oower

integrations

Desigh Example Report

500 W PFC Front End Using 2 x Parallel

Title HiperPFS™-5 PFS5178F PFC Stages

Specification |90 VAC — 264 VAC Input; 400 VDC Output

Application PFC Front-End

Author Applications Engineering Department
Document DER-977

Number

Date May 22, 2023

Revision 1.0

Summary and Features
Highly integrated, low component count, low-cost PFC using 2 PFS5178F ICs in parallel
Low-cost standard output rectifier (MUR460)
Power Integrations INSOP-28 Low profile SM package
EN61000-3-2 Class-D compliant
High PFC efficiency
Enhanced light load power factor (PF)
e PF >0.9 at 20% load and 230 VAC, 50 Hz input
e PF >0.95 at 50% load
e Frequency sliding maintains high efficiency across load range
e >95% from 10 to 100% load (115 VAC and 230 VAC input)
e Feed forward line sense gain — maintains relatively constant loop gain over entire operating voltage range
e Excellent transient load response
e  Frequency adjusted over input line voltage and load
e Spread-spectrum across >60 kHz window simplifies EMI filtering requirements

PATENT INFORMATION

The products and applications illustrated herein (including transformer construction and circuits external to the products) may
be covered by one or more U.S. and foreign patents, or potentially by pending U.S. and foreign patent applications assigned
to Power Integrations. A complete list of Power Integrations' patents may be found at www.powerint.com. Power Integrations
grants its customers a license under certain patent rights as set forth at <http://www.powerint.com/ip.htm>.

Power Integrations
5245 Hellyer Avenue, San Jose, CA 95138 USA.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com



DER-977 500 W Parallel FC Front-End 22-May-23

Table of Contents

3 (oo T [ o PP 5
2 Power Supply SpecifiCation .......c.oiiiiiiiiiiiii i 8
3 SCREMALIC. . iieei i e 9
S N O [ (o 8] o B 7= o] o) o [ PR 11
4.1  Input EMI Filter and ReCHfier......oiiiuuiiiiiiii e 11
4.2  PFS5178F Parallel BOOSt CONVEILErS......cuviiiriiieeeieeernsseesn e esn s enn e e e ennnes 11
4.3 Input Feed Forward Sense CirCUIt........cuviiiiiiiiiiiiiieiin e s eaas 12
4.4  Output FEEADACK .....iiveiieii e 12
4.5 Valley SENSING ...iiieuiiieriiieeiiieerse s s s s s e e s e e s e s e e rn e r e e rnnaas 12
Y = TT= FR YU o] o PSPPI 12
4.7  Parallel Operation ......ccuciiieeiieeriicere e e 12
S = = 3 I Vo 11 | P 13
6 Bill Of MAterials ..cuvuuiiieiiiie e 15
7 Inductor Design Spreadsheet ........ccucviiiiiiiiiiiici e 17
tS TN = OO 9o [W o1 0 g =0} Tor= | o o P 22
8.1  Electrical Diagrami......cccuuiiieiiiiiiiie e sa e s e s s e e e e enan 22
8.2  Electrical SpecifiCations .........ciiiiriiiiiiiiri e 22
S0 T = | < = | N 22
8.4  Inductor Build Diagram ......c..ceiiiruiiiiiiiiiiii e s s s s ra s eaan 23
1S 0 TN 1 0o [W oo g @] 0 1=« (o u T o I 23
8.6  WiInding IIUSLIatioNS .......uiiiiiiiiiiie e e e 24
9 L3 Differential Mode INAUCEOr......coiiiiiriiiiiieiiies e 26
9.1  Electrical SpecifiCations .........coiveriiiiieiiiiii s eeas 26
0.2 MAlEIIAlS .. iieeiree e 26
10 L1 High Frequency Common Mode ChOKE.........coiviuuiiiiiiiiiciiincecne e eaaans 28
10.1 Inductor Electrical SpecifiCations.........civeveiiiieiiiiciie e e 28
0T A\ = = = | PP 28
10.3  Winding INStrUCHIONS ...ccvuiiiriiccciiecserr s ss s s e s s s e s s r s e e s s rnan s s e nn e e rnnnneenns 29
11 Diode Bridge BR1 Heat SinK.......ccuuiiieruiiiiiniiieessssesn s es s sess s ssn s enn s eenn s ennans 30
11.1 BR1 Heat Sink Sheet Metal........ccucoviiiiiiiiiiiiceii e e 30
11.2 BR1 Heat Sink Fabrication Drawing........ccevieeuiiieeninieiniiserssssessnnssssnssennnnseenns 31
11.3 BR1 / Heat Sink Assembly Drawing ........ccceiveeriiieennieesnnnsssnnsssssnssssnsssssnsseenns 32
12 Performance Data........ccuuiiiiiiiiiieii s 33
12.1 NO-LOAd INPUL POWEK ......iiieiiiiceiiceeeris s ssse s sr e e s e s s e e s s rnnn s s nn e e nnnnneenns 33
L o o O = i Tl = T 33
0G0 1< gl =T o PN 34
L =T ] =1 o ) o 35
12.4.1 Load ReguIation ......cc..iiiiiiiiiiic e 35
12.4.2  Line RegUIAtioN ... .ccvui i 36
12,5 THDD it 37
12.6 Input Current Harmonic Distortion (IEC 61000-3-2 Class-D)....c...ccceeeveevvnnnnn 38
12.6.1 230 VAC 50 Hz, 100% Load at OUtpUL.......cceviiiiiiiiieiiccrr e 38
12.6.2 230 VAC, 50 Hz, 50% Load at Output ........cccuiiiiiiiiiirie e, 39
—p ?;\:N_'e_; Elr(‘);eg:ggggl IFZ?: +1 408 414 9201 Page 20f76
WWW.power.com



DER-977 500 W Parallel FC Front-End 22-May-23

12.6.3 115 VAC, 60 Hz, 100% Load at Output........ccceiiiiiiiiiiiiice e, 40
12.6.4 115 VAC, 60 Hz, 50% Load at Output ........cocuiiiiiiiiiiii e, 41
13 Thermal PerfOrmManCe......cuuueiiiiiiiiiiiieeiiise e eerrns s s s s s e rna s s s e rann e s s eees 42
14 INPUE WaVefOrMS ... e e e e e e e a s e nn e e ennnees 43
14.1 Input Voltage/Current at 90 VAC, 60 Hz......ccevvriiiiiiiiiiiciee v en e 43
14.2 Input Voltage/Current at 115 VAC, 60 HZ.....ccuuvriiiiiiiiiiiiiee e 44
14.3 Input Voltage/Current, 230 VAC, 50 HZ......cccvviiiiiiiicieiceern e enn e 45
14.4 Input Voltage/Current Waveforms, 264 VAC, 50 Hz .......cccvviviiiviiiiiiinicineeee, 46
14.4.1  Start-up WavefOrmsS ......ccuiiiiiiiiiii s ra e e e eaa e 47
14.4.2 90 VAC, 60 HZ ..covveiieeieee ettt s e e s e n e e e nnnan 47
14.4.3 115 VAGC, 60 HzZ.covruiiiieiiiieiieieiie e rri s e rrs s s s e s s s nnn s s s e nnnns 48
14.4.4 230V, 50 HZ....oieeeiiiiieeeie e e 49
14.4.5 264 VAC, 50 HzZu.oornniieeeee ettt n s 50
14.5 Load TranSient RESPONSE .....uuiiiruuiiririiiririiesrenersrssesesnssseseesesaassesnssennnsseenns 51
14.5.1 90 VAGC, 60 HZ ..covveeiieeeiiee ettt e e rna e e eennaas 51
14.5.2 115 VAGC, 60 HzZ..oorunoiieeeiiie ettt s e s e s e na e e e nnnan 52
14.5.3 230 VAGC, 50 HzZu.ovrniiiieeiieccceeiris s ers s s s nnn s seennas 53
14.5.4 264 VAC, 50 HzZ..oorrnniieeeeee ettt e e n s 54
B S 8 1= I o U 55
14.6.1 1000 ms Line Dropout (115 VAC/ 60 Hz and 230 VAC / 50 Hz) ............... 55
14.6.2 One Cycle Line Dropout (115 VAC / 60 Hz and 230 VAC / 50 Hz) ............. 56
L A U 01U | IR <Y T 56
14.7.1 Line Sag (85 VAC ~ 115 VAC ~ 85 VAC, 60 HZ) ...ccvvcvviiiiirniiiiiriiieeceeeennn 56
14.7.2 Line Swell (147 VAC ~ 132 VAC ~ 147 VAC, 60 HZ) ......cevvuveirriinneecceennnn, 57
14.7.3 Line Sag (170 VAC ~ 230 VAC ~ 170 VAC, 50 HZ) ...ccovvvrvrniiiiiiinnneeeeeennn 57
14.7.4 Line Swell (293 VAC ~ 264 VAC ~ 293 VAC, 50 HZ) .....cccvveiiiirrnninninennnn 58
LS =1V < g € Yo o I (=€) 59
14.8.1 115 VAC AN 60 HZ...coevvriiiiiiiiieeieeeiies e s e s s e nn s sennnas 59
14.8.2 230 VAC @Nd 50 HzZ...ooovviiiiiiiiiiec e s s 59
14.9 Brown-In and Brown-Out at 6 V / Minute Rate .......covvvviiviiiei i eeeee, 60
14.9.1  THresSholdS.......cccuvuiiiiiiiiiii i e eernnas 60
14.9.2  WaVefOrmMS ..cuu i aaa 60
14.9.3 Drain Voltage and Inductor Current..........cccevvevuiiiemniiieenin e e 61
14.10  Output Ripple MeasuremMents ........ccceivieiiiiiiiiieiiin e e eeas 62
14.10.1  Ripple Measurement TEChNIQUE........viieruiiiiriiiierri e e e 62
14.10.2  Measurement ReSUItS 90 VAC.......cceuiiiiieiiicriceerrs s erss s esn e nne s enn e 63
14.10.3  Measurement ReSUILS, 115 VAC ....ciiviiiiiiiiiirineerin e en s ea s e enans 64
14.10.4 Measurement Results, 230 VAC .....cceiiiiiiiiii e en e eeaas 65
14.10.5 Measurement Results, 264 VAC ......ccciiiiiiiiiiiiin i enans 66
14.11  Gain-Phase Measurement Procedure and ResuUlts...........cccceeviivevrnnniicennnnnnn. 67
14.11.1  Measured Bode PIOLS .......ccviiiiiiiiiiiiiniic e e 68
15 LiNg SUIGE TeSE. . it e e r e e e e e an e ean 69
15.1 Differential MOde SUIGE .....ceuiiiiiiiiiiiii e ea 70
15.2 Common Mode Surge (L, N-PE) ....civeriiiiiicicei e srns s enn s enn e enns 70
—p 'Ilzgl‘:N-Ie-; El?):ieg{:ggggl IF?:&: +1 408 414 9201 Page 30of 76
WWW.power.com



