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Important Note:

Although this board is designed to satisfy safety isolation requirements, the engineering prototype has not
been agency approved. Therefore, all testing should be performed using an isolation transformer to
provide the AC input to the prototype board.
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1 Introduction

This engineering report describes a 12V, 3.7 A and 24 V, 2.32 A power supply for 90 VAC to 264 VAC LCD
TV applications. This design can also serve as a general purpose evaluation board for the combination of a
HiperPFS-3 power factor stage with LinkSwitch-HP output stage using devices from the Power Integration’s

HiperPFS-3 and LinkSwitch-HP device families.

The design is based on the PFS7524L IC for the PFC front end, with a LNK6777V utilized in an isolated
flyback output stage.

Figure 2 — DER-393 Photograph, Bottom View.

N Power Integrations, Inc.
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2 Power Supply Specification

The table below represents the minimum acceptable performance of the design. Actual performance is
listed in the results section.

Description Symbol | Min | Typ | Max | Units Comment
Input
Voltage Vin 90 264 VAC 2 Wire Input
Frequency fLine 47 50/60 63 Hz
Output 1
Output Voltage Vu 11.4 12 12.6 \% 12 VDC +5%
Output Ripple VRippLE(M) 120 |mV P-P 20 MHz Bandwidth
Output Current Im 0.00 3.7 N/A A
Output 2
Output Voltage Vsp 21.6 24 26.4 \% 24 VDC +10%
Output Ripple VR1pPPLE(SB) 240 |mV P-P 20 MHz Bandwidth
Output Current Isg 0.00 | 2.32 N/A A
Total Output Power
Continuous Qutput Power Pour 100 W

Power Integrations ™
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3 Schematic
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Figure 3 — Schematic. LCD TV Power Supply Application Circuit - Input EMI Filter and Rectifier Section.
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Figure 4 — Schematic. LCD TV Power Supply Application Circuit - PFC Section.
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Figure 5 — Schematic DER-393 LCD TV Power Supply Application Circuit — DC/DC Section.
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4 Circuit Description

The circuit shown in Figures 3, 4 and 5 utilizes the PFS7524L, the LNK6777V devices from Power
Integrations in a 12/24 V, 100 W power factor corrected isolated flyback power supply intended to power a
LCD TV power supply.

4.1 Input EMI Filter and Rectifier (Figure 3)

Fuse F1 provides overcurrent protection to the circuit and isolates it from the AC supply in the event of a
fault. Diode bridge BR1 rectifies the AC input. Capacitors C1, C2, C3, C4, C5 and C6 in conjunction with
inductors L1 and L3, constitute the EMI filter for attenuating both common mode and differential mode
conducted noise. Film capacitor C7 provides input decoupling charge storage to reduce input ripple current
at the switching frequencies and harmonics.

Resistors R1, R2 and R3 are provided to discharge the EMI filter capacitors after line voltage has been
removed from the circuit.

NTC thermistor RT1 limits inrush current of the supply when line voltage is first applied.

Metal oxide varistor (MOV) RV1 protects the circuit during line surge events by effectively clamping the
input voltage seen by the power supply.

4.2 PFS7524L Boost Converter (Figure 4)

The boost converter stage consists of the boost inductor L2 and the PFS7524L IC U1. This converter stage
operates as a PFC boost converter, thereby maintaining a sinusoidal input current to the power supply
while regulating the output DC voltage.

During start-up, diode D1 provides an inrush current path to the output capacitor C15, bypassing the
switching inductor L2 and switch Ul in order to prevent a resonant interaction between the switching
inductor and output capacitor.

Capacitor C13 provides a short, high-frequency return path to RTN for improved EMI results and to reduce
U1l MOSFET drain voltage overshoot during turn-off. Capacitor C8 decouples and bypasses the U1 VCC pin.

Capacitor C9 on the REF pin of Ul bypasses noise for the internal reference and also programs the output
power for either full mode, 100% of rated power [C9 = 1 uF], as in this design, or efficiency mode, 80%
[C9 = 0.1 pF] of rated power.

4.3 PFC Input Feed Forward Sense Circuit

The input voltage of the power supply is sensed by the IC Ul using resistors R4, R5, R6 and R7. The
capacitor C10 bypasses the V pin on IC U1.

4.4 PFC Output Feedback

An output voltage resistive divider network consisting of resistors R10, R11, R12, and R13 provide a scaled
voltage proportional to the output voltage as feedback to the controller IC Ul setting the PFC output at
385 V. Capacitor C14 bypasses the U1 FB pin.

Resistor R9 and capacitor C12 provide the control loop dominant pole-zero combination. Capacitor C11
attenuates line frequency ripple.

Power Integrations ™
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4.5 PFC Turn-off Circuit

By sensing the drain voltage/frequency of LinkSwitch-HP device, the PFC stage can be powered down
during light load in order to meet light load efficiency requirements.

As the 12 V and/or 24 V loads increase, the voltage generated across winding 1-2 of transformer T1
increases. VCC will increase and eventually turn on the HiperPFS-3 IC when the voltage on C8 exceeds the
device turn-on threshold. During no-load or light load conditions the circuit consisting of D6, R22, R23,
C23, Q2 and R24 will keep the PFC stage in the off condition.

4.6 LinkSwitch-HP Primary (Figure 5)

The schematic in Figure 5 depicts a 12/24 V, dual-output, 100 W LinkSwitch-HP based flyback DC-DC
converter implemented using the LNK6777V.

The LNK6777V device (U2) integrates an oscillator, error amplifier, multi-mode control circuit, start-up and
protection circuitry, and a high-voltage power MOSFET all in one monolithic IC.

One side of the power transformer is connected to the high-voltage bus and the other side is connected to
the DRAIN (D) pin of U2. At the start of a switching cycle, the controller turns the power MOSFET on and
current ramps up in the primary winding, which stores energy in the core of the transformer. When that
current reaches the limit threshold, which is set by the output of an internal error amplifier
(COMPENSATION (CP) pin voltage), the controller turns the power MOSFET off. Due to the phasing of the
transformer windings and the orientation of the output diode, the stored energy then induces a voltage
across the secondary winding, which forward biases the output diode, and the stored energy is delivered to
the output capacitor.

Capacitor C20 (4.7 puF) connected to the BYPASS (BP) pin sets overvoltage protection (OVP) and over-
temperature protection (OTP) to latching and the lost regulation protection to automatic restart (auto-
restart) after a given off-period (typ. 1500 ms).

4.7 Primary RZCD Clamp

Diode D2, transient voltage suppressor VR2, capacitor C16, and resistors R14 and R15 form a RZCD
snubber that is used to limit the voltage stress across the LinkSwitch-HP. Peak drain voltage is thereby
limited to typically less than 540 V at 265 VAC input providing significant margin to the maximum 725 V
drain voltage (BVpss) specification.

Transient voltage suppressor VR2 prevents capacitor C16 from fully discharging every switching cycle to
reduce power consumption during standby operation.

4.8 Output Rectification

Output rectification of the 12 V output is provided by diode D5 and filtering is provided by capacitors C31
and C32, inductor L5 and capacitor C33. The snubber formed by R27 and C30 provides high frequency
filtering for improved EML.

Output rectification of the 24 V output is provided by diode D4 and filtering is provided by capacitors C27
and C28, inductor L4 and capacitor C29. The snubber formed by R25, R26 and C26 provides high
frequency filtering for improved EMI.

Tel: +1 408 414 9200 Fax: +1 408 414 9201 Page 10 of 55
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4.9 External Current Limit Setting

The maximum cycle-by-cycle current limit is set by resistor R16 connected to the PROGRAM (PD) pin. A
124 kQ resistor in the design sets the maximum current limit to 100% of the LNK6777V’s default current
limit.

4.10 Feedback and Compensation Network

The output voltage is sensed through the bias winding 1-2 of T1 and resistor divider (R20 and R21) during
the flyback period. The sensed output voltage is compared to the FEEDBACK (FB) pin threshold to regulate
the output or to stop switching in case an overvoltage condition is detected (OVP). This primary side
regulation solution not only reduces the power supply cost, but also significantly improves the expected life
as no optocoupler is necessary for power supplies designed with LinkSwitch-HP.

Voltage divider R20 and R21 is also used to indirectly monitor the bus voltage during the integrated power
MOSFET on-time. At start-up, the IC enables switching only if the bus voltage has typically reached 100 V
(brown-in threshold). If the bus voltage drops, for instance during a brown-out condition, below typically
40 V the device stops switching (brown-out protection). In case the bus voltage reaches excessive levels
(e.g. caused by line surge) the device also stops switching. Additionally the cycle-by-cycle current limit is
compensated over line to limit the available overload power. See the device datasheet for further details.

The voltage sensed at the FB pin produces a control voltage at the CP pin. Resistor R17 and capacitors C18
and C19 are used for control loop compensation. The operating peak primary current and the operating
switching frequency are determined by the CP pin voltage.

Power Integrations ™
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5 PCB Layout

O O = power I
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Figure 6 — Printed Circuit Layout — Top Side.

