:

= EN header (EN_SET)

= MODE header (MODE_SET)

= FF/LPM header (FF/LPM_SET)

Before you apply power to the parallel EVK, verify that the three configuration headers are fitted with jumpers for
your preferred configuration, because the set configurations only load at startup. To change the MODE header
(MODE_SET) or the FF/LPM header (FF/LPM_SET) configuration during operation, you must first disable and
then re-enable the PE25208 parallel system. If needed, you can change the EN header (EN_SET) configuration
at any time during operation.

Table 3 lists the configuration header functions, the associated jumper configurations, and the recommended
jumper configuration for a quick evaluation.

Table 3. Configuration Header Functions, Jumper Configurations, and Quick Evaluation Recommendations

Enables or disables the parallel PE25208

system through the EN input pin of both Enabled: EN Disabled: EN
EN_SET PE25208 devices: pins are tied to | pins are tied HIGH
Logic high: Enabled VIN. to GND.

Logic low: Disabled

Selects the output voltage division ratio of

the parallel PE25208 system between DIV2 ) DIV3 mode:
or DIV3 through the MODE pins of both DIV2 mode: MODE pins
MODE_SET PE25208 devices: M(c)jDE\[/)SS are | o tied to HIGH or LOW
Logic high: DIV2 tied to VDD. GND.
Logic low: DIV3
Selects the clock mode of the parallel
PE25208 system between fixed-frequency Fixed frequency Low power _
(FF) and low power mode (LPM) through the | (FF): FF/LPM mode (LPM):
FF/LPM_SET | FF/LPM pins of both PE25208 devices: pins are tied to FF\';_P?tP'”S HIGH
Logic high: FF VDD. g‘ﬁD'e °
Logic low: LPM '

©2024-2025, pSemi Corporation. All rights reserved. « Headquarters: 9369 Carroll Park Drive, San Diego, CA, 92121
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Figure 3 shows the two valid jumper configurations of the configuration (3-pin) headers for operation.

HIGH LOW

H L H L

Figure 3. Valid Jumper Configurations for Operation

Connection Headers
The PE25208 parallel EVK has two connection headers, as shown in Figure 2:

»  PGATE_SH header (PGATE_SH)
= PGOOD_PU header (PGOOD_PU)

Table 4 lists the connection header functions.

Table 4. Connection Header Functions

PGATE SH Connects the PGATE pin of the primary PE25208 device (U1) to the gate terminal of the external P-
- channel disconnect FET switch (Q1) and the anode terminal of the Zener diode (D1).

PGOOD_PU | Connects the PGOOD pin of both PE25208 devices to the 10 kQ VDD pull-up resistor (R3).

To maintain the typical connections of the parallel EVK associated with the PGATE pin of the primary PE25208
(U1) and the PGOOD pins of both PE25208 devices, always fit the connection headers with jumpers as shown in
the (v') image in Figure 4, whether in operation or not. Do not use the (x) image configuration in Figure 4.

v %

CLOSED OPEN

Figure 4. Mandatory (v)) and Invalid (x) Jumper Configuration of Connection (2-pin) Headers
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Test and Sense Points

The PE25208 parallel EVK includes various test points to measure the voltage values of critical signals, probe
critical signals to observe their waveforms, and monitor supply external voltages to the parallel PE25208 system.

= To take accurate input voltage measurements, use the VIN positive (+) sense point (VINS+) and VIN negative
(-) sense point (VINS-), as shown in Figure 2.

= To take accurate output voltage measurements, use the VOUT positive (+) sense point (VOUTS+) and VOUT
negative (-) sense point (VOUTS-), as shown in Figure 2.

Table 5 lists all test points on the PE25208 parallel EVK, as shown in Figure 2.

