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Using XDP™ XDPS2201E hybrid-flyback controller

About this document

Scope and purpose

This document is an engineering report for a 170 W AC-DC converter reference design which uses Infineon’s
XDP™ XDPS2201E digital power hybrid-flyback (HFB) controller.

The updated reference design uses the advanced HFB-controller XDP™ XPDS2201E, which brings an updated
and expanded feature set. Notably, this new generation of controllers focuses on ease of use, making it more
convenient to design and integrate the product into your systems.

The converter has an extraordinarily high peak efficiency of 95.0% and two control inputs that define the
setpoints for the constant current (CC) and constant voltage (CV) regulation loops. Therefore, it is ideal for use
in battery charging applications in combination with a safety switch and charging controller. Therefore, it can
be used in standard power supply applications as well. A voltage doubler ensures configurable wide input
range to cover different residential voltages across the world.

The hybrid-flyback topology enables an extraordinarily small transformer size, comparable to resonant
half-bridge and much smaller than standard flyback. Unlike resonant topologies the transformer construction
is as simple as that of a standard flyback, without the need to minimize leakage inductance. This resultsin a
competitive system cost for the presented solution.

If you want to add an independent auxiliary supply, a CoolSET™ daughterboard with Infineon’s CoolSET™
ICE5AR4TT0AG quasi-resonant (QR) flyback controller is implemented as an option.

This document contains information regarding the design features and test setup, board specifications, board
design data, performance data, and bill of materials (BOM) including transformer specifications.

Intended audience

The intended audiences for this document are design engineers, technicians, and developers of electronic
systems.

Engineering report Please read the sections “Important notice” and “Warnings” at the end of this document V1.0
www.infineon.com 2024-11-29


http://www.infineon.com/

o _.
170 W AC-DC converter reference design with wide input for eBike < In f| neon

chargers
Using XDP™ XDPS2201E hybrid-flyback controller
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.

SEBBE B BB
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1 Test setup and safety instructions

This AC-DC reference design consists of a main board and an optional CoolSET™ daughterboard. The main
board includes the hybrid-flyback (HFB) stage with Infineon’s XDP™ XDPS2201E digital power hybrid-flyback
controller and the output regulation circuit (CC-control and CV-control feature). A programming interface gives
access to the XDPS2201E for parameter configuration and failure mode reporting.

The optional CoolSET™ daughterboard includes a QR flyback stage with Infineon’s ICESAR4770AG flyback
controller and provides an independent constant 5V auxiliary supply for the secondary side.

To implement a battery charger with this reference design, a battery safety switch must be connected in order

to guarantee safe operation.

Attention: For safety reasons, it is prohibited to connect this reference design board to any battery
without adding the battery safety switch externally.

AC-DC ref. Design

EM Filter &
(voltage Doubler)

J.
Rectification
N =15

CoolMOS™ SR Control Infineon
T Bat+ OptiMOs™
-, ' Lol 1
N, -
OptiMos™ l j:f‘m Battery
comml pack

f( Output regulation MCU for
i ) e g s
E
7 and charging
= control

PC21 XMC™

e
3 Flyback FE
PC2-2 control

Optionally auxiliary supply:
CoolSET™ 5"" Gen.

Aux. Supply

Figure 1 Test setup of AC-DC reference design with external battery
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1.1 CC/CV test setup

All mentioned measurements in the engineering report have been performed with the following test setup. An
AC source is used to power the reference board.

Attention: Lethal voltages are present on this reference design. Do not operate the board unless you are
trained to handle high-voltage circuits. Do not leave this board unattended when it is
powered up.

Attention: For changing between low mains (100-130 V AC) and high mains (198-230 V AC) a jumper X1
has to be soldered on bottom side for low line operation or removed for high line operation
mode

To set the desired charging current and the voltage the CCs.: and CVe¢ value is controlled via an external DC
source, according to Figure 2. An electronic load in CV mode is used to simulate a charging battery.

