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1 Introduction

This engineering report describes a 48 V (nominal), 240 W reference design operating
from 180 VAC to 264 VAC The power supply is designed with a constant voltage /
constant current output for use in battery charger applications. The supply is designed to
charge a battery array of 3 parallel strings of X 10 pieces of Sanyo/Panasonic UR18650RX
or equivalent cells in series, with a nominal voltage of 42V and a minimum voltage of
24V. The 48V rating of the supply supplies additional headroom.

The design is based on the LCS708G operating directly from rectified mains, with no
PFCinput stage. A LNK302DG is utilized in a flyback standby/bias supply. This design
poses special challenges in that the primary and secondary voltages of the LLC converter
both vary over a wide range.

Figure 17 Photograph, Top View.
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Figure 2 i Photograph, Bottom View.
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2 Power Supply Specification

The table below represents the specification for the design detailed in this report. Actual
performance is listed in the results section. Detailed customer specification is shown

below.
Description Symbol Min Typ Max | Units Comment
Input
\oltage Vin 180 264 VAC 2 Wire Input.
Frequency funE 47 50/60 64 Hz
Main Converter Output
48 VDC (Nominal i Otherwise
Output Voltage Vour 0 48 \% Defined by Battery Load).
Nominal Current Limit Setting for
Output Current I our 0 5 A Design.
Total Output Power
Continuous Output Power Pout 240 w 23V/8A
Peak Output Power Poutpiy N/A W
Efficiency
Total system at Full Load Nmain 93 % Measured at 230 VAC, Full Load
Environmental
Conducted EMI Meets CISPR22B / EN55022B
Safety Designed to meet IEC950 / UL1950 Class Il
Surge 1.2/50 ns surge, IEC 1000-4-5,
Differential kv Differential Mode: 2 W
Common Mode kv Common Mode: 12 W
Ambient Temperature Tavs 0 60 °C See Thermal Sectionfor Conditions.

5
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3  Schematic
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Figure 3 7 Schematic Battery Charger Application Cicuit
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4  Circuit Description

4.1  General Topology

The schematic in Figure 3 shows an LLC pwer supply utilizing the LCS708HG, poweed
by a full wave rectifier from 180 i 264 VAC without a PFC The LNK302D is usedin a
flyback bias supply that provides power for both primary and secondary control circuitry.
The secondary control circuitry provides CV/CC control for use in battery charger
applications

4.2  EMI Filtering / Input Rectifier/Filter

Capacitors C1 and C2 are used to control differential mode noise. Resistors R1-3
discharge C1 and C2 when AC power is removed. Inductor L1 controls common mock
EMI. The heat sink for U1 and BR1 is connected to primary return to eliminate the heat
sink as a source of radiated/capacitive coupled noise. Thermistor RT1 provides inrush
limiting. Capacitor C16 filters common mode EMI. Inductor L2 filters differential mode
EMI. Capacitor C3 and BR1 form a full-wave rectifier circuit to provide a ~2 50-380 VDC
B+ supply from the 180 -264 VAC input.

4.3  Primary Bias Supply

Components U2, T2, Q1, VR23, D11, C27-28, C30-31, R36-38 and R40 comprise a
regulated 12 V flyback bias supply for U1. Components D9 and C29generate a 12 V bias
supply for the secondary control circuitry via a triple insulated winding o n T2. Zener
diode VR3 and D11 protect the U2 drain from leakage spikes.

4.4 LLC Converter

The schematic in Figure 3 depicts a 48 V, 240 W LLC DGDC converter with constant
voltage/ constant current output impl emented using the LCS708HG.

Integrated circuit Ul incorporates the control circuitry, drivers and output MOSFETs
necessary for an LLC resonant halfbridge (HB) converter. The HB output of Ul drives
output transformer T1 via a bl ocking/resonating capacitor (C14). This capacitor was
rated for the operating ripple current and to withstand the high voltages present during
fault conditions.

Transformer T1 was designed for a leakage inductance of ~40 nH. This, along with
resonating capacitor C14, sets the primary series resonant frequency at ~127 kHz
according to the equation:

1
f =

" 628,L ccC,

_p"‘ Power Integrations, Inc.
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Where fr is the series resonant frequency in Hertz, L_ is the transformer leakage
inductance in Henries, and G is the value of the re sonating capacitor (C14) in Farads.

An operating frequency of ~120 kHz was found to be a good compromise between
transformer size and operating frequency dynamic range, in view of the wide variation of
input and output voltage encountered in this applicat ion.

The number of secondary winding turns was chosen to provide a compromise between
core and copper losses. AWG #42 Litz wire was used for the primary and AWG #38 for
the secondary windings.

The core material selected was Ferroxcube 3F3 This material provided good (low loss)
performance.

Components D3, R19, and C6comprise the bootstrap circuit to supply the internal high-
side driver of U1l.

Components R18 and C10provide filtering and bypassing of the +12 V input and the Vcc
supply for Ul. Note: V¢ voltage of >15 V may dam age U3,

Voltage divider resistors R410 set the high-voltage brown-in, brown-out, and
overvoltage thresholds of Ul. The voltage divider values are chosen to set the LLC
brown-in at ~214 VDC, with an input overvoltage turn-off point (Vo) at 281 VDC Built-in
hysteresis sets the input under voltage brownout point at 189 VDC.

