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This engineering report explains how to set up and run the 500 W ultra-low-profile CoolGaN™ LLC
converter board, intended as an evaluation board for TV power supply applications. This board features
CoolGaN™ Transistor 100 V G3 IGC033S101, CoolGaN™ Transistor 650 V G5 IGLD65R110D2, and
XDPP1148-100B digital controller as shown in Figure 1.

About this document

Scope and purpose

The board converts the high DC input voltage to a constant 22 V DC output. At full load, the average
operating frequency of this unit varies from 400 kHz to 500 kHz depending on the input voltage level. To
demonstrate the operation of the board, some test points are provided to observe the signals with proper
test equipment. Finally, some of the unit's performance metrics, such as hardware thermal imaging, and
efficiency vs. load, are evaluated.

Intended audience

This engineering report is intended for power electronics design engineers, applications engineers, and
students who are familiar with power converters.

Infineon components featured
e 1GC033s101

¢ IGLD65R110D2

e XDPP1148-100B

e 2EDS8265H

e 1EDN7136U
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Figure 1 500 W ultra-low-profile evaluation board featuring CoolGaN™ |GC033S101
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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 fithess 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

Safety precautions

Note: Please note the following warnings regarding the hazards associated with development
systems.
Table 1 Safety precautions

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: 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: 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.

e el

User guide 4 V1.0
2024-12-04



o _.
500 W ultra-low-profile CoolGaN™ LLC converter < mfmeon
REF_LLC_500W_FULLGAN

Table of contents

Table of contents

ADOUL TNIS HOCUMEBNT ...ttt e e e sttt e e e st b et e e e st e e e e e anbbe e e e s ansbeeeeannbeeeeeannneeenans 1
Tog] oo Y ge=T 0L g o) 4 [o] = TP PP PP PPTPPPPI 3
STz U= Y o1 == LU 1 T0] o 1= 4
TADIE OF CONTENTS ..t e et e e e sttt e e e e a b bt e e e e bbbt e e e eabb e e e e s aasb e e e e ennbeeeeennbbneeenan 5
1 110 o 18 o] £ o o TSRS PPRRRRR 6
11 Reference board SPECITICALIONS ..........ueiiiiiiiiie it e e 8
2 FUNCLIONAl AESCIIP 0N i 9
21 HY COOIGANT™ CIFCUIIIY ...eeveeiiiiiie ettt ettt e e e e e e e e s s nnnneeeen 11
211 HYV GaN QAT OFVET ...ttt e e e e s e e e e es 11
21.2 ST R e T 1C= 0 1V SO PPPPPPRP 12
2.1.3 =0 L= ol o U SO 12
214 TraNSTOMMET AESIGN .. ..eeiiiiiiii ettt e e s e e e e e e e e e nnbaeeeean 12
2.15 YT To g b= Va1 T g lo [V Ted (o] o[- o o S SRR 13
3 Y= 0T oI o [ U= SRR 14
3.1 TeSt @QUIPMENT FEQUITEA ... .eeeiiiiiiiie ettt e et e e st e e e e st e e e e s annn b e e e e ennnes 15
3.2 Setting up the XDPP1148 development €nVIrONMENT ...........ccovviiiiiiieieeeee e cciiiieeee e e e e e 15
3.2.1 Download XDP ™ DESIGNEL .....cccoviiiiiiiiiiie et 15
3.2.2 Topology selection and PWM Mapping ........cccuueeieieeeiiiiiiiieieee et e e e e e snsvneeee e e e e 16
3.2.3 FrequenCY SELHNG........ocov i 16
3.24 SOft-Start for LLC CONTIOIEN ......... et e e e e e e 17
3.2.5 AAPLIVE SR CONIOL ...t e e e e e s e e e s eeas 18
3.3 MEASUIEIMENT POINTS ...eiiitiieeiiiit ettt ettt et e e e s e e e et e e e e e sabe e e e e sbb e e e e e aabn e e e e e sbreeeennnneeenans 19
3.4 Sequence of power-up and POWET-GOWI ........ccoiuuriieiiiiiieeaitieeesairreeessire e e e sbee e e s ssnneeeesanneeees 20
34.1 POWET UP o 20
3.4.2 [0 1TY =T o [0 11V o PSPPI 20
3.5 ]| o0 YT g (=T PSP 21
3.6 e oL aTo YA o L= g 0] 1 .= g o] 24
3.7 Thermal PEIrfOIMANCE ........uiiiiiiee et e e e e e et e e e e e e s et eeeeeeeeseannnnnneeeeeaeeeaann 26
4 (@8 2 I - Yo 11 ) SRR 31
5 2 TN o 4= LT = SR 33
] L= = o Yo =L PRSP PRRRRR 37
VAT [o ] T 4 11T (o YOO PR PTPPPPO 38
User guide 5 V1.0

2024-12-04



o _.
500 W ultra-low-profile CoolGaN™ LLC converter < mfmeon
REF_LLC_500W_FULLGAN

Introduction

1 Introduction

The 500 W ultra-low-profile CoolGaN™ LLC converter board provides a quick way to evaluate the
Infineon CoolGaN™ technology in both primary and secondary sides in TV power supply applications in
a high-frequency, half-bridge LLC topology ([1],[2]). As shown in Figure 2, the main controller of the half-
bridge LLC converter is the Infineon XDPP1148 digital power supply controller. The typical application
diagram of XDPP1148 in half-bridge LLC is shown in Figure 3 ([3]).

To observe the thermal performance of the components installed on the PCB of the reference design,
the PCB layout is designed in a non-compact form factor with least occupied space. In a practical end
product design, you can optimize the PCB layout and reduce the hardware volume based on the
designers’ preference in manufacturing approach.

