= POWER'

INTEGRATIONS

RITTEBlIRE

& /FHiperTFS™-2 TFS7703H1% 3149190 W

PRl ELET)FE. 280 WIUE(EZ)#FDC-DCIF =t
HizE, 1 TIEHIZEH132 kHZ

% 380 vrzféfﬁﬁi\; 12V, 15 AxHHfM2V,
0.83 Afy L4 th

v FA —i&HL (AIO) PCHLJE

e& o FH T A

XHERS DER-368

H &1 2013411 H12H

f&iThRA 7.1

SR

BRIE B

o R A B T e e 2% R A AL 4 8%

YA eI

B 13 ALK R B AT

ARFD PR A1)y 3748 s B R At A4

B— A HL I R PR S 5N B e R

132 kHz[¥) ARSI o vFfi F /N ik 3 48 T 35 (EF 25)
>91% [ = AR 1 4 8%

BEACA- R AN A CRUFEFE S 2 AMPAR TR S a5 A A ) W RE L & — Tilak 2 36 [ e E b L), BRIELE HiE I
FEBEIEF]. F HKPower Integrations T FI| [ 5EHEFFK, 7S Mwww.powerint.com, Power IntegrationsiZ [ifi 7E
<http://www.powerint.com/ip.htm>"H BT #il e, 7% 3% T e T RIACRI T .

Power Integrations
5245 Hellyer Avenue, San Jose, CA 95138 USA.
Hi%: +1408414 9200 fLE: +1408 414 9201
www.powerint.com




12-Nov-13 DER-368: {#iFHTFS7703H1i% 11190 W—{&HLPCH I

B3R
1 T oottt ettt 4
2 I ettt ettt ens 6
B B B I ] oottt ettt ettt ettt et et et et et et eans 7
A HLEBIIR oottt ettt ettt 8
B P CB A Bttt ettt ettt ettt ettt ettt ettt ettt 11
RSN =10] Y ) RO 13
FA 3 - T T T U U U RO SO PSR PROPOP 15
R Xy A I )5 OO 24
ST T R L RSSO SRS RRRRRRRRRPRN 24
8.2 E U oottt ettt 24
8.3 B ettt 24
B4 BERIE oottt 25
8.5 I E T ettt ettt ettt ettt ettt e 27
O B B LA)IAE oo 28
T T R - RS SS USRS RRRRRRRRRPRN 28
0.2 B oottt ettt et 28
0.3 B ettt ettt 28
(L T & N2 A T 74 5 R 29
10.1 B L T ] ettt ettt ettt ettt ettt eaans 29
10.2 R < SRS SRRRSRRRSN 29
10,3 B oottt 29
104 B R oottt ettt 30
10.5 I E T oottt ettt ettt ettt ettt ettt ettt et ettt e et eeeens 30
1 B A oottt 31
11.1 ) B I T ettt ettt ettt 31
(I e A T G s RO T TT TR USRS 32
1.3 I 2T oottt ettt ettt 33
(I =51 G ) = ST TR TR OO USROS 34
115 T I R I T oottt ettt ettt ettt ettt ettt 35
11.6 RGBT ZET oottt et ettt ettt ettt ettt eeeeae 36
12 R I R ettt ettt ettt 37
12.1 B ettt ettt ettt ettt e e 37
(P Rt % N <SR RR 41
(P T | < SRR USRS S 42
12 T ettt ettt 44
125 R AR AR BT oottt ettt 45
12,6 T B g oottt 47
(2 G - SRR SRS S 49
12,70 BB T2 oottt ettt ettt 49

E Power Integrations, Inc.
HiG: +1408 414 9200 f£3: +1408 414 9201 e
www.powerint.com 201 (FL5971)



DER-368: f#iFHTFS7703Hi% 111190 W—{£&H1PCHLJE 12-Nov-13

12.7.2 Bl G R e 50
(P T N USRS 51
(RS oSSR 53
13.1 B T e et 54
13.2 B R n kS TRtk AR el i == SRS 56
(L L vl < [ S PR URURRRRTRO 57
(I N T TR SUES U SSS USRS RS URRUSRRRURO 58
EEREA:

EIRAS R AR IR TH AE Z A BR B R, (B DR SR A i R SRS LA AEE

Power Integrations E
HLTE: +1408 414 9200 f5E: +1408 414 9201
W
§§3ﬁ (;j\:sgﬁ ) www.powerint.com




12-Nov-13 DER-368: f#iFHTFS7703H1i% 1111190 W—{AH1PCHLJE

1 &

ARG A 3190 WHEL:TZ . 280 WIEE Th & s s (w5 Rk it TAER S, % s
H— AN UUE IR 328 Al — AN RO LA i ae f R, B R A TAES %8132 kHz 1)
TFS7703H ICi& T . —NEF25% K28 T EH i i, —MEE167E L4 H Tl
o MR BN T e — DA TPCHIE (O 12 Vi “—14b” ik 7 RS R
B s r s R TR Gis ]

FHAAE300 VDCA420 VDCHIFN B G Bl N AT TAE . FEALERIgs N T/ E
JuFE 24120 VDC %420 VDC., fE8iM 2450, 5k DCH Nl FHPFCZ 2 it

A SCR AL A ARSI L WRHE L AR AR SO T v L B R 1

o . B

I 3 / —_—

——

Figure 1 — DER-368 Populated Circuit Board Photograph, Top View.
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Figure 2 — DER-368 Populated Circuit Board Photograph, Bottom View.
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Figure 4 — DER-368 PCB Layout, Top View.
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Item | Qty Ref Des Description Mfg Part Number Mfg

1 1 C1 120 uF, 450 V, Electrolytic, (22 x 30) ESMQ451VSN121MP30S United Chemi-con
2 1 C2 2.2 nF, 1 KV, Ceramic, SL, 0.2"L.S. DEBB33A222KA2B Murata

3 2 C3C6 100 nF 50 V, Ceramic, X7R, 0603 C1608X7R1H104K TDK

4 3 C4C5C8 47 nF, 50 V, Ceramic, X7R, 0805 GRM21BR71H473KA01L Murata

5 3 C9C18C19 1 nF, 200 V, Ceramic, X7R, 0805 08052C102KAT2A AVX

6 2 C10 C24 1500 uF, 16 V, Electrolytic, Low ESR, 10 x 20) EEU-FR1C152 Panasonic

7 1 Cc12 10 uF, 16 V, Ceramic, X5R, 0805 GRM21BR61C106KE15L Murata

8 1 C13 470 pF, 100 V, Ceramic, X7R, 0805 08051C471KAT2A AVX

9 | 1 Cc15 (31:? 352255) V. Electrolytic, Low ESR, 90 mQ, ELXZ250ELL331MJC5S | Nippon Chemi-Con
10 1 C16 330 nF, 50 V, Ceramic, X7R, 0805 GRM219R71H334KA88D Murata