Since a \wy of 281 VDC would cause the power supply to go into overvoltage shutdown

before the nominal input voltage of 230 VAC, afisof t clampd networKk
components VR1, D2, R8, and R11is used to change the slope of the input voltage

sensing network to allow Ul to operate over a wide range of input voltage without
prematurely engaging the U1 OV shutdown. Without this clamp circuit, the supply would

start at ~15 0 VAC, but would enter OV shutdown before the nominal 230 VAC operating

voltage is reached. A detailed discussion of component selection for proper under and
overvoltage points, as well as derivation of the soft clamp network, is shown in section

4.7.

Capacitor C15forms a current divider with C14, and is used to sample a portion of t he
primary current. Resistor R21 senses this current, and the resulting signal is filtered by
R20 and C13. Capacitor C15should be rated for the peak voltage present during fault
conditions, and should use a stable, low-loss dielectric such as metalized film, SL
ceramic, or NPO/COG ceramic.The capacitor used in the DER-850 is a ceramic disc with
ACOG/NP@ t emper at ur e The hatuesalosea set thetlicycle (fast) current
limit at 19 A, and the 7-cycle (slow) current limit at 10.6 A, according to the equation:

Power Integrations ™
Tel: +1 408 414 9200 Fax: +1 408 414 9201 _p

Page9 of 77 WWw.power.com



DERB850, 240 W Battery Charger Power Supply 23-Jan-20

0.5

4& Ci15
& 6% R21
cC15 + Cl4 +

CL

lcL is the 7-cycle current limit in Amperes, R40 is the current limit resistor in Ohms, and
C30 and C31 are the values of the resonating and current sampling capacitors in
nanofarads, respectively. For the one-cycle current limit, substitute 0.9 V for 0.5 V in the
above equation. The relatively high setting for the 7 -cycle primary current allows
sufficient margin for the su pply to properly start into a low impedance constant voltage
load like a battery.

Resistor R20 and capacitor C13filter the primary current signal to the IS pin. Resistor
R20is set to 220 W, the minimum recommended value. The value of C13 is setto 1 nF to
avoid nuisance tripping due to noise, but not so large as to substantially affect the
current limit set values as calculated above. These components (R20 and C13) should be
placed close to the IS pin for maximum effectiveness. Because the IS pin can tolerate
negative currents, the current sense does not require a complicated rectification scheme.

The Thevenin equivalent combination of R16 and R17 sets the dead time at 320 ns and
maximum operating frequency for Ul at 847 kHz. The DT/BF input of Ul is filtered by
C9. The combination of R16 and R17als o sel ect s b ur s.tThigrsets the
lower and upper burst threshold frequencies at 382 kHz and 437 kHz, respectively.

The FEEDBACK pin has an approximate characteristic of 2.6 kHz per nmA into the
FEEDBACK pin. As the current into the FEEDBACK pin increases so ég the operating
frequency of U1, reducing the output voltage. The series combination of R12 and R13
sets the minimum operating frequency for U1 at 83 kHz. This value was set to be slightly
lower than the frequency required for regulation a t full load and minimum bulk capacitor
voltage. Resistor R12 is bypassed by C7to provide output soft start during start -up by
initially allowing a higher current to flow into the FEEDBACK pin when the feedback loop
is open. This causes the switching frequency to start high and then decrease until the
output voltage reaches regulation. Resistor R16is typically set at the same value as the
parallel combination of R12 and R13 so that the initial frequency at soft -start is equal to
the maximum switching frequency as set by R16 and R17. If the value of R16 is less than
this, it will cause a delay before switching occurs when the input voltage is appli ed.

Optocoupler U4 drives the Ul FEEDBACKpin through R14, which limits the maximum
optocoupler current into the FEEDBACK pin. Capacitor ClZilters the FEEDBACKpin.
Resistor R15loads the optocoupler output to force it to run at a relatively high quiesc ent
current, increasing its gain. Resistors R14 and R15 also improve large signal step
response and burst mode output ripple. Diode D1 isolates R15 from the Fyaxsoft start
network.

_p"‘ Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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4.5  Output Rectification

The output of transformer T1 is rectified and filtered by D12-14, C35, and C39.
Capacitors C35 and C39are aluminum polymer capacitors chosen for output ripple
current rating. Output rectifiers D12-D14 are 60 V Schottky rectifiers chosen for high
efficiency. Using a full-wave bridge rectifier instead of a full wave center-tapped
configuration eliminates the need to twist transformer secondary winding halves together
to improve balancing between phases (improving transformer manufacturability), at the
cost of extra power loss in the output rectifier.

4.6  Output Current and Voltage Control

Output current is sensed via resistors R34- R35 and R42. These resistors are clamped by
diode D8 to avoid damage to the current control circuitry during an outp ut short circuit.