Isolation Barrier

! MV GaN

R

I

SR Driver

Vout

DC 400V d_)

M
n
A%

-
uuluuiy

MV GaN

Isolated Controller
Driver
y ]

i

12v

Regulator

#

12v

Figure 2 CoolGaN™ technology in half-bridge LLC topology
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Introduction

1.1 Reference board specifications
Table 2 Reference board specifications and limits
Parameter Values Unit | Notes
Min. | Typ. | Max.
DC input voltage 375 410 V
DC input current 2 A
DC output voltage 22 |24 \%
DC output current 0 20 A
Efficiency (peak) 96 %
Standby power consumption <300 |mwW
Rated power 500 W
Operating frequency at full power | 350 550 kHz Changes based on the input voltage
Operating ambient temperature 25 |40 °C
Note: The PCB dimensions are 100 x 180 mm (max.).
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Functional description

2 Functional description

The block diagram of the hardware and their functions is shown in Figure 4. The DC input stage includes
the input DC source and electrolytic capacitors. The primary side mainly includes the CoolGaN™
Transistor 650 V G5 IGLD65R110D2, two adjacently placed resonant inductors, resonant capacitors,
and transformer primary-side windings. The 2EDS8265H isolated gate driver drives the high-side and
low-side HV GaN transistor on the primary side through the PWM signals generated from the
XDPP1148-100B secondary-side digital controller. The feedback signals to the digital controller are
provided by the current-sensing resistor and the output voltage resistor divider. The output voltage is
regulated by the resistor divider, and it is set to regulate the output DC voltage at 22 V. The synchronous
rectifier (SR) IGC033S101 MV GaN transistor is driven by the gate driver through the PWM signals
generated from the same digital controller as the primary PWM. Figure 5 shows a different section of the
reference board.

Input Voltage
400V

l

Half Bridge LLC SR Switch
IGLD65R140D2( Transformer IGC0335101
PSS) (PSS)

Isolated gate
driver
2EDS8265H
(PSS)

Digital controller Gate driver Output
XDDP1148-100B 1EDN7136U Voltage 24V

Figure 4 Block diagram of the CoolGaN™ [PS evaluation hardware in ACF topology [3]
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Figure 5 Evaluation board sections

The schematic is shown in Figure 6. The following sections

explain each item in detalil.
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Figure 6 500 W ultra-low-profile CoolGaN™ board
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Functional description

2.1 HV CoolGaN™ circuitry

Figure 7 shows the circuitry around the primary-side CoolGaN™ Transistor 650 V G5 IGLD65R110D2 in
this reference board. The XDPP1148 secondary-side digital controller sends the PWM signals to the
primary-side HV GaN bridge through the 2EDS8265H isolated gate driver.

In this application, the CoolGaN™ Transistor 650 V G5 IGLD65R110D2’s driving circuit should be
current mode circuit, providing a constant driving current when the GaN transistor is on. In addition, to
enhance the anti-interference ability of noise when the GaN transistor is off, the negative voltage turning
off is adopted.

In Figure 7, when the GaN transistor is on, the value of R25 and gate voltage determines the constant
driving current, while R24 determines the slew rate of the rising current at the beginning. At the turn-on
stage, the driving current charges the capacitor C25, which makes the C25 voltage positive (left side “+”,
right side “-“). At the turn-off stage, the driving voltage becomes zero; Q1 turning off will become voltage
negative. When turning off, the turning-off current will mainly pass through D5 and R23, so the value of
R23 determines the turn-off speed [4].

SourceP

SourceSemseP L =
R23 D5 f"‘.
I FI_,<} R22 I:I 2
R24 €25
— || s+ —»+— 1
GateP > o | I ] — Q
R25 >
— *
4

DrainP>

Figure 7 Primary HV CoolGaN™ circuitry in 500 W half-bridge topology

2.1.1 HV GaN gate driver
The output side of the 2EDS8265H HV GaN gate driver includes two supply power terminals [5]:

o Low-side Vcc directly supplied by the external 12 V DC voltage at the primary side

e High-side Vcc supplied by the bootstrap circuit having the same external 12 V DC voltage input as the
low-side Vcc

The input side power is provided by the 3.3 V generated by the secondary-side LDO, whose input
voltage is the external 12 V DC voltage at the secondary side.
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Functional description

2.1.2 SR gate driver

A 5V Vcc generated from the secondary-side LDO is used to supply the two 1IEDN7136 SR gate drivers.
The RC network for this channel consists of R5, R6, and C3. As for the low-side, a standard 22 kQ
resistor is used to ensure pull-down of the high-side GaN gate during startup. One series 47 kQ resistor
is required on each of the two input pins (IN+ and IN-).

2.1.3 Enable circuit

Figure 8 shows the circuit which connects a mechanical switch to the enable pin. An RC filter is often
added between them for improving the reliability and stability of the enable signal provided by the
XDP114x digital controller. Normally, R = 1 kQ and C=10 nF is recommended.

By connecting an external mechanical switch for the enabling function, you can manually change the
power status. Also, the EN logic can be configured to be active HIGH or active LOW.

Note that the enable signal is asserted if ON_OFF_CONFIG is set to “response to EN”. It is
recommended that EN be asserted only after VCC_Prim_12V, VCC_SEC_12V, and power supplies
(VIN_MOD) for the power stages are ready.

<] 12C_SDA
| <] 12C_ SCL
1 4 | RI2 ~ ] DPC_ON
2 5 (T . > Enable
3 6 lswi 1k
| C25 7] XADDAR
— ” ] IMON
PGND SEC_MOD 10nF
Figure 8 Enable circuit
2.1.4 Transformer design

For an ultra-thin power supply design, the highest components (normally, magnetic components such as
the transformer and resonant inductor) should not exceed the maximum height of the application.

Since the target design is a 7-mm-tall DC-DC power supply, a planar transformer core is required. After
considering the PCB dimensions and optional magnetic cores, three groups of four ELP 18/4/10 with |
18/2/10 cores in cascade are selected in series connection for the transformer cores. The primary side
windings of the three groups cores are in series configuration and the secondary side windings is in
parallel configuration. The transformer magnetic base unit cores’ dimension is shown in Figure 9. With
such magnetic core selection, the transformer total height is lower than 6.1 mm. The calculated primary
winding to secondary windings turns ratio is 9:1, and each group core has a 3:1 turns ratio.