Table 5. Test Point Descriptions

VINS+ Positive TP to measure the input voltage of the PE25208 parallel EVK.
VINS- Negative TP to measure the input voltage of the PE25208 parallel EVK.
VOUTS+ Positive TP to measure the output voltage of the PE25208 parallel EVK.
VOUTS- Negative TP to measure the output voltage of the PE25208 parallel EVK.
VINIC Positive TP to measure the input voltage of the two parallel PE25208 devices.
EN Status of the enable signal (EN) from the EN pins of the two parallel PE25208 devices.
Status of the output voltage division ratio’s mode signal (MODE) from the MODE pins of the two
MODE -
parallel PE25208 devices.
FF/LPM Status of the FF/LPM signal from the FF/LPM pins of the two parallel PE25208 devices.
PGOOD Status of the power good (PGOOQOD) signal from the PGOQOD pins of the two parallel PE25208
devices.
PGATE Positive TP to measure the gate drive voltage of the external P-channel input disconnect FET switch
from the PGATE pin of the primary PE25208 device.
EXT VDD Positive TP to apply and measure an external VDD supply voltage between 4.75V and 5.5V to the
- two parallel PE25208 devices through their EXT VDD pins.
TP1, TP2, TP3,
TP4 (GND) 0V ground reference TPs.

©2024-2025, pSemi Corporation. All rights reserved. « Headquarters: 9369 Carroll Park Drive, San Diego, CA, 92121
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Parallel EVK Connection
Connect the DC and power sense leads to the PE25208 parallel EVK as shown in Figure 5.
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Figure 5. PE25208 Parallel EVK Connection to the Power and Sense Leads
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Voltage-only Measurement Connections
To take only voltage measurements, connect the parallel EVK to the equipment as shown in Figure 6.

Input Voltage  Output Voltage
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f sol vanz\‘ ) vawoéb R e
MADE IN USA ES]“’" "
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Power Electronic
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HoER AR TR
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Figure 6. PE25208 Parallel EVK Connections to Equipment for Voltage-only Measurements

Voltage and Current Measurement Connections
To take both voltage and current measurements, connect the parallel EVK to the equipment as shown in Figure 7.

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

S )
MA| N u A
muRata % g
T (©) GNDAO) (CVXIP wz@
©2°‘3& Ovilie A
N RE Parallel
" ¥o01 Q) = 5
smng. S:EE

aNvon
101 onNNNN

Power
Supply

Electronic
Load

MODE_SET " FF/LPM SET §/N
.| | oFn )F o
]

H 8 H L

Figure 7. PE25208 Parallel EVK Connections to Equipment for Voltage and Current Measurements
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Start-Up Procedure (Hardware Operating Guidelines)

This section provides the general guidelines and procedures to start up and operate the PE25208 parallel EVK.
To achieve optimal performance, follow these steps to configure and operate the parallel EVK.

1.

Before powering up the parallel EVK, install the jumpers on the PGATE_SH and PGOOD _PU headers as shown
in Figure 8, then configure the EN_SET, MODE_SET, and FF/LPM_SET headers by fitting jumpers in the
recommended positions for quick evaluation as listed in Table 3. For example, Figure 8 shows the EN_SET,
MODE_SET, and FF/LPM headers set in the enable, divide-by-3 (DIV3) mode and fixed-frequency (FF) mode
configuration, respectively.

Optional: If you prefer to use the PGATE input disconnect switch, fit the given external P-channel FET as Q1
and remove the three 0Q jumper resistors, R11, R12, and R13.

Optional: If you prefer, supply an external VDD supply voltage between 4.75V and 5.5V to the EXT_VDD test
point for light-load efficiency improvement and power consumption reduction on both parallel PE25208 devices
instead of using their internally generated VDD voltage.

Connect the DC power and sense leads to the parallel EVK as shown in Figure 5, and with the power equipment
turned off, connect the parallel EVK to the power and measuring equipment as shown in Figure 7. Minimize the
length of the connections.

Apply an input voltage to the parallel EVK by setting the connected DC bench power supply to an 18V-60V
voltage output and 5.5A current limit for DIV3 mode or a 18V—-45V voltage output at 5.5A current limit for DIV2
mode.

Apply a load current to the parallel EVK by setting the connected electronic load to a 0A—15A current input for
DIV3 mode or a 0A—10A current input for DIV2 mode.
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ﬂl!lRﬂta 6(82 GNDAO) (O)vxi_P ”’2@

©2023 5 ©Vin_| PE25208

Parallel
..D Vo1 _P(O)|= -
oo OB EIED =s oun_p

RIOT =
= 5] Lio1 s3ves

=
N _ﬂ::§:3:=3" I —m o~ S
01 "°332§$g’ -sssssvours@
r £l = C S 1o w2l 201 VOUT
PGATE_SH [ &M sone oy sy
=S () ~

3
3|\ C20 7 [] L202 @
. 2P
t=4 -
A

GND8

‘ g
504
MODE_SET | FF/LPM_SET S /N REV-
o> o] SRE=g -

L

FF/LPM_SET

.n .;_.?-: Y )

H L

Figure 8. Jumper Installation of the PE25208 Parallel EVK PCB Headers
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Performance Data
Figure 9 and Figure 10 show the typical performance of the PE25208 parallel EVK.

