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About this document

Scope and purpose

This document provides instructions and a quick start guide for the EZ-PD™ PAG2S-2P controller-based Type-C
adapter solution (REF_65W_HFZVS_LP_PAG2).

Intended audience

This document is intended for solution developers working with the EZ-PD™ PAG2S-2P high-frequency
quasi-resonant zero voltage switching flyback (QR-ZVS) low profile adapter.

User guide Please read the sections “Important notice” and “Warnings” at the end of this document 002-41277 Rev. **
www.infineon.com 2025-03-18


http://www.infineon.com/

o _.
EZ-PD™ PAG2S-2P 65 W high-frequency QR-ZVS low profile < Infineon
adapter solution user guide

REF_65W_HFZVS_LP_PAG2
Important notice

Important notice

“Evaluation Boards and Reference Boards” shall mean products embedded on a printed circuit board (PCB) for
demonstration and/or evaluation purposes, which include, without limitation, demonstration, reference and
evaluation boards, kits and design (collectively referred to as “Reference Board”).

Environmental conditions have been considered in the design of the Evaluation Boards and Reference Boards
provided by Infineon Technologies. The design of the Evaluation Boards and Reference Boards has been tested
by Infineon Technologies only as described in this document. The design is not qualified in terms of safety
requirements, manufacturing and operation over the entire operating temperature range or lifetime.

The Evaluation Boards and Reference Boards provided by Infineon Technologies are subject to functional
testing only under typical load conditions. Evaluation Boards and Reference Boards are not subject to the same
procedures as regular products regarding returned material analysis (RMA), process change notification (PCN)
and product discontinuation (PD).

Evaluation Boards and Reference Boards are not commercialized products, and are solely intended for
evaluation and testing purposes. In particular, they shall not be used for reliability testing or production. The
Evaluation Boards and Reference Boards may therefore not comply with CE or similar standards (including but
not limited to the EMC Directive 2004/EC/108 and the EMC Act) and may not fulfill other requirements of the
country in which they are operated by the customer. The customer shall ensure that all Evaluation Boards and
Reference Boards will be handled in a way which is compliant with the relevant requirements and standards of
the country in which they are operated.

The Evaluation Boards and Reference Boards as well as the information provided in this document are
addressed only to qualified and skilled technical staff, for laboratory usage, and shall be used and managed
according to the terms and conditions set forth in this document and in other related documentation supplied
with the respective Evaluation Board or Reference Board.

It is the responsibility of the customer’s technical departments to evaluate the suitability of the Evaluation
Boards and Reference Boards for the intended application, and to evaluate the completeness and correctness
of the information provided in this document with respect to such application.

The customer is obliged to ensure that the use of the Evaluation Boards and Reference Boards does not cause
any harm to persons or third party property.

The Evaluation Boards and Reference Boards and any information in this document is provided "as is" and
Infineon Technologies disclaims any warranties, express or implied, including but not limited to warranties of
non-infringement of third party rights and implied warranties of fitness for any purpose, or for merchantability.

Infineon Technologies shall not be responsible for any damages resulting from the use of the Evaluation Boards
and Reference Boards and/or from any information provided in this document. The customer is obliged to
defend, indemnify and hold Infineon Technologies harmless from and against any claims or damages arising
out of or resulting from any use thereof.

Infineon Technologies reserves the right to modify this document and/or any information provided herein at
any time without further notice.
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Safety precautions
Note: Please note the following warnings regarding the hazards associated with development systems.

Table1 Safety precautions

Warning: The DC link potential of this board is up to 1000 VDC. When measuring
voltage waveforms by oscilloscope, high voltage differential probes must be used.
Failure to do so may result in personal injury or death.

Warning: The evaluation or reference board contains DC bus capacitors which take
time to discharge after removal of the main supply. Before working on the drive
system, wait five minutes for capacitors to discharge to safe voltage levels. Failure to
do so may result in personal injury or death. Darkened display LEDs are not an
indication that capacitors have discharged to safe voltage levels.

Warning: The evaluation or reference board is connected to the grid input during
testing. Hence, high-voltage differential probes must be used when measuring voltage
waveforms by oscilloscope. Failure to do so may result in personal injury or death.
Darkened display LEDs are not an indication that capacitors have discharged to safe
voltage levels.

Warning: Remove or disconnect power from the drive before you disconnect or
reconnect wires, or perform maintenance work. Wait five minutes after removing
power to discharge the bus capacitors. Do not attempt to service the drive until the bus
capacitors have discharged to zero. Failure to do so may result in personal injury or
death.

Caution: The heat sink and device surfaces of the evaluation or reference board may
become hot during testing. Hence, necessary precautions are required while handling
the board. Failure to comply may cause injury.