For the transformer windings configuration, the top and bottom layers are placed with one turn of
secondary winding, and middle layer 1 and middle layer 2 are placed with three turns of primary
windings. To reduce the AC resistance of primary windings, the three turns of primary windings are in
series configuration.
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ELP 18/4/10 118/2/10

IR B

—_—

18+0.35 18+0.35 3

FEKO0516-Z FEK0535-6

Figure 9 Transformer unit core dimensions

2.1.5 Resonant inductor design

Resonant inductor design has the same considerations as the transformer core. There are two resonant
inductors in series. Two pairs of ER 18/3/10 cores are selected for the resonant inductor cores. The
inductor magnetic cores’ dimension is shown in Figure 10. This magnetic core selection allows for the
inductor total height to be below 6.3 mm with the calculated inductor windings nhumber as four for each

(one turn windings on each layer).
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e EE—
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e, BEEE—

~ 18+0.35

~egll -
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Figure 10 Transformer unit core dimensions
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Setup and use

3 Setup and use
Figure 11 shows the interface ports on the board. It mainly consists of three parts:

1. Input voltage and output voltage ports (J1 and J2)
2. Primary and secondary VCC input voltage ports
3. 12C interface ports

Output + Output -

\ I12C interface
2 4 6 8|1:DPC_ON 5:12C_SDA H i -
Secondary'12Vcc input - |1 3 5 7|2:XADDR1 6:Enable :r.lmary ;l;\\//cc'mpu:
; 3:12C_SCL  7: PGND rimary CcC Input +
Secondary 12Vcc input+ 2IMON  8:VCC 3.3V
Figure 11 Interface ports on the board

Figure 12 shows the recommended configuration to measure the efficiency of the reference board using
two channels of a power analyzer. If a power analyzer is not used, connect the DC source directly to the
DC (in) terminal (J2) and the DC load to LV (+) and LV (-) on the J1 terminal. If the DC load is an
electronic load, note the polarity to avoid damaging the load.
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Setup and use

500W Ultra Low Profile
CoolGaN™ Half-Bridge LLC
Board
J2 (HV+) J1/LV (+)
DC(in) J1/ LV (-)
12 (HV-)
TP8 Positive (+)
TP7
DC Load
DC 400V CH#1 CH#2 Negative (-)
| Veensel#) Vsense(#)
Vanel)| Power Analyzer |V
lsense(+) Tsense()
(e (-) lsense (+)

Figure 12 Recommended connections for efficiency measurements [3]

Attention:  This evaluation hardware has high-voltage terminals and exposed areas. To avoid
electric shock, take appropriate measures. The hardware does not have any
overvoltage protection system. Use an appropriate protective epoxy shield or box
to cover the hardware to prevent any possible injury.

Attention:  Always observe the input and output voltages. Do not operate the board above the
specified input voltage (410 V DC). Use alab test power supply with a current limit
and set it to a proper value to avoid catastrophic damage to the board in case of
any failure. Eye and ear protection are recommended for safety, because all power
electronic labs employ it. Contact Infineon for any safety concerns and technical
guestions.

3.1 Test equipment required

DC power supply up to 410 V with sufficient current (~2 Arus) and with proper high-voltage cables
Oscilloscope for measurements and observations with standard passive probes

Power analyzer (two channels) to measure efficiency

Isolated current probe (Rogowski type) to observe the resonant current

Voltmeter to measure the output DC voltage

DC electronic load

o gk wNE

3.2 Setting up the XDPP1148 development environment

Projects based on the XDPP1148 digital controller are developed using the XDP™ Designer design tool,
a multi-platform development toolset. This tool enables you to evaluate and configure the XDPP1148
controller, allowing for real-time modifications to fault thresholds, response setting, and other
parameters, which are stored in RAM and can be modified an unlimited number of times. However,
these changes will be lost when the input voltage and 3.3 V VDD are removed, unless you store the
customized configuration in the one-time programmable (OTP) memory, ensuring that these settings are
retained even when the power is cycled.

3.2.1 Download XDP™ Designer
Download and install XDP™ Designer through Infineon Developer Center Launcher (DCL).
User guide 15 V1.0
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Setup and use

After installing the tool, use the USB007A1 USB-to-12C convertor device to connect the PC and the board.

Q Q ce

Figure 13 Downloading XDP™ Designer GUI

3.2.2 Topology selection and PWM mapping

In the XDP™ Designer tool, configure the topology to LLC Half bridge (Primary Side Type) with Center
Tapped (Secondary Side Type), mapping the PWMs according to hardware pin connections.

Device Topology [ A
Primary Side Topology: LLC Half Bridge Center Tapped
Primary Side Type
g e,
@ 1e] L L g e | |
Secondary Side Iy Nt SR, 51—[ CJ—E GT GT
,. - A ¥ <& +
Secondary Side Type Vin O F ESRUT 1 ZESRc:  ESRcy ..> FESRa R 2y,
Q! —‘ SR L -
- 3 P
Non-lsolated Topology 1 l T¥T ESLg, i: §JESL:; ESLcy 3 ESLcs
{1
~ ~ ~ =7
Interleaved
Interleaved
Primary Side Mapping Secondary Side Mapping
Control Modulation Type

Figure 14 Topology selection and PWM mapping

3.2.3 Frequency setting

To configure the frequency setting in XDPP1148, refer to the following PID coefficient vs. frequency
graph and related register settings. It includes setting the following and other register settings to ensure
the proper operation of the device. These must be configured according to the specific application
requirements:

e Resonant frequency (llc_tres)

¢ Minimum operating frequency (pid_Illc_rampstep_min)
e Maximum operating frequency (pid_llc_rampstep_max)
e Gain frequency (pid_llc_rampstep_gain)
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2024-12-04



o~ _.
500 W ultra-low-profile CoolGaN™ LLC converter mfmeon
REF_LLC_500W_FULLGAN

Setup and use

s (Hz) Register Decimal value
i + Faain llc_mode[1:0] 3 (LLC Close loop)
pid_llc_tmax[11:0] 570 (Fmin = 350kHz)
s, FMax pid_llc_ramstep_min[10:1] | 256 (Clamped Fmin=350kHz)
Fgain pid_llc_ramstep_gain[10:1] | 203 (Fgain = 278kHz)
i pid_llc_ramstep_max[10:1] | 438 (Fmax = 600kHz)
saerEEER Fmin_clamp pid_llc_pid_preload[10:1] 0.1(=Fmin+Fgain-
s Fmin | Fmax)/Fgain)
T LoPP lic_tres[11:0] 435 (Fres = 460kHz)

Figure 15 Frequency-related register configuration

3.24 Soft-start for LLC controller

The LLC converter soft-start process consists of two stages, with the first stage ramping up the duty
cycle from a minimum value (llc_ss_duty_start) to a maximum value (llc_ss_duty_max) while
switching at the initial soft-start frequency (1/ llc_ss_tswitch_start). The ramp-up speed can be
configured by llc_ss_duty_step and llc_ss_duty_steptime, allowing for customization of the soft start
process to meet specific application requirements.