[ —— ¢ I » New: Updated E-version
o >

DC Load
CC-Mode:
0-4A

—_—
DC Source
0-33vDC

100-130VAC
198 -264 VAC X
50 - 60 Hz = - g S HHEE -

Programming

N Interface
Figure 2 CC/CV test setup with electronic load and settings via DC source
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2 Board specifications
Table 2 Input and output specifications
Description Symbol | Value Unit
Input voltage range (configurable via jumper X1) Vin 100to 130 VAC
198 to 264
Input frequency range f. 50t0 60 Hz
CCqet range (see Figure 3) CCet 0to3.3 VDC
CVset range (see Figure 4) CVset 0to3.3 VDC
Output voltage range Vout 18to 42 VDC
Nominal output current loutnom 4.0 A
High line peak efficiency at full output power (Vin =230 V AC; Vour =42 V; loutmax = 4.0 A) | NuLpeak | 95.0 %
Four-point average efficiency at high line (Vi» =230V AC) NhLave 94.0 0%
Low line peak efficiency at full output power (Vin =115V AC; Vout = 42 V; loutmax = 4.0 A) NLLpesk 93.8 %
Four-point average efficiency at low line (Vin =115V AC) Nitave 93.4 %

The following table highlights the key components and board dimensions of the main board.

Table3 Main board components and dimensions

Item Specification

HFB controller IC XDPS2201E

Other Infineon components 2x IPA60R280P7S, BSC160N15NS5, BSS169
PCB dimensions (L x W x H) 170 mm x 55.5 mm x 27 mm

The following table highlights the key components and board dimensions of the CoolSET™ daughterboard.

Table 4 CoolSET™ daughterboard (optional) components and dimensions

Item Specification

Controller IC + integrated CooIMOS™ ICE5AR4TT0AG

PCB dimensions (L x W x H) 50 mm x 25 mmx 14 mm
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Set the CCs value via control interface connector Xout2, Pin 6 according to the desired charging current, as
described in Figure 3. By default, the CCs: is not set internally and needs to be set from external DC supply.

4.50
4.00
3.50
3.00
2.50
2.00
1.50

Charging current / A

1.00
0.50

0.00
0.00 0.30 0.60 0.90 1.20 1.50 1.80 2.10 2.40 2.70 3.00

Ccset / \

Figure 3 CC..: values for desired charging current

Set the CV. value via control interface connector Xout2, Pin5 according to the desired CV voltage, as described
in Figure 4. By default, the CV..: value is set to 3.00 V via a resistor network, so the output voltage is set to the
nominal value Vey =42 V.

45.00

40.00

w
U1
o
S

30.00

CV voltage / V

N
U
o
S

20.00

15.00
1.20 1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00

CV / V

Figure 4 CV... values for desired CV voltage
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3 Schematic and layout
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Figure 6 Main board PCB top (left) and bottom (right)
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Figure 8 Optional: CoolSET™ daughterboard PCB top (left) and bottom (right)

V1.0

Engineering report 12
2024-11-29



o _.
170 W AC-DC converter reference design with wide input for eBike < In f| neon

chargers
Using XDP™ XDPS2201E hybrid-flyback controller
Performance data

4 Performance data

The performance data have been measured with the CC/CV test setup described in Figure 2.

4.1 Efficiency at high mains

The efficiency was measured with different input voltage Vi.. The battery load was simulated via an electronic
load in CV mode. The board was placed on a laboratory bench under free air convection.

95.5

95.0

94.5 o

94.0

93.5

93.0

Efficiency in %

92.5
92.0

91.5
1.0 1.5 2.0 2.5 3.0 3.5 4.0

Output currentin A

—8— 198 VAC/50Hz 230VAC/50Hz —@—264V AC/50Hz

Figure 9 Efficiency versus load at different input voltages (high mains)

The four-point (25%, 50%, 75%, and 100% of l..nom) average efficiency was measured at different input voltages
-see Table 5.

Table 5 Average efficiency at high mains
VAC (Vrus) | Output load (V) | low (A) loutnom (%0) Efficiency | Average efficiency
1.00 25 92.6
2.00 50 94.1
198 42 93.9
3.00 75 94.3
4.00 100 94.4
1.00 25 92.2
2.00 50 94.2
230 42 94.0
3.00 75 94.7
4.00 100 95.0
1.00 25 91.9
2.00 50 94.0
264 42 93.9
3.00 75 94.6
4.00 100 95.2
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4.2 Efficiency at low mains

The efficiency was measured with different input voltage Vi.. The battery load was simulated via an electronic
load in CV mode. The board was lying on a laboratory desk under free air convection.