Caution: Only personnel familiar with the drive, power electronics and associated
machinery should plan, install, commission and subsequently service the system.
Failure to comply may result in personal injury and/or equipment damage.

Caution: The evaluation or reference board contains parts and assemblies sensitive to
electrostatic discharge (ESD). Electrostatic control precautions are required when
installing, testing, servicing or repairing the assembly. Component damage may result
if ESD control procedures are not followed. If you are not familiar with electrostatic
control procedures, refer to the applicable ESD protection handbooks and guidelines.

Caution: A drive that is incorrectly applied or installed can lead to component damage
or reduction in product lifetime. Wiring or application errors such as undersizing the
motor, supplying an incorrect or inadequate AC supply, or excessive ambient
temperatures may result in system malfunction.

Caution: The evaluation or reference board is shipped with packing materials that
need to be removed prior to installation. Failure to remove all packing materials that
are unnecessary for system installation may result in overheating or abnormal
operating conditions.

>R B BB

User guide 3 002-41277 Rev. **
2025-03-18



o _.
EZ-PD™ PAG2S-2P 65 W high-frequency QR-ZVS low profile < Infineon
adapter solution user guide

REF_65W_HFZVS_LP_PAG2
Table of contents

Table of contents

About this dOCUMENT.....cuiiiiiiiiniiiiiniiieiiiiniitesieiiaeiresiaeisestestsssesrescsessesssscssssesssssssssssssssssssassssssassassne 1
IMPOrtaNt NOTICE iuiiuiiiiiiiiiiiiiiiitiiiiiieceitetierecaecastsssecsecessssssssscssssssssssssscssssssssssssssassssssssssssssssssssssssnss 2
Safety PreCaULIONS...iiiiiiiiieiiiiitiiieiiiiieiitiniceesieitaectetiaecsestsstsecsssssscssssssssessssssssssssssssessssssssssssssssessns 3
Table Of CONEENES..cuiiviiiiiiiiiiiiiiieitiieiiiteinitesietnetaiinsressecaecassessessecsssessesaessssssssssssasssssessssassssssssssassassns 4
1 INErOAUCEION ouuiiiiieiiiiiieiiiiiniiiesiiiinecteiiaeceestsiteecsesiscsessssssessssssscsessssssesssssssssssssssssssssssssssssassansss 5
2 SPECHICAtIONS «.eeenieninieiecenienieceececantereecaecatessocsscassesssssscassasssssscsssassesssssssassasssssssassasssssssassase 7
3 BOArd OVEIVIEW...cvuiieiiaeiresraiaesrestaessestostaesssstasssssssscsssssssasssssssscsssssssassssssssssssssssasssssssssasssnssassss 8
3.1 Programming interface and SEHINGS.......cocuviriririenieiiiieeereeerese ettt saeas 10
4 TEST SEUUP wiviiieiiniitiiiniitiineiieiieeteesieiiecsesistcsesssstsecssstsssssssssssssssssssssesssssasssssssssssssssssssssssssssesses 11
4.1 TESE QQUIPMENT ettt ettt st sttt et esre e s e e st e s bassbessbaesssesssesssesssaesseesseesseesssesssesssesssesnseesnes 11
4.2 POWET aaPLer tESTEF (PAT) ..uvicieeieciieeecterteeteee et e e et e e e te e etesbe et e sbe s e esbesseessesbaensensesssessesssensensennsenses 12
5 Lo TTTTal 13 1= s T35 (T e (=11 1 JO N 13
L3 L =] =1 = R 14
REVISION NISTOIY...iuiiiiiiiuiiiiiciiianinniieicestoniececentasssssecscassssssssscssssssssssssscsssssssssscsssassssssssssasssssssssssssas 15
DESClAIMEN u.iuiireirniineiiesiniinesresiacaesrestaessestascsesrestaessssrascasssessassssssassassssssassssssessassssssassssssassasssnssassnnss 16
User guide 4 002-41277 Rev. **

2025-03-18



o _.
EZ-PD™ PAG2S-2P 65 W high-frequency QR-ZVS low profile < Infineon |
adapter solution user guide

REF_65W_HFZVS_LP_PAG2
Introduction

1 Introduction

EZ-PD™ PAG2P CYPAP212A1-14SXI (Power Adapter Generation 2 Primary) is Infineon’s second-generation
integrated primary-side start-up controller for AC/DC applications targeting the mobile power adapter
segment. PAG2P interfaces with the AC mains rectified output on the primary side and receives the necessary
PWM signal from the secondary side to provide a regulated output voltage. PAG2P is designed to complement a
secondary controlled AC/DC flyback converter topology. In this topology, voltage and current regulation are
performed by the secondary controller (PAG2S). PAG2P is responsible for providing the start-up function,
driving the primary-side FET as well as responding to fault conditions.