Once the LLC duty cycle reaches its maximum value, the converter enters the second stage of the soft-
start process, where the LLC duty cycle remains at its maximum value while the switching frequency
modulates from the initial soft-start frequency to the steady-state frequency. The controller measures the
output voltage and ramps it towards the target voltage at a transition rate defined by
VOUT_TRANSITION_RATE (PMBus setting) as shown below:

B infir
.~ . " —
(Infineon =] Z Fw otp 4z BB E B L HONO)
¢ Load Config [® Save Config &5 Read All
Active Controller % scanBus | + ¢ Search AHB All Fault MFR Status Telem Vout VOUT_TRANSITION_... ‘ X
[} XDPP1148-1008B: 0x47 ] Code Command Loop A Loop u
@ LoopA:Vout=0V|lout=0A ov
0x22 VOUT_TRIM (0x0000) Command Value (Decimal)
7] s 0x23 VOUT_CAL_OFFSET oy =
Telemetry [z : X2 —CAL. £ (0x0000) 2 +
a mV/us
lin 0A 0x24 VOUT_MAX oV s
(0x0000)
Pin ow 0x25 VOUT_MARGIN_HIGH 9y
(0x0000) .
Loop AR 0x26 VOUT_MARGIN_LOW oY, ‘ Read ‘ ‘ Wiits ‘
(0x0000) -
Vout (V) 0 o
0x27 VOUT_TRANSITION_RATE 2MV/jis S i
(0xE810) Description
lout (A) 0 omQ
0x28 VOUT_DROOP : When a PMBus device receives
{0x0000)
Pout (W) 0 X eithera VOUT_COMMAND or
0x29 VOUT_SCALE_LOOP ATION (Margin High. Margi
Duty Cycle (%) 0 (OXFFFF) OPER O‘ (Margin High, Margin
oV = Low, Margin Off) that causes the
Temp 1 (°C) 27 Live Read output voltage to change, this =

[sosvson [@mase e
Figure 16 Configuring the soft-start of the LLC converter using Infineon XDP™ Designer
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Duty cycle
Max 4 -

Register

Decimal Value

(and steady-state)

j—LLTTmE
T

Start 1 Y Step

Duty Ramp Time

Frequency

Start 1 l—|< Time

Max Clamp +————————————— |

—= H*RampTime
» Delay

Vout

llc_ss_duty_start[11:0]

819 (20% duty)

llc_ss_duty_max[11:0]

4095 (99.99% duty)

lic_ss_duty_step[8:0]

5 (0.122% per step)

llc_ss_duty_steptime[15:0] 100 (2us)
vc_llc_rampstep_start[15:0] 2 (Fstart = 700kHz)
vc_llc_rampstep_time[15:0] 83 (1.66us)
lic_ss_ol_to_cl_dly[7:0] 78 (4.99us)

Target

Prebias f——————-——-—~= Slew Rate

vc_llc_vramp_tstep[15:0]
PMBus
t VOUT_TRANSITION_RATE | 2 (2mV/us)

Soft-start of the LLC converter

512 (10.24us)

Figure 17

3.2.5 Adaptive SR control

The adaptive SR timing control is achieved by sensing the SR Vps voltage, which is clamped by a small-
signal MOSFET (OptiMOS™ BSS123N) and sent to a comparator with a configurable threshold set by a
resistor divider (R1 and R2) as shown in Figure 18.

The comparator measures the SR body diode conduction time, as shown in Figure 19, specifically the
duration between the rising edge of the first body diode conduction pulse before SR PWM turns on and
the falling edge of the second body diode conduction pulse after SR PWM turns off, which indicates half
of the resonant period is below resonant operation. This signal is sent to the fast GPI1 input and
processed by the device to adjust the maximum SR pulse width.

In Figure 18, R5 resistor can be designed as hysteresis function to the VDS threshold voltage if be needed.

NA
R3
R5
R1 %'5.1!( Comparator
2k +
- SR_comp

BSS123N_L1 1K
1 -
1l - R2 -

VDS (<] R4 LMV7219
1.8k
3.3V

Figure 18 Topology selection and PWM mapping

The SR turn-on timing follows the primary switching turn-on sequence. The SR turn-off time is defined by
the following formula.

t3 = 0.5 * Ucyyes + Uc_tdtprim_plus_tiso — tof f_dly_t3

Equation 1

Here, llc_tres is resonant frequency. tdtprim_plus_tiso and toff_dly_t3 can be tuned for optimizing the
SR turn-on timing.
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Ips

VDS
(across
MOSFET)

VDS

Clamped to 3.3V

Y

Register

Decimal Value

sr_on_mode [1:0]

0 (Immediate turn on SR)

sr_timing_mode [2:0]

5 (mode2 +50ns)

sr_timing_cnt_max [7:0]

5 (No. of consecutive
comparison)

sr_timing_cycle_sel [0]

0 (even half cycle)

sr_timing_ramp_sel [0]

0 (PWM ramp 0)

sr_trigger_select [0]

0 (External trigger 1)

llc_tdtprim_plus_tiso [8:0]

106 (132.5ns)

toff_dly_t3[5:0]

48 (220ns)

llc_tres_max [11:0]

483 (414kHz)

llc_tres_min [11:0]

395 (506kHz)

(clamped and
level shifted) lic_auto_sr_tsw_range [1:0] 1 (Tswitch>max (tres au and
N T ___ __ tres)
Ll ' ' >~ llc_tres_mon_sel [0] 0 (Programmed Tres)
i i : :: sr_measl1[7:0] Read only register
et opl : Jr;-i Measured % Tres EI'I: - sr_meas2[7:0] Read only register
T > € Tods sr_meas3[11:0] Read only register
SRPWM | | adj”“_aﬂe sr_meas4[11:0] Read only register
- llc_tres_zone [1:0] Read (current Tswitch)
Figure 19 VDS sensing for adaptive SR and related register setting
3.3 Measurement points

The following table lists the test points to connect the oscilloscope for observation (either through-hole
pad-pair, or single-point access).