Components R29 and U3provide a voltage reference for current sense and voltage sense
amplifiers USA and U5B. The reference voltage for current sense amplifier USA is divided
down by R31-32, and filtered by C26. Voltage from the current sense resistors is applied
to the non-inverting input of U 5A via R33. Opamp U5A drives optocoupler U4 via D6 and
R23. Componens R23, R30, R33, R44, C24 and C37 are used for frequency
compensation of the current loop. Opamp U5B is used for output constant voltage
control when the current limit is not engaged. Resistors R24 and R27 sense the output
voltage. A reference voltage is applied to the inverting input of USB from U3 via R28.

Opamp U5B drives optocoupler U4 via D7, R22, and R43. Components R22, R26, R28,
R43, C20, and C21 all affect the frequency compensation of the voltage control loop.

Components C38, R45, and D15D17 comprise a soft 1 finish network to limit the output
voltage rate of rise at startup, reducing the amount of output current overshoot when
starting into a CV load such as a battery.

Components R39, SW1, and U6 provide remote start. When SW1 is opened, the output
transistor of U6 pulls down on the OV/UV pin of U1, activating undervoltage shutdown.
Closing SW1 turns off U6, allowing a normal start-up sequence for Ul.

4.7  Desig ning Input  Undervoltage / Overvoltage Network for U1

The UV/OV threshold voltages for the HiperLCS are set to a fixed ratio of 131 %
(nominal), optimized for operation with a boost PFC front end. If this part is used with a
standard full-wave rectifier (high line operation) or voltage doubler (low line operation),
the B+ voltage range is too wide to be accommodated by using a simple voltage divider
to feed the OV/UV pin. If the voltage divider is set so that the HiperLCS starts properly at
the low end of the operating range (<180 VAC), the HiperLCS B+ OV protection will
cause the device to shut down before the nominal operating voltage of 230 VAC is
reached.

There are two solutions to this problem i the first is to clamp the voltage at the UV/OV
pin of the HiperLCS so as to disable the OV function. A more desirable solution is touse a

Power Integrations ™
Tel: +1 408 414 9200 Fax: +1 408 414 9201 =
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isoft c khapaphé output of the UV/OV voltage divider so that OV protection is
reached at a higher B+ voltage w hile still retaining the original UV set point. A circuit to
accomplish this is shown in Figure 4.

B+

|

vy vy yyy

z

el
w1
AAA ——AAA —AAA

VvCC

P
a

D2
BAV1SWS

uUi_uv/ov
Te]
VR1 > R0
BZX845C;5\<’1LT1G 2100ko
’ Ui_G
o

PI-7658a-082219

Figure 4 7 UV/OV Divider Network

Components R8, R9, R11, D2 and VR1 are used to shape the output voltage
characteristics of the divider network as shown in Figure 5, introdu cing a change of slope
that shifts the OV shutdown threshold to a higher B+ voltage.

Simple Voltage
Divider

Clamped Voltage
Divider

Output Voltage of UV/OV Divider

B+ Input Voltage to UV/OV Divider

PI-7744-093015
Figure 57 Comparison of Clamped vs. Unclamped UV/OWoltage Divider Network.
In Figure 5, a clamped voltage divider is compared to a simple unclamped version,

showing the curve shaping that allows a higher B+ V oy setting than an unclamped divider
while keeping the same Vyy set point.

_p"‘ Power Integrations, Inc.
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4.7.1 Establishing Voltage Set Points

In order to properly calculate the values needed for the clamped voltage divider network,
five voltage set points are needed. These are: the internal V yy and Voy threshold voltages
for the HiperLCSIC, the desired B+ low voltage turn -on and OV shutdown thresholds
(Von and Vorp, and the inflection voltage (V ng) where the voltage divider curve changes
slope.

4.7.1.1 Vyv and Vov

Voltages Vuyy and Voy are preset inside the HiperLCSIC. The nominal Vyy threshold is set
at 2.4 V. The nominal Voy threshold is 131% of this value, or 3.14 V. This is covered in
the HiperLCS data sheet.

47.1.2 VON and Vo|:|:

In this design example, the operating inp ut voltage range is defined as 180-264 VAC.
Since the ACinput is feeding a full -wave rectifier, the B+ voltage will be 1.4 X Vjy, so the
nominal B+ will vary from 252-370 VDC. For this exercise, the \bgr point will be set at
400 VDC, sufficiently out of the way of normal operating range to prevent nuisance
tripping, but low enough to protect against input voltage swells and surges.

The Verownin VOItage is determined by experiment to result in a V srownout VOltage that

allows the power supply to start up at low line (180 VAQ when powering up into a

voltage source load like a battery. The combined conditions of low line and a voltage

source load can prevent the supply from starting. This occurs because the output current
overshoots the set value when starting into a voltage source load, due to the finite
response time of the CVCC current sense ampifier and the low impedance of the CV

output load. This current surge can drag the B + supply below the browno ut threshold at

low line, causing the supply to shut down and dh
restart event generated by primary overcurrent protection. It is important to place a
resistance in series with the electronic load to emulate the characteristic impedance of

the battery to be charged, as many electronic loads have impedance on the order of 1

mY in CV mode, greatly exacerbating current overshoot. Using the proper impedance in

series with the electronic load limits the startup current oversh oot to realistic values. In

the case of the battery array specified in the introduction of this report, the impedance is
~80 mY (25 mY per cell, 3 par al.lActordirgly,rthireegs o
paralleled 0.24 Y , 2W resistors waeaithdhe |[pdddocappdoximate the er i e
battery impedance.