DER-977 500 W Parallel FC Front-End 22-May-23

15.3 Common Mode SUrge (L = PE)..cuuiiiiriiiieeceee e sss s s e s enn s enn e eenns 70
15.4 Common Mode SUrge (N — PE) .ouuuiiiieiiieeiisee s eess s ess s srs s s snnn s enn s s e s e enns 71
15.5 RiNGWave (L, N = PE) oot rrn s rr s s e nan s 71
15.6  RING WAVE (L = PE)uuiiieriiiiriiiceiiserns s s sen s sss s s sens s ssnn s s snnn s s snnn s s snnnsssnnnnsesnns 71
15.7 RiNG WAVE (N = PE) ..uuiiiiiiiiiiiieieiris s rrsnn s s s srss s s srnns s s s snn s s s snnnn s s s s snnnnn s 72
15.8 EMI TeSE SE-UP .evuiieiiiiiiiiiiiie e e e e e e r e e e nnes 72
LRI N N Y or= | o 73
16 REVISION HISTOMY . ovuiiriiii i r s s e e a s e s e ra s enn e enn 75

Important Note:
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 report describes a PFC power supply utilizing a 2 instances of HiperPFS-5 PFS5178F
PFC controller operating as two 250 W paralleled PFC stages, with a total output of 500 W
This power supply is intended as a general purpose platform that operates from universal
input line voltage and provides a regulated 400 V DC output voltage and continuous output
power of 500 W.

The DER-977 power supply is designed to operate with convection cooling for all input and
load conditions up to the rated maximum ambient temperature of 50 °C.

This document contains the power supply specification, schematic, bill of materials,
inductor documentation, printed circuit layout, and performance data.

Figure 1 — Populated Circuit Board Photograph (Top View).

N Power Integrations, Inc. Page 5 of 76
p Tel: +1 408 414 9200 Fax: +1 408 414 9201 9
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Figure 2 — Populated Circuit Board Photograph (Bottom View).

Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com

_p‘“ Power Integrations, Inc. Page 6 of 76



DER-977 500 W Parallel FC Front-End 22-May-23

Figure 3 — Populated Circuit Board Photograph (Side View).
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2 Power Supply Specification
The table below represents the minimum acceptable performance of the design. Actual

erformance is listed in the results section.
Description Symbol | Min | Typ | Max | Units Comment
Input
Voltage Vin 90 264 VAC 3 Wire.
Frequency fLINE 47 |50/60| 64 Hz
Output
Output Voltage Vour 395 400 405 \
Output Ripple Voltage p-p VRippLE 30 \ 20 MHz Bandwidth.
Output Current Iout 1.25 A
Total Output Power
Continuous Output Power Pour 500 W Forced air cooling
Efficiency
Full Load n 95 % Measured at Pour 25 °C.
Minimum efficiency at 20, 50 o
and 100 % of Pour N80+ 94 Yo Measured at 115 VAC Input.
Environmental 1.2/50 s surge, IEC1000-4-5,
Line Surge Series Impedance:
Differential Mode (L1-L2) 2 kv Differential Mode: 2 Q.
Common mode (L1/L2-PE) 3 kV Common Mode: 12 Q.

. Forced convection required.
Ambient Temperature Tams 0 50 °C 300 LFM Min.
Auxiliary Supply Input
Auxiliary Supply Vaux 8 30 v DC Supply.

. Power Integrations, Inc.
—p Tel: +1 408 414 9200 Fax: +1 408 414 9201 Page 8 of 76
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3 Schematic
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Figure 4 — Schematic, Page 1.
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4 Circuit Description

This parallel PFC circuit is designed around the Power Integrations PFS5178F integrated
PFC controller. This design is rated for a continuous output power of 500 W and provides
a regulated output voltage of 400 VDC nominal, maintaining a high input power factor and
overall efficiency over line and load, while remaining low in cost.

4.1  Input EMI Filter and Rectifier

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, L3 and L4, constitute the EMI filter for attenuating
both common mode and differential mode conducted noise. Film capacitors C7 and C31
provide input decoupling charge storage to reduce input ripple current at the switching
frequencies and harmonics.

Resistors R20 and R21 work with the CAPZero, internal to controller / switch U1, to
discharge the EMI filter capacitors after line voltage has been removed from the circuit,
while dissipating zero power during operation.

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 PFS5178F Parallel Boost Converters

The parallel boost converter stages consist of the boost inductors T1 and T4, along with
PFS5178F ICs Ul and U2. These converter stages operate as parallel DCM PFC boost
converters, maintaining a sinusoidal input current to the power supply while regulating the
output DC voltage.

During start-up, diode D2 provides an inrush current path to the output capacitor C32,
bypassing the switching inductors T1 and T4 and switches U1 and U2 in order to prevent
a resonant interaction between the switching inductor and output capacitor.

Capacitors C18 and C20 provide a short, high-frequency return path to RTN for improved
EMI results and to reduce Ul and U2 GaNFET drain voltage overshoot during turn-off.
Resistors R39 and R40 in series with C18 and C20 provide damping to reduce high
frequency EMI. Capacitors C9, C11, and C23 decouple and bypass the U1 and U2 VCC pins.
Capacitors C12, C13, C25, and C26 decouple the supply for the internal GaNFET drivers
inside U1 and U2 via the VDR pins.

Resistors R12 and R35 program the output voltage level [via the POWER GOOD
THRESHOLD (PGT) pin] below which the POWER GOOD (PG) pin will go into a high-
impedance state.

Capacitors C14 and C27 on the REF pins of U1 and U2 are noise decouplers for the internal
voltage reference.

N Power Integrations, Inc.
p Tel: +1 408 414 9200 Fax: +1 408 414 9201 Page 11 0f 76
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4.3  Input Feed Forward Sense Circuit

The input voltage of the power supply is sensed by ICs Ul and U2 using resistors R5-R8
and R22, R23, R28, and R31. Capacitors C10 and C22 bypass the V pins on ICs Ul and
U2.

4.4  Output Feedback

An output voltage resistive divider network consisting of resistors R16-19 and R26, R29,
R30, and R36 provide a scaled voltage proportional to the output voltage as feedback to
the controller ICs Ul and U2 setting the PFC output at 400 V. Capacitors C17 and C28
decouple the U1 and U2 FB pins.

Resistor R14 and R34 and capacitors C16 and C30 provide the control loop dominant pole
for Ul and U2. Capacitors C15 and C29 provide additional roll-off to attenuate high-
frequency noise.

4.5 Valley Sensing

PFC inductors T1 and T4 have an auxiliary winding (pins 1 and 2) that is used to sense the
valley point of the DCM relaxation ring after the PFC inductor discharges into the load. The
signal from each aux winding is applied to the Ul and U2 VS pins via resistors R10 and
R25. The PFS5 switches from a valley point of the discontinuous ring waveform to reduce
switching losses.

4.6  Bias Supply

The PFS5178F, though a self-starting IC, requires a regulated Vcc supply of 18-30 VDC for
sustained operation, with an absolute maximum voltage rating of 30 V. Vcc levels higher
than this maximum could result in failure of the IC. Diode D1 and Resistor R4 provide
reverse bias protection.

The auxiliary supply is applied to connectors TP4 (+) and TP5 (RTN).

4.7  Parallel Operation

The DER-977 consists of two 250 W DCM PFC stages connected in parallel to deliver 500
W. Power sharing between U1 and U2 is accomplished by connecting the C (compensation)
pins of U1l and U2 together. The C pin is also the output of the internal OTA error amplifier
for the PFS5178F, and its output directly programs the output power of the PFC. Any
attempt by one converter to seize output control will result in that converter also driving
up the C pin of the companion converter, helping to equalize each converter’s contribution
to the total output power.