Figure 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, 6 A, Bridge Rectifier RS605 Rectron Semi
2 2 Cl1C2 1 nF, Ceramic, Y1 440LD10-R Vishay
3 2 C3 C6 220 nF, 275VAC, Film, X2 LE224-M OKAYA ELECT
4 4 | ¢ g§5c24 2.2 nF, Ceramic, Y1 440LD22R Vishay
5 1 C7 470 nF, 450 V, METALPOLYPRO ECW-F2W474]AQ Panasonic
6 2 C8 C9 1 pF,50 V, Ceramic, X7R, 0805 C2012X7R1H105M TDK
7 2 C10 C14 470 pF, 50 V, Ceramic, X7R, 0805 CCO805KRX7R9BB471 Yageo
8 1 C11 100 nF, 25 V, Ceramic, X7R, 0805 08053C104KAT2A AVX
9 1 C12 1 uF, 25V, Ceramic, X5R, 0805 C2012X5R1E105K TDK
10 1 C13 10 nF, 1 kV, Disc Ceramic, X7R SVO01AC103KAR AVX
11 1 C15 82 WF, 450 V, Electrolytic, (12.5 x 52) UPZ2W820MNY9
12 1 C16 2.2 nF, 1 kV, Disc Ceramic NCD222K1KVY5FF NIC Components
13 1 C17 1000 pF, 100 V, Ceramic, NPO, 0603 C1608C0G2A102) TDK
14 1 C18 100 pF 50 V, Ceramic, NPO, 0603 CCO0603JRNPO9BN101 Yageo
15 1 C19 100 nF 50 V, Ceramic, X7R, 0603 C1608X7R1H104K TDK
16 1 C20 4.7 pF, 10 V, Ceramic, X7R, 0805 C0805C475K8PACTU Kemet
17 1 C21 22 pF, 50V, Electrolytic, (5 x 11) UPW1H220MDD Nichicon
18 1 C23 100 nF, 50 V, Ceramic, X7R, 0805 CCO805KRX7R9BB104 Yageo
19 1 C26 470 pF, 250 V, Ceramic,GCM, 0805 GCM21A7U2E471]X01D Murata
20 2 C27 C31 1 pF,100 V, Ceramic, X7R, 1206 HMK316B7105KL-T Taiyo Yuden
21 1 28 ;Zgo(‘izgi \.Jfb)E'e“m'yt'c' Low ESR, 25 ELXZ350ELL122MK30S Nippon Chemi-Con
2 1 29 ggom“& (3150\’)2 fée)“m'yt'c' Very Low ESR, EKZE350ELL331MJ16S Nippon Chemi-Con
23 1 C30 470 pF, 100 V, Ceramic, X7R, 0805 08051C471KAT2A AVX
24 1 32 12(’”(15':(12255\/ ' E3'8§tr°'yt'c' Very Low ESR, EKZE250ELL182MK30S Nippon Chemi-Con
25 1 33 ggom‘g: (2150\’); i'se)dm'yt'c' Very Low ESR, EKZE250ELL471MI16S Nippon Chemi-Con
26 1 D1 1000 V, 3 A, Rectifier, DO-201AD 1N5408-T Diodes, Inc.
27 3 D2 D3 D6 1000 V, 1 A, Fast Recovery Diode, DO-41 FR107-B Rectron
28 1 D4 150 V, 5 A, Dual Schotkky, TO-220AB STPS10150CT ST Micro
29 1 D5 100 V, 30 A, Schottky, TO-220AB STPS30100ST ST
30 1 F1 2 A,250 V, Slow, TR5 37212000411 Wickman
31 2 HS1 HS2 FAB, HEATSINK,PFS-LNKHP 110W Custom
32 1 HS3 FAB, HEATSINK,PFS-LNKHP 100W Custom
33 1 J1 CONN HEADER 6POS (1x6).156 VERT TIN 26-60-4060 Molex
34 1 1 i\/I:Iire Jumper, Non insulated, 22 AWG, 0.5 298 Alpha
35 1 JpP2 Wire Jumper, Insulated, #24 AWG, 0.6 in C2003A-12-02 Gen Cable
36 1 JP3 Wire Jumper, Insulated, #24 AWG, 1.2 in C2003A-12-02 Gen Cable
37 3 JP4 JP8 JP9 | Wire Jumper, Insulated, #24 AWG, 0.3 in C2003A-12-02 Gen Cable
38 1 JP5 Wire Jumper, Insulated, #24 AWG, 0.4 in C2003A-12-02 Gen Cable
39 1 JP6 Wire Jumper, Insulated, #24 AWG, 1.7 in C2003A-12-02 Gen Cable
40 1 JP7 Wire Jumper, Insulated, #24 AWG, 1.6 in C2003A-12-02 Gen Cable
41 1 JP10 Wire Jumper, Insulated, #24 AWG, 0.7 in C2003A-12-02 Gen Cable
42 1 JP11 Wire Jumper, Insulated, #24 AWG, 0.9 in C2003A-12-02 Gen Cable
43 1 P12 \{\.Ilzreiszumper, Insulated, TFE, #18 AWG, C2052A-12-02 Alpha
44 1 L1 10 mH, Common Mode Choke Custom
45 1 L2 Bobbin, PQ38, Vertical, 6pins BQ35/35-1112CPFR Pin Shine
46 1 L3 470 pH, 1.6A, Vertical Toroidal 2120-V-RC Bourns
47 2 L4 L5 1.0 yH, 5 A, Radial TSLO709RA-1ROM5R0-PF TDK
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MTG_HOLE4
48 4 m¥g::8tgg Mounting Hole No 4
MTG_HOLE7

49 2 Q1 Q2 g‘gﬁjg‘"a” Signal BIT, GP SS, 40V, 0.6 A, MMBT4401LT1G Diodes, Inc.
50 3 R1 R2 R3 620 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEY1624V Panasonic
51 a | R | 6.2M0, 1%, 1/4 W, Thick Film, 1206 KTR18EZPF6204 Rohm Semi
52 2 R6 R10 3.74 MQ, 1%, 1/4 W, Metal Film MFR-25FBF52-3M74 Yageo
53 2 R7 R13 162 kQ, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF1623V Panasonic
54 1 R9 30.1 kQ, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF3012V Panasonic
55 1 R14 1 kQ, 5%, 1/2 W, Carbon Film CFR-50]B-1K0 Yageo
56 1 R15 4.7 Q, 5%, 1/2 W, Carbon Film CFR-50]B-4R7 Yageo
57 1 R16 124 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF1243V Panasonic
58 1 R17 100 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ104V Panasonic
59 1 R18 6.8 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ682V Panasonic
60 1 R19 3.3Q, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ3R3V Panasonic
61 1 R20 61.9 kQ, 1%, 1/4 W, Metal Film MFR-25FBF-61K9 Yageo
62 1 R21 8.87 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF8871V Panasonic
63 1 R22 2 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ202V Panasonic
64 1 R23 330 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ334V Panasonic
65 1 R24 2 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ202V Panasonic
66 2 R25 R26 30 Q, 5%, 1/2 W, Carbon Film CFR-50]B-30R Yageo
67 1 R27 15 Q, 5%, 1/2 W, Carbon Film CFR-50]B-15R Yageo
68 1 R28 20 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ203V Panasonic
69 1 R29 24 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ243V Panasonic
70 1 RT1 NTC Thermistor, 2.5 Q, 3 A SLO8 2R503 Ametherm
71 1 RTV2 Thermally conductive Silicone Grease 120-SA Wakefield
72 1 RV1 320V, 23 ], 10 mm, RADIAL V320LA10P Littlefuse

SCREW1

SCREW?2

SCREW3 -
73 6 SCREW4 SCREW MACHINE PHIL 4-40 X 1/4 SS PMSSS 440 0025 PH Building Fasteners

SCREWS5

SCREW6

STDOFF1
74 4 gggig Standoff Hex, 4-40, 0.375" L, Al, F/F 1892 Keystone

STDOFF4
75 1 T1 Bobbin, Vertical, 10 pins

T0-220 | iERMAL PAD, BER103, 0.009" Thk, TO- .
76 2 PAD1 TO- | o0 ’ ’ / SP600-54 Bergquist

220 PAD2
77 1 TP1 Test Point, BLK, THRU-HOLE MOUNT 5011 Keystone
78 1 TP2 Test Point, WHT, THRU-HOLE MOUNT 5012 Keystone
79 1 Ul HiperPFS-3, L-Bend eSIP PFS7524L Power Integrations
80 1 U2 LinkSwitch-HP, eDIP-12P LNK6777V Power Integrations
81 1 VR1 13V, 5%, 500 Mw, SOD-123 MMSZ4700T1G ON Semi
82 1 VR2 150 V, 5 W, 5%, TVS, DO204AC (DO-15) P6KE150A LittleFuse
83 2 wﬁgnggé Washer Nylon Shoulder #4 3049 Keystone

WASHER3
84 4 mg:ggg WASHER FLAT #4 SS FWSS 004 Building Fasteners

WASHER6

5
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7 HiperPFS-3 Design Spreadsheet

Hiper_PFS-
3_Boost_012815;