1000 uF, 16 V, Electrolytic, Very Low ESR, . .
11 1 c17 23 mQ, (10 x 20) EKZE160ELL102MJ20S Nippon Chemi-Con
12 | 1 20 (313(? ffé)s‘% V. Electrolytic, Low ESR, 68 mQ, ELXZ350ELL331MJ16S | Nippon Chemi-Con
13 1 C21 2.2 nF, Ceramic, Y1 440LD22-R Vishay
14 1 C22 3.3 nF, 100 V, Ceramic, X7R, Radial FK18X7R2A332K TDK
15 2 D3 D4 1000 V, 1 A, Rectifier, DO-41 1N4007-E3/54 Vishay
16 2 D6 D7 60 V, 30 A, Dual Schottky, TO-220AB STPS30L60CT ST
17 2 D8 D9 600 V, 1 A, Ultrafast Recovery, 75 ns, DO-41 UF4005-E3 Vishay
18 1 D10 100V, 0.2 A, Fast Switching, 50 ns, SOD-323 BAV19WS-7-F Diodes, Inc.
19 1 D12 200V, 1 A, Ultrafast Recovery, 50 ns, DO-41 UF4003-E3 Vishay
20 1 D13 600 V, 1 A, Rectifier, DO-41 1N4005-T Diodes, Inc.
21 1 D16 100V, 3 A, Schottky, DO-201AD SB3100-T Diodes, Inc.
22 | 1 ESIP CLIP1 :Er":tvj'”k Hardware, Edge Clip 20.76 mm L x 8 NP975864 Aavid Thermalloy
23 1 F1 3.15 A, 250V, Slow, TR5 37213150411 Wickman
a | 2| HS PADTHS | HEAT SINK PAD, TO-220, Sil-Pad 1000 1009-58 Bergquist
25 1 HS1 HEAT SINK, DER-368, Primary- Custom
26 1 HS2 HEAT SINK, DER-368, Secondary Custom
27 | 1 2 2 Posifion (1 x 2) header, 5 mm (0.196) pitch. 1715022 Phoenix Contact
CONN HEADER 3POS (1x3).156 VERT TIN e
28 1 J3 (PULL PIN 2) 26-48-1031 Molex
29 1 J4 2 Position (1 x 2) header, 0.1 pitch, Vertical 22-23-2021 Molex
30 1 J5 CONN TERM BLOCK 5MM 4POS 1711042 Phoenix Contact
31 2 JP1JP13 Wire Jumper, Non-Insulated, #22 AWG, 0.2 in 298 Alpha
JP2 JP3 JP4 ) .
32 6 JP15 JP16 JP17 Wire Jumper, Non-Insulated, #22 AWG, 0.3 in 298 Alpha
JP5 JP6 JP7 ) :

33 5 JP8 JP9 JP14 Wire Jumper, Non Insulated, #22 AWG, 0.5 in 298 Alpha
34 1 JP6 Wire Jumper, Insulated, TFE, #22 AWG, 0.5 in C2004-12-02 Alpha
35 2 JP10 Wire Jumper, insulated, TFE, #22 AWG, 0.4 in C2004-12-02 Alpha
36 1 JP11 Wire Jumper, insulated, TFE, #22 AWG, 0.3 in C2004-12-02 Alpha
37 1 JP12 Wire Jumper, Non-insulated, #22 AWG, 1.0 in 298 Alpha
38 3 JP18 JP19 JP21 | Wire Jumper, Non-insulated, #22 AWG, 0.3 in 298 Alpha
39 1 JP20 Wire Jumper, Non-insulated, #22 AWG, 0.7 in 298 Alpha
40 1 JP22 Wire Jumper, Non-insulated, #22 AWG, 0.4 in 298 Alpha
41 1 L1 41 pH, Inductor Toroidal, Sendust

%1300 (H£59711)
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42 1 L2 2.2uH,6.0 A RFB0807-2R2L Coilcraft
a3 | 2 NUT1NUT2 | Nut, Hex, Kep 4-40, S ZN Cr3 plating RoHS 4CKNTZR c Any RoHS

ompliant Mfg.
POST-
CRKT_BRD_6-
32_HEX1
POST- Post, Circuit Board, Female, Hex, 6-32, snap,
44 3 CRKT_BRD_6- 0.375L, Nylon 561-0375A Eagle Hardware
32 HEX2
POST-
CRKT_BRD_6-
32 HEX3
45 | 1 Q1 gg%ssman Signal BJT, GP S8, 40V, 0.6 A, MMBT4401LT1G Diodes, Inc.
46 1 R1 2.2 Q, 5%, 1 W, Metal Film, Fusible NFR0100002208JR500 Vishay
47 1 R5 4.7 Q, 5%, 1/2 W, Carbon Film CFR-50JB-4R7 Yageo
48 1 R6 100 Q, 5%, 1/2 W, Carbon Film CFR-50JB-100R Yageo
49 1 R7 2.2 Q, 5%, 1/2 W, Carbon Film CFR-50JB-2R2 Yageo
50 1 R9 15 kQ, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF1502V Panasonic
51 1 R10 220 Q, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ221V Panasonic
52 1 R11 39 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ393V Panasonic
53 3 R12 R13 R19 1.33 MQ, 1%, 1/4 W, Metal Film MF1/4ADCT52R1334F KOA Speer
54 3 R18 R35 R36 1.33 MQ, 1%, 1/4 W, Thick Film, 1206 RC1206FR-071M33L Yageo
55 | 5 | Riagsioas | 1k 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ102V Panasonic
56 1 R16 7.5 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ752V Panasonic
57 2 R20,R22 4.7 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ472V Panasonic
58 1 R21 3.3 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ332V Panasonic
59 1 R22 4.7 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ472V Panasonic
60 1 R23 619Q, 1%, 1/4 W, Metal Film MFR-25FBF-619R Yageo
61 2 R25,R27 232 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF2323V Panasonic
62 1 R26 200 Q, 5%, 1/4 W, Carbon Film CFR-25JB-200R Yageo
63 1 R28 100 Q, 5%, 1/8 W, Thick Film, 0805 ERJ-6EGYJ101V Panasonic
64 1 R31 4.99 kQ, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF4991V Panasonic
65 1 R32 10 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ103V Panasonic
66 1 R34 19.1 kQ, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF1912V Panasonic
67 1 R37 Resistor, Metal Oxide, 2.2 Q, 1 W, 5% RSF-100JB-2R2 Yageo
68 1 R39 4.7 kQ, 5%, 1/4 W, Carbon Film CFR-25JB-4K7 Yageo
69 1 RTV1 Thermally conductive Silicone Grease 120-SA Wakefield
70 9 SCREW1 SCREW PHIL Flat head, undercut 4-40 X .3750 Any.RoHS
SCREW?2 (3/8) SST Compliant Mfg.
71 1 SCREW3 SCREW MACHINE PHIL 4-40 X 5/16 SS PMSSS 440 0031 PH Building Fasteners
72 1 SW1 SLIDE MINI SPDT PC MNT AU 1101M2S3CBE2 C&K Components
73 1 T1 Transformer, DER-368 Main, EF25, Vertical
74 1 T2 Transformer, DER-368 Standby, EE16, Vertical Custom
75 3 U1 U2U3 Optocoupler, 80 V, CTR 80-160%, 4-Mini Flat PC357N1TJOOF Sharp
76 2 us u7 IC, REG ZENER SHUNT ADJ SOT-23 LM431AIM3/NOPB National Semi
77 1 U6 HiperTFS-2, ESIP16/12 TFS7703H Power Integrations
78 1 VR3 150 V, 5 W, 5%, TVS, DO204AC (DO-15) P6KE150A LittleFuse
79 1 VR4 13V, 5%, 500 mW, SOD-123 MMSZ5243BT1G ON Semi
WASHER1 )
o |5 | wasiems [wasresraTsane 00020 002
WASHER3 ’
81 2 wxg:ggs Washer Nylon Shoulder #4 3049 Keystone

|

Power Integrations, Inc.
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HiperTFS2_Two-
switch_Forward_041613;
Rev.1.0; Copyright
Power Integrations 2013

HiperTFS2_041613_Rev1-0.xls;
INPUT INFO OUTPUT UNIT Two-switch Forward
Transformer Design Spreadsheet

Hiper-TFS MAIN OUTPUT (TWO-SWITCH FORWARD STAGE)

OUTPUT VOLTAGE AND CURRENT

VMAIN 12.00 \% Main output voltage

IMAIN 15.00 A Main output current

VOuUT2 \% Output2 voltage - enter zero if none
10UT2 A Output2 current - enter zero if none
POST REGULATED OUTPUT

Ml Info. No Selection for post-
Post Regulator NONE Info regulator - select 'NONE' if not using
post-regulator

Select source of input voltage for

V_SOURCE \% post regulator. Enter None if Post
regulator not used.