It is important to remember to adjust the transformer parameters in the
design spreadsheet from the initially obtained values so that the power supply
will shut down duetoV  grownout before gain reversal.

Power Integrations ™
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To choose the Von or Verownin point, PIXIs was used. A Veuik_nomof 230 VDC was chosen
in the PIXIs input parameters 1 this yields a Von/ VerowninOf 214 VDC, as shown in Figure
6, and yields a value of Vgrownoutthat allow the sup ply to start up into a CV load (with
80 mY series impedance) at 180 VAC. The warning for CBULK value shown in Figure 6
should be ignored, as the spreadsheet assumes that the supply is delivering the full
power (47 V, 5 A) at brown -in, when in fact the outp ut voltage will be clamped to 42 V
or lower.

; [HiperLCS_042413; Rev.1.3; Copyright HiperLCS_042413_Rev1-3.xls; HiperLCS Half-Bridge, Continuous

Power Integrations 2013 INPUTS |INFO OUTPUTS| UNITS |mode LLC Resonant Converter Design Spreadsheet

2 ¥ Enter Input Parameters Design Title

3 Vbulk_nom 30 230V Nominal LLC input voltage

4 Brownout threshold voltage. HiperLCS will shut down if voltage drops below this value

Allowable value is between 65% and 76% of Vbulk_nom. Set to 65% for max holdup

Vbrownout 169V time

5 Vbrownin 214V Startup threshold on bulk capacitor

6 VOV _shut 281V QV protection on bulk voltage

7 VOV _restart 2711|\V Restart voltage after OV protection

8 11! Warning. CBULK is too small. Recommended value should be greater than 0.7
CBULK 270.00 Warning 270|uF uF/W

9 tHOLDUP 13.2|\ms Bulk capacitor hold up time

10

Figure 6 7 Using PIXlIsto Determine VonVerownin
4.7.1.3 Inflection Voltage (V ng)

The HiperLCS PIXlsspreadsheet assumes that a normal unclamped voltage divider is
used to feed the HiperLCS UV/OV pin. A VerowniNVon Voltage of 214 V, allowing the
HiperLCS b turn on and run reliably at 180 VAC, will result in a overvoltage shutdown
point (Vov shup of 281 VDC, as shown on line 6 of Figure 6. For a nominal 230 VAC
operating voltage, the B+ is already at 230 X 1.4 = 322 VDC, so the OV shutdown
feature of the HiperLCS would cause the supply to shut down even before a normal AC
operating voltage is reached. This is the reason for using a clamped voltage divider to
push up the B+ voltage value where OV shutdown occurs.

To design a clamped voltage divider a voltage Vine (short for VineecTion IS defined, which
sets the B+ voltage at which the V oyt vs. Viy curve of the UV/OV voltage divider changes
slope. This should happen somewhat above the nominal low line operating B+ of 230
VDC shown in Figure 6, but comfortably below the unclamped V oy syurof 281 VDC as
defined in Figure 6. For this design example,aV  yr of 25 0 VDC was chosen.

Table 1 summarizes the voltages necessary for calculating the ckmped voltage divider in
this design example.

Voltages for Calculating Clamped Voltage Divider

Vuv Vov Von/V_srownin Vorr Vine
2.4VDC]| 3.14 VDC 214 VDC 400 VDC| 250 VDC

Table 1 T Voltages for Calculating Clamped Voltage Divider Networkand Setting Initial Voltage Divider
Values

_p"‘ Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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23-Jan-20 DER850, 240 W Battery Charger Power Supply

In order to set the total values for volta ge divider string R4-R6, R9, and R10, an initial
value for R10 is chosen In this example, R10 = 10 kW was chosen. This yields realizable
1% resistor values for the rest of the resistors in the network. Once R10 is chosen, the
top half of the voltage divider (R4 + R5 + R6 + R9 = R gyy) can be calculated using the
values for Vyy and Von:

RSUM: [ R10 (VON'VUV)] /VUV = [10 (214 - 24)] 12.4 é_ 882 kW

This value for Rsum can then be used with the Value for Vng to calculate the value
necessary for R9.

Vine IS defined as the point at which the slope of the voltage divider changes. This
happens when the voltage drop across R9 and R10 is equal to the combined voltage
drops of VR1 and D2. VR1 is prebiased by R11 to its nominal voltage drop of 5.1 V.
Diode D2 will barely start conducting at ~0.5 V. Given this, the combined voltage drops
add up to 5.6 V, and the value for R9 can be calculated as:

R9 =[5.6(Rsum+ R10)-(Vine X R10)]/Vine = [(5.6 X 892)-2500]/250 = 9. 98 kW
The closest 1% resistor value is 10 kW.