N Power Integrations, Inc.
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5 PCB Layout
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Figure 6 — Printed Circuit Layout, Top.
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6 Bill of Materials
Item | Qty Ref Des Description Mfg Part Number Mfg
. . Micro
1 1 BR1 600 V, 10 A, Bridge Rectifier, GBJ Package GBJ1006-BP Commerdial
2 4 C1 C2C5C6 | 1nF, 500 VAC, Ceramic, Y1 VY1102M35Y5UG63V0 Vishay
330 nF, £10%, 275 VAC, Polypropylene Film,
3 2 C3c4 X2, 15.00 mm  8.50 mm 890324024003CS Wurth
4 2 C7 C31 FILM, 0.68 uF, 10%, 450 VDC, RADIAL ECW-FD2W684K Panasonic
5 1 9 élli)pF, 50 V, Electrolytic, Gen. Purpose, (6.3 x EKMGS00ELL470MF11D N|ppogo(r21hem|-
C10 C17 C22 | 470 pF, £10%, 50 V, Ceramic, X7R, 0603
6 | 4 28 0.063" L x 0.031" W (1.60 mm x 0.80 mm) CL10B471KBENFNC Samsung
1 puF, £10%, 50 V, Ceramic, X5R, -55°C ~
7 2 C11C23 85°C, 0603 CL10A105KB8NNNC Samsung
8 2 C12 C26 100 pF, 16 V, Electrolytic, Low ESR, 250 mQ, ELXZ160ELL101MFB5D Nippon Chemi-
(6.3 x11.5) Con
C13C14 C25 | 2.2 uF, £10%, 16 V, Ceramic, X7R, -55°C ~
9 4 27 85°C, 0402 GRM155R61C225KE44D Murata
100 nF, 0.1pF, £10%, 25V, Ceramic, X7R,
10 2 C15 C29 General Purpose, -55°C ~ 125°C, 0603 CL10B104KA8NFNC Samsung
11 2 C16 C30 1 uF 16 V, Ceramic, X7R, 0603 CL10B105KO8VPNC Samsung
12 2 C18 C20 10 nF, 1 kV, Disc Ceramic, X7R SVO1AC103KAR AVX
470 uF, 450 V, Aluminum Electrolytic Radial,
13 1 C32 Can - Snap-In, 3000 Hrs @ 105°C, (35 mm x 450HXG470MEFCSN35X45 Rubycon
45 mm)
2200 PF £20%, 500 VAC (Y1),760VAC (X1), ) i
14 1 C33 Ceramic, Y5U (E), RADIAL 440LD22-R Vishay
15 1 D1 50V, 1 A, Standard Recovery, GPP, SMB S1AB-13-F Diode, Inc.
16 1 D2 1000 V, 3 A, Recitifier, DO-201AD 1N5408G ON Semi
17 2 D3 D4 (258(1):64 A, Ultrafast Recovery, 35 ns, DO- MUR460RLG On Semi
18 1 F1 8 A, 250 V, Fast, 5 mm x 20 mm, Cartridge 0217008.HXP Littelfuse
19 1 FH1 FUSEHOLDER OPEN 5X20MM PC MNT 64900001039 Wickmann
20 1 HS1 HEAT SINK ASSY, DER-977, AL, 3003, .090" 61-00321-01 Custom
21 | 4 | P12 | wire Jumper, Non-insulated, #22 AWG, 0.2 in 298 Alpha
22 1 JP5 Wire Jumper, Insulated, TFE, #18 AWG, 1.8 in C2052A-12-02 Alpha
23 1 L1 1.1 mH, HF Common Mode Choke, 30-00550-00 PI
24 1 13 220 pH 2 pin Toroidal Choke OD 30 mm, W 15 30-00548-00 PI
mm, LS 15 mm
5 mH, 8.9 A, Common Mode Choke with )
i L4 header (1.45" W x .80" T x 1.5" H) 8113-RC Bourns
POST-
CRKT_BRD_6-
32_HEX1
POST-
CRKT_BRD_6-
32_HEX2 Post, Circuit Board, Female, Hex, 6-32, snap, .
26 4 POST- 0.375L, Nylon 561-0375A Eagle Hardware
CRKT_BRD_6-
32_HEX3
POST-
CRKT_BRD_6-
32_HEX4
27 1 R4 RES, 1 O, 1%, 1/4 W, Thick Film, 1206 ERJ-8RQF1ROV Panasonic
R5 R6 R16
28 8 R17 R22 R23 | RES, 6.2 MQ, 1%, 1/4 W, Thick Film, 1206 KTR18EZPF6204 Rohm Semi
R26 R29
29 4 R RR1380R28 RES, 3.74 MQ, 1%, 1/4 W, Thick Film, 1206 CRCW12063M74FKEA Vishay

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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30 | 2 R8 R31 RES, 165 kQ, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF1653V Panasonic
31 | 4| R RR1357R24 RES, 0 ©, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYOROOV Panasonic
32 | 2 RI0R25 | RES, 10.0 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ103V Panasonic
33 | 2 R11R27 | RES, 20 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ203V Panasonic
34 | 2 R12R35 | RES, 332 kQ, 1%, 1/10 W, Thick Film, 0603 ERJ-3EKF3323V Panasonic
35 | 2 R13R33 | RES, 180 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEY)184V Panasonic
36 | 2 R14R34 | RES, 39 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ393V Panasonic
37 | 2 RI9R36 | RES, 158 kQ, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF1583V Panasonic
38 2 R20 R21 RES, 75 Qk, 5%, 2/3 W, Thick Film, 1206 ERJ-P08]J753V Panasonic

RES,0 Q Jumper, 1/10 W Chip Resistor 0603 .

39 1 R38 Moisture Resistant Thick Film RCD603FR-070RL Yageo
40 | 2 R39R40 | RES, 0.47 R, 5%, 1/2 W, Thick Film, 2010 ERJ-12ZQIR47U Panasonic
41 1 RV1 320 Vac, 23 J, 10 mm, RADIAL V320LA10P Littlefuse
2 | 2 TL T4 DER-977 PFSGAN 250 W Transformer Rev A 25-01199-00 PI

43 | 4 | TP gg TP8 I Test point, RED, THRU-HOLE MOUNT 5010 Keystone
44 | 1 TP2 Test Point, WHT, THRU-HOLE MOUNT 5012 Keystone
45 | 1 TP3 Test Point, GRN, THRU-HOLE MOUNT 5126 Keystone
46 | 3 | TP1, TP5, TP7 | Test Point, BLK, THRU-HOLE MOUNT 5011 Keystone
47 2 Ut U2 HiperPFS-5 IC, InSOP-T28F PFS5178F Power

Integrations

5
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7 Inductor Design Spreadsheet

Note: Spreadsheet shows a design for a 250 W PFC stage — two of these stages are

aralleled to deliver the 500 W output of the DER-977.
Hiper_PFS-
5_Boost_050223;

Discontinuous Mode Boost

& Rev.1.2; Copyright Power e LAy S Converter Design Spreadsheet
Integrations 2023

2 Enter Application Variables Design Title

3 Input Voltage Range Universal Universal Input voltage range
Minimum AC input voltage. Spreadsheet
simulation is performed at this voltage.

4 VACMIN 90 VAC To examine operation at other votlages,
enter here, but enter fixed value for
LPFC_ACTUAL.

5 VACMAX 265 VAC Maximum AC input voltage
Expected Typical Brown-in Voltage per

6 VBROWNIN 82 VAC IC specifications; Line impedance not
accounted for.
Expected Typical Brown-out voltage per

7 VBROWNOUT 71 VAC IC specifications; Line impedance not
accounted for.

8 VO 400 VDC Nominal load voltage

9 PO 250 250 W Nominal Output power

10 | fL 50 Hz Line frequency

11 [ TA Max 40 °C Maximum ambient temperature
Enter the efficiency estimate for the

12 | Efficiency Estimate 0.9500 boost cpnverter at VACMIN. Should
approximately match calculated
efficiency in Loss Budget section

13 | VO_MIN 380 VDC Minimum Output voltage

14 [ VO_RIPPLE_MAX 20 VDC Maximum Output voltage ripple

15 [ T_HOLDUP 20 ms Holdup time

16 | VHOLDUP_MIN 320 VDC Min.imum Voltage Output can drop to
during holdup

17 | I_INRUSH 40 A Maximum allowable inrush current
Enter "Yes" for Forced air cooling.

18 | Forced Air Cooling No No Otherwise enter "No". Forced air

reduces acceptable choke current
density and core autopick core size

20 | KP and INDUCTANCE
21 [ LPFC_MIN (0 bias) 119 uH Minimum PFC inductance value

LPFC value used for calculations. Enter
value to hold constant (also enter core

22 | LPFC_TYP (0 bias) 126 uH selection) while changing VACMIN to
examine brownout operation.

23 | LPFC_MAX (0 bias) 132 uH Maximum PFC inductance value

24 | Lp_TOL 5.0 % 'cl)'gllsgance of PFC Inductor Value (ferrite
Inductance at VACMIN and maximum

25 LPFC_PEAK 126 uH bias current. For Ferrite, same as
LPFC_DESIRED (0 bias)

26 | KP_ACTUAL 1.08 Actual KP calculated from

LPFC_DESIRED

28 | Basic Current Parameters

AC input RMS current at VACMIN and

29 | IAC_RMS 2.92 A
Full Power load
Inductor RMS current (calculated at

30 | ILRMS 3.30 A VACMIN and Full Power Load)

31 | 10.DC 0.63 A Output average current/Average diode
current

34 | PFS Parameters

35 | PFS Package | F [ | HiperPFS package selection

N Power Integrations, Inc.

p Tel: +1 408 414 9200 Fax: +1 408 414 9201 Page 17 0f 76
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If examining brownout operation, over-
ride autopick with desired device size
Device self-supply feature. Select "Yes"
37 | Self-Supply Feature Yes Yes to select device with self-supply feature
or "No" for device without self-supply
Programmable output power selection

36 PFS Part Number Auto PFS5178F

38 | PS_FACTOR 1.0 1.0
factor
39 [ PO_MAX_DEV 250 W Maximum output power of the device
40 | IOCP min 9.22 A Minimum Current limit
41 | IOCP typ 9.70 A Typical current limit
42 | IOCP max 10.19 A Maximum current limit
43 | IP 7.37 A MOSFET peak current
44 IRMS 2.86 A PFS MOSFET RMS current
45 | RDSON 0.22 Ohms Typical RDSon at 100 'C
Estimated frequency of operation at
46 | FS.PK 0.2 kHz crest of input voltage (at VACMIN)
Estimated average frequency of
47 | S AVG 79:2 KHz operation over line cycle (at VACMIN)
48 | PCOND_LOSS_PFS 1.799 W Estimated PFS Switch conduction losses
49 | PSW_LOSS_PFS 0.031 W Estimated PFS Switch switching losses
50 | PFS_TOTAL 1.830 w Total Estimated PFS Switch losses
51 | T3 Max 100 deg C Maximum steady-state junction
temperature
Maximum thermal resistance (Junction
52 | Rth-]JS 2.80 °C/W to heatsink)
53 HEATSINK Theta-CA 29.98 °C/W Maximum thermal resistance of heatsink
56 | INDUCTOR DESIGN
57 | Material and Dimensions
58 | Core Type Ferrite Ferrite core
59 | Core Material Auto PC44/PC95 Select the core material
60 | Core Geometry ATQ ATQ Select the core geometry
61 | Core Auto ATQ28/18.3B Core part number
62 | Ae 153.00 mmA2 Core cross sectional area
63 | Le 47.70 mm Core mean path length
64 | AL 9800.00 nH/t~2 | Core AL value
65 | Ve 7.30 cm”/3 Core volume
66 HT (I_EE/PQ/EQ/RM/POT) /1D 4.40 mm Core; height/Height of window; ID if
(toroid) toroid
67 | MLT 62.8 mm Mean length per turn
68 | BW 8.50 mm Bobbin width
69 | LG 0.78 mm Gap length (Ferrite cores only)