VOUT3 0 \% Enter postregulator output voltage

I0UT3 0 A Enter post regulator output current

Enter postregulator efficiency (Buck

n_PR 1
only)

COUPLED-INDUCTOR (LOW POWER) DERIVED OUTPUT

Coupled-Inductor derived (low
VOUT4 \% power) output voltage (typically -12
V)

Coupled-Inductor derived (low

I0UT4 A
power) output current

POUT(Main) 180.0 w Total output power (Main converter)
Peak Output power(Main converter).

POUT_PEAK(Main) 180.0 W If there is no peak power
requirement enter value equal to
continuous power

POUT (Standby) 103 W Continuous output power from
Standby power supply

POUT_PEAK(Standby) 100 W Pealf output power from Standby
section

POUT(System Total) 190.3 w Total system continuous output
power

?3;T—PEAK(Sy3tem 190.0 W Total system peak output power

VBIAS 17.00 Vv DC bias voltage frgm_main
transformer aux winding

INPUT VOLTAGE AND UV/OV
Input Capacitance. To increase

CIN 120.00 120 uF CMIN, increase T HOLDUP

T_HOLDUP 20 ms Holdup time

CIN 120.00 120 uF Select Bulk Capacitor

CIN_ESR 0.55 ohms Bulk capacitor ESR

IRMS_CIN 0.67 A RMS current through bulk capacitor

PLOSS_CIN 0.25 w Bulk capacitor ESR losses

VMIN 300.0 Vv Minimum |npu_t voltage to guarantee
output regulation

VNOM 380.0 Vv Nominal input voltage

VMAX 420.0 \% Maximum DC input voltage

RR 3.92 M-ohm

RL 3.92 M-ohm Minimum undervoltage On-Off

threshold

Power Integrations E
HiT%: +1408 414 9200 f%#: +1408 414 9201
o’
%1 Sﬁ ( ;j\:sgﬁ ) www.powerint.com
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UV / OV / UVOV Minimum undervoltage Off-On
threshold (turn-on)
VUV OFF (min) 181.8 Vv Minimum overvoltage Off-On
threshold
. Minimum overvoltage On-Off
VUV ON (min) 295.5 v threshold (turn-off)
VOV ON (min) 526.7 \Y R pin resistor
Line Sense resistor value (L-pin) -
VOV OFF (min) 526.7 \Y goal seek (VUV OFF) for std 1%
resistor series
VUV OFF (max) 225.0 Vv
VUV ON (max) 326.9 V
ENTER DEVICE VARIABLES
Device TFS7703 TFS7703 Selected HiperTFS device
Select Frequency mode. "H"
Select Frequency mode f f indicates 66 kHz selection, "F"
indicates 132 kHz selection
ILIMIT_MIN 3.01 A Device current limit (Minimum)
ILIMIT_TYP 3.24 A Device current limit (Typical)
ILIMIT_MAX 3.47 A Device current limit (Maximum)
FSMIN 124000 Hz De_w_ce switching frequency
(Minimum)
fS 132000 Hz Device switching frequency (Typical)
fSMAX 140000 Hz Devm_:e switching frequency
(Maximum)
Select Current limit factor (KI=1.0 for
KI 1.0 1.0 default ILIMIT, or select KI=0.9 or
KlI=0.7)
R(FB) 232.0 k-ohms Feedback Pin Resistor value
ILIMIT SELECT 3.01 A Selected current limit
RDS(ON) 5.00 ohms Rds(on) at 100'C
Target duty cycle at nominal input
DVNOM_GOAL 0.45 voltage (VNOM)
VDS 5.07 v HiperTFS average on-state Drain to
Source Voltage
Main MOSFET losses
RDSON_LOWER 3.60 ohm RDSON for low side MOSFET
RDSON_UPPER 1.40 ohm RDSON for high side MOSFET
PCOND_LOWER 2.6 w Conduction losses in lower MOSFET
Conduction losses in upper
PCOND_UPPER 1.0 W MOSFET
COSS_LOWER 35 pF COSS for low side MOSFET
COSS_UPPER 110 pF COSS for high side MOSFET
V_Coss upper FET 150 Vv VoIFage across upper MOSFET
during turn off
P_Coss lower FET 0.12 w Switching loss in upper MOSFET
P_Coss upper FET 0.16 w Switching loss in lower MOSFET
lower FET crossoever loss 0.72 w Crossover loss in lower MOSFET
TOTAL MOSFET LOSS 6.92 Total loss in MOSFET (upper +
— - lower)
Clamp Section
Clamb Selection CLAMP TO Select either "CLAMP TO RAIL"
P RAIL (default) or "CLAMP TO GND"
VCLAMP 150.00 \% Asymmetric Clamp Voltage
Maximum Hiper-TFS Drain voltage
VDSOP 570.00 \ (at VOVOFF._MAX)
DIODE Vf SELECTION
VDMAIN 0.40 0.4 Vv (I;/:glrr; output diodes forward voltage
VDOUT2 05 v Secondary output diodes forward
voltage drop

E Power Integrations, Inc.
HiG: +1408 414 9200 f£3: +1408 414 9201
www.powerint.com %1 6—Di ( ;%SQﬁ )
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3rd output diodes forward voltage

VDOUT3 0.5
drop
VDB 0.7 Bias diode forward voltage drop
TRANSFORMER CORE SELECTION
Core Type Auto EF25 Selected core type
AE 0.518 cm”2 Core Effective Cross Sectional Area
LE 5.78 cm Core Effective Path Length
AL 2000 nH/TA2 Ungapped Core Effective Inductance
BW 15.6 mm Bobbin Physical Winding Width
B_HT 4.60 mm Height of bobbin (to calculate fit)
B_WA 0.72 cm”2 Bobbin Winding area
Bobbin safety margin tape width (2 *
M 45 mm M = Total Margin)
LG_MAX 0.002 mm Maximum zero gap tolerance,
default 2um
Maximum magnetizing inductance of
LMAG_MAX 20 mH transformer. Do not exceed this
value
LMAG 9.4 9 mH Actual magnetizing inductance
(measured) of transformer
FRES_TRF 173.04 kHz Measured Primary winding self
resonant frequency
C_TRF 20 oF Estlmgted primary winding
capacitance
Transformer primary layers (split
L 3.00 .
primary recommended)
NMAIN 5.0 5.0 Main rounded turns
NS2 0.0 2nd output number of turns
NBIAS 0 0 V.Blas rot{nded turns (forward
bias winding)
Approximate Output2 voltage of with
VOUT2 ACTUAL 0.0 \ NS2 = 0 turns (AC stacked
secondary)
Approximate Forward Bias Winding
VBIAS_ACTUAL -0.7 v Voltage at VMIN with NB = 0 turns
TRANSFORMER DESIGN PARAMETERS
NP 64 Primary rounded turns
BM MAX 2548 Gauss Mg)f posmve.opgratlng flux density at
— minimum switching frequency
Max peak-peak operating flux
BM PK-PK 3861 Gauss density at minimum switching
frequency
Max positive flux density at Vmax
BP_MAX 3229 Gauss | (jimited by DVMAX clamp)
Max peak-peak flux density at Vmax
BP PK-PK 4892 Gauss | (jimited by DVMAX clamp)
IMAG 0.136 A Pga_k mag_netlzmg current at
minimum input voltage
OD_P 0.31 mm Primary wire outer diameter
AWG P 29 AWG Prlm_ary Wire Gauge (rounded to
- maximum AWG value)
TRANSFORMER LOSSES AND FIT ESTIMATE
Core loss 12.4
Core material Auto PC95 Select core material
BAC_pp 3627 gauss Peak to peak flux density
core_loss_multiplier 2.04E-03 Core Loss constant
f_coeff 1.80 Frequency co-efficient
BAC_coeff 2.56 AC flux density co-efficient
specific core loss 995.50 mW/cc Core loss per unit volume
core volume 3.02 cm”3 Volume of core
core loss 3.01 W Core loss
Power Integrations
HLifi: +1408 414 9200 f£3: +1408 414 9201
www.powerint.com
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PRI WINDING FIT AND LOSSES