Hiper_PFS-3_Boost_012815_Rev0-6.xls;

Rev.0.6; Copyright INPUT INFO OUTPUT UNITS | Continuous Mode Boost Converter Design
Power Integrations Spreadsheet
2015
Enter Application Variables
Input Voltage Range Universal Universal Input voltage range
Minimum AC input voltage. Spreadsheet
VACMIN 90 9 VAC simulgtion is pe_rformed at this voltage. To
examine operation at other voltages, enter here,
but enter fixed value for LPFC_ACTUAL.
VACMAX 264 264 VAC Maximum AC input voltage
VBROWNIN 76 VAC Expected Minimum Brown-in Voltage
VBROWNOUT 72 VAC Specify brownout voltage.
VO 385 VDC Nominal load voltage
PO 110 110 W Nominal Output power
fL 50 Hz Line frequency
TA Max 40 °C Maximum ambient temperature
Enter the efficiency estimate for the boost
n 0.93 converter at VACMIN. Should approximately
match calculated efficiency in Loss Budget section
VO_MIN 366 VDC Minimum Output voltage
VO_RIPPLE_MAX 20 VDC Maximum Output voltage ripple
tHOLDUP 20 ms Holdup time
VHOLDUP_MIN 300 300 VDC ml)?élzl”l:m Voltage Output can drop to during
I_INRUSH 40 A Maximum allowable inrush current
Enter "Yes" for Forced air cooling. Otherwise enter
Forced Air Cooling No No "No". Forced air reduces acceptable choke
current density and core auto pick core size
KP and INDUCTANCE
Target ripple to peak inductor current ratio at the
KP_TARGET 0.720 0.720 peak of VACMIN. Affects inductance value
. PFC inductance required to hit KP_TARGET at
LPFC_TARGET (0 bias) 496 uH peak of VACMIN a?1d full load
LPFC value used for calculations. Leave blank to
use LPFC_TARGET. Enter value to hold constant
LPFC_DESIRED (0 495 495 H (also enter core selection) while changing VACMIN
bias) u to examine brownout operation. Calculated
inductance with rounded (integral) turns for
powder core.
KP_ACTUAL 0.696 Actual KP calculated from LPFC_ACTUAL
Inductance at VACMIN, 90°. For Ferrite, same as
LPFC_PEAK 495 U | LpFC_DESIRED (0 bias)
Basic current parameters
IAC_RMS 1.31 Qgénput RMS current at VACMIN and Full Power
10_DC 0.29 A Output average current/Average diode current
PFS Parameters
PFS Part Number PFS7524L PFS7524L If_ examining _brownOL_lt op_eration, over-ride auto
pick with desired device size
Mode of operation of PFS. For Full Power mode
Operating Mode Full Power Full Power enter "Full Power" otherwise enter "EFFICIENCY"
to indicate efficiency mode
IOCP min 4.5 A Minimum Current limit
IOCP typ 4.8 A Typical current limit
IOCP max 5.1 A Maximum current limit
1P 2.74 A MOSFET peak current
IRMS 1.16 A PFS MOSFET RMS current
RDSON 0.92 Ohms Typical RDSon at 100 'C
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Estimated frequency of operation at crest of input

FS_PK 82 KHz voltage (at VACMIN)
Estimated average frequency of operation over
FS_AVG 61 kHz line cycle (at VACMIN)
PCOND_LOSS_PFS 1.2 W Estimated PFS conduction losses
PSW_LOSS_PFS 1.2 W Estimated PFS switching losses
PFS_TOTAL 2.5 W Total Estimated PFS losses
TJ Max 100 deg C Maximum steady-state junction temperature
Maximum thermal resistance (Junction to
Rth-]JS 2.80 °C/W heatsink)
HEATSINK Theta-CA 17.00 °C/W Maximum thermal resistance of heatsink
INDUCTOR DESIGN
Basic Inductor Parameters
Value of PFC inductor at zero current. This is the
LPFC (0 Bias) 495 uH value measured with LCR meter. For powder, it
will be different than LPFC.
LP_TOL 5.0 5.0 % Tolerance of PFC Inductor Value (ferrite only)
Inductor RMS current (calculated at VACMIN and
IL_RMS 135 A Full Power Load)
Material and Dimensions
Core Type Ferrite Ferrite Enter "Sendust", "Pow Iron" or "Ferrite"
Select from 60u, 75u, 90u or 125 u for Sendust
Core Material PC44/PC95 PC44/PC95 cores. Fixed at PC44/PC95 for Ferrite cores. Fixed
at -52 material for Pow Iron cores.
Toroid only for Sendust and Powdered Iron; EE or
Core Geometry PQ PQ PQ for FerZite cores.
Core Auto PQ26/20 Core part number
Ae 129.70 129.70 mmA2 Core cross sectional area
Le 43.50 43.50 mm Core mean path length
AL 4000.00 4000.00 nH/t~2 | Core AL value
Ve 5.64 5.64 cm”/3 Core volume
I(-It-(l;rgizg)/ PQ)/ 1D 7.50 7.50 mm Core height/Height of window; ID if toroid
MLT 7.3 7.3 mm Mean length per turn
BW 4.70 4.70 mm Bobbin width
LG 0.99 mm Gap length (Ferrite cores only)
Flux and MMF calculations
. Target flux density at worst case: IOCP and
EII:K;;ARGET (ferrite 3550 3550 Gauss m;lximum tolerance inductance (ferrite only) -
drives turns and gap
Target flux density at worst case: IOCP and
B_OCP (or BP) 3524 Gauss maximum tolerance inductance (ferrite only) -
drives turns and gap
eak flux density at AC peak, VACMIN and Full
B_MAX 1911 Gauss Eower Load, notr{ﬂnal inguctance
target y at peak current divided by p at zero
EHI-I;/?RGET (powder N/A % current, at VACMIN, full load (powder only) -
drives auto core selection
mu_max greater than 75% indicates a very large
H_MAX (powder only) N/A % core. Please verify
y_OCP (powder only) N/A %  at IOCPtyp divided by p at zero current
Current at which B_TEST and H_TEST are
I_TEST 4.8 A calculated, for checking flux at a current other
than IOCP or IP; if blank IOCP_typ is used.
B_TEST 3316 Gauss Flux density at I_TEST and maximum tolerance
inductance
J_TEST (powder only) N/A % p at IOCP divided by p at zero current, at IOCPtyp
Wire
Inductor turns. To adjust turns, change
TURNS >8 BP_TARGET (ferrite) or u_TARGET (powder)
ILRMS 1.35 A Inductor RMS current
Wire type Litz Litz Select between "Litz" or "Magnet" for double

Power Integrations, Inc.

5

Www.power.com

Tel: +1 408 414 9200 Fax: +1 408 414 9201

Page 16 of 55




13-Jul-15

DER-393, 100 W LCD TV Power Supply

coated magnet wire

I Info. Selected wire gauge is too thick and may

AWG 40 Info 40 AWG cause increased losses due to skin effect. Consider
using multiple strands of thinner wires or Litz wire
] Inductor wire number of parallel strands. Leave
Filar 40 40 blank to auto-calc for Litz
OD (per strand) 0.079 mm Outer diameter of single strand of wire
OD bundle (Litz only) 0.70 mm Will be different than OD if Litz
DCR 0.50 ohm Choke DC Resistance
P AC Resistance Ratio 1.71 Ratio qf total Cu loss including HF ACR _Ioss vs.
assuming only DCR (uses Dowell equations)
. Current density is high, if copper loss is high use
J Warning 6.93 A/mm~2 thicker wire, rE1yore sgrands, oprplarger core °
FIT 80% % Percer_1tage fill of winding window for EE/PQ core.
Full window approx. 90%
Layers 7.74 Estimated layers in winding
Loss calculations
BAC-p-p 1379 Gauss | €ore AC peak-peak flux excursion at VACMIN,
peak of sine wave
LPFC_CORE_LOSS 0.27 W Estimated Inductor core Loss
LPFC_COPPER_LOSS 1.55 W Estimated Inductor copper losses
LPFC_TOTAL_LOSS 1.82 W Total estimated Inductor Losses
Built-in PFC Diode
PFC Diode Part INTERNALL PFC Diode Part Number
Number
Type SPECIAL PFD Diode Type
Manufacturer PI Diode Manufacturer
VRRM 530 \ Diode rated reverse voltage
IF 3 A Diode rated forward current
Qrr 57 high temperature
VF 1.47 \ Diode rated forward voltage drop
PCOND_DIODE 0.42 W Estimated Diode conduction losses
PSW_DIODE 0.14 W Estimated Diode switching losses
P_DIODE 0.56 W Total estimated Diode losses
TJ Max 100 deg C Maximum steady-state operating temperature
Maximum thermal resistance (Junction to
Rth-]JS 3.00 degC/W heatsink)
HEATSINK Theta-CA 17.00 degC/W | Maximum thermal resistance of heatsink
Output Capacitor
Output Capacitor 82 82 uF Minimum value of Output capacitance
VO_RIPPLE_EXPECTED 11.9 Vv Expected ripp_le voltage on Output with selected
Output capacitor
T_HOLDUP_EXPECTED 19.4 ms Expec_ted holdup time with selected Output
capacitor
ESR_LF 1.66 ohms Low Frequency Capacitor ESR
ESR_HF 0.66 ohms High Frequency Capacitor ESR
IC_RMS_LF 0.19 A Low Frequency Capacitor RMS current
IC_RMS_HF 0.53 A High Frequency Capacitor RMS current
CO_LF_LOSS 0.06 W Estima_1ted Low Frequency ESR loss in Output
capacitor
CO_HF_LOSS 0.18 W Estimz.:]ted High frequency ESR loss in Output
capacitor
Total CO LOSS 0.25 W Total estimated losses in Output Capacitor
Input Bridge (BR1) and Fuse (F1)
172t Rating 5.72 AN2*s | Minimum I~2t rating for fuse
Fuse Current rating 1.95 A Minimum Current rating of fuse
VF 0.90 \ Input bridge Diode forward Diode drop
IAVG 1.21 A Input average current at 70 VAC.
PIV_INPUT BRIDGE 373 \ Peak inverse voltage of input bridge
PCOND_LOSS_BRIDGE 2.13 W Estimated Bridge Diode conduction loss
CIN 03 UF Input capacitor. Use metallized polypropylene or