EZ-PD™ PAG2S CYPAS211A1-32LQXQ is an integrated secondary-side PWM controller and USB Power Delivery
(USB PD) controller. PAG2S integrates a secondary side synchronous rectifier (SR), pulse-width modulator
(PWM), and zero voltage switching (ZVS) control. PAG2S is targeted towards USB-C power adapters; it fits well
into high-efficiency AC-DC flyback designs with USB PD and other standard charging protocols. PAG2S also
supports USB PD Extended Power Range (EPR) mode.

Figure 1 shows the application diagram for a power adapter implementing a secondary side controlled
synchronous flyback converter topology. PAG2S modulates the pulse width of the primary MOSFET in voltage
control mode. PAG2S engages the internal error amplifier (EA) and a programmable ramp generator to
determine the pulse width of PWM. The PWM signal is transferred from the secondary to the primary side
through a pulse-edge transformer. In this topology, PAG2S integrates three key features: Secondary-side PWM
control, charging protocol control, and fault protection. This approach of integrating the ZVS on the secondary
side has the following advantage over the traditional primary-side control:

e Programmable high side ON time to reach true ZVS operation to achieve optimized efficiency

USB-C Connector

EZ-PD™ PAG2S

PAG2P Ii s 4 CYPAS211
M cvpap212 ]

uuuuuuu

CYPET121

:

Figure 1 High-level block diagram of EZ-PD™ PAG2S-2P REF_65W_HFZVS_LP_PAG2 solution
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Table 2 Critical components bill of materials (BOM)
Designator | Description Part number Manufacturer
U2 PAG2P primary side startup controller CYPAP212A1-14SXQ Infineon Technologies
u3 PAG2S USB PD power adapter secondary CYPAS211A1-32LQXQ Infineon Technologies
side controller
Q1 OptiMOS™ N-channel30V 19 A BSZ0902NS Infineon Technologies
Q4 OptiMOS™ 6 N-channel 120V 3.04 mQ ISCO30N12NM6 Infineon Technologies
Q3 700V 150 mQ E-mode GaN transistor GS-065-009-6S-L Infineon Technologies
T1 118 uH ATQ23.2 power transformer EF-247004 Better Magnetics Corp
T2 Pulse-edge transformer ALTWR-C33TF Infineon Technologies
Cc2 Capacitor ALUM 120 uF 400V 12.5 x 42 MHT400V120UF87EC0448 | KNSCHA
Radial
C9,C8 Aluminum organic polymer capacitors NPX 560 uF 25V 6.3 x 10 Sh-ymin
560 uF 25V (6.3 x 10)
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2 Specifications
Table3 Test specifications
Parameter Value

Input voltage and frequency

100Vto240VAC,47Hzto 63 Hz

Max output power

65W [20V, 3.25 A]

Output voltage

Fixed PDOs: 5.0 V/3.0A,9.0V/3.0A,15.0V/3.0A,20.0V/3.25 A

Peak efficiency

>94%

Protections

Input overvoltage protection

Input undervoltage protection
Vgus_c Overvoltage protection (OVP)
Vgus_c undervoltage protection (UVP)
Overcurrent protection (OCP)
Short-circuit protection (SCP)
Overtemperature protection (OTP)
Vgus_c to CC short protection

Charging standards
supported

USB-CPDv3.1

Apple Charging 2.4 A
Qualcomm QC 2.0, 3.0,4.0, 5.0
Samsung AFC

USBBC1.2

EMI/EMC

Conducted emissions, CISPR32 Class B, 4 dB margin at 115/220 V AC
ESD, IEC 61000-4-2, +8 kV contact, +15 kV air, Criteria A
Surge, IEC 61000-4-5, +1 kV DM, Criteria B

WP R WD RN O R W
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3 Board overview

The USB PD adapter solution based on EZ-PD™ PAG2S-2P 65 W high frequency QR-ZVS low profile flyback
(REF_65W_HFZVS_LP_PAG2) is shown in Figure 2. The solution board is designed to meet the specifications
shownin Table 3.

- AT023.2-118uH

WEBERTEK 2450

Figure 2 REF_65W_HPZVS_LP_PAG2 solution board

In this solution, EZ-PD™ PAG2x operates with an optimal frequency of 150 kHz and functions as a secondary
side flyback and SR controller. The board dimensions are: 54.5 mm x 45.1 mm x 16.25 mm.
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Board overview

Figure 3 shows the schematic of PAG2S-2P-based 65 W high frequency QR-ZVS low profile flyback adapter
solution.
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Figure 3

PAG2S uses MiniProg4 Program and Debug Kit (CYS8CKIT-005-A), which is an all-in-one development
programmer and debugger for PSOC™ 4, PSOC™ 5LP, and PSOC™ 6 MCU devices to program the EZ-PD™
controllers. The PAG2S-based board uses a PSOC™ MiniProg4 five-pin connection and a JTAG to Type-C
connector board. In this way, one can simply program the PAG2S-2P-based 65 W QR-ZVS flyback low profile

adapter board using a Type-C connector.
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3.1 Programming interface and settings

The PSOC™ Programmer software is used as a programming interface to program the firmware (.hex file) in an
PAG2S-based board. For programming, select the “PAG2S” platform and update the settings as shown in
Figure 5.