OD_PRI 0.45 mm Primary winding diameter

FILAR PRI 1.00 strands z\:;:irrnnl;?’;)of parallel strands of wire
MLT_PRI 5.28 cm Mean length per turn

DCR_PRI 465.19 milli-ohm DC resistance of primary winding
PCOND_PRI 0.34 w Conduction loss in primary winding
FILL_PRI 14 % Fill factor (primary only)

SEC WINDING 1 (lower winding when AC stacked)

VOUT 12 \Y

NS1 5.0 turns Number of turns

IRMS_SEC1 11.62 A RMS current through winding
Foil/Wire FOIL FOIL foil/wire Select FOIL or WIRE for winding
OD/Thickness 0.125 mm Wire diameter or Foil thickness
FILAR_SEC1 N/A strands 'S\'e‘fenck:;;o;rf’l?;a"e' strands (wire
secr_woTH E | Eonn e
SEC1_MLT 5.28 cm Mean length per turn

DCR_SEC1 2.59 milli-ohms | DC resistance of secondary winding
PCOND_SEC1 0.35 W Sondu dcat'r‘;,”“'li‘fdsir:g

FILL_SEC1 16 % Fill factor (secondary 1 only)

SEC WINDING 2 (upper winding AC stacked)

VOUT 0 \Y

NS2 0.0 turns Number of turns

IRMS_SEC2 0.00 A RMS current through winding
Foil/Wire FOIL FOIL foil/wire Select FOIL or WIRE for winding
OD/Thickness 0.125 mm Wire diameter or Foil thickness
FILAR_SEC2 N/A strands '::I;”C?ii?;ﬁ’;;a"e' strands (wire
secz_wioTH E | Eou e Pericae
SEC2_MLT 5.28 cm Mean length per turn

DCR_SEC2 0.00 milli-ohms | DC resistance of secondary winding
PCOND_SEC2 0.00 w Condu dcat]g““'/?nsdsir;g

FILL_SEC2 0 % Fill factor (secondary 1 only)
Total main transformer

FILL_TOTAL 30 % Total transformer fill factor
TOTAL_CU_LOSS 0.7 w Total copper losses in transformer
TOTAL_CORE_LOSS 3.0 w Total core losses in transformer
TOTAL_TRF_LOSS 3.7 w Total losses in transformer

DUTY CYCLE VALUES (REGULATION)

DVMIN 0.57 \I/D(;Jlgggcle at minimum DC input
DVNOM 0.45 \I/D;ggcgcle at nominal DC input
DVMAX 0.41 \IZ/);gggcle at maximum DC input
e g
MAXIMUM DUTY CYCLE VALUES

DMAX_UVOFF_MIN 0.65 \“;'Si‘/gitli’_",\ﬁ,'f clamp at
DMAX_VMIN 0.60 Max duty clamp cycle at VMIN
DMAX_VNOM 0.56 Max duty clamp cycle at VNOM
DMAX_VMAX 0.51 Max duty clamp cycle at VMAX

Power Integrations,
Fiifi: +1408 414 9200 f4¢H.: +1408 414 9201
www.powerint.com
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Max duty clamp cycle at

DMAX_OVOFFMIN 0.41 VOVOFF MAX
CURRENT WAVESHAPE PARAMETERS
P S e
N e e
IPRMS(NOM) 0.85 A Nom_inal prirr_]ary RMS current at
nominal DC input voltage
OUTPUT INDUCTOR OUTPUT PARAMETERS
Core Type Kool Mu 125u Kool Mu 125u Select core type
Core 77350(0.D)=24.3 77350(0.D)=24.3 Coupled Inductor - Core size
AE 38.80 mm*2 Core Effective Cross Sectional Area
LE 58.80 mm Core Effective Path Length
AL 105.00 nH/TA2 Ungapped Core Effective Inductance
BW 43.26 mm Bobbin Physical Winding Width
VE 2280.00 mm*3 Volume of core
Powder cores (Sendust and Powdered Iron) Cores | |
MUR 125.00 Relative permeability of material
H 55.49 AT/cm Magnetic field strength
Percent of permeability as compared
MUR_RATIO 0.29 to permiabi?ity atH = OyAT/cm i
LMAIN_ACTUAL 121 uH 5ﬁ:;‘l“f§df:|'l‘l°'l‘;:?"°e of main
LMAIN_Obias 42.00 uH Eﬁttémufifi?h"édécctabr};i of main
| ol uctance of aary
BM_IND 2534.69 Gauss DC component of flux density
BAC_IND 388.82 Gauss AC component of flux density
Turns
INDUCTOR TURNS Multiplier factor t?etween main
MULTIPLIER 3.00 _number of turns in trans_former and
inductor (default value = 3)
NMAIN_INDUCTOR 20 20.00 Main output inductor number of turns
NOUT2_INDUCTOR 0.00 Output 2 inductor number of turns
Bias output inductor number of turns
NOUT4_INDUCTOR N/A (for bias or control circuit VDD
supply)
Ferrite Cores
LMAIN_ACTUAL N/A uH Ez:;)r:?ted inductance of main
LOUT2 N/A uH Estimated inductance of aux output
LG N/A mm Gap length of inductor cores
Target BM N/A Gauss Target maximum flux density
BM_IND N/A Gauss Ezzgilsted maximum operating flux
BAC_IND N/A Gauss AC flux density
Turns
NMAIN_INDUCTOR N/A Main output inductor number of turns
NAUX_INDUCTOR N/A Aux output inductor number of turns
N_BIAS N/A Aux output inductor number of turns
Wire Parameters
Total number of layers 1.03 ;I;?:Ja;:jnumber of layers for chosen
IRMS_MAIN 15.02 A mﬁ&rﬁ%%@ugh main
IRMS_AUX 0.00 A RMS current through aux winding