94.5
94.0
o 935
£
o
2 93.0
(]
S
925
92.0
91.5
1.0 15 2.0 2.5 3.0 3.5 4.0
Output currentin A
—e— 100V AC/ 50 Hz 115VAC/50Hz  —@—130V AC/50 Hz
Figure 10 Efficiency versus load at different input voltages (low mains)

The four-point (25%, 50%, 75%, and 100% of l.unom) average efficiency was measured at different input voltages
- refer to Table 6.

Table 6 Average efficiency at low mains
VAC (Vrus) | Output load (V) | low (A) loutnom (%0) Efficiency | Average efficiency
1.00 25 92.0
2.00 50 93.1
100 42 92.6
3.00 75 92.9
4.00 100 92.5
1.00 25 92.1
2.00 50 93.5
115 42 93.4
3.00 75 93.7
4.00 100 93.8
1.00 25 91.7
2.00 50 93.5
130 42 93.4
3.00 75 93.9
4.00 100 94.3
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4.1 Charging behavior

Figure 11 shows the measured efficiency while charging a completely depleted 40 V battery pack with default
CV setting (CVset = 3.0 V) and external CC setting to 4.0 A (CCset = 3.0 V) for nominal charging current. At 42V
battery voltage, CV control takes over and limits the battery voltage accordingly. The accuracy depends on the
tolerance of the resistor network of voltage sensing and the accuracy of the reference voltage.

95.4

95.2

95.0

94.8
94.6 Average efficiency at 230 V AC: 94.9%

94.4

94.2

94.0

Efficiency in %

93.8
93.6
93.4 Average efficiency at 115V AC: 93.7%

93.2
93.0

92.8
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

State of Charge in %

Vin: 115V AC =@=\/in: 230 V AC

Figure 11 CC-CV charging behavior, Iload =4 A, CCset =3.0V, and CVset=3.0V
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4.2 Standby power

The reference board is operating in CV mode at an output voltage of Vout = 42 V without any load attached.
Figure 12 shows the input power consumption under no-load condition in different configuration.

Standby power high mains 42V Standby power low mains 42V

400 270

% 300 // % 260

< < 255

g 250 g 250

3 200 3 245
o o

2150 > 240

5 T 235

g 100 S 230

< 50 ? 225

0 220

198 209 220 231 242 253 264 100 110 120 130
Input voltage/V AC Input voltage/V AC
Figure 12 Standby power consumption at different input voltage values , Vout =42V

The reference board is operating in CV mode at an output voltage of Vout = 18 V without any load attached.
Figure 13 shows the input power consumption under no-load condition in different configuration.

Standby power high mains 18V Standby power low mains 18V
350 180
170
z 300 2 160
€ S
S 250 < 150
) 200 o 140
3 § 130
g 150 3 120
1? 100 e 110
i 2 100
& 50 AR
0 80
198 209 220 231 242 253 264 100 105 110 115 120 125 130
Input voltage/V AC Input voltage/V AC
Figure 13 Standby power consumption at different input voltage values , Vout =18V
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4.3 Thermal measurement

The open-frame thermal measurement was done after one hour of operation at nominal output load, using an
infrared thermography camera. The ambient temperature was approximately 24°C.

Vin=230VAC,Po,t =170 W Parameters

Emissivity 0.97
Reflected temp. 24.0°C
Atmospheric temp. 24.0°C
Relative humidity 50.0%
Camera information
Camera model FLIR T600
Lens FOL13
Camera serial 55905689
Field of view 45.01

Figure 14 Infrared thermal image of PCB top and bottom side 230 VAC
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Table7 Temperature spots of PCB top and bottom side 230 VAC

No. Designator Function Component Temperature (Max.)