film foil type with high ripple current rating
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RT 9.33 ohms Input Thermistor value
D_Precharge 1N5407 Recommended precharge Diode
PFS3 small signal components
C_REF 1.0 uF REF pin capacitor value
RV1 4.0 MOhms | Line sense resistor 1
RV2 6.0 MOhms | Line sense resistor 2
Typical value of the lower resistor connected to
RV3 6.0 MOhms the V-PIN. Use 1% resistor only!
Description pending, could be modified based on
Rv4 161.6 kOhms feedback chain R1-R4
V pin decoupling capacitor (RvV4 and C_V should
CVv 0.495 nF have a time constant of 80us) Pick the closest
available capacitance.
C_VCC 1.0 uF Supply decoupling capacitor
CC 100 nF Feedback C pin decoupling capacitor
Power good Vo lower 333 Vv Vo lower threshold voltage at which power good
threshold VPG(L) signal will trigger
PGT set resistor 333.0 kohm Power good threshold setting resistor
Feedback Components
R1 4.0 Mohms Fee_dback network, first high voltage divider
resistor
R2 6.0 Mohms Fee_dback network, second high voltage divider
resistor
R3 6.0 Mohms Fegdback network, third high voltage divider
resistor
R4 161.6 kohms Feedback network, lower divider resistor
Feedback network, loop speedup capacitor. (R4
Cc1 0.495 nF and C1 should have a time constant of 80us) Pick
the closest available capacitance.
R5 29.4 kohms Feedback network: zero setting resistor
Cc2 1000 nF Feedback component- noise suppression capacitor
Loss Budget (Estimated at VACMIN)
PFS Losses 2.47 W Total estimated losses in PFS
Boost diode Losses 0.56 W Total estimated losses in Output Diode
Input Bridge losses 2.13 W Total estimated losses in input bridge module
Inductor losses 1.82 W Total estimated losses in PFC choke
Output Capacitor Loss 0.25 W Total estimated losses in Output capacitor
EMI choke copper loss 0.50 W Total estimated losses in EMI choke copper
Total losses 7.23 W Overall loss estimate
Efficiency 0.94 Estimated efficiency at VACMIN, full load.
CAPZero component selection recommendation
(Optional) Recommended CAPZero device to
CAPZero Device CAP002DG discharge X-Capacitor with time constant of 1
second
Total Series Resistance 1.5 k-ohms | Maximum Total Series resistor value to discharge
(R1+R2) ) X-Capacitors
EMI filter components recommendation
CIN_RECOMMENDED 470 470 nF Me_talliz_ed polyester film capacitor after bridge,
ratio with Po
X capacitor after differential mode choke and
X2 220 220 nF before bridge, ratio with Po
estimated minimum differential inductance to
LDM_calc 367 uH avoid <10kHz resonance in input current
oxi 220 220 nF X_capacitor before common mode choke, ratio
with Po
LCM 10 mH typical common mode choke value
estimated leakage inductance of CM choke, typical
LCM_leakage 30 uH from 30~60uH
CY1 (and CY2) 220 OF typical Y.capacitance for common mode noise
suppression
LDM_Actual 337 uH cal_LDM minus LCM_leakage, utilizing CM leakage

inductance as DM choke.
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DCR_LCM 0.10 0.10 Ohms total DCR of CM choke for estimating copper loss

DCR_LDM 0.10 0.10 Ohms total DCR of DM choke(or CM #2) for estimating
copper loss

Note:

The Inductor design uses a PQ38/13 core. The core parameters were manually added in the core materials
and dimensions section.

If the current density is higher than 6 A / mm? a “warning” will be generated. Selection of a higher cross
section wire should be made based on thermal test results. With sufficient cooling, higher current densities

can be acceptable.
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8 Transformer Design Spreadsheet

CDC_LinkSwitch-
HP_101714; IACDC_LinkSwitchHP_101714 Rev 2-0.xls: LinkSwitch-HP
Rev.2.0; Copyright| INPUT INFO | OUTPUT | UNIT |[Flyback Continuous/Discontinuous Transformer Design
Power Spreadsheet
Integrations 2014
|[ENTER APPLICATION VARIABLES
VACMIN 220 220 \% Minimum AC Input Voltage
VACMAX 265 265 \% Maximum AC Input Voltage
fL 50 50 Hz  |AC Mains Frequency
VO 12 12 \% Output Voltage (main)
PO 100 Info 100 W Maximum power limit for selected enclosure reached
n 0.90 0.90 Efficiency Estimate
Z 0.50 Loss Allocation Factor
VB 16 16 \% Bias Voltage
tC 3 ms  |Bridge Rectifier Conduction Time Estimate
CIN 100 uF  [Input Filter Capacitor
Package
Enclosure ;I)_ ap:1ne For grenne Open Frame type enclosure
Heatsink Metal Metal
|ENTER LinkSwitch-HP VARIABLES
[Linkswitch-HP  [LNK6777V| LNK6777V|
ILIMITMIN 2.418 A Minimum Current limit
ILIMITMAX 2.782 A Maximum current limit
ILIMITMIN_EXT 2.418 A External Minimum Current limit
ILIMITMAX_EXT 2.782 A External Maximum current limit
KI 1 1.000 Current limit reduction factor
Rpd 124.00 k-ohm |Program delay Resistor
Cpd 33.00 nF Program delay Capacitor
l’otal programmed 0.86 sec  [Total program delay
elay
fS 132 kHz  |LinkSwitch-HP Switching Frequency
fSmin 120 kHz  [LinkSwitch-HP Minimum Switching Frequency
fSmax 136 kHz  |LinkSwitch-HP Maximum Switching Frequency
KP 0.73 0.73 Ripple to Peak Current Ratio (0.4 < KP < 6.0)
VOR 108.90 108.90 \% Reflected Output Voltage
[Voltage Sense
\VUVON 313.54 \% Undervoltage turn on
\VUVOFF 127.07 \Y Undervoltage turn off
VOV 1434.85 \% Overvoltage threshold
FMAX_FULL_LOAD 136.00 kHz  [Maximum switching frequency at full load
FMIN_FULL_LOAD 120.00 kHz  |Minimum switching frequency at full load
ITSAMPLE_FULL_LOA Minimum available Diode conduction time at full load. This should
D >-31 us be greater than 2.5 us
[TSAMPLE_LIGHT_LO Minimum available Diode conduction time at light load. This should
AD 2.16 us be greater than 1.4 us
VDS 2.52 \% LinkSwitch-HP on-state Drain to Source Voltage.
VD 0.50 \Y Output Winding Diode Forward Voltage Drop
VDB 0.70 \% Bias Winding Diode Forward Voltage Drop
|FEEDBACK SENSING SECTION
RFB1 191.00 k-ohms |Feedback divider upper resistor
RFB2 26.10 k-ohms |Feedback divider lower resistor

|ENTER TRANSFORMER CORE/CONSTRUCTION VARIABLES

[select Core Size | Custom | 1nfo | custom |

|Manua| Core Selected

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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Core Custom Selected Core

Custom Core Enter name of custom core is applicable

AE 1.29 1.29 cm”2 |Core Effective Cross Sectional Area

LE 4.35 4.35 cm  |Core Effective Path Length

AL 4000 4000 nH/T~2 |Ungapped Core Effective Inductance

BW 4.5 4.5 mm  |Bobbin Physical Winding Width

M 0.00 0.00 mm gailsf;tzcl\élﬁrgln Width (Half the Primary to Secondary Creepage
3 3 Number of Primary Layers