Table 3 Test point descriptions

Test point | Description

TP1 Primary-side high-side HV GaN driving ground point

TP2 Use this test point together with TP1 to observe the primary-side, high-side HV GaN Vgs
signal

TP3 Primary-side half-bridge middle point/switching point

TP4 Primary-side low-side HV GaN driving ground point

TP5 Use this test point together with the primary-side low-side HV GaN gate point to observe
the low-side HV GaN Vgs signal

TP6 Primary-side ground point

TP7 Primary-side input voltage test point

TP8 Secondary-side SR1 MV GaN Drain point

TP9 Secondary-side SR2 MV GaN Drain point

TP10 Secondary-side SR2 MV GaN Source point

TP11 Secondary-side SR1 MV GaN Source point

TP12 Secondary-side SR2 MV GaN Gate test point

TP13 Secondary-side SR1 MV GaN Gate test point
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3.4 Sequence of power-up and power-down

34.1 Power up

1. Connect the 12C port near the digital controller with the GUI on the PC through the USB007A1 USB-
to-12C convertor box.

2. Power up the primary- and secondary-side external 12 V DC source.
After that, the GUI should communicate with the digital controller. Because the DC bus of the
converter is discharged at startup, to avoid the inrush current in powering up, the DC source must be
programmed to ramp up its output voltage (1~5 V/ms) to the target input voltage (375 V—-410 V).

3. Disconnect or turn off the DC load. Alternatively, reduce the load to be below the max load. The
converter might not start up if the load exceeds the max load.

4. Set the soft-start register and output voltage values in the GUI to correct value, and then select
Output ON at the Operation button in the GUI to generate the PWMs to soft-start.
Figure 20 shows the soft startup of the converter with 400 V DC supply turn-on. Figure 21 shows the
output voltage transient when a full load-step change is applied and when the load is turned off. Less
than 1 V overshoot and undershoot is observed in a full load-step change.

3.4.2 Power down

To power off the converter, simply turn off the DC source. Because the DC bus has no bleeder resistor,
the DC bus will remain energized if the converter is turned off in no-load condition; therefore, we suggest
turning off the DC source while the load relates to less than 1 W load. This will de-energize the DC bus.

Attention:  This evaluation hardware does not have bleeder resistors, so the DC bus might
remain energized. To avoid electric shock and discharge the DC bus, always turn
off the source when the DC load is applied.

Do not touch any exposed area on the PCB even when the hardware is not operating.

If the LED (D6) is off, it does not indicate that the DC bus is discharged. The
controller will be off when the secondary-side external 12 V DC voltage is powered
off. Be aware that touching the hardware can cause electric shock.

Measure P1 freq(Vdrain1) P2 freq(Vds-L) P3max(Vgs-SR1)
value 689 57 kHz 687 24 kHz 536V
* n v

status

Figure 20 DC output startup transient with 400 V DC input (Ch7: DC output)
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w TELEDYNE LECROY
Everynheroyoulook

Measure Pifreq(lout)  P2freq(Vds-l) P3max(Vgs-SR1)  P4max(Vds-L) P5--- P6--- P7--- PB--- Pg--- P10--- P11--- P12---
458117 kHz 500V 407V
a v v

gger
L o
313Ms 625MS/s|Edge Either
offset] 19
= ﬁmﬂ)mi LEcRoY

D1 A AL U

1424 ms 1224ms 1024 ms 824 ps 624 ps 424 s 224 s 24 *

Measure P1:freq(lout) P2freq(Vds-L) P3:max(Vgs-SR1) P4 max(Vds-1) PS5 P6: P7. P8 P9 P10 P11 P12
value 5738278 kHz 499V 406V
a a v

Figure 21 DC output transient with full load-step change under 400 V DC input (Ch1l: DC
output load current, Ch7: DC output with 19 V offset)

3.5 Full-power test

After power-up, different loads (0~20 A) can be applied. Note that the temperature of the setup will rise
depending on the load. The efficiency measurement will be most accurate when the hardware has
reached its steady-state thermal condition (transformer core has minimal loss at 70°C to 90°C). We
suggest at least 30 minutes’ running time to capture any efficiency data. The electrical signals can be
observed immediately on the oscilloscope. Figure 22 shows some of the waveforms captured at full
power with 400 V DC input voltage.

In this condition, the converter operates at full ZVS condition at around 485 kHz. The inductor resonant
current is close to a sine wave and indicates that the LLC works above the resonant frequency. Also, the
SR gate driving signal shows that before the SR turning on and after the SR turning off, there is
approximately 50 ns body diode conduct time. This margin will ensure the safety of SR operation.

Note that the SR Vds voltage spike is approximately 10 V. Its peak SR Vds value reaches 55 V, which is
far below the SR MV GaN max Vds voltage of 100 V.
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g TELEDYNE LeCroy
Everywheroyouiook
Vas-SR1 Vgs-SR4 I Vos-SR1
|y R ey o | PR S S0 WSy T i)
‘ / s ‘ 6 - . ] If . _s_ﬂ/f_jr;[ . = /
— / - . ) E—t / !
[ \ { | A | [
A/ Dy A/t Yy 7
\ I} ‘ / ‘ e
! I i | \ |y
[ ki S, ¥ A = [T
| ' [A M \
U I i il
-1 O m— 0 S5 7)) SN A
[
P1ms(Vds-SR1) P2rms(Vgs-SR4) P3freq(VasH-HV. . P4-freq(Vds-SR1) P5pkpk(Vds-SR1) P6 pkpk(ILr) P7freq(lLr) P8 ms(ILn) P9 max(lLr) P10 min(Lr) P~ P12---
3051V 3007V 4773053kHz  4773906KHz 5634V B435A 4757620 kHz 2073A 412A 432A
v v v v v v v v v
§ Ut c8 aas "HD N Tbase 0.00 ps||Tr
2,00 Vidiv 2,00 Vidiv 200 V/diy 200 Vidiv| 2.00 A/div j20e
omVofisetf 0omvofiset|l 00mvorise|l 00mVoisef 000Vofiset] 000Voiiset| 00mA ofiset

Figure 22 Half-bridge LLC waveforms at full load and 400 V DC input (Chl: SR1 drain-source
voltage, Ch2: SR1 gate-source voltage, Ch3: SR4 gate-source voltage, Ch4: SR1
drain-source sense circuit comparator output voltage, Ch6: Primary low-side HV
GaN drain-source voltage, Ch7: Primary high-side HV GaN drain-source voltage,
Ch8: Primary resonant inductor current)

Figure 23 shows the waveforms with 375 V DC input. Note that increasing the input voltage increases
the frequency. Figure 24 shows the waveforms with 400 V DC input and different load conditions.