70 | Flux and MMF Calculations

Target flux density at worst case: IOCP
71 | BP_TARGET (ferrite only) 3800 3800 Gauss and maximum tolerance inductance
(ferrite only) - drives turns and gap
Target flux density at worst case: IOCP
72 | B_OCP (or BP) 3677 Gauss and maximum tolerance inductance
(ferrite only) - drives turns and gap
Peak flux density at AC peak, VACMIN
73 | B_MAX 2530 Gauss and Full Power Load, nominal
inductance,minimum IOCP

Current at which B_TEST and H_TEST
are calculated, for checking flux at a

77 | LTEST 3.7 A current other than IOCP or IP; if blank
IOCP_typ is used.
Flux density at I_TEST and maximum
/8 | BTEST 3500 Gauss tolerance inductance
80 | Wire
Inductor turns. To adjust turns, change
81 TURNS 24 the BP_TARGET
82 | ILRMS 3.30 A Inductor RMS current
) . . Select between "Litz" or "Magnet" for
83 | Wire type Liz Litz double coated magnet wire
N Power Integrations, Inc. Paae 18 of 76
p Tel: +1 408 414 9200 Fax: +1 408 414 9201 9
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84 | AWG 40 40 AWG Inductor wire gauge
Inductor wire number of parallel

85 | Filar 125 125 strands. Leave blank to auto-calc for
Litz

86 | OD (per strand) 0.079 mm Outer diameter of single strand of wire

87 | OD bundle (Litz only) 1.23 mm Will be different than OD if Litz

88 | DCR 0.055 ohm Choke DC Resistance

. . Ratio of total copper loss, including HF

89 | PACResistance Ratio 0.38 AC, to the DC component of the loss
Estimated current density of wires. It is

0 1) >-42 A/mm~2 recommended that4 <J < 6

91 | Layers 3.67 Estimated layers in winding

92 | Auxiliary Winding
Recommended auxiliary winding number

93 | N_AUX 2 of turns to ensure the supply to the VS
pin

94 | V_VS_MAX 1.27 Vv ngimum voltage across the auxiliary
winding

95 | V_VS_MIN 31.23 Vv M?nimum voltage across the auxiliary
winding
Recommended series resistor to the VS

96 | RVS 10.00 kohm pin. Place as close as possible to the VS
pin of Hiper-PFS5

97 | Loss Calculations
Core AC peak-peak flux excursion at

98 | BACPp 2379 Gauss VACMIN, peak of sine wave

99 | LPFC_CORE_LOSS 0.412 W Estimated Inductor core Loss

100 | LPFC_COPPER_LOSS 0.659 W Estimated Inductor copper losses

101 | LPFC_TOTAL_LOSS 1.071 W Total estimated Inductor Losses

104 | PFC Diode

105 | PFC Diode Part Number MUR460 MUR460 PFS Diode Part Number

106 [ Type / Part Number Ultrafast PFC Diode Type / Part Number

107 | Manufacturer ON Semi Diode Manufacturer

108 | VRRM 600.0 \ Diode rated reverse voltage

109 | IF 4.00 A Diode rated forward current

110 | Qrr 21.0 nC Qrr at High Temperature

111 | VF 1.05 \ Diode rated forward voltage drop

112 | PCOND_DIODE 0.642 W Estimated Diode conduction losses

113 | PSW_DIODE 0.000 W Estimated Diode switching losses

114 | P_DIODE 0.642 W Total estimated Diode losses

115 | T3 Max 100.0 deg C Maximum steady-state operating
temperature

116 | Rth-15 Info 6.60 degC/W Ii})tsr;too high. Will result in high diode

117 | HEATSINK Theta-CA 86.34 degC/W | Maximum thermal resistance of heatsink
Non-repetitive peak surge current rating.

118 | IFSM 110.0 A Consider larger size diode if inrush or
thermal limited.

121 | Output Capacitor

122 | COUuT Auto 180 uF Minimum value of Output capacitance

123 | VO_RIPPLE_EXPECTED 11.6 Vv Expected ripple voltag_e on Output with
selected Output capacitor

124 | T_HOLDUP_EXPECTED 20.7 ms Expected holqup time with selected
Output capacitor

125 | ESR_LF 0.92 ohms Low Freguency Capacitor ESR

126 | ESR_HF 0.37 ohms High Frequency Capacitor ESR

127 | IC_RMS_LF 0.39 A Low Freqguency Capacitor RMS current

128 | IC_RMS_HF 1.48 A High Frequency Capacitor RMS current
Estimated Low Frequency ESR loss in

129 | CO_LF_LOSS 0.138 w Output capacitor

130 | co_HF_Loss 0.804 W Estimated High frequency ESR loss in

Output capacitor

Power Integrations, Inc.
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Total estimated losses in Output

131 | Total CO LOSS 0.942 w ;
Capacitor

134 | Input Bridge (BR1) and Fuse (F1)

135 | 1”2t Rating 12.64 AN2*s | Minimum I”2t rating for fuse

136 | Fuse Current rating 4.49 A Minimum Current rating of fuse

137 | VF 0.90 \ Input bridge Diode forward Diode drop

138 | IAVG 2.79 A Input average current at VBROWNOUT.

139 | PIV_INPUT BRIDGE 375 \ Peak inverse voltage of input bridge

140 | PCOND_LOSS_BRIDGE 4.739 W Estimated Bridge Diode conduction loss
Input capacitor. Use metallized

141 | CIN 0.82 uF polypropylene or film foil type with high
ripple current rating

142 | cIN_DF 0.001 IDne;?tuat)Capacitor Dissipation Factor (tan

143 | CIN_PLOSS 0.012 W Input Capacitor Loss
Input Thermistor value. Adjust

144 | RT1 9.37 ohms I_INRUSH to get the closest standard
thermistor value

145 [ D_Precharge 1N5407 Recommended precharge Diode

148 | PFS5 Small Signal Components
VS pin resistor for valley sensing. This
resistor should be optimized such that
proper delay is introduced from the
instant the voltage on the sense winding

149 | RVS 10.0 kOhms goes below the Vvs2 threshold to the
instant when the cascode turns-on
(valley sensing). Must be tested on the
bench
Power programmability resistor. Leaving

150 | RPS > 400 kOhms PS pin open is acceptable

151 | RV1 4.0 MOhms [ Line sense resistor 1

152 | RV2 6.0 MOhms | Line sense resistor 2
Typical value of the lower resistor

153 | RV3 6.0 MOhms | connected to the V-PIN. Use 1% resistor
only!
Description pending, could be modified

154 | Rv4 161.6 kOhms based on feedback chain R1-R4
V pin decoupling capacitor (Rv4 and
C_V should have a time constant of

1551 Cv 0.495 nF 80us) Pick the closest available
capacitance.

156 | C_VvCC 1.0 uF Supply decoupling capacitor

157 | C C 100 nF Feedback C pin decoupling capacitor

158 Power good Vo lower 333 v Vo lower threshold voltage at which

threshold VPG(L) power good signal will trigger

159 | PGT set resistor 320.5 kohm Power good threshold setting resistor

162 | Feedback Components

163 | RFB_1 4.00 Mohms F.egdback petwork, first high voltage
divider resistor

164 | RFB_2 6.00 Mohms F_ee_:dback network, second high voltage
divider resistor
Feedback network, third high voltage

165 | RFB_3 6.00 Mohms divider resistor

166 | RFB_4 155.5 kohms Feedback network, lower divider resistor
Feedback network, loop speedup
capacitor. (R4 and C1 should have a

167 | CFB_1 0.514 nF tin?e constgnt of 80us) Pick the closest
available capacitance.

168 | RFB_5 30.1 kohms Feedback network: zero setting resistor

169 | cFB 2 1000 nF Feedb_ack component- noise suppression
capacitor

172 | Loss Budget (Estimated at VACMIN)

173 | PFS Losses 1.830 W Total estimated losses in PFS

174 | Boost diode Losses 0.642 W Total estimated losses in Output Diode

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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Total estimated losses in input bridge

choke depending on EMI
design requirement.

175 | Input Bridge losses 4,739 W
module

176 | Input Capacitor Losses 0.012 W Total estimated losses in input capacitor

177 | Inductor losses 1.071 W Total estimated losses in PFC choke

178 | Output Capacitor Loss 0.942 W Total gst|mated losses in Output
capacitor

179 | EMI choke copper loss 0.855 w ‘cl'gltjzleerzstlmated losses in EMI choke

180 | Total losses 10.090 W Overall loss estimate

181 | Efficiency 96.12 % Ei::jmated efficiency at VACMIN, full

184 | HiperPFS-5 Integrated CAPZero Function
Maximum total series resistor value to
discharge X-capacitors with time

Total Series Resistance constant of 1 second. Resistors must be

185 (Rcapzerol+Rcapzero2) 0.602 MOhms connected to D1 and D2 pins of the
HiperPFS-5 part for integrated CAPZero
function

188 | EMI Filter Components Recommendation
X-capacitor after differencial mode

189 | &x2 680 nF choke and before bridge, ratio with Po
Estimated minimum differential

190 | LDM_calc 169 uH inductance to avoid <10kHz resonance
in input current

191 | oxa 470 nF X-capaC|to_r be_fore common mode
choke, ratio with Po

192 | LCM 10.0 mH Typical common mode choke value
Estimated leakage inductance of CM

193 | LCM leakage 30 uH choke, typical from 30~60uH

194 | €Y1 (and CY2) 220 OF typlcal Y capac]tance for common mode
noise suppression
cal_LDM minus LCM_leakage, utilizing

195 | LDM_Actual 139 uH CM leakage inductance as DM choke.