NS 3 3 Number of Secondary Turns

IDC INPUT VOLTAGE PARAMETERS

VMIN 285 \% Minimum DC Input Voltage

VMAX 385 385 vV Maximum DC Input Voltage

CURRENT WAVEFORM SHAPE PARAMETERS

DMAX 0.28 Maximum Duty Cycle

IAVG 0.39 A |Average Primary Current

1P 2.21 A Peak Primary Current

IR 1.61 A Primary Ripple Current

IRMS 0.78 A Primary RMS Current

[TRANSFORMER PRIMARY DESIGN PARAMETERS

LP_TYP 410 uH  [Typical Primary Inductance

LP_TOL 5 5 % Primary inductance Tolerance

NP 26 Primary Winding Number of Turns

NB 4 Bias Winding Number of Turns

ALG 601 nH/T~2 |Gapped Core Effective Inductance

BM 2685 Gauss |Maximum Flux Density at PO, VMIN (BM<3100)

BP 3555 Gauss |Peak Flux Density (BP<3700)

BAC 980 Gauss |AC Flux Density for Core Loss Curves (0.5 X Peak to Peak)

ur 1073 Relative Permeability of Ungapped Core

LG 0.23 mm  |Gap Length (Lg > 0.1 mm)

BWE 13.5 mm  |Effective Bobbin Width

OD 0.52 mm  |Maximum Primary Wire Diameter including insulation

INS 0.07 mm  [Estimated Total Insulation Thickness (= 2 * film thickness)

DIA 0.45 mm  |Bare conductor diameter

IAWG 26 AWG  [Primary Wire Gauge (Rounded to next smaller standard AWG value)

CM 256 Cmils [Bare conductor effective area in circular mils

CMA 329 Cm";/ AM lorimary Winding Current Capacity (200 < CMA < 500)

[TRANSFORMER SECONDARY DESIGN PARAMETERS (SINGLE

OUTPUT EQUIVALENT)

|Lumped parameters

ISP 19.22 A Peak Secondary Current

ISRMS 10.93 A Secondary RMS Current

10 8.33 A Power Supply Output Current

IRIPPLE 7.07 A Output Capacitor RMS Ripple Current

CMS 2185 Cmils [Secondary Bare Conductor minimum circular mils

AWGS 16 AWG Saeﬁlzr;dary Wire Gauge (Rounded up to next larger standard AWG
DIAS 1.29 mm  [Secondary Minimum Bare Conductor Diameter

ODS 1.50 mm  |Secondary Maximum Outside Diameter for Triple Insulated Wire
INSS 0.10 mm  [Maximum Secondary Insulation Wall Thickness

IVOLTAGE STRESS PARAMETERS

VDRAIN 634 \Y Peak voltage across drain to source of Linkswitch-HP

PIVS 56 Vv Output Rectifier Maximum Peak Inverse Voltage

PIVB 75 \Y Bias Rectifier Maximum Peak Inverse Voltage

[TRANSFORMER SECONDARY DESIGN PARAMETERS (MULTIPLE OUTPUTS)

1st output
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VO1 12.00 12.00 Vv Output Voltage

101 3.70 3.70 A Output DC Current

PO1 44.40 W Output Power

VD1 0.5 Vv Output Diode Forward Voltage Drop

NS1 3.00 Output Winding Number of Turns

ISRMS1 4.851 A Output Winding RMS Current

IRIPPLE1 3.14 A Output Capacitor RMS Ripple Current

PIVS1 56 \% Output Rectifier Maximum Peak Inverse Voltage

CMS1 970 Cmils  [Output Winding Bare Conductor minimum circular mils
IAWGS1 20 AWG [Wire Gauge (Rounded up to next larger standard AWG value)
DIAS1 0.81 mm  |Minimum Bare Conductor Diameter

ODS1 1.50 mm  [Maximum Outside Diameter for Triple Insulated Wire

2nd output

VO2 24.00 24.00 \% Output Voltage

102 2.32 2.32 A Output DC Current

PO2 55.68 W Output Power

VD2 0.7 vV Output Diode Forward Voltage Drop

NS2 5.93 Output Winding Number of Turns

ISRMS2 3.042 A Output Winding RMS Current

IRIPPLE2 1.97 A Output Capacitor RMS Ripple Current

PIVS2 111 \% Output Rectifier Maximum Peak Inverse Voltage

CMS2 608 Cmils  [Output Winding Bare Conductor minimum circular mils
IAWGS2 22 AWG [Wire Gauge (Rounded up to next larger standard AWG value)
DIAS2 0.65 mm  |Minimum Bare Conductor Diameter

ODS2 0.76 mm  [Maximum Outside Diameter for Triple Insulated Wire

3rd output

VO3 0.00 \% Output Voltage

103 0.00 A Output DC Current

PO3 0.00 W Output Power

VD3 0.7 Vv Output Diode Forward Voltage Drop

NS3 0.17 Output Winding Number of Turns

ISRMS3 0.000 A Output Winding RMS Current

IRIPPLE3 0.00 A Output Capacitor RMS Ripple Current

PIVS3 2 \Y Output Rectifier Maximum Peak Inverse Voltage

CMS3 0 Cmils  |Output Winding Bare Conductor minimum circular mils
AWGS3 N/A AWG |Wire Gauge (Rounded up to next larger standard AWG value)
DIAS3 N/A mm  [Minimum Bare Conductor Diameter

ODS3 N/A mm  [Maximum Outside Diameter for Triple Insulated Wire

Total power 100.08 W 11l Warning: total output power not equal to PO (PO= 100 W)
Negative Output N/A N/A afergle;%?lgvgu?:fl;t)’u; eeizlcsttsz enter Output number; e.g.: If VO2 is

|[Note: Power Supply can only support 90 W at start-up.

5
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9 Magnetics
9.1 Common Mode Choke Specification

9.1.1 Electrical Diagram
1 3

35 Turns, #26 AWG 35 Turns, #26 AWG
2 4

Figure 8 — Common Mode Choke Electrical Diagram.

9.1.2 Electrical Specifications
[ Inductance | Pins 1-2, 3-4 measured at 10 kHz. | 10mH, £25% |

9.1.3 Materials

Item Description
Core: JL15 (JLW ELECTRONICS (HONG KONG) LIMITED).
[1] AL = 9000 nH/N2.

Mfg. P/N: T18x10x7C-JL15*.

[2] Divider - Fish paper, insulating cotton rag, 0.010"” thick.
Cut to size 0.383"x0.293".

[3] Magnetic Wire: #26 AWG.
[4] Number of Turns: 35 each section.

*T18x10x7C is the physical size, JL15 is the core type

Power Integrations ™
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9.1.4 Winding Instruction

1. Insert the divider (see details below) in the core to divide it into 2 sections equally.

vaba it MoDE cuae DinDEg

SMA LLPARTS . Com
Fast 2 FsHE-20
Pr# 66-00042- 00

‘“’r ? 10" TarIe &
TINSULATING CoTToN Kag 18 "% 21°, 000 T#

Fictt PAPER -

Lolo" THick
"'\\l

i’

.f.
4,.»*”. .'K'“‘ -y P

i
__.l'-:-'f.l-r'\.l ____f'-}#
"H-“'\l' = Tl
7.4> | e
H_,.-"-' A
~a 3L
: d"":_,, \I
i S 4.7 o ¥
= o

2. Start winding on one section with 28 turns or completely fill up the section for the 1st layer, then
equally spread the remaining turns for the 2nd layer.

3. Repeat step 2 for the other section winding. Make sure it starts from the SAME side and winding
direction as step 2. See picture below.

Start End
—
Start End
—
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9.2 PFC Choke Specification

9.2.1 Electrical Diagram

58T, 40 x 40 Served Litz ”

Figure 9 — PFC Choke Electrical Diagram.

9.2.2 Electrical Specifications
| Inductance | Pins 1-3 measured at 100 kHz, 0.4 RMS. | 495 pyH +5% |

9.2.3 Materials

Item Description
[1] Core: TDG Core, PC40 +25%.
[2] Bobbin: PQ38, from TDG. P/N: PQ38/13.
[3] Wire: Served Litz 40/40.
[4] Tape, Polyester Web 3M, 4.5 mm wide, 5 mil thick.
[5] Bus Wire, #24 AWG (connect to pin 2).
[6] Varnish: Dolph BC-359 or equivalent.

9.2.4 Inductor Construction

Winding Place the bobbin on the mandrel with the pin side is on the left side.
preparation Winding direction is clockwise direction.
Winding #1 Starting at pin 1, wind 58 turns of served Litz wire item [3], finish at pin 3.
Insulation Apply 3 layers of tape item [4].