F197T (L5950
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AWG_MAIN 18 18.00 AWG Main inductor winding wire gauge
OD MAIN 1.09 mm Maln winding wire gauge outer
_ diameter
FILAR MAIN 200 Number of parallel strands for main
— output
RDC_MAIN 6.74 mohm Re&stancg of wire for main
inductor winding
. . Ratio of total resistance (AC + DC)
AC Remstance Ratio 3.78 to the DC resistance (using Dowell
(Main)
curves)
CMA_MAIN 216.57 CMA Cir mils per amp for main
inductor winding
J_MAIN 15.96 Almmag | Current density in main
inductor winding
AWG_AUX 0.00 AWG Aux winding wire gauge
OD MAIN N/A mm A_uxmary winding wire gauge outer
- diameter
FILAR AUX 200 Number of parallel strands for aux
— output
RDC AUX 0.00 mohm Re&stancg of wire for aux
— inductor winding
. ) Ratio of total resistance (AC + DC)
AC Resistance Ratio 0.00 to the DC resistance (using Dowell
(Aux)
curves)
1l Info. Low CMA may cause
CMA_AUX Info 0.00 CMA overheating. Verify acceptable
temperature rise
J_AUX 0.00 A/mmA2 Current density in auxiliary winding
Estimated Power Loss
PCOPPER_MAIN 1.52 w Copper loss in main inductor winding
PCOPPER_AUX 0.00 w Copper loss in aux inductor windings
PCORE 0.43 w Total core loss
PTOTAL_IND 1.95 w Total losses in output choke
SECONDARY OUTPUT PARAMETERS
Max. fwd sec. RMS current
ISFWDRMS 11.62 A (at DVNOM)
Max. fwd sec. RMS current
ISFWD2RMS 0.00 A (at DVNOM)
Max. catch sec. RMS current
ISCATCHRMS 12.83 A (at DVNOM)
Max. catch sec. RMS current
ISCATCH2RMS 0.00 A (at DVNOM)
IDAVMAINE 8.59 A Max.imum.average .curren.t, Main
rectifier (single device rating)
IDAVMAING 8.90 A Maxllrnum.average .curren.t, Main
rectifier (single device rating)
IDAVOUT2F 0.00 A Maxllrnum'average .curren't, Main
rectifier (single device rating)
IDAVOUT2C 0.00 A Ma)(_lmum_average _curren_t, Main
rectifier (single device rating)
IRMSMAIN 133 A Maxmum RMS current, Main output
capacitor
IRMSOUT2 0.00 A Maxmum RMS current, Out2 output
capacitor
PD_LOSS_MAIN 6 w main diode loss
PD_LOSS_0OUT2 0 w output 2 diode loss
% Derating
Main Forward Diode peak-inverse
0,
VPIVMAINF 100% 44.5 \ voltage (at VDSOP)

E Power Integrations, Inc.
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Main Catch Diode peak-inverse

0,
VPIVMAINC 100% 32.8 v voltage (at VOVOFF_MAX)
Output2 Forward Diode peak-inverse
0,
VPIVOUT2F 100% 0.0 \ voltage (at VDSOP)
Output2 Catch Diode peak-inverse
0,
VPIVOUT2C 100% 0.0 \Y voltage (at VOVOFF._MAX)
Bias output rectifier peak-inverse
0,
VPIVB 100% 0.0 \Y voltage (at VDSOP)
Hiper-TFS STANDBY SECTION (FLYBACK STAGE)
ENTER APPLICATION VARIABLES
VACMIN 85 \Y Minimum AC Input Voltage
VACMAX 265 \% Maximum AC Input Voltage
fL 50 Hz AC Mains Frequency
VO_SB 12.00 Vv Output Voltage (at continuous
power)
I0_SB 0.83 A Power Supp_ly Output Current
(corresponding to peak power)
10_SB_PK 0.83 Peak output current
POUT_SB 9.96 W Continuous Output Power
POUT_SB_TOTAL 10.28 w Total Standby power (Includes
Bias winding power)
POUT_SB_PK 9.96 w Peak Standby Output Power
Efficiency Estimate at output
n 0.80 terminals. Under 0.7 if no better data
available
Z Factor. Ratio of secondary side
7 0.50 losses to the total losses in the
’ power supply. Use 0.5 if no better
data available
tc 300 ms Bnqge Rectifier Conduction Time
Estimate
ENTER Hiper-TFS STANDBY VARIABLES
Enter "LOW" for low current limit,
"RED" for reduced current limit
- Standard Current (sealed adapters), "STD" for
Select Current Limit STD Limit standard current limit or "INC" for
increased current limit (peak or
higher power applications)
ILIM_MIN 0.605 A Minimum Current Limit
ILIM_TYP 0.650 A Typical Current Limit
ILIM_MAX 0.696 A Maximum Current Limit
R(EN) 232.0 k-ohms Enable pin resistor
Smin 124000 Hz ylnlmum Device Switching
requency
172f (product of current limit squared
122fmin 50.19 AN2kHz and frequency is trimmed for tighter
tolerance)
Reflected Output Voltage (VOR <
VOR 100.00 100 v 135 V Recommended)
VDS 10 v Hiper-TFS Standby On State Drain
to Source Voltage
VD SB 0.7 v Output Winding Diode Forward
_ Voltage Drop
KP 155 6R)lpple to Peak Current Ratio (KP <
Transient Ripple to Peak Current
KP_TRANSIENT 1.27 Ratio. Ensure KP_TRANSIENT >
0.25
ENTER BIAS WINDING VARIABLES
VB 16.00 \% Bias Winding Voltage
1B 20.00 mA Bias winding Load current
PB 0.32 w Bias winding power

%2100 (H£59710)
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VDB 0.70 Vv Sgtsa\é\gngigg Diode Forward
NB 15.00 Bias Winding Number of Turns
VZOV 2200 v \C/)Ovltear;gl.tage Protection zener diode
UVLO VARIABLES
a2 | wonms | Lneserse enstr(fom e
V_UV_ACTUAL 100 \% Typical DC start-up voltage
ENTER TRANSFORMER CORE/CONSTRUCTION VARIABLES
Core Type EE16 EE16 Enter Transformer Core
AE 0.192 cm”2 Core Effective Cross Sectional Area
LE 3.5 cm Core Effective Path Length
AL 1140 nH/TA2 Ungapped Core Effective Inductance
BW 8.6 mm Bobbin Physical Winding Width
Safety Margin Width (Half the
M 0 mm Primary to Secondary
Creepage Distance)
L 3.00 3 Number of Primary Layers
NS_SB 11 11 Number of Secondary Turns
DC INPUT VOLTAGE PARAMETERS
VMIN_SB 114.01 Vv Minimum DC Input Voltage
VMAX_SB 374.77 \% Maximum DC Input Voltage
CURRENT WAVEFORM SHAPE PARAMETERS
Duty Ratio at full load, minimum
DMAX_SB 0.36 primary inductance and minimum
input voltage
IAVG 0.12 A Average Primary Current
IP_SB 0.6045 A Minimum Peak Primary Current
IR_SB 0.6045 A Primary Ripple Current
IRMS_SB 0.24 A Primary RMS Current
TRANSFORMER PRIMARY DESIGN PARAMETERS
Typical Primary Inductance. +/- 10%
LP_SB 491.12 uH to ensure a minimum primary
inductance of 446 uH
LP_TOLERANCE 10 % Primary inductance tolerance
NP_SB 87 Primary Winding Number of Turns
ALG 65 nH/TA2 Gapped Core Effective Inductance
Maximum Operating Flux Density,
BM 2054 Gauss | BIC3000 is recommended
AC Flux Density for Core Loss
BAC 1027 Gauss Curves (0.5 X I%/eak to Peak)
ur 1654 gelative Permeability of Ungapped
ore
LG 0.35 mm Gap Length (Lg > 0.1 mm)
BWE 25.8 mm Effective Bobbin Width
o0 S
INS 0.05 mm (Ezng?ﬁis t'lr;icgsrlular;ssl;latlon Thickness
DIA 0.246 mm Bare conductor diameter
Primary Wire Gauge (Rounded to
AWG 31 AWG next srn{aller stand%rd( AWG value)
cM 81 Cmils gfcrilgtr)rr:;j”l;ctor effective area in
oMA 3 | Crisiamp | ey Windng Curent Capaciy
TRANSFORMER SECONDARY DESIGN PARAMETERS
Lumped parameters
ISP | | 4.76 A | Peak Secondary Current

|

Power Integrations, Inc.
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ISRMS 2.03 A Secondary RMS Current