Cypress Programmer — O
(=
. " (€ =
ProbefKit: MP4 BULK-0A0D10D101310400 Platform: PAG2S e Kj m ‘|=)J @
Open FPower Disconnect Erase Program Read Verify
Settings x
Program Settings
File C:/Users/uyami/Desktop/Local Shared Drive/DEMOBOARD ACTIVITIES/65W ACF High Frequency/FIRMWARE BUILD/Version2 PCBA FW/acf_hf_ver35.hex E
Reset Chip

> Verify Regions
Programming Mode

ECC Config ~
Probe Settings

nterface SWD

Clock (KHz) 1000

Voltage (V) 3.3

Reset Type Soft

Lo

I:r?r‘or‘: |psocs.cpu] UM 1nitialisation talled

Info : kitprog3: acquiring the device (mode: power-cycle)...

Info : SWD DPIDR 6xBbcll477

Info : psocd.cpu halted due to debug-request, current mode: Thread

Info : xPSR: @xal@Beeee pc: 0x10000028 msp: @x20001fe@

Info : ** Device acquired successfully

Info : cyp status: OK

Info : detect_banks

Info : Reading flash banks ...

Info : flash 'psocd’ found at @x20000000

Info : flash 'psocd4’ found at ©x98408000

Info : flash 'psocd’ found at 8x986088000

Infe : #B : psocd.mflash (psocd) at 0x00000BBR, size BxPEO1EBBO, buswidth 4, chipwidth 4
Info : #1 : psocd.flash_prot (psocd4) at 0x90400000, size OxB0000048, buswidth 4, chipwidth 4
Info : #2 : psocd.chip_prot (psocd4) at 8x90600000, size BxBOOOAGOL, buswidth 4, chipwidth 4 I
Info : Flash banks detected

Connected to the target device Powered: 3298 mV| CYPAS212-32LQXQ |

Figure 5 Programming interface to program the PAG2S board
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4 Test setup

Figure 6 shows the test setup to measure the electrical data of the DUT. The following is the optimal setup to
measure the efficiency:

e Input power using a power meter
e Output power using high-resolution output multimeters

q"-—m"' e ® ' Programmable AC Supply Lo s :
! e ‘ — - . Multimeters

i

[.'
:

Power Meter DUT USB-C Tester
Electronic Load
Figure 6 Test equipment connected to the standalone REF_65W_HFZVS_LP_PAG2 board
4.1 Test equipment

Table 4 shows the test equipment to measure performance parameters such as efficiency, ripple, regulation,
and transient response.

Table 4 Test equipment details

Test setup Description

Programmable AC source Chroma 61501

AC power meter Yokogawa WT310E

PAT tester USBCEE PAT

Electronic load Chroma 63113A

Multimeters Keysight 34465A
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4.2 Power adapter tester (PAT)

Connect the DUT to a USB-C PAT using a USB-C cable. After the connection is established, the PAT Ul does a
PDO discovery and displays the results.

The PAG2S-2P based 65 W QR-ZVS flyback low profile adapter solution is preconfigured with four PDOs:
e Fixed PDOs: 5.0 V/3.0A;9.0V/3.0A;15.0V/3.0A;20.0V/3.25A

Choose a suitable preconfigured PDO or configure a new one using the EZ-PD™ Configuration Utility. Tests in
the following sections use preconfigured PDOs.

To know more about the PAT tester, see USBCEE.

& USBCEE Power Tester - X
: ( . — — — I
USBCE3 | protocoL ® use-PDO Q4 QC3 () QC2 AUTOTEST () ON @ OFF ‘
T a— {

@ 5000mV, 3000mA @
l;:y 9000mV, 3000mA

() 15000mV, 3000mA

0491V [ 30000mV; 3350mA

More Info W Send Feedback

Figure 7 PAT tester and user interface
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5 Quick steps for demo

1. Connect the 65 W solution board to a power meter AC terminal that is already connected to the
programmable AC supply as shown in Figure 6

2. Connect a USB PD tester or a power adapter tester (PAT) to the port and ensure that the USB PD tester gets
a successful Power Delivery contract as shown in Figure 7

3. Connect the electronic load at the PAT tester load terminal as shown in Figure 6
4. Select the desired voltage on the PAT Ul and ramp up the load on the electronic load
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