Assembly Grind both cores to specified inductance.
Solder a wire of item [5] at pin 2, and then attach the other end of the wire to the
Final Assembly | bottom side of the core. Secure the wire and the core halves with tape. Varnish

[6].
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9.3 Transformer Specification
9.3.1 Electrical Diagram
3 . 10
WDS5: (2™ Pri) WD3: (1% Sec)
13T - #27AWG 3T -2 x #24AWG_TIW
5 — 7,8
WD1: (1% Pri) WD4: (2™ Sec)
13T - #27AWG 3T -4 x #24AWG_TIW
6 9
1 o
WD2: (Bias)
4T — 2 X #26AWG
2
Figure 10 — Transformer Electrical Diagram.
9.3.2 Electrical Specifications
Electrical Strength 1 second, 60 Hz, from pins 3-6 and pins 7-10. 3000 VAC
Primary Inductance g|25V3-6, all other windings open, measured at 100 kHz, 410 +5%
. RMS-
Resonant Frequency | Pins 3-6, all other windings open. 2500 kHz (Min.)
Primary Leakage Pins 3-6, with leads 7-10 shorted, measured at 100 kHz, 5 uH (Max.)
Inductance 0.4 Vrus. H )

9.3.3 Materials List

Item Description
[1] Core: TDKPC40-PQ38/12 and gapped ALG 606 nH/T>.
[2] Bobbin: PQ38/12-Vertical, 10pins (6/4), P1#: 25-01035-00; or equivalent.
[3] Magnet Wire: #27 AWG, Solderable Double Coated.
[4] Magnet Wire: #26 AWG, Solderable Double Coated.
[5] Magnet Wire: #24 AWG, Triple Insulated Wire.
[6] Tape: 3M 1298 Polyester Film, 5.0 mm wide, 2.0 mils thick.
[7] Bus Bare Wire: #24 AWG, Belden Electronics Division.
[8] Varnish: Dolph BC-359 or equivalent.

W Power Integrations, Inc.
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9.3.4 Transformer Build Diagram

§ i
WD5: (2™ Pri) 13T - #27AWG 6 @
s—N@ 0
9
st 7,8
WD4: (1% Sec) 3T —2 x #24AWG_TIW
Wound in parallel with...
WD3: (2™ Sec) 3T —4 x #24AWG_TIW 71'3
. 2
WD2: ( Bias) 4T — 2 x #26AWG 1
WD1: (1% Pri) 13T - #27AWG >
M r -
s —N@ )
S S S

Figure 11 — Transformer Build Diagram.
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2 wires

W

bobbin

Figure 12 — Shows Wire Terminations for Secondary Winding.

9.3.5 Transformer Build Instructions

Place the bobbin on the mandrel with the pin side is on the left side.

P::l;:g::g) n Winding direction is clockwise direction.
Note: Primary pin-pitch is wider than secondary, see picture below.
WD1 Start at pin 3, wind 13turns of wire item [3] in 1 layer with tight tension, and
1% Primary finish at pin 5.
Insulation Place 1 layer of tape item [6].
WD2 Start at pin 1, wind 4 bi-filar turns of wire item [4] in 1 layer with tight tension,
1% Bias and end with pin 2.
Insulation Place 1 layer of tape item [6].
These 2 windings are going to be wound at same time and in parallel.
WD3 & WD4 Use 2 wires item [5], start at pin 10 for WD3, and 4 wires also item [5] start at
1%t Secondary & | pin 7, 8 (2 wires for each pin) for WD4. Wind 3 turns in parallel, finish 2 wires at
2"¢ Secondary pin 7, 8 (1 wire for each pin) for WD3, and finish 4 wires at pin 9 for WD4. (See
fig. 3 above for reference for easier when terminating wires to pins).
Insulation Place 1 layer of tape item [6].
WD5 Start at pin 5, wind 13turns of wire item [3] in 1 layer with tight tension, and
2" Primary finish at pin 6.

Final Assembly

Connect pin 2 to core halves with wire item [7].
Grind, assemble, and secure core halves with tape.
Vanish item [8].

5
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10 Heat Sink Assemblies
10.1 HiperPFS-3 and LinkSwitch-HP Heat Sink

10.1.1 HiperPFS-3 and LinkSwitch-HP Heat Sink Fabrication Drawing
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10.1.2 HiperPFS-3 and LinkSwitch-HP Heat Sink Assembly Drawing
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10.2 Diode Heat Sink

10.2.1 Diode Heat Sink Fabrication Drawing
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10.2.2 Diode Heat Sink Assembly Drawing
MNOTES: UNLESS OTHERWISE SPECIFIED REVIION
REV DESCRIPTION OF CHANGE DATE AFPROVAL
A SUBPLIER TO INSTALL EYFLEF HEMZ, TO'HEAT SINE, ITEM 1, 02 | UPDATE HEAT SINK PICTCRIAL 04.30.14 8.5,

7% 2 40-000146-00 TERM.EYELET,TIN PLD BRASS ZIERICK PN 190 s
1 &1-00147-00 SHTM,.HEATSINK, DIODES,PFS3-LNKHP 100_120W 1
ITEM PART MUMBER DESCRIPTION QT
P, UMLES? OTHERWSE SPECIFIED: MAME DATE -
POWER AR 1 A sesasnnes [omne e aa P ower Integrations
BREAK SHARP EDCES . - :
INTEGRATIONS e CHECKED 8- TIMLE:
Th + and apolications ilusirated DART 70 BE CLEAMED & FREE OF DIRT, o .
e e T e ol | SLovias S W e FAB,HEATSINK,DIODES,
produc transf +i 3000 2 005 G ABPR.
beoave(ue.::l byoﬂeurm;e s undkxevgll PFS3—LNKHP ]OO‘IQOW
patents or pofenfially by pending u.s und ASME Y145 Qs
funelgn patent COMMENTS:
ower Infegrafions. A complete list or Power | naim assy MATERIAL SIZE |DWG. NO. REV
||n|ega|ms_' ?_dents may be found at SEEBOM
www_powerint com LSED OM ot e @_ %E_ A 6] -OO ] 47‘0 ] 02
Cop\mghl 2014, Power s = WEERT
and Confidenfial ARPLCATION D0 HOTICALE DEAWING THIRE ANGLE BRO ECTION SCALE-21 | I SHEET 1 OF 1

Power Integrations, Inc.

5

Www.power.com

Tel: +1 408 414 9200 Fax: +1 408 414 9201

Page 32 of 55



13-Jul-15 DER-393, 100 W LCD TV Power Supply

10.2.3 Diode and Heat Sink Assembly Drawing
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11 Performance Data
All measurements were taken at room temperature and 50/60 Hz input frequency unless otherwise

specified, Output voltage measurements were taken at the output connectors.

11.1 Output Regulation

Table below shows the output regulation w.r.t line and load variations. AC input was supplied using a sine
wave source.

. 12V 24V
Vin Pin 12vV 121 | 24V | 241 Pout Efficiency . .
wao) [ Wy | » [ @ [(w | @ | w | () [Regyasion | Regifation
90 0.07 12.252 0 24.42 0 0 0.00 2.10 1.75
7.42 12.235 1 0.0374 | 24.16 | 0.2325 | 6.074789 81.87 1.96 0.67
6.258 | 11.952 | 0.3704 | 25.49 | 0.0234 | 5.023487 80.27 -0.40 6.21
58.87 | 11.897 | 3.701 | 25.56 | 0.2322 | 49.96583 84.87 -0.86 6.50
69.93 | 12.067 | 0.3701 | 23.83 | 2.321 | 59.77543 85.48 0.56 -0.71
117.84 | 11.82 3.701 | 23.99 | 2.321 | 99.42661 84.37 -1.50 -0.04
115 0.077 | 12.223 0 24.41 0 0 0.00 1.86 1.71
7.37 12.247 | 0.0374 | 24.17 | 0.2322 | 6.070312 82.37 2.06 0.71
6.257 | 11.953 0.37 | 25.48 | 0.0232 | 5.013746 80.13 -0.39 6.17
57.81 | 11.855 | 3.701 | 25.5 | 0.2322 | 49.79646 86.14 -1.21 6.25
68.96 | 12.065 | 0.3703 | 23.82 | 2.322 | 59.77771 86.68 0.54 -0.75
115.26 | 11.82 3.7 23.99 | 2.321 | 99.41479 86.25 -1.50 -0.04
230 0.135 | 12.227 0 24.39 0 0 0.00 1.89 1.63
7.874 | 12.255 | 0.0371 | 24.14 | 0.2322 | 6.059969 76.96 2.13 0.58
6.52 11.95 | 0.3701 | 25.49 | 0.0233 | 5.016612 76.94 -0.42 6.21
57.11 | 11.872 | 3.702 | 25.52 | 0.2322 | 49.87589 87.33 -1.07 6.33
67.81 | 12.062 | 0.37 | 23.82 | 2.32 | 59.72534 88.08 0.52 -0.75
112.751 11.823 | 3.702 | 23.99 | 2.323 | 99.49752 88.25 -1.48 -0.04
264 0.16 12.229 0 24.39 0 0 0.00 1.91 1.63
7.624 12.24 | 0.0371 ] 24.16 | 0.2322 | 6.064056 79.54 2.00 0.67
6.427 | 11.951 | 0.3701 | 25.47 | 0.0235 | 5.02161 78.13 -0.41 6.12
57.174 1 11.894 | 3.703 | 25.56 | 0.2321 | 49.97596 87.41 -0.88 6.50
67.8 | 12.074 1 0.3706 | 23.85 | 2.324 | 59.90202 88.35 0.62 -0.62
112.46 ]| 11.823 | 3.703 | 23.99 | 2.321 | 99.46136 88.44 -1.48 -0.04
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11.2 System Efficiency

Figures below show the total supply efficiency (PFC and LinkSwitch-HP stages). AC input was supplied
using a sine wave source.