IRIPPLE 185 A Output Capacitor RMS Ripple
Current

CMS 406 Cmils Secondary Bare Conductor minimum
circular mils
Secondary Wire Gauge (Rounded

AWGS 24 AWG up to next larger standard AWG
value)

VOLTAGE STRESS PARAMETERS
Maximum Drain Voltage Estimate
(Assumes 20% zener clamp

VDRAIN 605 v tolerance and an additional 10%
temperature tolerance)

PIVS 60 v Output Rectifier Maximum Peak
Inverse Voltage

Other Losses

PCB trace losses 0.27 w Estimated PCB trace losses

Forward DC-DC System efficiency

TOTAL_MOSFET_LOSS 6.9 W HiperTFS losses

TOTAL_TRF_LOSS 3.69 w Main transformer losses

Output diode losses 6.00 w Output diode losses

PLOSS_CIN 0.25 w Bulk capacitor ESR losses

PTOTAL_IND 1.95 w Output choke losses
Other losses (includes PCB traces,

Other Losses 0.27 w clamp loss, standby loss, magamp
loss etc.)

Efficiency 90.4% Total system efficiency

Note: Main transformer outer limbs were gapped by using a 3M 74 tape in order to avoid the pulse skipping
issue. Magnetizing inductance was brought down to 3.4 mH from 9 mH. Refer to main transformer

specification section for details.

#5237 (35950
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8 FTWEEF(T1)HME

8.1 BIREE
4 7.9 l{/.i 10,11,12
wD3: 2™ primary > WD2: Secondary
22T - #26AWG_TIW -< l:> 5T — Copper foil (Smil thick)
2 % K 7,8,9

WD1: 1° primary -<

41T - #26AWG_TIW <
6 _

Figure 6 — Main 12 V Transformer (T1) Electrical Diagram.

8.2 HBHE
Electrical Strength 1 second, 60 Hz, from pins 4-6 to pins 7-12. 3000 VAC
Primary Inductance g’|‘r11:s\/46S all other windings open, measured at 100 kHz, 3.4 mH +10%
- RMS.
Resonant Frequency | Pins 4-6, all other windings open. 450 kHz (Min.)
Primary Leakage Pins 4-6, with pins 7-12 shorted, measured at 100 kHz,
16 uH max
Inductance 0.4 Vgrws.
83 #H#
Item Description

[1] Core Pair: EF25, TDK PC44 material or equivalent, ungapped.

[2] Bobbin: EF25-Vertical, 12 pins (6/6). Taiwan Shulin Enterprise TF-2554.

[3] Tape: Polyester Film, 3M 1350F-1 or equivalent, 14.9 mm wide.

[4] Tape: Polyester Film, 3M 1350F-1 or equivalent, 22 mm wide.

[5] Copper Foil, 0.005” thick, 0.7” wide.

[6] Tinned Solid Copper Bus Wire, #20 AWG.

[7] Triple Insulated Wire, Furukawa Tex-E or equivalent, 26 #AWG.

[8] Tape: Polyester Film, 3M 74, 0.5 mil thick, or equivalent. Cut into size: 7.0 mm x 3.5 mm.
[9] Varnish: Dolph BC-359, or equivalent.

E Power Integrations, Inc.
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8.4 LHAE

2
WD3: 2™ primary 22T-#26AWG_TIW 4

A P

|

o

7,8,9
WD2: Secondary 5T — Copper foil (5mil thick)

10,11,12

WD1: 1% primary 41T - #26AWG_TIW 6

R A

A

Figure 7 — Main Transformer Build Diagram.

Figure 8 — Making Core Gap.

o
p=i
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Bus wire (5] 3 wires with S0mm long gm, tape
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Fold tape on side edges of copper foil
3.0mm {min}
IR
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b
3.0mm (min}
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Fold tape at one end of copper foil
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+
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i 250, Omam: i

Figure 9 — Transformer Output Foil Construction Drawing.
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8.5 HIfEHS
Assembly Step Winding Instructions
Primary Starting at pin 2, wind 41T of triple insulated wire (Item [7] in two layers. Finish at
(WDG1) pin 6.
Insulation Insulate using 2 layers of tape (item [3]).
Secondary U.sing ltems [4'_r], [5], gnd [6], construct a 250 mm long cgffe_d_foﬂ asserr_1b|y per
Figure 8. Starting at pins 10, 11, and 12, wind 5 turns of foil, finishing at pins 7, 8,
(WDG2) and 9.
Insulation Apply 2 layers of tape (item [3]) for insulation.
Primary Starting at pin 4, wind 22 turns of triple insulated wire (item [7]) in a single layer,
(WDG3) finishing at pin 2.
Insulation Apply three layers of tape (item [3]) for finish wrap.
Final Assembly Use 2 pieces o_f tape item [8] press firmly, evenly on both side legs on 1 core half
to create 0.5 mil core gap. (see Figure 8 above).

Note: If without transformer gapping, in this design it has been found there is a high-side
driver pulse skipping issue. In this design, it happens at >400 VDC input and <3.5 A load
on main 12 V channel, when there is a snubber circuit at the main transformer secondary
output. Pulse skipping is avoided by gapping outer limbs of the transformer with the help
of 0.5 mil thick tape.

Pulse skipping is caused due to drop in VDDH pin voltage. When there is not enough
magnetizing current, high side source voltage doesn’t reach ground during core reset
period and bootstrap diode cannot charge high side VDDH bootstrap capacitor. With
insufficient voltage on the VDDH pin, high side driver could skip pulses.

Pulse skipping is not necessarily present in all the designs. Depending on the load levels
and snubber values, the conditions to have pulse skipping issue will vary as well.

Pulse skipping can be avoided by doing one of following options:
1. By providing gap on center limb of the transformer in order to reduce the
magnetizing inductance (as used in this design).
2. By adding a high side bias winding.
3. Remove the secondary snubber and use high voltage diodes on the secondary.

Option 1 may result in slight efficiency degradation, especially on lighter load. Option 2
should not affect efficiency but it adds transformer cost. In option 3, if a snubber is not
used, the output diode needs to have a higher voltage rating. This results in lower
efficiency at full load.

Power Integrations E
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9 HHEREL1)IE

9.1 BIREE

o FL1,FL2

N

( 20T-2x18AWG

I/‘

- FL3,FL4

Figure 10 — Output Inductor Schematic Diagram.
9.2 BIHHE
[ Inductance | Pins FL1-FL2, all other windings open, measured at 100 kHz, 0.4 Vrus. | 41 uH £15% |
9.3 #H#
Item Description

[1] Sendust Toroidal Core, 125u: Magnetics, Inc. 77350-A7 or equivalent.
[2] Magnet wire: #18 AWG Solderable Double Coated.

E Power Integrations, Inc.
HiG: +1408 414 9200 f£3: +1408 414 9201
#2871 (#£59711)
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10 LR R 2R (T2) Hlig

10.1 BSREAE
ST ||| re 20
wbp4: 2™ primary —< >— WD2: Secondary
] |
27T-HILAWG - 11T-#24AWG_TIW

4 % SM—— 6,7

WD1: 1% primary <

N

60T - #31AWG <
5 &/

1 —

WD3: Bias <
15T -2 x #31AWG <
2 — %/

Figure 11 — Standby Transformer Electrical Diagram.