Linear Plot of Efficiency vs. Load Current: DIV2 FF 300kHz
100%

98%

96%

—VIN =18V
94% —VIN =36V
—VIN =45V
. 92%
X
7
S 90%
S
g
88%
86%
84%
82%
80%
0 1 2 3 4 5 6 7 8 9 10
Load Currrent (A): Linear Scale
Figure 9. Linear Efficiency (%) vs. Load Current (A) Plot: VIN = (18V, 36V, 45V), DIV2, FF, 300 kHz
Linear Plot of Efficiency vs. Load Current: DIV3 FF 300kHz
100%
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94%
. 92%
g —VIN=18V
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;%’ —VIN =60V
88%
86%
84%
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Figure 10. Linear Efficiency (%) vs. Load Current (A) Plot: VIN = (18V, 48V, 60V), DIV3, FF, 300 kHz
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Figure 11. PE25208 Parallel EVK Schematic
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PE25208 Parallel EVK Parts List

Table 6. PE25208 Parallel EVK Parts List

Components required for par

allel operation

C13, C14, C101, C102,
C103, C104, C105, C106,

Co01 G202, G203, Gooa. | 14 10 yF | CAP CER 10uF 100V X7S 1210 GRM32EC72A106KE05
C205, C206
C107, C110, C207, C210 4 22UF | CAP CER 2.2uF 25V X5R 0402 GRM155R61E225ME15D
C108, C109, C208, C209 4 22uF | CAP CER 2.2uF 50V X5R 0603 GRM188R61H225ME11D
C111, C112, C211, C212 4 1uF | CAP CER 1uF 100V X7S 0805 GRM21BC72A105KE01L
C121, C122, C123, C124,
Cont oz’ Cons Comte | 8 10 yF | CAP CER 10uF 50V X5R 0805 GRM21BR61H106KE43
L101, L102, L201, L202 4 330nH | FIXED IND 330nH 7.8A 8mQ SMD HTEL25201B-R33MXR-01
D1, D2 2 DIODE | DIODE ZENER 5.6V 500MW SOD523 MM5Z5V6T1G
R3 1 10kQ | RES SMD 10kQ 1% 1/10W 0603 ERJ-3EKF1002V
U1, U2 2 | pE2s208 | 48 Vin Divide-by-2 and -3, 15A Charge PE25208
Pump, Capacitor Divider
Additional components for evaluation purposes
C100 1 100 uF | CAP ALUM 100uF 20% 80V RADIAL EEU-FS1K101LB
R11, R12, R13 3 0Q RES SMD 0Q JUMPER 3W 2512 35227R
Q1 1 | MOSFET | MOSFET P-CH 100V 37.1A T0252 SUD50P10-43L-GE3
VOUT, VIN, GND_VO, GND | 4 TERI'Y”NA CONN BANANA JACK SOLDER 575-4
VOUTS+, VINS+, VINIC,
PGOOD, PGATE, MODE, 9 TP EEDT EST POINT MULTIPURPOSE 5010
FF/LPM, EXT VDD, EN
PC TEST POINT MULTIPURPOSE
VOUTS-, VINS- 2 P BLAGK 5011
TP1, TP2, TP3, TP4 4 | TPSMT | PCTEST POINT COMPACT SMT 5016
MODE—SEL' ZFE#PM—SET' 3 | HEADER | CONN HEADER VERT 3POS 2.54MM PRECO03SAAN-RC
PGOOD_PU, PGATE_SH 2 | HEADER | CONN HEADER VERT 2POS 2.54MM PRECO02SAAN-RC
C125, C126, C127, C128,
C225. C226. C227. C228.
VX1_P, VOUT1_P, VIN1_P,
VDD1 P, VX2 P,VOUT2 P, | 24 DNI |- -
VINZ_P, VDD_2P, GND1,
GND2, GND3, GND4, GNDS,
GNDS6, GND7, GND8
SO1, SO2, SO3, S04 4 | M3HOLE | - _