Bx1 QH, QL Half-bridge CoolMOS™ IPA60OR280PTS 81.2°C

Bx2 TRO Transformer NP2022-15647-D1 80.6°C

Bx3 DO Bridge rectifier GBUSK 69.2°C

Bx4 Q1 SR MOSFET OptiMOS™ BSC160N15NS5 82.6°C

Bx5 uo HFB controller XDPS2201E 62.2°C

Spl R1 NTC resistor B57364S0109M000 71.2°C

Sp2 Ul SR controller MPS6908 72.6°C

Vin =115V AC, Pou = 170 W Parameters

Emissivity 0.97
Reflected temp. 20.0°C

Atmospheric temp. | 24.0°C
Relative humidity 50.0%

Camera information

Camera model FLIR T600
Lens FOL13
Camera serial 55905689
Field of view 45.01
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Figure 15 Infrared thermal image of PCB top and bottom side 115 VAC

Table 8 Temperature spots of PCB top and bottom side 115V AC

No. Designator Function Component Temperature
(Max.)

Bx1 QH, QL Half-bridge CoolMOS™ IPA6OR280P7S 80.8°C

Bx2 TRO Transformer NP2022-15647-D1 77.8°C

Bx3 DO Bridge rectifier GBUSK 76.0°C

Bx4 Q1 SR MOSFET OptiMOS™ BSC160N15NS5 83.6°C

Bx5 uo HFB controller XDPS2201E 65.9°C

Spl R1 NTC resistor B57364S0109M000 97.3°C

Sp2 Ul SR controller MPS6908 98.0°C

Engineering report 19 V1.0
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4.4 Conducted emissions

The conducted emissions test was performed at full output power according to EN 55014 for battery chargers.
The measurement was performed in phase and neutral configuration with a rated input voltage of 115V AC/
50 Hz and 230 V AC / 50 Hz. The results reveal that there is sufficient margin, higher than the limit of 6 dB as
shown in the plots from Figure 17 to Figure 20.

The measurement equipment used for this emissions test was Rohde & Schwarz HM6050-2 and Tektronix
RSA503A. The setup was based on EN 55022 standard class B limits. A variable wire resistor adjusted to 10.5 Q
was used as a load.

Figure 16 Conducted emissions - phase line 230 VAC

. ey
. 5, i - - u DY .,-\..i'x.i'\."_"l‘\r"-“"x 1
- - ; TR \ ot

Figure 17 Conducted emissions - neutral line 230 VAC
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Figure 18 Conducted emissions - phase line 115V AC

Figure 19 Conducted emissions - neutral line 115V AC
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5 Switching waveforms

This chapter contains switching waveforms for start-up phase, operation mode, and protection features.

5.1 Start-up

Start-up behavior was measured at full-load condition and high line input. The HFB operates in continuous
resonant mode (CRM) - see Figure 21. After start-up at no-load condition, the HFB remains in burst mode (BM)
mode, as shown in Figure 22.

IAX= -3.465115 Hz

Q1232024 4:54:23 PM

Cl: Vcc C3: VBat+ C4: |SW
Figure 20 Start-up at full load, 230 V AC input

alysis Utilities  Support

X e

0

10 MS 2ositive!
X1= 493030 ms = -3189179 ms
X2= -269.6149 ms 1/AX= -31356032 Hz

A y
TELEDYNE LECROY 01232024 4:55:49 PM

Cl: LSGD C3: Vout C4: Vcc
Figure 21 Start-up at no-load, 230 VAC input
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5.2 Operation mode

The HFB has multiple operation modes to optimize efficiency over the line, load current, and output voltage
ranges. Figure 22 shows CRM operation at full-load condition in steady-state. For medium-load condition, the
HFB operates in the zero-voltage resonant valley switching (ZV-RVS) mode (see Figure 23) while BM mode
covers the no-load to light-load range, as shown in Figure 24.

ical Timebase Trigger Display Curso Math  Analysis  Utifties

- % W
. A i "\
ey R
] | | \ f
|
d | L H_J | | I
A e R
20.00 V|0 mA offsel 200 oa V] 3950V 200psidvl  200ps/div]  2.00ps/div]  2.00 ps/div 10 MS_ 500 MS/s|Edge _Positve
TELEDYNE LECROY 972312024 5:20:00 PM

C1:LSGD C2: |sw C3: VSR C4: sz
Figure 22 CRM mode at VBat+=42V, load=4 A, CCset: 3.0V

File Vertical Timebase Trigger Display Cursor:

S L e WS B
N /N /
R Ak Ty

\ LA
\ F X
X \/ AP \ f \ f.\\/ SN /‘ \ \/\ AN
\ / Y . 9

TUU J {\JL_H ,_J\JL J JUJU J JL
10.0 V/dv] 1.00 A/di s00Vidn] 200 Vldvv 10.0 V/divi 1 00 Aldiv] 50.0 V/d 200 Vidivi
2000 V] 0.0 mA ofst 200.00 V 3950 V| 5.00 ps/div] s/div]  5.00 ps/div] 5.0 ps/ai] g

TELEDYNE LECROY 912312024 52417 PM

C1: LSGD C2: lsw C3: Vsr C4: Vsw
Figure 23 ZV-RVS mode at VBat+=20V, load =1.4 A, CCset: 1.0V
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C1:LSGD C2: |sw C3: VSR C4: sz
Figure 24 Burst mode at VBat+ =42V, load=0A, CCset: 0V
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5.3 Protection

The XDP™ XDPS2201E digital power controller has various protection features during normal operation. This
section shows the output overcurrent protection (OCP) with different levels, input overvoltage protection
(Vin_ove) and output undervoltage protection (Vou:_uve). Once protection is triggered, the corresponding error
code can be read from the MFIO pin. For a detailed description of all protection features, see the datasheet.

Overcurrent protection

The following figures depict the output overcurrent protection OCP_levl and OCPmax at different output loads.

Measure P1:rmsiC2) P2 M@xIC3) P3:rms(Z2) P4:rmsiC4) PS== P6iess [ P8.--
walua '
mean 323TA 1.7960 V

X1= -
X2= 17.04us UAX= 0190589 Hz

BI42024 1:03:15 PM

C1:LSGD C2: lload C3: Vfb C4: MFIO
Figure 25 OCP_lev1 triggering at output load of 5.0 A

Measure P1msiC2) P2 h@x(CHh P3.rms(Z2) P4:rmsiC4) P--- PG--- PTe--- Pgi---
walue 2506 A 2400V
mean 2.504743 A 2470V
min 25034 2470V
max 2506 A 2470V
sdev 1.447 ma

10

10 M3 i Neg
X1= 1063951 ms  AX= 49.3743ms
X2= 1557694 ms UAX= -20.25345 Hz

61412024 2 4850 P

C1:LSGD C2: lload C3: Vfb C4: MFIO
Figure 26 OCPmax triggering at output load jump from4Ato6.5A
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Bus overvoltage protection

For overvoltage at the input, the HFB controller stops switching for certain time and enters auto-restart mode.
The behavior is depicted in Figure 27.

File Vertical Timebase Trgger Display Cursors Measure Math Analysis Utiities Support

C1: MFIO

2.00 Vidiv 20.0Vidiv) 100 V/divi 1.00 Vidiy
6000V 60.00 V -100.0 V! EXVTERTY

TELEDYNE LECROY

8/29/2023 33144 PW

C1: MFIO C3: LSGD C4: Vgys
Figure 27 VbusOVP triggering at input voltage of 278 VAC

Output undervoltage protection

For an overload event at the output the HFB controller stops switching and enters auto-restart mode

immediately, as shown in Figure 28.
i IIIHHIM—.
4
: T
i

ile Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilitie:

="

SGD ) |
Vee |
i
Vout :
. I
Measure P1:rms(C2) P2:frealZ2) P3:ms(Z2) P4:rms(C4) P5-- - P6- -~ PT--- P---
wvalue 15.780 V 15912V 1128V
mean 15.780 V - 15912V 1128V
min 15780V - 15912v 1128V
max 15.780 V - 15912V 1128V
sdev - -
num 1 0 1 1
status L a v L

20.0 Vidiv|

10.0 ps/div

970 mv|| 1

X2= 326990 ms 1/AX= 888.30 Hz

Ay V|4
TELEDYNE LECROY 61312024 4:33:49 PM

C1: MFIO C3: LSGD C4: lgat-
Figure 28 Vout_UVP triggering at short circuit event at the output
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6 Bill of materials and specifications