Resistor R11 is used to pre-bias Zener diode VRL1 This bias current not only applies
reverse bias to diode D2 to keep it from conducting prematurely, but also establishes a
well-defined voltage drop across VR1. The value chosen forR11 results in a bias current
of ~2 mA through VR1.

Since R9 and Rywm are both defined, the rest of the resistors in the Rsym chain can be
calculated.

R4-R6 = (Rsum- R9)/3 = (882 i 10)/3 =290.6

The closest 1% value is 287 kW. Three resistors of this value in series yields 861 kW for
Rsum short of the necessary value of 872 kW. To adjust the value of R sym closer to the
required value, R4 is changed to 301 kW, yielding 875 kW for Rsym These values will be
used in subsequent calculations (R4 = 301 kW, R5-6 T 287 kW).

4.7.1.4 Setting Clamp Resistor R8

In order to set the proper value for clamp resistor R8, it first necessary to find the
voltage Vsp across R9 and R10 that will result in OV shutdown for Ul. This will be the
voltage across R9 and R10 that will provide 3.14 V to the U1 UV/QV pin.

Vsp=Vov[l + (RO/R10)] =3.14 (1 + 1)=6.28 V

Power Integrations ™
Tel: +1 408 414 9200 Fax: +1 408 414 9201 =
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This is the voltage across R9 and R10 necessary to reach the OV threshold at the UV/OV
pin of U1.

It is next necessary to calculate voltage Vspbat the junction of R6 and RO at the B+
shutdown voltage Vorr0f 400 VDC. This voltage is calculated as if R8 i s open .

VspP= 400[ (R9 + R10)/(R4 + R5 + R6 + R9 + R10)] =8.94 V

UsingVspand Vs, we can now set up the calculation fo
The voltage divider of R4-6, R9, and R10 driven by the Vore B+ value of 400 V can be re-

expressed as a wltage source Vspd driving a Thevenin equivalent resistance. The

Thevenin resistance Rry is equivalent to the parallel combination of the top and bottom
halves of the voltage divider:

Ry =(R4+R5+R6)// (R9+R10) =875k // 20k =19.55 kW

Once this is determined, the voltage divider and clamp can be reduced to the schematic
shown in Figure 7.

From the simple equivalent schematic of Figure 7, it is straightforward to calculate R8:
R8 = Rry (Vsp- 5.6)/(V sp0 Vsp) = (19.55 (6.28 7 5.6))/(8.94 - 6.28) = 4.99 kW