196 | DCR_LCM 0.070 Ohms Total DCR of CM choke for estimating
copper loss
Total DCR of DM choke(or CM #2) for

197 | DCR_LDM 0.030 Ohms estimating copper loss

Note: CX2 can be placed
199 between CM choke and DM

Note Value of CIN used in DER977 is 0.68 WF rather than 0.82 pF shown in spreadsheet.

5
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8 PFC Inductor Specification

8.1  Electrical Diagram
4
WDG #1

24 T—125x#40 AWG
Served Litz

WDG #2
2T—-#30 AWGT.LW.

Figure 8 — Inductor Electrical Diagram.

8.2  Electrical Specifications

Inductance Pins 4-5 measured at 100 kHz, 0.4 RMS. 130 uH +5%
Resonant , .
Frequency Pins 4-5. N/A kHz (Min.)

8.3 Materials

Item Description

[1] Core: ATQ28-18, Gap for AL of 226 nH/T2 PI P/N 99-00071-00.

[2] Bobbin: ATQ 28/18 Vertical, 5 Pins, (5/0) PI P/N 25-01170-00.

[3] Litz Wire: 125 #40 AWG Single Coated Solderable, Served.

[4] Triple Insulated Wire, #30 AWG, Furukawa Tex=E or Equivalent.

[5] Tape, Polyester Film: 3M 1350-F1 or Equivalent, 9 mm Wide.

[6] Foil, Copper, 0.002” (0.051mm) thick, 6 mm Wide (cut down from 10 mm wide foil).

[7] Varnish: Dolph BC-359, or Equivalent.

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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8.4  Inductor Build Diagram

2 y

1— |

s - -OOOOOOOOOHE

24T — Litz Item [3] Q
BHHDBDHHDBHE

gL SRR S

Figure 9 — Inductor Build Diagram.

8.5  Inductor Construction

Bobbin prep Pull pin 3 of bobbin [2].
WDG #1 (Main Wdg) Starting at pin 5, wind 24 turns of Litz Wire [3] in
four layers. Finish at pin 4.
WDG #2 (desmag sense wdg) Starting at pin 1, wind 2 turns of TIW [4]. Finish
on pin 1.
Insulation Apply 3 turns of tape [5] for finish wrap.
Core Gapping Grind core for inductance of 130 uH +/- 5%
Assembly Assemble core halves and bobbin. Secure cores
with 2 turns of tape [5]
Flux band Using copper foil [6], apply a flux band around the

outside perimeter of the transformer, centered in
the bobbin window. Secure foil ends with solder to
form a shorted turn.

Grounding wire Solder 1" piece of TIW [4] to copper band near pin
1. Terminate wire on pin 1.
Insulating wrap Cover copper flux band with 2 turns of tape [5].
Varnish Dip varnish [7].
—p TP;‘:Nf; Ellageglrztglggg, IFI:;: +1 408 414 9201 Page 23 of 76
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8.6  Winding Illustrations

Winding preparation

Bobbin & Cores.
Pull pin 3 of bobbin.

WD1
Main Wdg

WD2
Demag sense Wdg

Start at pin 5, wind 24
turns of Litz wire item [3]
in four layers, Finish at
pin 4.

Insulation

Starting at pin 2, Wind 2
turns of TIW (4).
Finish on pinl.

Apply 3 turns of tape item
[5] for finish wrap.

Tel: +1 408 414 9200 Fax: +1 408 414 9201 Page 24 0of 76
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Core Gapping &
Assembly

Flux band & Grounding
wire

Insulating Wrap

Finishéd fnductor

Grind core for inductance
of 130 uH +/_ 5%

Assemble core halves and
bobbin. Secure cores with
2 turns of tape [5]

Using copper foil [6],
apply a flux band around
the outside of
transformer, centered in
the bobbin window.
Secure foil ends with
solder to form a shorted
turn.

Solder 1" piece of TIW [4]
to copper band near pin
1.

Terminate wire on pin 1.

Cover copper flux band
with 2 turns of tape [5]
Dip Varnish [7].

Power Integrations, Inc.
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9 L3 Differential Mode Inductor

FL1

WDG #1
37T-16 AWG

FL2

Figure 10 — Inductor Schematic Diagram.

9.1 Electrical Specifications

Inductance Pins 4-5 measured at 100 kHz, 0.4 RMS. 220 pH +10%
Resonant . .
Frequency Pins 4-5. N/A kHz (Min.)

9.2 Materials
Item Description

[1] Core: Sendust / Kool-Mu, 125u, Magnetics, Inc. 77930-A7 or Equivalent.

[2] Magnet Wire, 1#6 AWG, Double Coated.

{3} Tape, Polyester Web, 3M #44 or equivalent, 8 mm Wide.

Use hook winder to apply turns on core. After winding, apply circumferential wrap of 2

turns of tape [3].

W Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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Figure 11 — Finished Inductor.

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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10 L1 High Frequency Common Mode Choke

FL3
WDG #2
11T-20 AWG
°
FL4
FL2
WDG #1
11T- 20AWGT.IL.
°
FL1

Figure 12 — Inductor Electrical Diagram

10.1 Inductor Electrical Specifications

Inductance Pins FL1 — FL2 or FL3 — FL4 measured at 100 kHz, 0.4 RMS. 1.1 mH +20%
Resonant , ]
Frequency Pins 4-5. N/A kHz (Min.)

10.2 Materials

Item Description
[1] Toroid Core, Ferrite, Coated, High Perm. P/N 30-00398-00
[2] Magnet wire, 20AWG
[3] Triple Insulated Wire, Furukawa TEX-E or equivalent, 20 AWG

Tel: +1 408 414 9200 Fax: +1 408 414 9201
Www.power.com

_p‘” Power Integrations, Inc. Page 28 of 76




DER-977 500 W Parallel FC Front-End 22-May-23

10.3 Winding Instructions

Using 1 strand each of magnet wire [2]
Winding and triple Insulated wire [3], wind 11
bifilar turns in 1 layer on toroid [1]

Trim flying leads to "2 in, tin to within 1/8
inch of toroid.

Termination

Figure 13 — Finished Inductor.

- Power Integrations, Inc.
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11 Diode Bridge BR1 Heat Sink

11.1 BR1 Heat Sink Sheet Metal

5 4 3 2 1

Heat Sink for Bridge Rectifier

DER 977 Rev B
Dim: inch .090 Alum 3003 Scale 1:1 .
3.60 -
< — $0.25 AirHoles x 5 ¢
/
B 8
: \ 1.35 ——=
1.85 | — ' dri
| s | ©0.089 3/32" drill for tap
4 TITLE:

RGN S .. DOWET Part, ficat Sink
“ EE::;&;'&G by :ﬁlormm 5. ;’32 k;l::‘gn Alum 3003, .090" L ' -FI?\tegrutlons DER 977 Rev B A

i g L Bl v SsHIATS  por o, rev

wawpowercom Michael Madson . x 61-00321-00 B

Efgwﬂ Mzgﬁ E:m:n“ fations SCALE:1:1 THIRD ANGLE PROECTION WEIGHT: SHEET 1 OF 1

5 3 2 1
Figure 14 — DER977 Bridge Rectifier Heat Sink, Sheet Metal
<z - Power Integrations, Inc. Page 30 of 76
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11.2 BR1 Heat Sink Fabrication Drawing

3 4

Heat Sink for Bridge Rectifier
FAB DER 977 RevB

3

D Dim: inch .090 Alum 3003 Scale 1:1 D
Cc c
B B
ITEM NO. PART NUMBER DESCRIPTION Qry.
1 61-00321-00 Heat Sink for Rectifier 1
2 60-000146-00 TERMINAL, EYELET, ZIERICK 190 1
The p and M,ater‘ial: DIMENSIONS ARE INCHES .
:r.br:ilrc ﬁﬁmﬂﬁm :gn.sw:clll‘gr'\rrmqy 3003 Alum Ilguu.mmﬁ:sm:ﬂ.fm! Yids -powel' FAB, Heat Sink DER
4 | be covered by one or more 1.5, and foreign .090“ ::‘ :._ .‘m integrations- 977-Rev B A
ﬁ.’?ﬁ'ﬁﬁ nil.;gglpgai ﬁ'&f’l’ﬁ’nﬂérgnd ,’_‘:G:-g"‘?’ - 5245 Hellyer Avenue. REV
Power Integrations. A complete list of Power Drawn By: o San Jose, CA 95138 DWG. NO.
linfegrations patents may be found at B
WWW.power.com Michael Madson 61-00321-01
ANISH X
fr:grlﬂnwyzm Egmlm rations SCALE: 1:1 THIRD ANGLE PROSECTION WEIGHT: SHEET 1 OF 1
5 3 2 1

Figure 15 — DER977 Bridge Rectifier Heat Sink, Assembly with Fastener

5
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11.3 BR1 / Heat Sink Assembly Drawing

5

4 3 2

Heat Sink for Bridge Rectifier
Assembly DER 977 Rev B
Dim: inch .090 Alum 3003 Scale 1:1

C (o3
8 ITEM NO. | PART NUMBER DESCRIPTION Qry. §
1 61-00321-01 Heat Sink for Rectifier 1
2 15-00791-00 600V, 10 A, Bridge Rectifier, 1
3 75-00002-00 SCREW MACHINE PHIL 4-40 X 5/16 SS 1
4 75-00167-00 WASHER FLAT #4 SS 1
The p and Mater‘ial: DIMENSIONS ARE INCHES Assem bly,
s ey T POWEr Heat Sink for Rectifier
s ExcmendoeemreriS oo 090" Alum 3003, kb egrotore: DER 977-Rev B 2
ror.lgn patent :ppulcd mm: gm ’ XX+ 008 5245 Hellyer Avenue.
Power Integrations. A l:omplm list of rovm' Drawn By: ANGLES 30207 San Jose, CA 95138 Part Number REV
iintegrations patents may be found at MATERIAL B
WWW.pOWer.com Michael Madson 61-00321-02
HANISH X
Cnpyrl %ngﬂﬁlwn fations SCALE: 1:1 THIRD) AHGLE PROJECTION WEIGHT: SHEET 1OF 1
5 3 2 1
Figure 16 — DER977 Bridge Rectifier Heat Sink, Final Assy with Bridge Rectifier
Power Integrations, Inc. page 32 of 76

Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com

5



DER-977 500 W Parallel FC Front-End 22-May-23

12 Performance Data

All measurements performed at room temperature, 60 Hz input frequency for voltages
below 150 VAC and input frequency of 50 Hz for 150 VAC and higher.