6.1 BOM of XDP™ XDPS2201E digital power 170 W AC-DC wide input

Table 9 BOM of main board

Designator | Description Manufacturer Part number

Co Cap 100 pF/50 VV/0603/ COG/5% - -

C1 Cap 1uF/630V/ THT 22.5/ /10% TDK Corporation B32923C3105K189

C2,CvVccl Cap 1 uF/50V/0805/X7R/10% - -

C3 Cap 100 nF/500V/1210/ X7R/10% - -

C4 Cap 680 nF/ 630 V/THT 22.5 mm/ /10% Epcos B32923C3684K189

C5,C6 Cap 390 uF/ 200 V/THT 18 mm x 35.5 mm Nippon Chemi-Con EKXJ201ELL391MMP1S
Leadspace: 7.5 mm/ /20%

C7,Ccs Cap 22 pF/50 V/0805/ /5% - -

C8 Cap 330 pF/50 V/0603/X7R/10% - -

o Cap 10 pF/50 V/0805/C0G/50% - -

C10, C15, Cap 1nF/50V/0603/C0G/1% - -

Cl6,C19

C11,C14 Cap 4.7 uF/50V/0805/ X7TR/10% - -

C12,C23, Cap 100nF/ 50V/0805/ X7R/5% - -

C24, Cbs

C13 Cap 220 uF/25 V/THT/Radial/ /20% Wiirth Elektronik 860010473011

C17 Cap 68 nF/50 V/0805/X7R/20% - -

C21,C22 Cap 2.2 uF/50V/0805/X5R/10% - -

C26, Cfb Cap 33 nF/50 V/0805/X7R/5% - -

C28 Cap 1 uF/50V/0805/ X7R/10% - -

C30,C31 Cap 330 nF/50 V/0805/ X7R/10% - -

C40 Cap 3.2nF//THT 9.5 mm/ /20% Vishay 440LD32-R

Cbuf3 Cap 10 uF/35V/ THT/Radial/ /20% Wiirth Elektronik 860020572003

Cout Cap 100 uF/50 V/D10xL17 L/A=5 mm/ Kemet ESX107MO50AH2AA
/20%

Coutl Cap 680 uF/50 V/THT/ /20% Rubycon 50PX680MEFC12.5X20

Cr Cap 220 nF/400 V/THT 15 mm/ /5% Epcos B32652A4224J000

CVcc Cap 47 uF/35V/tht/ /20% Wiirth Elektronik 860080573003

DO Dio GBUSK/ /GBU 4L / see component - GBUSK
395212/ /

D1 Dio 12V/ /SOD-80/ / Vishay TZMB12-GS08

D2, D4, D6, Dio RFO5VAM2STR/ /TUMD2M/ / ROHM RFO5VAM2STR

D7, DauxH, Semiconductors

DauxL, DgH,

DgL

Engineering report

27

V1.0
2024-11-29



o _.
170 W AC-DC converter reference design with wide input for eBike < In f| neon

chargers
Using XDP™ XDPS2201E hybrid-flyback controller
Bill of materials and specifications

Designator | Description Manufacturer Part number
D3 Dio BAW156/ /SOT23// Infineon Technologies | BAW156
D5 Dio 9.1V//SMD SOD-80/ / Vishay TZMB9V1-GS08
Dbs Dio US1M/ /DO-214AC (SMA)/ / Vishay US1M-E3/61T
Ddb Dio 1N4148WX-TP//SOD-323// Micro Commercial 1N4148WX-TP
Components
DVcc Dio 24V//SOD80C// Nexperia BZV55C24
F1 3.6 mmx 10 mm/250 Vac /4 A Cooper Bussmann C310T-SC-4-R-TR1
G1 Pow MCP1799-5002H/DB/ /SOT223-4/ / Microchip Technology | MCP1799-5002H/DB
JP.debug Con HTSW-103-07-G-S/ /CON-THT-2.54-3- | Samtec HTSW-103-07-G-S
1-8.38//
L2 Ind7.4mH//THT// Kemet SCF29XV-080-
1R3A026JV
L5, L6 Ind 35 uH/ /tht/ /20% Wiirth Elektronik 7447015
MOV Res 560 V/460 V/ THT// Bourns MOV-10D561K
Q1 Tra BSC160N15NS5/ /PG-TDSON-8-46, PG- | Infineon Technologies | BSC160N15NS5
TDSON-8-7//
QH, QL Tra IPAGOR280P7S/ /PG-T0220-3-312/ / Infineon Technologies | IPA60OR280P7S
QVaux, QVcc | TraBSS169//PG-SOT23// Infineon Technologies | BSS169
RO NTC 47k/ /0603/ /3% Vishay NTCS0603E3473HHT
R1 Res 1R/ /THT/Radial/ /20% TDK Corporation B5736450109M000
R2,R21 Res 3MEG/200 V/1206/ /1% - -