The nearest 1% value is 4.99 kW

Vgp = 8.94V

Ry
19.55 kQ)
Vgp = 6,28V

R8

56V

PI-7659a-082219

Figure 7 i Voltage Divider and Clamp Thevenin Equivalent for Calculating R8
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5 PCB Layout
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Figure 9 7 Printed Circuit Layout, Bottom Side.
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6 Bill of Materials
Item Qty Ref Des Description Mfg Part Number Mfg
1 1 BR1 600 V, 8 A, Bridge Rectifier, GBU Case GBUB8JBP Micro Commercial
2 1 Cl 220 nF, 275 VAC, Film, X2 ECQU2A224ML Panasonic
3 1 C2 470 nF, 275 VAC, Film, X2 PX474K31D5 Carli
4 1 C3 270 n¥, 400 V, Electrolytic, (25.4 x 35) EKMR401VSN271MQ35S uccC
5 1 C6 330 nF, 50 V, Ceramic, X7R FK24X7R1H334K TDK
6 1 C7 330 nF, 50 V, Ceramic, X7R, 0805 GRM219R71H334KA88 Murata
7 2 C8 C24 22 nF, 200 V, Ceramic, X7R, 0805 08052C223KAT2A AVX
8 2 C9 C12 4.7 nF, 200 V, Ceramic, X7R, 0805 08052C472KAT2A AVX
9 2 C10 C11 | 1 nF, 25V, Ceramic, X7R, 1206 C3216X7R1E105K TDK
10 1 C13 1 nF, 200 V, Ceramic, X7R, 0805 08052C102KAT2A AVX
0.039 nt, +3%, 1000 V, Metal Polypropylene .
11 | 1 c14 Fil, (23.00 1o x 8.00' m) Ypropy ECWH10393HV Panasonic
12 1 C15 47 pF, 1000 V, Disc Ceramic 561R10TCCQA47 Vishay
13 1 C16 2.2 nF, Ceramic, Y1 440LD22-R Vishay
14 1 C20 1.5 nf, +20%, 25 V, Ceramic, X7R, 1206 CGA5L2X7R1E155M160AA TDK
15 1 C21 150 nF, 50 V, Ceramic, X7R, 0805 CL21B154KBENNNE Samsung
16 1 C23 100 nF, 50 V, Ceramic, X7R, 0805 CCO0805KRX7R9BB104 Yageo
17 | 1 c25 1(1))”‘:' 50V, Electrolytic, Gen. Purpose, (5 x EKMG500ELL100ME11D | Nippon ChemiCon
18 1 C27 4.7 nF, 1 kV, Thru Hole, Disc Ceramic 562R5GAD47 Vishay
19 1 C28 1 nF, 16 V, Ceramic, X5R, 0603 GRM188R61C105KA93D Murata
20 | 2 | ce9cao (1;2 ani5§5 V. Electrolytic, Low ESR, 180 i, ELXZ250ELL151MF15D Nippon Chemi-Con
21 1 C31 10 nF, 50 V, Ceramic, X7R, 0805 CO0805C103K5RACTU Kemet
27 nF, 20%, 63 V, Aluminum Polymer
22 2 C35 C39 | Electrolytic, Low ESR, 33 nW, 3000 Hrs @ PLV1J270MDL1TD Nichicon
105°C, (8 x 12)
23 1 C37 68 nF, 50 V, Ceramic, X7R, 0805 C0805C683K5RACTU Kemet
24 1 C38 L’;F 100V, Electrolytic, Gen. Purpose, (5 x EKMG101ELLIROME11D Nippon ChemiCon
25 4 D1 BieDlS 100V, 0.2 A, Fast Switching, 50 ns, SOD323 BAV19WS7-F Diode Inc.
26 1 D3 600 V, 1 A, Ultrafast Recovery, 75 ns, DO-41 UF4005-E3 Vishay
27 3 D6 D7 D17 | 75V, 300 mA, Fast Switching, DO-35 1N4148TR Vishay
28 1 D8 100 V, 1 A, Rectifier, DO-41 1N4002-E3/54 Vishay
29 2 D9 D10 200V, 1 A, Ultrafast Recovery, 50 ns, DO-41 UF4003-E3 Vishay
30 1 D11 DIODE ULTRA FAST, SW 60¥, 1A, SMA US1313-F Diodes, Inc.
31 1 D12 60 V, 20 A, Dual Schottky, TO-220AB MBR2060CT Vishay
32 2 D13 D14 | 60V, 10 A, Schottky, TO-220AC MBR1060 Vishay
33 1 CELS”I:Pl Heat sink, Edge Clip, 12.40 mm x 6.50 mm TRK-24 Kang Tang Hardware
34 1 F1 5 A, 250V, Slow, TR5 37215000411 Wickman
35 1 HS1 FAB, Heat sink, BRIDGE Esip, DER447 Custom
36 1 HS2 FAB, SecondaryHeat sink, DER850 PRIMARY Power Integrations
37 1 Jl 3 Position (1 x 3) header, 0.156 pitch, Vertical B3RVH JST
38 1 J2 4 Position (1 x 4) header, 0.156 pitch, Vertical 26-48-1045 Molex
39 1 JP1 Wire Jumper, Insulated, TFE, #22 AWG, 0.7 in C2004-12-02 Alpha
40 1 JP2 Wire Jumper, Non insulated, # 22 AWG, 0.4 in 298 Alpha
41 2 JP3 JP8 | Wire Jumper, Insulated, #24 AWG, 0.9 in C2003A12-02 Gen Cable
42 1 JP4 Wire Jumper, Insulated, #24 AWG, 0.3in C2003A12-02 Gen Cable
43 1 JP5 Wire Jumper, Insulated, #24 AWG, 1.8 in C2003A12-02 Gen Cable
44 2 JP6 JP7 | Wire Jumper, Non insulated, #22 AWG, 0.2 in 298 Alpha
45 1 JP9 Wire Jumper, Non insulated, # 22 AWG, 0.3 in 298 Alpha
46 1 JP10 Wire Jumper, Insulated, TFE, # 18 AWG, 0.6 in C2052A12-02 Alpha