| e e

R A e W B P R Y R |
e i T S PV G e b s

e LN \ U | A l' v

» . g s N

- | w_* L \_f '} ! o L...‘;J

Y

Measure P1rms(Vds-SR1) P2:rms(Vgs-SR4) P3:freq(VdsH-HV P4-freq(Vds-SR1) P5.pkpk(Vds-SR1) P6:pkpk(ILr) P7-freq(ILr) P8:ms(ILr) P9 max(ILr) P10:min(ILr)
value 3060V 3167V 4032441 kHz 4032960 kHz 5556 V 9202 A 4031080 kHz 3196 A 451A 478A
v

P11--- P12---
30
v v v v
C C! HD | Tbase 0.00 ps||Trigger (8
| ( 12 Bits Auto 270V
2,00 Vidiv| 2.00 V/div 200 Vidiv 200 V/di Edge Positivel
0.0 mV offset 0.0 mV offset| 0.00 V offset| 0.00 V offset|

Figure 23 Half-bridge LLC waveforms at full load with 375V DC (Ch1: SR1 drain-source
voltage, Ch2: SR1 gate-source voltage, Ch3: SR4 gate-source voltage, Ch4: SR1
drain-source sense circuit comparator output voltage, Ch6: Primary low-side HV
GaN drain-source voltage, Ch7: Primary high-side HV GaN drain-source voltage,
Ch8: Primary resonant inductor current)

status

v v v

0 A/div|
0.0 mA offset]
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value 3149V 4854509 tz 485 4516 kHz Vv 7.001A 4854163 kHz 2468 A 340A
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5 3007V 477 3953 kHz 477 3906 kHz 5834V 8435A 4757629 kHz 2973A 412A 4 37A
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Figure 24 Half-bridge LLC waveforms operating under 400V DC input and different load
conditions: (a) no load, (b) 25% load, (c) 50% load, (d) 75% load and (e) 100% load
(Chl1: SR1 drain-source voltage, Ch2: SR1 gate-source voltage , Ch3: SR4 gate-
source voltage, Ch4: SR1 drain-source sense circuit comparator output voltage,
Ch6: Primary low-side HV GaN drain-source voltage, Ch7: Primary high-side HV
GaN drain-source voltage, Ch8: Primary resonant inductor current)

3.6 Efficiency performance
Efficiency of the evaluation board is measured with various load and input voltage conditions:

e Table 4: Measurement results with 400 V DC input voltage
¢ Table 5: Measurement results with 390 V DC input voltage
e Table 6: Measurement results with 375 V DC input voltage

Figure 25 shows the efficiency curves. The measurements show that this evaluation board has a peak
efficiency of close to 96% when the input voltage is 400 V.

Table 4 Efficiency performance with 400 V DC supply
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Vin (V) Iin (A) Vour (V) lout (A) Pout (%) | Efficiency | Four- Full load
(%) point switching
average frequency
efficiency
399.93 1.1481 21.922 20.03 100 95.63 485 kHz
399.96 0.8615 21.93 15.024 75 95.62 -
400.16 0.5777 21.93 10.01 50 94.98 -
400.17 0.2982 21.948 5.005 25 92.05 -
Table 5 Efficiency performance with 390 V DC supply
VN (V) Iin (A) Vour (V) lout (A) Pour (%) Efficiency Four- Full load
(%) point switching
average frequency
efficiency
390.05 1.1812 21.917 20.015 100 95.21 446 kHz
390.01 0.8924 21.935 15.112 75 95.24 —
390.04 0.5961 21.933 10.007 50 94.4 -
390.09 0.3097 21.947 5.001 25 90.85 -
Table 6 Efficiency performance with 375V DC supply
VN (V) Iin (A) Vour (V) lout (A) Pout (%) Efficiency Four- Full load
(%) point switching
average frequency
efficiency
375.7 1.2587 21.928 20.03 100 92.88 403 kHz
375.64 0.948 21.933 15.028 75 92.56 -
3755 0.6455 21.939 10.111 50 91.52 -
375.37 0.3352 21.943 5.006 25 87.3 -
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Figure 25 Half-bridge LLC board efficiency curve under different input voltage and load
conditions

3.7 Thermal performance

Thermal images of this evaluation board are captured while operating at full load and different input DC
voltages:

e Figure 26: Thermal image of the unit under test with 400 V DC input and operating at full power

e Figure 27: Thermal image with 390 V DC input voltage

o Figure 28: Thermal image with 375 V DC input voltage

In high-line condition (400 V DC), due to the higher switching frequency and high input voltage, the
primary-side current and the inductor magnetic flux density are lower compared to the other two input

voltage. Thus, the thermal temperature of the primary-side winding and inductor magnetic cores is lower
than for the other two input voltages.

These thermal images show that the transformer magnetic core temperature runs at a relatively high
level.
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Figure 26

Figure 27 Thermal image of the half-bridge LLC board at full power with 390 V DC input
voltage
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Figure 28 Thermal image of the half-bridge LLC board at full power with 375V DC input
voltage

To reduce the temperature of the transformer magnetic core, one set of heat spreader can be placed at
the bottom of the transformer core with TIM between the core and the heat spreader, as showed in
Figure 29. Figure 30, Figure 31, and Figure 32 show he thermal pictures of adding one piece of 2 mm
heat spreader under the transformer core with 0.5 mm and 15 W/(m-K) TIM in between. It can be seen
that the transformer magnetic core runs at a safe temperature after adding the heat spreader.

Heat spreader on

Figure 29 Heat spreader on transformer core on the bottom side of the board
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Figure 30 Thermal image of the half-bridge LLC board at full power with 400 V DC input voltage
and heat spreader at transformer core bottom

Figure 31 Thermal image of the half-bridge LLC board at full power with 390 V DC input voltage
and heat spreader at transformer core bottom

User guide 29 V1.0
2024-12-04



o~ _.
500 W ultra-low-profile CoolGaN™ LLC converter ( mfmeon
REF_LLC_500W_FULLGAN

Setup and use

Figure 32 Thermal image of the half-bridge LLC board at full power with 375V DC input voltage
and heat spreader at transformer core bottom
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PCB layout

4 PCB layout

The evaluation board is 1.44 mm thick, with four layers — 87.5 um thick copper on the outer layers, and
70 um on the middle layers. The layers are shown from Figure 33 to Figure 36.