12.1 No-Load Input Power

Input power was measured using a Yokogawa WT210 set for integration mode, with an
integration time of 20 minutes.

The UUT was operated with an auxiliary Vcc of 12 V. Vcc voltage and current were
measured as 11.99 V and 1.33 mA, resulting in a Vcc power consumption of 15.95 mW.
The table below shows the sum of no-load consumption plus Vcc consumption.

90 VAC 115 VAC 230 VAC 264 VAC
Pout Pin Pout Pin Pout Pin Pout Pin
(mW) | (mW) | (mW) | (mW) | (mW) | (mW) | (mW) | (mW)

0 48.99 0 54.09 0 85.13 0 97.64

12.2 PFC Efficiency

99.0

98.5 - /

98.0 - /

o]

N

ul
i

Efficiency (%)
N
o

96.5 A
90 VAC
115 VAC
96.0 - 132 VAC
180 VAC
=230 VAC
95.5 - 264 VAC
95-0 L] L] L] L] L]
0 100 200 300 400 500 600
Output Power (W)
Figure 17 — Efficiency vs. Output Power.
Power Integrations, Inc. page 33 of 76
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12.3 Power Factor
1.00 43%
0.98 - - —
0.96 -
0.94 -
0.92 -
0.90 -

——90 VAC
= =115 VAC
£ 0.88 - 132 VAC
®0.86 - -e-180 VAC
= <230 VAC
 0.84 1 ——264 VAC
© 0.82 -

a

0.80 1
0.78 1
0.76 1
0.74 -
0.72

0-70 L] L] L]
0 50 100 150 200 250 300 350 400 450 500

Output Power (W)

Figure 18 — Input Power Factor vs. Output Power.

W Power Integrations, Inc.
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12.4 Regulation

12.4.1 Load Regulation

400.0
399.8 ‘
\ =90 VAC
399.6 \ =115 VAC| |
~ =4-132 VAC
(@) ]
a 399.4 \ -e-180 VAC
S 399.2 A\ <230 VAC| |
p .
[=)] \ h =264 VAC
g A
% 399.0
> \
+ 308.8
8 398.6 x — s . @
398.4 \ Ry & |
\\ \ﬁ(
398.2 =L —
\ﬂ
398.0
00 01 02 03 04 05 06 07 08 09 10 11 12 1.3

Output Load (A)

Figure 19 — Load Regulation

<z Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com

Page 35 of 76



DER-977 500 W Parallel FC Front-End 22-May-23

12.4.2 Line Regulation

400.0
399.8 ——-100% Load Ve
-=-75% Load /
399.6 =+-50% Load
-0-20% Load /
0 399.4 ~<10% Load A
[a]
a //
p 399.2 //
g //
= 399.0 4
S T~
5 398.8 /u.
Q. .\
hd
3 398.6 To—o — /,.
_—* * //N *
398.4 44— / - \\///
398.2 ?
398.0

80 100 120 140 160 180 200 220 240 260 280
Input Voltage (VAC)

Figure 20 — Line Regulation.

Power Integrations, Inc.
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12.5 THD

40

35 . ——90 VAC
-%-115 VAC

30 - —+132 VAC
—e-180 VAC
=230 VAC

25 1 ——264 VAC

—
Ul
1

Input Current THD (%)
N
o

-
o
1

0 L] L] L] L] L
0 100 200 300 400 500 600
Output Power (W)

Figure 21 — Input Current THD vs. Load.

Note: When on highline (230 VAC and 264 VAC) and 10% load the unit is in burst mode,

making the THD reading very high. To get an accurate reading the light load THD value
should be integrated over several minutes.

N Power Integrations, Inc.
p Tel: +1 408 414 9200 Fax: +1 408 414 9201 Page 370f 76
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12.6 Input Current Harmonic Distortion (IEC 61000-3-2 Class-D)
Measured at 115 and 230 VAC Input 60/50 Hz.

12.6.1 230 VAC 50 Hz, 100% Load at Output

0.45

B Input Harmonic Current

0.40 o
B Class D Harmonic Limit

0.35

0.30

0.25

Amplitude (A)
©
S

3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
Harmonic #

Figure 22 — Amplitude of Input Current Harmonics for 50% Load at 230 VAC Input.

W Power Integrations, Inc.
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12.6.2 230 VAC, 50 Hz, 50% Load at Output

0.25

B Input Harmonic Current
@ Class D Harmonic Limit

0.20

o

=

(O]
1

Amplitude (A)
©
=)

0.05

0.00

3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
Harmonic #

Figure 23 — Amplitude of Input Current Harmonics for 100% Load at 230 VAC Input.

W Power Integrations, Inc.
p Tel: +1 408 414 9200 Fax: +1 408 414 9201 Page 39 of 76

Www.power.com



DER-977 500 W Parallel FC Front-End 22-May-23

12.6.3 115 VAC, 60 Hz, 100% Load at Output

0.90 1

® Input Harmonic Current

0.80 B Class D Harmonic Limit

0.70

0.60

Amplitude (A)

3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
Harmonic #

Figure 24 — Amplitude of Input Current Harmonics for 100% Load, 115 VAC, 60Hz.
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12.6.4 115 VAC, 60 Hz, 50% Load at Output

B Input Harmonic Current
B Class D Harmonic Limit

0.20

Amplitude (A)

3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
Harmonic #

Figure 25 — Amplitude of Input Current Harmonics for 50% Load, 115 VAC, 60Hz

W Power Integrations, Inc.
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13 Thermal Performance

The unit was allowed to reach thermal equilibrium [~2 hrs.] inside a plastic box to suppress
air cross-currents prior to thermal measurement with a FLIR camera. Table 1 shows full
load temperature of key components measured at equilibrium, room temperature.

Temperature (°C)
500 W Load
Component 115 VAC | 230 VAC
Ambient (measured by
thermocouple) 24 25
CM Inductor L4 71 49
DM Inductor L3 51.4 39.3
Main Inductor 1 T1 Wire 75.4 56.5
T1 Core 76.3 55.9
Main Inductor 2 T4 Wire 73 55.9
T4 Core 70.9 53.9
Output Rectifier D3 89.4 72.9
Output Rectifier D4 91.3 73
Bridge Rectifier BR1 92.5 68.4
Output Capacitor C32 54 43
Ul 77.4 60.9
PFS5178F U2 70.3 61.5

Table 1 — Steady-State Thermal Performance.

5

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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14 Input Waveforms

14.1 Input Voltage/Current at 90 VAC, 60 Hz

File Vertical Timebase Trigger Display Cursors Measure Analysis  Utlities  Help

TELEDYNE LECROY

TELEDYNE LECROY 111812023 5:38:34 P

Figure 26 — 90 VAC, 100% Load. Figure 27 — 90 VAC, 50% Load.
Upper: Iy, 5 A/ div. Upper: Iy, 5 A/ div.
Lower: Vv, 200 V, 5 ms / div. Lower: Viy, 200V, 5 ms / div..

i 0.0
TELEDYNE LECROY 1182023 5:39:22 P

Figure 28 — 90 VAC, 25% Load.
Upper: Iy, 5 A/ div.
Lower: Vv, 200 V, 5 ms / div.

Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com
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14.2 Input Voltage/Current at 115 VAC, 60 Hz

File Verfical Timebase Trigger Display Measure Math Analysis Utlities  Help File Verfical Timebase Trigger Display Cursars Measure

/ 77\ \
" /
Figure 29 — 115 VAC, 100% Load. Figure 30 — 115 VAC, 50% Load.
Upper: Iy, 5 A/ div. Upper: Iy, 2 A/ div.
Lower: Vv, 200 V, 5 ms / div. Lower: Viy, 200 V, 5 ms / div.

TELEDYNE LECROY AIB2023 54021 PH

Figure 31 — 115 VAC, 25% Load.
Upper: Iiy, 2 A/ div.
Lower: Vv, 200 V, 5 ms / div.

Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com
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14.3 Input Voltage/Current, 230 VAC, 50 Hz

File Vertical Timebase Trigger Display Cursors Measure Analysis  Utiies  Help

TELEDYNE LECROY

Figure 32 — 230 VAC, 100% Load. re 33 — 230 VAC, 50% Load.
Upper: Iy, 5 A/ div. Upper: Iy, 2 A/ div.
Lower: Vv, 200 V, 5 ms / div. Lower: Viy, 200V, 5 ms / div.

ROY

Figure 34 — 230 VAC, 25% Load.
Upper: Iy, 2 A / div.
Lower: Vv, 200 V, 5 ms / div.

Power Integrations, Inc.
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14.4 Input Voltage/Current Waveforms, 264 VAC, 50 Hz

Figure 35 — 264 VAC, 100% Load. Figure 36 — 264 VAC, 50% Load.
Upper: Iy, 2 A / div. Upper: Iy, 2 A/ div.
Lower: Vv, 200 V, 5 ms / div. Lower: Vv, 200 V, 5 ms / div.

0Y

Figure 37 — 264 VAC, 25% Load.
Upper: Iy, 2 A/ div.
Lower: Vv, 200 V, 5 ms / div.