Power Integrations, Inc.
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23-Jan-20 DER850, 240 W Battery Charger Power Supply
47 1 JP11 Wire Jumper, Insulated, TFE, # 18 AWG, 0.3 in C2052A12-02 Alpha
48 1 JP12 Wire Jumper, Non insulated, # 22 AWG, 0.8 in 298 Alpha
49 1 JP13 Wire Jumper, Insulated, TFE, # 18 AWG, 0.9in C2052A12-02 Alpha
50 1 L1 9 mH, 5 A, Common Mode Choke T22148-902S P.l. Custom Fontaine Tech
100 nH, 5 A, INDUCTOR TORD HI AMP 100
51 1 L2 UH VERT 7447070 Waurth
NUT1 .
52 3 NUT2 | Nut, Hex, Kep 4-40, S ZN Cr3 plating RoHS 4CKNTZR Any RoHSCompliant
NUT3 Mig.
53 1 Q1 PNP, Small Signal BJT, 40 V, 0.6 A, SOR3 MMBT44037-F Diodes, Inc.
54 3 R1 R2 R3 | RES, 680 RV, 5%, 1/4 W, Thick Film, 1206 ERJ8BGEYJ684V Panasonic
55 1 R4 RES, 301 RV, 1%, 1/4 W, Metal Film MFR25FBF301K Yageo
56 2 R5 R6 RES,287 kW, 1%, 1/4 W, Thick Film, 1206 ERJBENF2873V Panasonic
57 1 R8 RES, 4.99 W, 1%, 1/8 W, Thick Film, 0805 ERJGENF4991V Panasonic
58 1 R9 RES, 10.0 RV, 1%, 1/4 W, Thick Film, 1206 ERJBENF1002V Panasonic
59 1 R10 RES, 10.0 RV, 1%, 1/8 W, Thick Film, 0805 ERJGENF1002V Panasonic
60 1 R11 RES, 3.3 RV, 5%, 1/8 W, Thick Film, 0805 ERJ6GEYJ332V Panasonic
61 1 R12 RES, 82.5 WV, 1%, 1/8 W, Thick Film, 0805 ERJGENF8252V Panasonic
62 1 R13 RES, 5.76 RV, 1%, 1/8 W, Thick Film, 0805 ERJGENF5761V Panasonic
63 1 R14 RES, 33 RV, 5%, 1/4 W, Thick Film, 1206 ERJBGEYJ222V Panasonic
64 1 R15 RES, 4.7 RV, 5%, 1/8 W, Thick Film, 0805 ERJ6GEYJ472V Panasonic
65 1 R16 RES, 6.81 RV, 1%, 1/4 W, Metal Film MFR25FBF6K81 Yageo
66 1 R17 RES, 130 RV, 1%, 1/8 W, Thick Film, 0805 ERJ6ENF1303V Panasonic
67 1 R18 RES, 4.7W, 5%, 1/4 W, Thick Film, 1206 ERJBGEYJ4R7V Panasonic
68 1 R19 RES, 2.2W, 5%, 1/4 W, Carbon Film CFR25JB-2R2 Yageo
69 1 R20 RES, 220W, 5%, 1/10 W, Thick Film, 0603 ERJ3GEYJ221V Panasonic
70 1 R21 RES, 39W, 5%, 1/8 W, Thick Film, 0805 ERJ6GEYJ390V Panasonic
71 2 R22 R43 RES, 1 W, 5%, 1/8 W, Thick Film, 0805 ERJ6GEYJ102V Panasonic
72 1 R23 RES, 1.3 RV, 5%, 1/4 W, Carbon Film CFR25JB-1K3 Yageo
73 1 R24 RES, 182 WV, 1%, 1/4 W, Metal Film MFR25FBF182K Yageo
74 2 R26 R39 RES, 10 RV, 5%, 1/8 W, Thick Film, 0805 ERJ6GEYJ103V Panasonic
75 1 R27 RES, 10.0 W, 1%, 1/4 W, Metal Film MFR25FBF10K0 Yageo
76 1 R28 RES, 22 RN, 5%, 1/4 W, Carbon Film CFR25JB-22K Yageo
77 1 R29 RES, 3.3 RV, 5%, 1/4 W, Carbon Film CFR25JB-3K3 Yageo
78 1 R30 RES, 22 R\, 5%, 1/8 W, Thick Film, 0805 ERJ6GEYJ223V Panasonic
79 1 R31 RES, 249 RV, 1%, 1/8 W, Thick Film, 0805 ERJ6ENF2493V Panasonic
80 1 R32 RES, 5.11 RV, 1%, 1/8 W, Thick Film, 0805 ERJ6ENF5111V Panasonic
81 1 R33 RES, 5.1 RV, 5%, 1/4 W, Carbon Film CFR25JB-5K1 Yageo
R34 R35 RES, 0.03W, 1%, 1/ 4 W, Thick Film, 1206,
82 3 RA2 +100ppm/°C, -55°C ~ 155°C PF1206FRFO70R0O3L Yageo
83 1 R36 RES, 100W, 5%, 1/10 W, Thick Film, 0603 ERJ3GEYJ101V Panasonic
84 2 R37 R40 RES, 1 W, 5%, 1/10 W, Thick Film, 0603 ERJ3GEYJ102V Panasonic
85 1 R38 RES, 15 RV, 5%, 1/8 W, Thick Film, 0805 ERJ6GEYJ153V Panasonic
86 1 R44 RES, 510W, 5%, 1/10 W, Thick Film, 0603 ERJ3GEYJ511V Panasonic
87 1 R45 RES, 100 RV, 5%, 1/8 W, Thick Film, 0805 ERJ6GEYJ104V Panasonic
88 1 RT1 NTC Thermistor, 2.5W, 5 A SL10 2R505 Ametherm
89 1 RTV1 Thermally conductive Silicone Grease 120-SA Wakefield
90 1 RV1 320 VAC,80 J, 14 mm, RADIAL VV320LA20AP Littlefuse
91 2 22§EVWV; SCREW MACHINE PHIL-40 X 5/16 SS PMSSS 440 0031 PH Building Fasteners
92 1 SCREW3 | SCREW MACHINE PHIL-40 X 3/8 SS PMSSS 440 0038 PH Building Fasteners
93 1 SCREW4 | SCREW MACHINE PHIL-40 X 1/2 SS PMSSS 440 0050 PH Building Fasteners
94 1 SW1 SWITCH SLIDE SPDT 30\2A PC MNT EG1218 E-Switch
95 1 T1 DER850 LLC Transformer Rev 3 25-01172-00 PI
96 1 T2 DER850 Bias Transformer Rev 1 25-01168-00 Pl
97 3 PTA%fZTOO THERMAL PAD T€220 .009" SP1000 1009-58 Bergquist
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220 PAD2
TO-220
PAD3
98 1 Ul HiperLCS ESIP16/13 LCS708HG Power Integrations
99 1 U2 LinkSwitch-TN, SO-8 LNK302DN Power Integrations
100 1 U3 IC, REG ZENER SHUNT ADJ S&¥B LM431AIM3/NOPB National Semi
Optoisolator, Transistor Output, 3750 Vrms, 1
101 | 2 U4 U6 Cﬁannel, ANl Pt P PC357N1J000F Sharp
102 1 3 DUAL Op Amp, Single Supply, SOIE3 LM358D Texas Instruments
103 1 VR1 5.1V, 5%, 250 mW, SOT23 BZX84C5V1LT1G On Semi
104 1 VR2 DIODE ZENER 12/ 500 mW SOD123 MMSZ5242B7-F Diodes, Inc.
105 1 VR3 150 V, 1 W, 243 V, SMA, DO214AC (SMA) SMAJ150A13-F Diodes, Inc.
WASHER1
WASHER2
WASHER3 | WASHER FLAT #4 Zinc, OD 0.219, ID 0.125,
106 | & | \wasHER4 | Thk 0.032,Yellow Chromate Finish 5205820-2 Tyco
WASHERS5
WASHERG6
WASHER7
107 | 3 | wasHers| Washer Shoulder, #4, 0.032 Shoulder x 7721-7PPSG Aavid Thermalloy
WASHER9 0.116" Dia, Polyphenylene Sulfide PPS