Figure 33 Top copper layer

Figure 34 Upper middle copper layer
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PCB layout

Figure 35 Lower middle copper layer

Figure 36 Bottom copper layer
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5 Bill of materials

Table 7 PCB BOM

Designator Description Vendor Quantity

C10, C11, C16, C18 Ceramic COG capacitor 4.7nF 630V TDK 4

Heatsink_Secondary E_xtruded 90mm L X 55mmW X 6mmH 1 1
fiin 2mm 2.2mm pitch
RES/STD/OR /63mW / OR / Oppm/K / -

R7, R8, R66, R67 55°C to 155°C / 0402(1005) / SMD |/ - Yageo 4

U3 Driverl, . . .

U3_Driver2 Single-channel TDI gate driver Infineon 2
RES / STD / 1k / 100mW / 0.1% / 25ppm/K /

R11 -55°C to 155°C / 0603(1608) / SMD / - Yageo 1
RES /- / 1k / 100mW / 1% / 100ppm/K / - / .

R46 0603(1608) / SMD |/ - Panasonic 1
RES/-/1mR/2W /1% / 100ppm/K [/ -/

RSENSEL 2512(6332) / SMD / - vageo !

D3, D4 Small Signal Diode, 1V ON 2

Semiconductor

CAP/CERA/1InF/ 10V /2% / COG (EIA) /

€35, €39 NP0 / -55°C to 125°C / 0603(1608) / SMD / - | KeMet 2
CAP /| CERA / 1InF / 50V / 5% / - / -55°C to .

C4 125°C / 0603(1608) / SMD / - Wurth Elektronik 1
CAP / CERA / 100nF / 25V / 10% / X7R

C13 (EIA) / -55°C to 125°C / 0603(1608) / SMD / | Murata 1

R26_SR1_Switch,

R26_SR2_Switch, RES / STD / 1R / 100mW / 1% / 100ppm/K / |\, 4

R26_SR3_Switch, -55°C to 155°C / 0603(1608) / SMD / - y

R26_SR4 Switch

C28 Diriverl, CAP /CERA/ 1uF / 10V / 10% / X7S (EIA) / Murata >

C28_Driver2 -55°C to 125°C / 0402(1005) / SMD / -
CAP / CERA / 1uF / 6.3V / 10% / X5R (EIA)

c43 / -55°C to 85°C / 0603(1608) / SMD |/ - Murata !
CAP/CERA/ 1uF/10V/10% / X7R (EIA) /

Cad -55°C to 125°C / 0603(1608) / SMD |/ - Murata 1

c1 CAP/CERA/1uF/16V /5% / X7R (EIA) / - Kemet 1
55°C to 125°C / 0603(1608) / SMD / -
CAP /CERA/2.2uF / 25V / 10% / X7R

C38 (EIA) / -55°C to 125°C / 0805(2012) / SMD / Murata 1
CAP/CERA/1.5uF/ 16V /10% / X7R

C22,C24 (EIA) / -55°C to 125°C / 1206(3216) / SMD / Murata 2
RES/STD/ 1.6k / 100mW / 1% / 100ppm/K | .,

R48 / -55°C to 155°C / 0603(1608) / SMD | - Vishay !

T1, T2, T3 ELP 18/4/10 Planar Transformer core small TDK 3
pad
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Designator Description Vendor Quantity
2EDS8265H,Fast, Robust, Dual-Channel,

U2 Functional and Reinforced Isolated Infineon 1
MOSFET Gate-Driver with Accurate and Technologies
Stable Timing
RES /STD / 2k / 100mW / 1% / 100ppm/K / .

R14, R19, R44 -55°C to 155°C / 0603(1608) / SMD / - Vishay, Yageo 3

cao CAP /CERA/2.2uF / 6.3V / 10% / X5R Murata L
(EIA) / -55°C to 85°C / 0603(1608) / SMD / -

C25_PrimaryQA, CAP / CERA | 3nF / 25V /5% / XTR (EIA) /- | \\ o0 )

C25_PrimaryQB 55°C to 125°C / 0603(1608) / SMD / -
RES / STD /3.01k / 100mW / 1% /

R51 100ppm/K / -55°C to 155°C / 0603(1608) / | Vishay 1
SMD / -
RES / STD / 3.9k / 100mW / 1% / 100ppm/K | . ,

R15 / -55°C to 155°C / 0603(1608) / SMD / - Vishay !

3 CAP / CERA / 4.7uF / 10V / 10% / X5R Murata L
(EIA) / -55°C to 85°C / 0603(1608) / SMD / -
CAP / CERA / 4.7uF / 25V / 10% / X5R

C12 (EIA) / -55°C to 125°C / 0603(1608) / SMD/ | Murata 1
RES /STD / 5k / 100mW / 1% / 100ppm/K / .

R21 -55°C to 155°C / 0603(1608) / SMD |/ - Vishay !
RES / STD / 5.1k / 100mW / 1% / 100ppm/K | .,

Ral / -55°C to 155°C / 0603(1608) / SMD | - Vishay 1
RES / STD / 1.6k / 100mW / 1% / 100ppm/K | .,

R42 / -55°C to 155°C / 0603(1608) / SMD | - Vishay 1
RES / STD / 10k / 100mW / 1% / 100ppm/K .

R20, R62 / -55°C to 155°C / 0402(1005) / SMD / - Panasonic 2
RES / STD / 10k / 100mW / 1% / 100ppm/K | .,

R13 / -55°C to 155°C / 0603(1608) / SMD / - Vishay 1

R22_PrimaryQA,

R22_PrimaryQB,

R27_SR1_Switch,

Sg—ggg—gmgn RES / STD / 10k / 100mW /019 / SOppmK | ey "

R27 SR Switch, | ! "55°C 10 125°C/ 0603(1608) / SMD | -

R49, R50, R52,

R53, R54, R55,

R56, R57, R58

R17,

Sgg—ﬁmgggg' RES / STD / 10R / 100m\W / 1% / 200ppm/K | . .