90
=+=115 VAC
==230 VAC
89 =
88 =

Efficiency (%)
(00]
N

86 =
85 =
84 ] ] | | | | ]
0 20 40 60 80 100 120

Load (W)
Figure 13 — System Efficiency vs. Load.
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11.3 Power Factor
Power factor measurements were made using a sine wave AC source.

1.00

=+=115 VAC
==230 VAC

0.98 =

o o
© ©
s o)
[ [

Power Factor
©
O
N
[ ]

0.90 =

0.88 =

0.86 | | L ] L] L
0 20 40 60 80 100 120

Load (W)

Figure 14 — Power Factor vs. Load.
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11.4 Light Load Consumption
Light load consumption data is measured by loading 12 V output while keeping 24 V output unloaded.
500

=115 VAC
=m=230 VAC

450 =

0 T 1 1 T T
0 50 100 150 200 250 300
Load (mW)
Figure 15 — Input power vs. Load.

Vin Pin V12 I12 V24 124 Pout
(Vac) (mw) ()] (mA) ()] (mA) (mw)
115 77 12.15 0.0 24.24 0 0
115 165 11.91 5.9 24.44 0 70
115 204 11.94 8.4 24.69 0 100
115 265 12.00 12.5 25.11 0 150
115 385 12.02 20.9 25.6 0 251
230 121 12.13 0.0 24.21 0 0
230 210 11.87 5.9 24.4 0 70
230 250 11.84 8.5 24.5 0 100
230 313 11.93 12.6 24.99 0 150
230 437 11.99 20.9 25.6 0 251
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12 Thermal

Test result after 2 hours running continuously at full-load at 90 VAC on bench with a card board box
enclosed at 23 °C ambient temperature.

Input: 90 VAC, Ambient: 23°C

Device

Temperature (°C)

RT1 (Thermistor) 101
L2 (PFC Choke) 59.5
L1 (CM Choke) 70.5
BR1 (Bridge Rectifier) 82.2
Ul (PFS7524L) 85
U1l Heatsink 79.4
U8 (LNK6777V) 86
U8 Heatsink 84
L3 (DM Choke) 67.1
T1 (Transformer) 81.5
D9 (Primary Clamp Diode) 70.3
D14 (24 V Output Rectifier Diode) 70.2
D2 (12 V Output Rectifier Diode) 68.5
D2, D14 Heat Sink 65.4
R1 (24 V Output Diode Snubber Resistor) 73.5
R49 (24 V Output Diode Snubber Resistor) 72.2
R2 (12 V QOutput Diode Snubber Resistor) 62.7
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13 Waveforms

13.1 Input Voltage and Current

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help Zoom | (57 e Vertical Timebase Trigwer Display Cursors Measure Math Analysis Utilies Help

Measure P1ImMS(C2) P2mMS(C1) PImaxica) PAMIN(C3) PEMaX(C4) PE:min(C4) Measure P1ms(C3) P2IMS(C1) P3maxica) PAMIN(G3) PEMaX(C4) PE:min(C4)
value 10424 154V 159my Az my 54.6mv REETOY value 5130 ma 2286V 158my Az3my 54.0mY 6.5 my
status v v v v v status v v v v
LeCroy ; - 36192014 3:09:12 PM LeCroy . 3619i2014 9:08:20 PM
Figure 16 — 115 VAC, 100 W Load. Figure 17 — 230 VAC, 100 W Load.
Upper: Vi, 200 V / div., 5 ms / div. Upper: Vi, 200 V / div., 5 ms / div.
Lower: Iy, 1 A/ div. Lower: Iy, 0.5 A/ div.

13.2 LinkSwitch-HP Switch Primary Drain Voltage and Current

File  Wedical Timebase Trigger Display Curgors  Measure Math  Analysis  Ltiliies  Help Zoorm o

3]

.
Measure P1ams{C P2:freq@hv(C1) Pamax(C1) Pd:rmax{C2y PaS:maxiC1) PGmin{c1)
value 612 ma 133.90705 kHz g82v 207 A 582 -1y
status L4 L4 v v 4 4

LeCroy T - m:ssam
Figure 18 — LinkSwitch-HP Primary Drain Voltage and Current.
Upper: Voltage, 200 V / div., 5 us / div.
Lower: Current, 1 A / div.
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13.3 PFC Switch Voltage and Current - Normal Operation

Math Utilities  Help

.
AATA AT A A AN A
......... / SN NSNS NS\ N\
&NV NV VWV \
Measure P1MmMs(CD) B P2rms(C1) Pamax(C1) PamaC2) Pama(C1) PEmMIN(CT) Nreasure P1ms(C2 P2ms(C1) P3:max(C1) Pa4max(C2) Pamax(C1) P&mIin(C1)
walue 11264 183.8Y a1y 2804 421y oy value 1128 A 1838Y 421y 2804 411y -40W
status v v v v v v status v v v v L4

LeCroy

Figure 19 — PFC Stage Drain Voltage and Inductor
Current, Full Load, 115 VAC
Upper: Vpram, 200 V / div., 2 ms/ div.
Lower: Inductor Current, 1 A / div.

e verical Timebase Trigger D Utilties Help

-

LeCroy
Figure 20 — PFC Stage Drain Voltage and Inductor
Current, Full Load, 115 VAC.
Upper: Vpram, 200 V / div., 10 ps / div.
(Zoom in on Top of Sine Wave)
Lower: Inductor Current, 1 A / div.

W | W Vi W W |
. L W I L
I, A A 'y
N I [ N / ™
~ |/ [N U BN
2 NG o oS o S
Measure P1:rms(C2 * PZrms(C1 P3max(C1) PamaxiC2y P& MaxiC1) PEMIN(GT) Meeasum Plrms(CZ) PZrms(C1 P3max(C1) Pamax(C2y Pamax(C1) PEMINCT)

walue 660 mA 2708V a1y 1774 421y
status v v v v v

v
e 400 TiiggerGIER)

10.0 M3 500 MSis | Edge ositive
3U20/2014 137 44 PM

Figure 21 — PFC Stage Drain Voltage and Inductor
Current, Full Load, 230 VAC.
Upper: Vpram, 200 V / div., 2 ms / div.
Lower: Inductor Current, 0.5 A/ div.

A\ Trailing numberts) in the filename were truncated to allow aute-numbering.

walue 660 mA 2708V a1y 1774 421y
status v v v v v v

- - e B
0.0 ps/div 10,0 M

Le
Figure 22 — PFC Stage Drain Voltage and Inductor
Current, Full Load, 230 VAC.
Upper: Vpram, 200 V / div., 10 ps / div.
(Zoom in on Top of Sine Wave)
Lower: Inductor Current, 0.5 A / div.
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134 AC Input Current and PFC Output Voltage Durmg Start-up

erlical Timebase Trigger Displs

Measure P1MS(GD) PZIMs(C1) PIma(C1) P4minC3) P& manC2) PEMINC2)
value 852 mA 2054V a7y <-548 my T30A T A
status v v v o v v
LeCroy

Figure 23 — AC Input Current vs. PFC Output Voltage
at Start-up, 90% Load, 115 VAC.
Upper: PFC Voyr, 200 V / div., 200 ms /
div
Lower: AC Iy, 5 A/ div.

/ettical Timehase Trigger Display

Cursors Measure Math Analysis Utiifies Help

Measure Plrms(Ca P2Zms(C1) P3maxC1) PAMIn(C3) PSmax(C2) PEMIN(CZ)
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Figure 24 — AC Input Current vs. PFC Output Voltage
at Start-up, 90% Load, 230 VAC.

Upper: PFC Voyr, 200 V / div., 200 ms /
div.

Lower: AC Iy, 5 A/ div.

her(syin the filename were truncated to allow aute-numbering.

13.5 LinkSwitch-HP Drain Valtage and Current Durlng Start-up

Utilities  Help

fertical  Timehag

T
P1Ms©D)

Measure PZiteq@w(C1) P3max(C1) PAMa(C2) PEMa(C1) PEMIN(GT)
walue 707 mA 1231062 kHz BO2Y 2824 602y
status v & v v

LeCroy
Figure 25 — LinkSwitch-HP Start-up.

115 VAC, 90% Load.

Upper: VDRAINI 200 V/ div.

Lower: Ipramy, 1 A/ div., 50 ms / div.

Y
P1rms(Ca

Measure P2freq@iv(C) P3:max(C1) P4max(C2) PEMax(C1) PE:MIN(C1)
value §38mA 1213684188 kHz 808V 28TA B08Y Rl
status v Y v v

A Trailing number(s)

Figure 26 — LinkSwitch-HP Start-up.
230 VAC, 90% Load.
Upper: VDRAINI 200 V/ div.
Lower: Ipramy, 1 A/ div., 50 ms / div.
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13.6 Output Voltage Start-up

Measure  Math Anal es Help
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A\ Trailing number(s) in the filenarme were truncated to allaw auto-nurmbering, 311912014 7:31:52 PW

Figure 27 — Output Start-up. 115 VAC, 90% Load.
Upper: 12 Vour, 2V / div.
Lower: 24 Vour, 5V / div., 20 ms / div.