10.2 BSHE

Electrical Strength 1 second, 60 Hz, from pins 1-5 to pins 5-10. 3000 VAC

Pins 3-5, all other windings open, measured at o
100 kHz, 0.4 Vrys. 491 uH £10%

Resonant Frequency Pins 3-5, all other windings open. 1 MHz (Min.)
Pins 3-5, with pins 6, 7, 9, 10 shorted, measured
at 100 kHz, 0.4 Veys. 13 uH (Max)

Primary Inductance

Primary Leakage Inductance

10.3 ##

Item Description
[1] Core: EE16, TDK PC44 material or equivalent, gapped for ALG 96 nH/T”.
[2] Bobbin: EE16, Vertical, 10 pins (5/5). Yh Hwa YW-527-00B.
[3] Tape: 3M 1350 F1 or equivalent, 10.8 mm wide.
[4] Magnet wire: #31 AWG, double coated.
[5] Triple Insulated Wire: Furukawa Tex-E or equivalent, #24 AWG.
[6] Varnish: Dolph BC-359, or equivalent.
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10.4 155

WwD4: 2™ primary 27T -#31AWG

WD3: Bias

WD2: Secondary

WD1: 1 primary

10.5 #I1EEBH

N RW

15T -2 x #31AWG

. 0000000000
V000000000

6,7

117 - #24AWG_TIW 9,10

4

, 9000000000

A

50008000000

60T - #31AWG

P P n e P Vi Emoncs, Fh et

Figure 12 — Build Diagram for Standby Transformer.

Assembly Step | Winding Instructions
Primary (WDG1) | Starting at pin 5, wind 60 T of wire (ltem [4] in two layers. Finish at pin 4.
Insulation Insulate using 2 layers of tape (item [3]).
Secondary Starting at pins 9 and 10, wind 11 turns of triple insulated wire (item [5]), finishing at
(WDG2) pins 6 and 7.
Insulation Apply 2 layers of tape (item [3]) for insulation.
Primary Bias Starting at pin 2, wind 15 bifilar turns of wire (item [4]) in a single layer, finishing at
(WDG3) pin 1.
Insulation Apply one turn of tape (item [3]) for insulation.
Primary (WDG4) | Starting at pin 4, wind 27 turns of triple insulated wire (item [8]), finishing at pin 3.
Insulation Apply three layers of tape (item [3]) for finish wrap.

Final Assembly

Grind core gap to specified inductance coefficient. Assemble bobbin and core
halves, secure cores. Dip varnish (item [6]).

|

Power Integrations, Inc.
Fiifi: +1408 414 9200 f4¢H.: +1408 414 9201
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Figure 13 — Primary Heat Sink Sheet Metal Drawing.
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Figure 14 — Completed Primary Heat Sink.
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Figure 15 — Primary Heat Sink Assembly.
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Figure 16 — Secondary Heat Sink Sheet Metal Drawing.
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Figure 18 — Secondary Heat Sink Assembly.
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Figure 19 — Efficiency vs. Output load Percentage, Main + Standby Outputs.
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Figure 20 — Main 12 V Output Efficiency vs. Output Power, 380 VDC Input, Standby Output Unloaded.
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Figure 21 — Standby Efficiency vs. Load.
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Figure 22 — Standby Efficiency vs. Input Voltage, 100% Load.
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Figure 23 — Standby No-Load Input Power vs. Input Voltage.
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Figure 24 — Standby Supply Load Regulation, 380 VDC Input.
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Figure 25 — Main Output Load Regulation, 380 VDC Input.
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Figure 26 — Main Output Drain Voltage and Current, Figure 27 — Standby Output Drain Voltage and
Full Load, 380 VDC Input. Current, Full Load, 126 VDC (90 VAC
Upper: Iprain, 0.5 A/ div. equiv.) Input.
Lower: Vpran, 200V, 2 us / div. Upper: Iorain, 0.5 A/ div.
Lower: VDRAIN; 100 V, 10 us / div.
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Figure 28 — Standby Output Drain Voltage and
Current, Full load, 380 VDC Input.
Upper: IDRA|N! 0.5 A/ div.
Lower: Vpran, 200 V, 10 us / div.
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............................................. CHE: OFF
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Record Length
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Zoom: 100
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Smoothing: OFF
BW: FULL
Trigger
I : : Mode: AUTO
TraceZ: Max - 45.6p¥ Type: EDGE
P il SO SRR SR

Source: CHZ 4

Figure 29 — Main Output Catch Diode (D6) Reverse
Voltage, 380 VDC Input, Full Load,
20V, 1 us/div.
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Figure 31 — Main Output Forward Diode (D7)
Reverse Voltage, 380 VDC Input, Full
Load, 20 V, 1 us / div. PRV = 2.08 div.
X20V/div.=416V
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Figure 30 — Main Output Catch Diode (D6) Reverse
Voltage, 420 VDC Input, Full Load,

20V, 1

2013704711 14:19:39
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s / div.
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Traged: Min ' -2.20Div : : : : :

CH1: OFF
20 /div o1
DC o.ov
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Smoothing: OFF
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Trigger
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Figure 32 — Main Output Forward Diode (D7)
Reverse Voltage, 420 VDC Input, Full
Load, 20 V, 1 us / div. PRV = 2.2 div. X

20 V /div.
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2013704711 142414 NORM:200MS/s  2us/div 2013704711 14:33:42 NORM:200MS/s  2us/div
Stopped 4 (2us /div) Stopped 3 (2us/div)
; : : CHI: OFF : : : CHI: OFF
20v/div 1001 : : : 20v/div 1001
nc 0.ov : : : nc 0.ov
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ar i i i ar i i ' i
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B N . jode: . . 9
Tragez: Min . -66.00v : Typel  EDGE Tragez: Min | -70.00v : ¥;§: bl
: : : Source: CHZ § : : : Source: CH2 ¢

Figure 33 — Standby Output Rectifier Diode (D16) Figure 34 — Standby Output Rectifier Diode (D16)
Reverse Voltage, 380 VDC Input, Full Reverse Voltage, 420 VDC Input, Full
Load, 50 V, 2 us / div. Load, 50 V, 2 us / div.
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2013704403 1514220
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Figure 35 — 12 V Main Output Start-up, Full Load,
380 VDC Input, Resistive Load, 5V,

2 ms/ div.

2013/04/03 15:07:.07
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Figure 37 — 12 V Aux Output Start-up, 126 VDC
Input, Zero Load, 5V, 10 ms / div.
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Figure 36 — 12 VV Main Output Start-up, 3% Load,
380 VDC Input, Resistive Load, 5V,
2 ms / div.
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Figure 38 — 12 V Aux Output Start-up, 126 VDC
Input, Full Load, 5V, 10 ms/ div.
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2013/04/03 15:08:38 NORM:IMS/s  10ms /div 2013/04/03 15:09:28 NORM:TMS/s  10ms /div
Stopped | (10ms 7div) Stopped q (10ms fdiv)
: : : CHT: OFF : : : : CHT: OFF
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DC o : : : : DC o
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BW: 20MHz L | B 20MHz
™ ! Trigger | : / : : Trigger
: : : : : Mode:  SINGLE : : : : Mode:  SINGLE
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ar : : : : : ar " : : :
= H H H H H Source: CHA1 £ = H H : : Source: CH1 F

Figure 39 — 12 V Aux Output Start-up, 380 VDC Figure 40 — 12 V Aux Output Start-up, 380 VDC
Input, Zero Load, 5V, 10 ms / div. Input, Full Load, 5V, 10 ms / div.

2013/04/03 15:19:39 NORM:1MS /s 10ms /div
Stopped 4 (10ms /div)
: : : : CHI: ON
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CH2: OFF
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W /div 1001
DC 0.00v
| CH4: ON
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Record Length
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1/4T 2B.57142%Hz. ... .. | Zoom: 200
In n Filter
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Figure 41 — Main Output Hold-up Time, Full Load.
Upper: Vour, 5V / div.
Lower: B+ Voltage, 200 V, 10 ms / div.