Notes:

1. External P-channel FET Q1 is optional, but when implemented remove R11, R12, and R13.

2. The minimum required VOUT capacitance is 47 yF. The maximum VOUT capacitance is up to 1 mF.
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PE25208 Parallel EVK PCB Layout
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Figure 12. Top Layer (PWR and IC Signal Fanout) PCB Layout of the PE25208 Parallel EVK
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Figure 13. Inner Layer 1 (GND) PCB Layout of the PE25208 Parallel EVK
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Figure 14. Inner Layer 2 (PWR and Signal) PCB Layout of the PE25208 Parallel EVK
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Figure 15. Bottom Layer (Signal) PCB Layout of the PE25208 Parallel EVK
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Figure 16 shows the critical components required to implement the two parallel PE25208 devices. The red-
highlighted connection lines are the high-power nodes in the design. Pay close attention to the parasitic
resistances and parasitic inductances at these nodes. The area of these connections must be made sufficient.

VIN= 18V to 60V DIV 3
VIN =18V to 45V DIV 2

E

Digital

Interface

i

{] MODE

5V (Optional)

VIN DIV3 or

VIN DIV2
T

P1B P28

" peszs

MASTER
P2A P1A

_|

PGATE

FE/LPM
EN

VDD

PGND GND VDD

\\H

5V (Optional)

—F

VDD

PGOOD Di

AL

L

VIN DIV3 or
VIN DIV2
g

PiB P28

“* peasaes M|

SLAVE
P2A P1A

PGND GND VDD

Figure 16. Application Circuit of Two PE25208 Devices in Parallel Operation

PGOOD [)i

Twwx_l
l

VDD

I
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In the PE25208 parallel EVK, both PE25208 devices are placed according to the Figure 17 pin map, where the
input voltage (VIN) is at its left side and the output voltage that requires filtering (VX) is at the right side.

o~ S5, AN, JERe pES FRy GES AR, 25y JES ~ NN
A {GND | wcAm|vmnvm»yczal|cza|xcuivcn>|vxlxvxlwuumwwenmxpcunupznupzsxxvxl
- F Suph Segf Nogt Ml N N N gt My St Nt
A "
g PESS, pF R gESy gPSy, ERy gESy pERy gFSy 9F Sy pFe 7EHy,
B PGOODI wvmlxvml«czauczsl|cm1|cm|‘vxx|vx1wmummweumweuolxpzsrlpzsuvxl
o Muz? Waf Sand Moot Vot b NGHF Noof Vet Nt You? Naol Net
B2 o TN TN TN N T N N N £8. e
i TN TN TN TN TN TN ’ A7y, gy gES gPSs
C {ne ) IV\Nl[VINIlCZE?tCZBlICiAIICJAI(VXlIVXIIP)AI(PiAV\PGNDIIPGNDI[PZBV\PZBPIVXI
24 Nl Sgof Nl Nl St Noof Moot Nl N =" X ot St
a
o~ TSN TN TN T N S o ~ N o
D (VoD ) \V\Nl|v|MlAczal«czalyc1A1(c1A|¢vxh\vxl|P1A|APJAl‘PGNmyPGNm|P15|¢pzaryvxl
by Mgt Sgdf Nool Mot Yool Sopd Nl 3ot Vet # S s
02
- NN NN N
E (e RCDERL] Cw i) )
\voD / NSNS NN R U N L N N N
F o lvxltVXl\vavx||vx\‘v><i
B~ -~ -~
, RN o, <N NN NN
G VoD | Cun ) O Tw F13 F14 fs k6 F7 (ux )
Moo PRI NP N -7
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o~ B NN S
H (Wooe) (VN (N (cas) (caB) () (A (v ) (v ) |P2AI|P2AI‘PGND’1PGNDI|P15I¢Pmryvx1
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W
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Figure 17. PE25208 Device Pinout (Top View: Bumps Down)

In design, place critical components required to implement the two parallel PE25208 devices as close as possible

to both devices as shown in Figure 18.

L102 TTSSST

Figure 18. 3D PCB Layout and Critical Component Placement for the Two Parallel PE25208 Devices
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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

©<Years>, 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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