Power Integrations, Inc.
—p Tel: +1 408 414 9200 Fax: +1 408 414 9201 Page 46 of 76
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14.4.1 Start-up Waveforms
14.4.290 VAC, 60 Hz

Measure PI:maxiC4)  PZmin(Cl) P3:-- Pas-- P--- PB--- P7-- Pg---
120A RERT
v v

Measure Plmax(Cdy  PZmin(C1) P3ne- 5 P5-- P - PT--- Pa---
ve 1204 10 A

v

TELEDYNE LECROY “uen0za 2011 P

Figure 38 — 90 VAC, 100% Load. Figure 39 — 90 VAC, 50% Load.
Grn: T4 Inductor Current, 10 A / div. Grn: T4 Inductor Current, 10 A / div.
Yel: T1 Inductor Current, 10 A / div. Yel: T1 Inductor Current, 10 A / div.
Red: Vour, 200 V, 50 ms/ div. Red: Vour, 200 V, 50 ms/ div.
Lower: Iy, 5 A/ div., 50 ms / div. Lower: I, 5 A/ div., 50 ms / div.

Measure PLmanCs)  PZmin(C1) P3:-- Pe--- P~ PE:-- - P7:-- PB:--
value MNTA A10A
v v

1/18/20231:28:03 PW

Figure 40 — 90 VAC, 25% Load.
Grn: T4 Inductor Current, 10 A / div.
Yel: T1 Inductor Current, 10 A / div.
Red: Vour, 200 V, 50 ms / div.

Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com
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14.4.3 115 VAC, 60 Hz

File vetical Timebase Triguer Display Cursors Measure Math Analysis Utiies Help

Abdhbhddhdias

Figure 41 — 115 VAC, 100% Load. Figure 42 — 115 VAC, 50% Load.
Grn: T4 Inductor Current, 10 A / div. Grn: T4 Inductor Current, 10 A / div.
Yel: T1 Inductor Current, 10 A / div. Yel: T1 Inductor Current, 10 A / div.
Red: Vour, 200 V, 50 ms/ div. Red: Vour, 200 V, 50 ms/ div.
S ——
Figure 43 — 115 VAC, 25% Load.
Grn: T4 Inductor Current, 10 A / div.
Yel: T1 Inductor Current, 10 A / div.
Red: Vour, 200 V, 50 ms/ div.
- Power Integrations, Inc.
T:) Tel: +1 408 414 9200 Fax: +1 408 414 9201 Page 48 of 76
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14.4.4 230V, 50 Hz

A h b Ao a b h A A A h bk bk thhkdd

Measure PUmax(Ce)  P2MIn(CT) P3:-- Pd--- oo PB:--- PT--- Pg: -~
8

Figure 44 — 230 VAC, 100% Load.

Grn: T4 Inductor Current, 10 A / div.
Yel: T1 Inductor Current, 10 A / div.
Red: Vour, 200 V, 50 ms/ div.

Ssors  Measure Math  Analysis  Utiities  Help

e Verical Timebase Triguer Display

Measure Flmak(C4)  PZminct) P3-- P 5o~
value 1004 ATAA
status 4 v

oY

Figure 46 — 230 VAC, 25% Load.
Grn: T4 Inductor Current, 10 A / div.
Yel: T1 Inductor Current, 10 A / div.
Red: Vour, 200 V, 50 ms/ div.

TELEDYNE LECROY

PLmax(Cc4)  PImin(C1) P3:-- e [ [ PTo-- P8---
944 1144

sitive
1182023 1:34:40 PM

Figure 45 — 230 VAC, 50% Load.

Grn: T4 Inductor Current, 10 A / div.
Yel: T1 Inductor Current, 10 A / div.
Red: Vour, 200 V, 50 ms/ div.

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

p‘“ Power Integrations, Inc.
-——
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14.4.5 264 VAC, 50 Hz

' T T
———

P:. see=
ﬁ I
o

[y
Measure PImagC4s)  PZmin(C1) P3--- P4 Pg:-- P& - PT--- PE---
value BEA -g.8A
status v v

Figure 47 — 264 VAC, 100% Load.

Grn: T4 Inductor Current, 10 A / div.
Yel: T1 Inductor Current, 10 A / div.
Red: Vour, 200 V, 50 ms/ div.

o
e
%H
i
Measure Plimax(Cdy P2Zmin(C1) P3--- Pé--- P5---
] -87A

Figure 49 — 264 VAC, 25% Load.
Grn: T4 Inductor Current, 10 A / div.
Yel: T1 Inductor Current, 10 A / div.
Red: Vour, 200 V, 50 ms/ div.

e vertical Timebase

Trigger Display Cursors Measure Math  Analysis

Utlitles  Help

P1:max(C4)
224

TELEDYNE LECROY

PZminiC1) P3:-- P4 P [ PT:-- PB: -
onA

v

1812023 1:37:41 PM

Figure 48 — 264 VAC, 50% Load.

Grn: T4 Inductor Current, 10 A / div.
Yel: T1 Inductor Current, 10 A / div.
Red: Vour, 200 V, 50 ms/ div.

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

Www.power.com
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14.5 Load Transient Response

14.5.190 VAC, 60 Hz

[ .

*\

P2manC3) P3--- Pe--- [ [ PR PB---
4959V
v

i
PiminiC3)
4370V

v

Figure 50 — Transient Response, 90 VAC,
0-100-0% Load Step.
Grn: T1 Inductor Current, 5 A / div.
Yel: T4 Inductor Current, 5 A / div.
Blu: Vour (DC Coupled), 20 V, 500 ms /
div.

3
P1:mingC3) P3=-- Pd=-- P5ass PB= - PTa- Pga--

lue 4447y

PEMaxC3)
1953V

Tmebase -1.829

171812023 11:31:00 AM

TELEDYNE LECROY

Figure 52 — Transient Response, 90 VAC,
50-100-50% Load Step.
Grn: T1 Inductor Current, 5 A/ div.
Yel: T4 Inductor Current, 5 A / div.
Blu: Vour (DC Coupled), 20 V, 500 ms /
div.

[y
PImin(C3)  P2max(C3) P3--- Pds-- P PB- -~ P7-- Pg---
1351V 2972V

Figure 51 — Transient Response, 90 VAC,
10-100-10% Load Step.
Grn: T1 Inductor Current, 5 A / div.
Yel: T4 Inductor Current, 5 A / div.
Blu: Vour (DC Coupled), 20 V, 500 ms
/ div.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com
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¢ N
Measure PLmin(G3)  P2maxC3)
4381V 497.2v

value
v

Figure 53 — Transient Response, 115 VAC, Figure 54 — Transient Response, 115 VAC,
0-100-0% Load Step. 10-100-10% Load Step.
Grn: T1 Inductor Current, 5 A/ div.

Grn: T1 Inductor Current, 5 A / div.
Yel: T4 Inductor Current, 5 A / div.
Blu: Vour (DC Coupled), 20 V, 500 ms

/ div.

Yel: T4 Inductor Current, 5 A / div.
Blu: Vour (DC Coupled), 20 V, 500 ms

/ div.

o
M i
Weasure Fmin(C3)  PZmax(C3) [ [ A FToo- PB---
4347V 427V

v v

111872023 11:32:05 AW

10
TELEDYNE LECROY

Figure 55 — Transient Response, 115 VAC,
50-100-0% Load Step.
Grn: T1 Inductor Current, 5 A/ div.
Yel: T4 Inductor Current, 5 A / div.
Blu: Vout (DC Coupled), 20 V, 500 ms /

div.

- Power Integrations, Inc.
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14.5.3 230 VAC, 50 Hz

File  Vertic

r"

M Ly

Measure PIMIn(C3)  PZmMan(C3) P3--- P4 Pg-- PE:-- - P7:--
value 4351 ¥ 4a8.5Y

stal v v

TELEDYNE LECROY TA18r2023 114310 AM

Figure 56 — Transient Response, 230 VAC,
0-100-0% Load Step.
Grn: T1 Inductor Current, 5 A / div.
Yel: T4 Inductor Current, 5 A / div.
Blu: Vour (DC Coupled), 20 V, 500 ms
/ div.

Y

PI'min(C3)  P2max(C3) P3:-- Pd-- P5--- PE--- PT--- PB:--
value 44232V 4348V
status

Figure 58 — Transient Response, 230 VAC,
50-100-0% Load Step.
Grn: T1 Inductor Current, 5 A/ div.
Yel: T4 Inductor Current, 5 A / div.
Blu: Vout (DC Coupled), 20 V, 500 ms /
div.

Yy
PLmin(c?)  PImax(C3) P3ee- Pdn--
497.8Y

v

1328V
v

TELEDYNE LECROY 11812023 11:37:44 AW

Figure 57 — Transient Response, 230 VAC,
10-100-10% Load Step.
Grn: T1 Inductor Current, 5 A / div.
Yel: T4 Inductor Current, 5 A / div.
Blu: Vour (DC Coupled), 20 V, 500 ms
/ div.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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14.5.4 264 VAC, 50 Hz

ysis  Utilities  Help

3

P1:min(C3)

lue 4351V
v

P2mMax(C3) P3--- Pa--- P§i- -~ PG~ (22N Pg: -
1935Y
v

Figure 59 — Transient Response, 264 VAC,
0-100-0% Load Step.
Grn: T1 Inductor Current, 5 A / div.
Yel: T4 Inductor Current, 5 A / div.
Blu: Vour (DC Coupled), 20 V, 500 ms
/ div.

ry
PImInCy)  PZmaxC3) P3:-- Pa--- P5--- PG P7:-- Pg---
a1y 4953V
- v

1
TELEDYNE LECROY 111812023 11:40:47 AW

Figure 61 — Transient Response, 264 VAC,
50-100-0% Load Step.
Grn: T1 Inductor Current, 5 A/ div.
Yel: T4 Inductor Current, 5 A / div.
Blu: Vour (DC Coupled), 20 V, 500 ms /
div.