E Power Integrations, Inc.
HiG: +1408 414 9200 f£3: +1408 414 9201
www.powerint.com %48@? (;%SQﬁ )



DER-368: f#iFHTFS7703Hi% 111190 W—{£&H1PCHLJE 12-Nov-13

12.7 4%

12.7.1 SUpN &5

For DC output ripple measurements, a modified oscilloscope test probe must be utilized
in order to reduce spurious signals due to noise pickup. Details of the probe modification
are provided in the figures below.

The 4987BA probe adapter is affixed with two capacitors tied in parallel across the probe
tip. The capacitors include one (1) 0.1 uF / 50 V ceramic type and one (1) 1.0 uF / 50 V
aluminum electrolytic. The aluminum electrolytic type capacitor is polarized, so proper
polarity across DC outputs must be maintained (see below).

Probe Ground

Probe Tip

F .\ _
Figure 42 — Oscilloscope Probe Prepared for Ripple Measurement. (End Cap and Ground Lead Removed)

Figure 43 — Oscilloscope Probe with Probe Master (www.probemaster.com) 4987A BNC Adapter.

(Modified with Wires for Ripple Measurement, and Two Parallel Decoupling Capacitors
added)
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T
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Figure 44 — Ripple, 12 V Main Output, Full Load,
380 VDC Input. 50 mV, 1 ms / div.

Figure 45 — Ripple, 12 V Standby Output, Full Load,
126 VDC Input 50 mV, 1 ms/ div.
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Stopped 4 (1ms/div)
: : CHI: OFF
200v/div 10001
DC o
CHZ: OFF

500mV Adiv - 101

0.000v

......... CHE: OFF
1V Adiv 100:1

DC 0.00v

CH&: ON

50m¥y/div - 1001

AC
4
) ! r ! " Record Length

Main: 100K
Zoom: 200

Filter
Smoothing: OFF
BW! 20MHz

™ : : : : Trigger

: : : : Mode: AUTO
Traped: =P . A4B.00MY i Type: EDGE

Source: CH1 £

Figure 46 — Ripple, 12 V Standby Output, Full Load,
380 VDC Input 50 mV, 1 ms / div.
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In Figures 47-48, and 51-52, data was collected with the oscilloscope set to averaging
mode, so that events non-synchronous with the load step (such as high frequency output
ripple, are average out, leaving a clear view of the response to the step load change.

2013/04/03 14:19:35 AVGI20MS/s  500us/div 2013704703 14:24:16 AVG20MS/s  500us/div
7
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. : : ON
20mvAdiv 1001 : H 20mv/div - 1011
\ AC AC
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Zoom: 200 Zoom: 200

Filter : : : Filter

Smoothing: OFF : Smoothing: OFF
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. " ) Trigge.r L : : : Trigger
Traces: pp zhwow 1o | T 2 Lo e g i - Mode: o
: Source: CH2 4 : : : Source: CH2 &
Figure 47 — 12 V Main Output Load Transient Figure 48 — 12 V Main Output Load Transient

Response, 75% - 100% - 75% Load Response, 100% — 180% — 100%
Step, 380 VDC Input. Load Step, 380 VDC Input.
Upper: lout, 5 A/ div. Upper: loyt, 10 A/ div.

Lower: Vouyr, 20 mV, 500 us / div. Lower: Voyr, 20 mV, 500 us / div.
2013/04/03 14:46:58 NORM:20MS/s  500us/div 2013/04/03 14:49:07 NORMEMS /s 2ms/div
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oHa: OFF b b Do TP T PP T | ona: OFF
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CHi: ON ap|ehe b ; ‘ . CHa: ON
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Smoothing: OFF : : : : Smoothing: OFF
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Trage?: Max @ 1.560V : : : : Mode: SINGLE TrageZ: Max 1.560Y : : KMode: SINGLE
Traced: Min :-200.0m% Type: EDGE Traged: Max . 136.0mv i Type: EDGE

Source: CHZ 4 Source: CHZ b

Figure 49 — 12 VV Main Output Load Transient Figure 50 — 12 VV Main Output Load Transient
Response, 3% - 100% - Load Step, Response, 100% - 3% Load Step,
380 VDC Input. 380 VDC Input.
Upper: lout, 5 A/ div. Upper: lout, 5 A/ div.
Lower: Vour, 100 mV, 500 ps / div. Lower: Vout, 100 mV, 2 ms / div.
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Smoothing: OFF
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Figure 51 — 12 V Standby Output Load Transient
Response, 75% - 100% - 75% Load
Step, 126 VDC Input.
Upper: lout, 0.5 A/ div.
Lower: Vour, 20 mV, 500 us / div.

2013/04/03 15:00:25 AVG:20MS/s  500us/div

Stepped 4 (500us /div)
: : : : : CHT: OFF
200v/div - 100:1
DC ov
*|cHz: ON
500mv/div - 111
DC 0.000v
e PSS FOPSPPFPYS FYUFPPOONS POSSORONS PPN (hetel OFF
N f : : W/div 10001
: : U S 4 0.00v
e b oA oN
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= thm v . : : Filter

Smoothing: OFF
BW: 20MHz
: Trigger
Trage?: Max @ 620.0my : : : : : Mode: AUTO
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Figure 52 — 12 V Standby Output Load Transient
Response, 75% - 100% - 75% Load
Step, 380 VDC Input.
Upper: loyt, 0.5 A/ div.
Lower: Vour, 20 mV, 500 us / div.
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The test setup for evaluating component temperature with forced air cooling is shown
below. A cardboard shroud was constructed to approximate the size of a typical power
supply, and fitted with a 12 V, 50 mm, 0.27 A fan (Yate Loon D50SH-12C), driven by an
external DC supply. The fan was oriented to exhaust from the box. Fan voltage was set
to 8 VDC for the measurements shown below. The back side of the box was left open to
facilitate measurements with a thermal camera. The main output diodes (D6 and D7) and
the output diode snubber resistor (R37) were not accessible to the thermal camera, so
these were fitted with #30 AWG type T thermocouples soldered to the device mounting
tabs for thermal measurements, or in the case of the resistor, attached to the resistor
body using thermal epoxy. Results are shown in Section 13.2.

Figure 53 — Test Set-up Showing Fan.
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Figure 54 — Standby Transformer T2, Visible Light Figure 55 — Standby Transformer T2 Thermal Image,
View. Full Load, Room Temperature.

Figure 56 — Standby Output Rectifier D16, Visible Figure 57 — Standby Output Rectifier D16 Thermal

Light View. Image, Full Load, Room Temperature.
E Power Integrations, Inc.
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Figure 58 — Main Output Choke L1, Visible Light Figure 59 — Main Output Choke L1 Thermal Image,
View. Full Load, Room Temperature.

_ _

Figure 60 — Main Output Transformer T1, Visible Figure 61 — Main Output Transformer T1 Thermal
Light View. Image, Full Load, Room Temperature.
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Figure 62 — HiperTFS-2 IC U6 , Visible Light View. Figure 63 — HiperTFS-2 IC U6 Thermal Image, Full
Load, Room Temperature.

13.2 LHML BT ERIREBNE

Position THM1 (D7) THM2 (D6) THM3 (R37) | THM4 (AMB)
Temperature 63 °C 64 °C 62 °C 25°C

E Power Integrations, Inc.
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Figure 64 — Main Output Control Loop, 380 VDC Input, Full Load. Gain Crossover is at 5.42 kHz, with
54.7° Phase Margin.
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