R3, R4, R5 Res 330k/200 V/1206/ /1% - -
R6, R7, R8 Res 10MEG/200 V/1206/ /1% - -

R9 Res 220k/150 V/0805/ /1% - -
R10 Res 9.1MEG/150 V/0805/ /1% - -
R11 Res 24k/200 V/1206/ /1% - -
R12 Res 27k/200 V/1206/ /1% - -
R13, R30, Res 47k/150 V/0805/ /1% - -
R47

R14, R40 Res 20k/150 V/0805/ /1% - -
R15 Res 300R/150 V/ 0805/ /1% - -
R16 Res 150k/75 V/0603/ /1% - -
R18 Res 4.7k/150V/0805/ /1% - -
R23 Res OR/200V/1206/ /0% - -
R26, R29, Res 24k/75V/0603/ /1% - -
R36

R27,R42, Res OR/150V/0805/ / - -
R43, R46
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Designator | Description Manufacturer Part number

R28 Res 2k/75V/0603/ /1% - -

R31 Res 130k/75 V/0603/ /1% - -

R32 Res 3k/75V/ 0603/ /1% - -

R33 Res 8.2k/ /0603/ /1% - -

R34 Res 10MEG/75 V/0603/ /1% - -

R35, R49 Res 2.2R/150V/0805/ /1% - -

R37 Res 5.1k/75 V/0603/ /1% - -

R38 Res 36k/75V/0603/ /1% - -

R41 Res 120k/150 V/0805/ /1% - -

Rbs Res 3.6R/200V/1206/ /1% - -

Rcr Res 1IMEG/200 V/1206/ /1% - -

Rcs Res 1k/150V/0805/ /1% - -

Rgl, Rg2, Res 22R/150 VV/0805/ /1% - -

Rg4, Rg5,

RgL

Rg3 Res 22k/150 V/0805/ /1% - -

Rgb Res 22k/150 V/0805/ /1% - -

Rs0O Res 220mR/675 mV/1206/ /1% Bourns CRM1206-FX-R220E LF

Rs1, Rs2 Res 330mR/675V/1206/ /1% Bourns CRM1206-FX-R330E LF

Rs3, Rs4, Rs5 | Res 50mR//1206/ /1% Vishay WFC1206R0500FE66

TRO Tra NP2022-15647-D1/ / ICT NP2022-15647-D1

uo Int XDPS2201E/ /PG-DSO-14/ / Infineon Technologies | XDPS2201E

U1 Pow MP6908AGJ-P/ /TSOT23-6/ / Monolithic Power MP6908AGJ-P

Systems

U2 Ana TLV9102IDR/ /SOIC-8/ / Texas Instruments TLV9102IDR

u3 Opt VOL618A-3X001T/ /LSOP-4/ / Vishay VOL618A-3X001T

X1 Con JL-250-25-T/ /JP-THT-JL-250-25-T// Samtec JL-250-25-T

Xin Con 691412120003B/ /WR-TBL// Wiirth Elektronik 691412120003B

Xoutl Con 691322310004/ /WR-TBL// Wiirth Elektronik 691322310004

Xout2 Con 613007143121/ /THT 7 PIN 2.54 mm Wiirth Elektronik 613007143121
pitch//
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6.2 BOM of 170 W AC-DC CoolSET™ daughterboard (optional)