Unce

easure Math Analysis  Utiliies  Help Zoom |57

File Vertical Timebase Trigger Display Cursors

100

e were truncated to allow auto-numbering

A\ Trailing numberts) in the

Figure 28 — Output Start-up. 115 VAC, 0% Load.
Upper: 12 Vour, 2V / div.
Lower: 24 Vour, 5V / div., 20 ms / d|v

Fila ‘Werlical Timebase Trigger Display Cursors Measure Math Analysis Ufilties Help

- e
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walue 337A -89 ma 1281V 229 my 2610V 806 v walue 21 ma -TTmA 1225% 141 v 2483v B39 my
status v v v v v v status v 4 v v v v
(Thase  -40.0msg (Trigger B0
- 100
LeCroy &\ Trailing numberts) in the @ were truncated to allow auto-numbering.

Figure 29 — Output Start-up. 230 VAC, 90% Load.
Upper: 12 Vour, 2V / div.
Lower: 24 Vour, 5V / div., 20 ms / div.

Figure 30 — Output Start-up. 230 VAC, 0% Load.
Upper: 12 Vour, 2 V / div.
Lower: 24 Vour, 5V / div., 20 ms / div.
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13.7 Output Rectifier Diode Voltage Waveforms
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Figure 31 — 12 V Output Rectifier Diode Voltage
100% Load.
Upper: 12 V Diode Voltage, 20 V / div.
2 ps / div.
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Figure 32 — 24 V Output Rectifier Diode Voltage
100% Load.
Upper: 24 V Diode Voltage, 50 V / div.
2 ps / div.
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14 Output Ripple Measurements

14.1 Ripple Measurement Technique

For DC output ripple measurements, use a modified oscilloscope test probe to reduce spurious signals.
Details of the probe modification are provided in figures below.

Tie two capacitors in parallel across the probe tip of the 4987BA probe adapter. Use a 0.1 pyF / 50 V
ceramic capacitor and 1.0 pF / 100 V aluminum electrolytic capacitor. The aluminum-electrolytic capacitor
is polarized, so always maintain proper polarity across DC outputs.

Probe Ground

Figure 34 — Oscilloscopeﬁ Probe with Probe Master 4987BA BNC Adapter (Modified with Wires for Probe
Ground for Ripple measurement and Two Parallel Decoupling Capacitors Added).
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14.1.1 Full Load Output Ripple Results

alysis  Utiities  Help
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A\ Trailing number(s) in the filename were truncated to allow auto-numbering. 3132014 6:42:46 PM

Figure 35 — Output Ripple, 100% Load. Figure 36 — Output Ripple, 100% Load.
Upper: 12 Vrppie, 50 mV / div. Upper: 12 Vgippe, 50 mV / div.
Lower: 24 Vrippe, 50 mV / div., 5 ms / div. Lower: 24 Vgripprg, 50 mV / div., 10 us / div.
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14.2 Output Load Step Response

The figures below show transient response with a 10%-100%-10%, 50%-100%-50%, load steps for the
12/24 V outputs by keeping constant load on one output. The oscilloscope was triggered using the rising

edge of the load step, and averaging was used to cancel out ripple components asynchronous to the load
step in order to better ascertain the load step response.
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valug 2418 165 mA 106 77 v 628y 790 v walue 2414 1104 758 MY -66.8 MV 3BV 346 v
status v v v status v v v v

LeCroy

Figure 37 — Output Transient Response.
10%-100%-10% Load Step on 24 V and
10% Load on 12V, 50 ms / div.
Upper: 12 Voyur, 200 mV / div.
Middle: ILOAD/ 24 V, 2A / div.

Lower: 24 Vour, 500 mV / div.

base Trigger Utilities  Help

splay  C

ath ysis
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0
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Figure 38 — Output Transient Response.
50%-100%-50% Load Step on 24 V and
10% Load on 12V, 50 ms / div.
Upper: 12 Voyr, 100 mV / div.
Middle: ILOAD/ 24 V, 2A / div.
Lower: 24 Vour, 200 mV / div.
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Figure 39 — Output Transient Response.
10%-100%-10% Load Step on 24 V and
100% Load on 12V, 50 ms / div.
Upper: 12 Vour, 200 mV / div.
Middle: ILOAD/ 24 V, 2 A/ div.
Lower: 24 Voyr, 1V / div.

A\ Trailing nurnber(s) in the flenarme were truncated to allow aute-numbering

Figure 40 — Output Transient Response.
50%-100%-50% Load Step on 24 V and
100% Load on 12V, 50 ms / div.
Upper: 12 Vour, 100 mV / div.
Middle: ILOAD/ 24 V, 2 A/ div.
Lower: 24 Voyr, 200 mV / div.

311912014 6:56:49 P
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Figure 41 — Output Transient Response. Figure 42 — QOutput Transient Response.
10%-100%-10% Load Step on 12 V and 50%-100%-50% Load Step on 12 V and
10% Load on 24 V, 50 ms / div. 10% Load on 24 V, 50 ms / div.
Upper: 12 Voyr, 500 mV / div. Upper: 12 Vour, 200 mV / div.
Middle: ILOAD/ 12 V 5A / div. Middle: ILOAD/ 12 V 5 A/ div.
Lower: 24 Vour, 500 mV / div. Lower: 24 Vour, 500 mV / div.
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Figure 43 — Output Transient Response. Flgure 44 - Output Transient Response.
10%-100%-10% Load Step on 12 V and 50%-100%-50% Load Step on 12 V and
100% Load on 24 V, 50 ms / div. 100% Load on 24 V, 50 ms / div.
Upper: 12 Vour, 500 mV / div. Upper: 12 Voyr, 200 mV / div.
Middle: ILOAD/ 12 V, 5 A/ div. Middle: ILOAD/ 12 V, 2A / div.
Lower: 24 Voyr, 200 mV / div. Lower: 24 Voyr, 200 mV / div.
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15 Conducted EMI

15.1 EMI Set-up

LA
[

HE AL

Figure 45 — EMI Test Set-up.
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15.2 EMI Scans

Conducted EMI tests were performed with a resistive load on the 12/24 V outputs. The secondary ground
of the unit was connected to the metallic copper plane via a mounting screw in the top right corner of the
PCB as was the Y-capacitors via a mounting screw in the top left corner of the PCB. The AC cord’s earth
was also bonded directly to the copper plane. The resistive load was left floating.

_,-"f Fowez Integzatiocnsa REW 3 KH=z
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Figure 46 — Conducted EMI, 115 VAC.
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Figure 47 — Conducted EMI, 230 VAC.
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16 Gain-Phase Measurement
Gain-phase measurements were carried out on DER-393 at 20%, 50% and 100% loads.
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Figure 83 — DER-393 LinkSwitch-HP Gain-Phase Measurement.
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17 Surge Tests
17.1 Combination Wave (Differential Mode Surge)
Combination Wave Surge Test (IEC 61000-4-5)
. Voltage | Time Interval | Impedance Angle Differential | Test
S.No Polal‘lty (kV) (Sec) (Q) (°) MOde Resu't
1 Positive 2 10 2 0, 90, 180, 270 L-N Pass
2 Negative 2 10 2 0, 90, 180, 270 L-N Pass

Note: DC-DC Stage is turning off during surge because of input over voltage protection and recovering
back when the DC bus voltages goes below OV turn on threshold.

17.2 Combination Wave (Common Mode Surge)

Combination Wave Surge Test (IEC 61000-4-5)
Polarity Voltage | Time Interval | Impedance Angle Common | Test
(kV) (Sec) (Q) (°) Mode Result
Positive 3 10 12 0, 90, 180, 270 | L,N-PE Pass
Negative 3 10 12 0, 90, 180, 270 L,N-PE Pass
Positive 3 10 12 0, 90, 180, 270 L-PE Pass
Negative 3 10 12 0, 90, 180, 270 L-PE Pass
Positive 3 10 12 0, 90, 180, 270 N-PE Pass
Negative 3 10 12 0, 90, 180, 270 N-PE Pass

5
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18 ESD

TEST

10 strikes, +8.8 kV contact on output ground pass
10 strikes, +8.8 kV contact on 12 V output pass
10 strikes, +8.8 kV contact on 24 V output pass
10 strikes, -8.8 kV contact on output ground pass
10 strikes, -8.8 kV contact on 12 V output pass
10 strikes, -8.8 kV contact on 24 V output pass
10 strikes, +16.5 kV air discharge on output ground pass
10 strikes, +16.5 kV air discharge on 12 V output pass
10 strikes, +16.5 kV air discharge on 24 V output pass
10 strikes, -16.5 kV air discharge on output ground pass
10 strikes, -16.5 kV air discharge on 12 V output pass
10 strikes, -16.5 kV air discharge on 24 V output pass
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19 Revision History

Date Author | Revision | Description and Changes Reviewed
24-Jun-15 SS 3.1 Initial Release Apps & Mktg
13-ul-15 KM 3.2 Updated Figure 4 Schematic and PFC

Choke Information
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