5
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7 Magnetics
7.1  LLC Transformer (T1 ) Specification

7.1.1 Electrical Diagram
6 7.8

VDL 26T i 125/#40AWG Served Litz WD2: 7T 125 /#38 AWG Unserved Litz

3 11,12

Figure 10 7 LLC TransformerSchematic.

7.1.2 Electrical Specification s

Electrical Strength 1 second, 60 Hz, from pins 3-6 to pins 7-12. 3000 VAC
Primary Inductance Pins 3-6 all other windings open, measured at 100 kHz, 160 nH +10%
0.4 Vrus
Resonant Frequency Pins 3-6, all other windings open. 2,400 kHz (Min.)
Primary Leakage Pins 3-6, with pins 7,8 and 11,12 shorted, measured at 40 nH + 5%
Inductance 100 kHz, 0.4 Vrus
7.1.3 Material List
Item Description
[1] Core Pair ETD34: Ferroxcube 3F3 or equivalent, gap for A, g of 237 nH/T?.
[2] Bobbin: Winshine WS 53404, PI#: 25 -01048-00.
[3] Bobbin Cover. Winshine WS53404-1.
[4] Litz Wire: 125/#38 Single Coated, Unserved.
[5] Litz Wire: 125/#40 Single Coated, Served.
[6] Tape: Polyester Fim, 3M 1350F-1 or equivalent, 10.0 mm wide.
[7] Varnish: Dolph BG 359, or equivalent.
Power Integrations ™
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7.1.4 Build Diagram

11,12

3
WD1: 28T 125/#40 Served Litz

D2: 7T1 125/38 Unserved Litz

6 7,8
Figure 11 i LLCTransformer Build Diagram.
7.1.5 Winding Instructions
Secondary Wire Prepare 1 strand of wire ltem[4] 160 | engt h.,, ti n ends

Preparation

Place the bobbin Item [ 2] on the mandrel with larger chamber on the left side.

Note: chamber used for primary winding is wider than chamber used for secondary.
Pins 1-6 will be on left side. Starting on pin 6, wind 26 turns of served Litz wire ltem
[5] in ~4 layers, and finish on p in 3.

WD1 (Primary)

WD2 Using unserved Litz assembly pepared in step 1, start on pins 7,8. Tightly wind 7
(Secondary) turns in secondary (right-hand) chamber, finish on pins 11, 12.

Slide bobbin cover Item [3] into grooves in bobbin flanges as shown. Make sure cover

Bobbin Cover .
is securely seated.

Remove pins 2,4,5,9, and 10 of bobbin. Grind core halves Item [1] for specified
Finish inductance. Assemble and secure core halves usig circumferential turn of tape Item
[6] as shown. Dip varnish Item [7].
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7.1.6 Winding | llustrations

Prepare 1 strand of wire
tem[4] 160 1| end
ends.

Secondary Wire
Preparation

Place the bobbin Item [ 2]
on the mandrel with larger
chamber on the left side.
Note: chamber used for
primary winding is wider
than chamber used for
secondary. Pins 1-6 will be
on left side

Starting on pin 6, wind 26
turns of served Litz wire
Item [ 5] in ~ 4 layers, and
finish on pin 3.

WD1 (Primary)
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Using unserved Litz
assembly prepared in step
1, start on pins 7,8. Tightly

WD?2 (Secondary) wind 7 turns in secondary
(right-hand) chamber, finish
on pins 11, 12.
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