Table 10 BOM of CoolSET™ daughterboard

Designator Description Manufacturer Part number

C12 Capacitor 1 nF/500 V/THT/Radial//20% | Murata DE1E3RA102MA4BQO1F

C13,C13A Capacitor Wiirth Elektronik 860021374008
4.7 uF/400 V/THT/Radial//20%

Cl6 Capacitor 10 uF/50 V/1206/X7R//10% - -

C17 Capacitor 100 nF/50 V/0603/X7R//10% | - -

C18 Capacitor 1 nF/50 V/0603/X7R//10% - -

C22 Capacitor 820 uF/6.3 V/SMD//20% Wiirth Elektronik 875075155009

C24 Capacitor 10 uF/25V/1206/C0G//10% - -

C25 Capacitor 220 nF/10 V/0603/X7R//5% - -

C26 Capacitor 1 nF/25V/0402/C0G//2% - -

Cl11 Capacitor 22 nF/50 V/0603//10% - -

D12 RS1DL Taiwan Semiconductor | RS1DL

D21 Diode PMEG6030EP//SOD-128// Nexperia PMEG6030EP

IC11 ICE5AR4770AG//PG-DS0O-12// Infineon Technologies ICE5AR4770AG

IC21 TL431BMFDT, 215 Nexperia TL431BMFDT,215

L11 Inductor 100 pH//WE_7447462//10% Wiirth Elektronik 7447462101

L21 Inductor 2.2 uH//SMD//20% Wiirth Elektronik 74438343022

R12 Resistor 27 R/75V/0603//1% - -

R14 Resistor 3.90 R/200 V/1206//1% - -

R16, R16A, Resistor 15 MEGR/150 V//0805//0R - -

R16B, R16C

R16D Resistor 15 MEGR/75 V/0603//1% - -

R17 Resistor 750 kR/75 V/0603//1% - -

R18, R18A Resistor 8.2 MEGR/150 V/0805//0R - -

R19 Resistor 121 kR/75V/0603//1% - -

R22 Resistor 120 R/75 V/0603//1% - -

R23 Resistor 1.2 kR/75 V/0603//1% - -

R24, R25, R26 Resistor 10 k/75V/0603//1% - -

R25A Resistor 0 R/75V/0603//1% - -

TR1 750344058 (Rev. 02)/1.96 mH Wiirth Elektronik 750344058

Ul Optocoupler VOL618A- Vishay VOL618A-3X001T
3X001T//LSOP-4//
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6.3 Transformer specifications
INT % Y CUSTOMER : INFINEON Page 2 of 2
I\ | INFELLIGENT COMPONINTS TECHNOLOGY ZIUIALLTD. (CIIINA) DESCRIPTION: PQ26/10/19 X'Fmr
CUSTOMER P/N : CUSTOMER Rev.:
Product Specification  |[cUSTOMER sPEc: CUSTOMER Rev.:
ICT NPR No. : NP2022-15647 ICT Rev.: D1
MECHANICAL (UNIT: mm)
- 25.0+2.5
-AX B
5.0+2.0
<28.0X31.0
F
5.04+2.0 L
e P
— ] 4 I 2
g S S
Vi -
T
=T E: |II | I| [T 1T L-type tape 15.0+2.5
Marking
0.6 5
_i ICT PRC ..
o NP15647 D1
Lag]
.. Date code
(8x)3.84+0.2 (2x7.540.2 | 22.7 | 1.040.05
1 lq—.i ]4—»! : 6 : ! pin hole dimension
ST e - ) GO~ C G-
H i H 1 : !
- - ' i
e i i i i
- = p i i
- i3 s i
L 1. B RN i i
P i ! i
._,._._.;._._. ........... @@ . _@_@_@-.-f}.@-@-
12 ' :
PIN VIEW pin hole gauge drawing
ELECTRICAL SPECIFICATION @25C
TURNS RATIO :W1:W2:W3:W4:W5:W6=18Ts:5Ts:1Ts:2Ts:4Ts:2Ts
L(2-3) : 120uH5% @10KHz, 50mV SCHEMATICS
DCR(2-3) : 75mQ Max. eate
DCR(S-F) : 9.2mQ Max. 2 S 5 9
DCR(6-5) 60mQ Max
DCR(5-4) : 105mQ Max.
DCR(9-10) : 185mQ Max.
WimwWsH W6
DCR(9-8) : 105mQ Max.
HI-POT :2000VAC (W1,W3,W4to W2,W5,W6)@50Hz,for 2Sec. I |
o}
3 F 8
‘ | : Tube
Note : pin6 connct core by conductive glue .
Rev. Change history
A
B change turns and adjust inductance value
C add shielding winding W2 &adjust dimenson "A" and DCR
D1 based on B and adjust W5 turns
Figure 29 Transformer specifications of NP2022-15647-D1
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