R24_PrimaryOA. / -55°C to 155°C / 0603(1608) / SMD / -

R24 PrimaryQB
CAP / CERA / 10uF / 10V / 10% / X5R (EIA)

cal / -55°C to 85°C / 0603(1608) / SMD / - Murata 1

cs CAP / CERA / 10UF / 16V / 10% / X5R (EIA) |\ L
/ -55°C to 85°C / 0805(2012) / SMD |/ -
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Designator Description Vendor Quantity
Co25 CAP /CERA/10nF /50V /5% /- | -55°C to Yageo 1
125°C / 0603(1608) / SMD / - g
RES/STD / 13k /100mW /1% / 100ppm/K
R10 / -55°C to 155°C / 0603(1608) / SMD / - Yageo 1
CAP / CERA/ 15pF / 10V / 5% / COG (EIA) / .
€33 NP0 / -55°C to 125°C / 0603(1608) / SMD /- | Wurth Elektronik— 1 1
R4 RES/STD /33R/ 125mW / 1% / 100ppm/K / Visha 1
-55°C to 155°C / 0805(2012) / SMD / - y
R28_SR1_Switch,
R28 SR2_Switch, RES /STD / 33R / 250mW / 0.1% / 25ppm/K | KOA Speer 4
R28 SR3 Switch, /-55°C to 155°C / 1206(3216) / SMD / - Electronics Inc.
R28 SR4 Switch
R29 Driverl,
R29 Driver2, RES /STD / 47k / 100mW / 1% / 100ppm/K / Visha 4
R30_Driverl, -55°C to 155°C / 0603 (1608) / SMD / - y
R30_Driver2
CAP /ELCO/ 47uF / 450V | 20% /
CIN7, CIN8, CIN9, Aluminium electrolytic / -40°C to 105°C / Rubvcon 4
CIN10 5.00mm C X 0.60mm W 12.50mm Dia X y
27.00mm H/THT/ -
C27 _Driverl, CAP / CERA/100nF / 10V / 20% / X7S (EIA) .
C27 Driver2 / -55°C to 125°C / 0402(1005) / SMD / - Taiyo Yuden 2
CAP /CERA/100nF / 10V /5% / X7R (EIA) /
C18, C31, C40 -55°C t0 125°C / 0603(1608) / SMD / - Kemet 3
CAP /CERA/100nF /6.3V/ 10% / X7R
€34, €36, C37 (EIA) / -55°C to 125°C / 0603(1608) / SMD / - | Murata 3
CAP /CERA/ 100pF / 10V / 1% / COG (EIA)
C19, C20 / NPOQ / -55°C to 125°C / 0603(1608) / SMD / | Kemet 2
RES /STD / 100R / 250mW / 1% / 100ppm/K | .
R16, R18 / -55°C to 155°C / 1206(3216) / SMD / - Vishay 2
CAP / CERA 220nF / 25V / 5% / X7R (EIA) /
c21, €23 -55°C to 125°C / 1206(3216) / SMD | - Murata 2
ggg—gg;—gmgﬂ’ CAP / CERA / 220pF / 100V / 5% / COG
— o (EIA) / NPO / -55°C to 125°C / 1206(3216) / Murata 4
C26_SR3_Switch, SMD / -
C26_SR4_Switch
RES/STD /0R / 100mW / 1% / 200ppm/K / - .
RA43,R47 55°C to 155°C / 0603(1608) / SMD |/ - Vishay 2
R25_ PrimaryQA, RES /STD / 470R / 100mW / 5% / 100ppm/K Yageo >
R25 PrimaryQB / -55°C to 155°C / 0603(1608) / SMD / - 9
CAP /ELCO/ 680uF / 35V /20% /
COUTL, COUT2, Aluminiumelectrolytic / -55°C to 105°C /
COUT3, COUT4, : Epcos 6
COUT5. COUT6 5.00mm C X 0.60mm W 12.75mm Dia X
’ 22.00mm H/THT/ -
D5_PrimaryQA, BAT54WS-7-F,Schottky Diodes & Rectifiers Diodes >
D5 PrimaryQB 30V 200mwW Incorporated
Q2, Q3 BSS123N,0ptiMOS Small-Signal-Transistor | Infineon >
’ VDS 100V Technologies
C45, C46, C49 Polarized Capacitor (Radial) 3
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Designator Description Vendor Quantity
Multilayer Ceramic Capacitors MLCC -
C15 SMD/SMT 100pF 300V 10% 11.4x6x2.5mm 1
SMD
Diodes
D2 ES1J-13-F,DIODE ES1JL 600V 1A Sub SMA | 1
ncomrporated
Banana Test Connector, 4mm, Socket, PCB Cliff ELectronics
X3, X7 Mount, 24 A, 1 kV, Gold Plated Contacts, Component 2
Black Limited
Banana Test Connector, 4mm, Socket, PCB Cliff ELectronics
X5, X6 Mount, 24 A, 1 kV, Gold Plated Contacts, Component 2
Red Limited
D6 LEDM2214X140N, LED GREEN CLEAR OSRAM Opto 1
SMD Semiconductors
X8 S_MT .025 SQ Post Header, 2.54mm pitch, 8 Samtec 1
pins, vertical, double row
X1 X2 Through hole .025 SQ Post Header, Samtec 5
' 2.54mm pitch, 2 pin, vertical, single row
x4 Through h_ole .025 SQ P(_)st He_ader, Samtec 1
2.54mm pitch, 2 pin, vertical, single row
. IGLD65R110D2, 650V CoolGaN™ .
gi—g::mgygg enhancement-mode Power Transistor, ?;?ﬁﬁ(;o ios 2
- y Temp Range(-55°C to 150°C) 9
L1, L2 Planar Inductor 4
QSR1 SR1 Switch,
QSR1_SR2_Switch, | IGC033S101, CoolGaN™ Power-Transistor, | Infineon 4
QSR1 _SR3 Switch, | VDS 100V Technologies
QSR1 _SR4 Switch
U4 LMV7219M5X-5-Pin-SOT23 TI 1
CAP/CERA/1InF/25V/10% / X7R (EIA) /
C48 -55°C to 125°C / 0603(1608) / SMD / - Murata 1
R45, R59, R60, RES/-/1k/100mW / 1% / 100ppm/K / -/ Panasonic 5
R61,R12 0603(1608) / SMD / -
RES /STD / 10k / 100mW / 0.1% / 15ppm/K .
R9 / -55°C to 125°C / 0603(1608) / SMD / - Vishay 1
U1 OPAXx140 High-Precision, Low-Noise, Rail- 1 1
to-Rail Output, 11-MHz, JFET Op Amp
U6 TLF80511EJ V33 ,Low Dropout Linear Fixed | Infineon 1
Voltage Regulator, 3.3V, 400mA Technologies
LR1 TLF80511EJ V50, Low Dropout Linear Infineon 1
Fixed Voltage Regulator, 3.3V, 400mA Technologies
us Digital controller XDPP1148-1008 Infineon 1
Technologies
SW1 TK-6580K8-1, Button switch Yuandi Electronics | 4
Co,Ltd
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