[y A
FYyrY M Frrey "‘M
rree rrrry
“

M i
Measure PLminC3)  PZmax(cd) P~ Pa - Ps--- PE--- PT--- Pa---
value 4338V 4972V
status v v

1
CROY

11812023 11:42:16 A

Figure 60 — Transient Response, 264 VAC,
10-100-10% Load Step.
Grn: T1 Inductor Current, 5 A / div.
Yel: T4 Inductor Current, 5 A / div.
Blu: Vour (DC Coupled), 20 V, 500 ms
/ div.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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14.6 Line Dropout

14.6.1 1000 ms Line Dropout (115 VAC / 60 Hz and 230 VAC / 50 Hz)

14.6.1.1 50% Load at Output

4
TELED!

BII0ZI 13417 A .
TELEDYNE LECROY

Figure 62 — Line Dropout 115 VAC, 1000 ms. Figure 63 —

Upper: Viy, 200 V / div.
Middle: Iy, 10 A / div.
Lower: Vour, 200 V / div., 200 ms / div.

14.6.1.2 Full Load at Output

Line Dropout 230 VAC, 1000 ms.
Upper: Viy, 500 V / div.

Middle: Iy, 10 A / div.

Lower: Vour, 200 V / div., 200 ms / div.

0.0 -6
TELEDYNE LECROY TELEDYNE LECROY

Figure 64 — Line Dropout 115 VAC, 1000 ms. Figure 65 —

Upper: Viy, 200 V / div.
Middle: Iy, 10 A / div.
Lower: Vour, 200 V / div., 200 ms / div.

Line Dropout 230 VAC, 1000 ms.
Upper: Viy, 500 V / div.

Middle: Iy, 10 A / div.

Lower: Vour, 200 V / div., 200 ms / div.

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

p‘“ Power Integrations, Inc.
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14.6.2 One Cycle Line Dropout (115 VAC / 60 Hz and 230 VAC / 50 Hz)

14.6.2.1 Full Load at Output

nalysis  Ulilities Help

0.
TELEDYNE LECROY 12023 11:51:58 AM

Figure 66 — Line Dropout 115 VAC, 60 Hz. Figure 67 — Line Dropout 230 VAC, 50 Hz.
Upper: Viy, 500 V / div. Upper: Viy, 500 V / div.
Middle: I, 10 A /div. Middle: Iy, 10 A /div.
Lower: Vour, 200 V / div., 20 ms / Lower: Vour, 200 V / div., 20 ms /div
div.

14.7 Input Line Step
14.7.1 Line Sag (85 VAC ~ 115 VAC ~ 85 VAC, 60 Hz)

""“"W“‘WW"V‘W\""W‘lewy\lllm"||"|‘U””“W“\'wmmm M [‘|"!\'W[|W\“|[‘\‘VW”"l"[Ilm!\“ﬂ‘Uﬂ‘“\l““ll||r\w'|”uw|

Rt s R R

i b e b L i

o
0 N e A -‘"‘mmmwmm.mmmwmrlmmmﬂm'mmmrcn‘wmﬁm«mqwmyrwuwm

0.0
TELEDYNE LECROY 112812023 5:32:33 PM

Figure 68 — Line Sag 85-115-85 VAC, 50% Load. Figure 69 — Line Sag 85-115-85 VAC, 100% Load.
Grn: IT4, 5 A/ div. Grn: IT4, 5 A / div.
Yel: IT1, 5 A/ div. Yel: IT1, 5 A/ div.
Blu: Vour (DC Coupled), 50 V / div. Blu: Vour (DC Coupled), 50 V / div.
Red: Vi, 200 V, 200 ms / div. Red: Vi, 200 V, 200 ms / div.
- Power Integrations, Inc.
—p Tel: +1 408 214 9200 Fax: +1 408 414 9201 Page 56 of 76
WWW.power.com



DER-977 500 W Parallel FC Front-End 22-May-23

14.7.2 Line Swell (147 VAC ~ 132 VAC ~ 147 VAC, 60 Hz)

- Power Integrations, Inc.
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14.8 Power Good (PG)
Power Good (PG) waveforms were measured at start-up and shutdown with the PG pull-
up resistor (TP-8) tied to Vrer.

14.8.1 115 VAC and 60 Hz

glsH 28ty ciadenA oM swaseh 2c

112312023 549:30 P

Figure 76 — 115 VAC, Full Load, Vour Rising Edge. Figure 77 — 115 VAC, Full Load, Vour Falling Edge.
Blue: PG 2 V / div. Blu: PG, 2 V / div.
Red: Vour, 200 V, 20 ms / div. Red: Vour, 200 V, 20 ms / div.

14.8.2 230 VAC and 50 Hz

File Verical Timebase Trigger Display Cursors Measure Math Analysis Utiies Help nalysis  Utiliies  Help

TELEDYNE LECROY 1/23/2023 5:4822 PM

Figure 78 — 230 VAC, 100% Load, Vout Rising Figure 79 — 230 VAC, 100% Load, Vout Falling
Edge. Edge.
Blu: PG, 2 V / div. Blu: PG, 2 V / div.
Red: Vour, 200 V, 20 ms / div. Red: Vour, 200 V, 20 ms / div.

Note: For Figures 56 and 58, input AC voltage was turned off to verify PG transition threshold. Trip point
in each case was 336 VDC

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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14.9 Brown-In and Brown-Out at 6 V / Minute Rate

Test conducted by first reducing, followed by increasing input AC voltage source at a rate
of 6 V / min. The PFC converter DC output was loaded to 100% of rated load (electronic
load), which was programmed to release the load when the DC output of the PFC dropped
below 310 V [at brown-out]. After the load switches off it continues to draw about 1.5mA
and discharges the output capacitor of the PFC after the dynamic load is released at brown-

out.

14.9.1 Thresholds

Measured PFC Brown-Out Threshold 71.28 VAC
Measured PFC Brown-In Threshold 75.69 VAC

14.9.2 Waveforms

File  “ertical Timebase Trigger Display  Cursors Measure  Math Anahesis Uilities Help

b

TELEDYNE LECROY

Figure 80 — Brown-Out Followed by Brown-In at 100% Load.
Yel: Vo, 100 V / div.
Grn: Viy, 100V, 200s / div.

N Power Integrations, Inc.
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14.9.3 Drain Voltage and Inductor Current

PFC peak inductor current waveform was used as a metric for power sharing between the
two paralleled 250 W PFC stages of the DER-977. A zoom is captured at the peak current

to show maximum drain voltage and inductor current.

7:19 P

Figure 81 — Input Voltage 90 VAC, 100% Load. Figure 82 — Input Voltage 115 VAC, 100% Load.

Grn: IT1, 10 A / div. Grn: IT1, 10 A/ div.

Yel: IT4, 10 A / div. Yel: IT4, 10 A/ div.

Red: Vor U2, 500 V / div. Red: Vbr U2, 500 V / div.

Blu: Vor U1, 500 V / div, 1 ms / div. Blu: Vor U1, 500 V / div, 1 ms / div.

I , T

VYV VYV VY YYVYVVVVV VYV VVVY

I
=
)

e Bl

§

3 0.0
TELEDYNE LECROY 33002023 1:29:59 PM

Figure 83 — Input Voltage 230 VAC, 100% Load.  Figure 84 — Input Voltage 264 VAC, 100% Load.

Grn: IT1, 10 A/ div. Grn: IT1, 10 A/ div.

Yel: IT4, 10 A / div. Yel: IT4, 10 A / div.

Red: Vpbr U2, 500 V / div. Red: Vor U2, 500 V / div.

Blu: Vor U1, 500 V / div, 2 ms / div. Blu: Vor U1, 500 V / div, 2 ms / div.

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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14.10 Output Ripple Measurements

14.10.1 Ripple Measurement Technique

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

The 4987BA probe adapter is modified with one 0.022 uF/ 630V film capacitor, tied
across the probe tip.

Probe Ground

Figure 85 — Oscilloscope Probe Prepared for Ripple Measurement (End cap and ground lead removed.)

ok
s

Figure 86 — Oscilloscope Probe with Probe Master (www.probemaster.com) 4987A BNC Adapter
(Modified with wires for ripple measurement, and one 0.022 uF decoupling capacitor added.)

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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14.10.2 Measurement Results 90 VAC

File Verical Timebase Trigger Display Cursors Measure Math Analysis Help

File Vertical Timehase

Trigger  Display  CL

Measure Math Analysis Utilies Help

T i

&

+ i 3
Measure Plpkpk(C3)  PXfreaC1) P3--- Pd:--- P5: PE: PT Pa:
value 170V

status v

TELEDYNE LECROY

1118/2023 247:00 PM

Figure 87 — Ripple, 90 VAC, 100% Load.
5V /div., 2 ms/ div.

File  Vertical Timshas

Trigger  Display

Cursors Measure  Math ysis  Utilities  Help

@
¢

'y v
Measure PlpkpkiC3)  PIfreq(Cl) P3:-- P4- P5: PG P7- Pg---
value 6TV

status v

TELEDYNE LECROY

Figure 89 — Ripple, 90 VAC, 25% Load.
5V /div., 2 ms/ div.

=
b5

Measure
value
status

i
P1pkpk(C3)  PZfren(C1) P3--- P -~ Pg---
93V

v

TELEDYNE LECROY

11812023 2:47:48 PN

Figure 88 — Ripple, 90 VAC, 50% Load.
5V /div., 2 ms/ div.
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14.10.3

File Vertical Timebase Trigger Display Cursors Measure Math Anabysis Utiiies Help

Measurement Results, 115 VAC

File Verical Timehase Trigger Display Cursors Measure Math Analysis Utiliies Help

W

R P

e
b

o

¥

i 7y v
Measure Plipkpk(C?)  PZifren(CT) P3:-- P PS:-- Pa:-- PTe-- PE:--- Measure PIpkpk(CE)  PZfteq(C1) Pa--- Pa PS5 - PB--- PT--- Pg:--
value 183V value a6V
status v status v

10.0
TELEDYNE LECROY 11872023 25318 PM TELEDYNE LECROY

Figure 90 — Ripple, 115 VAC, 100% Load.
5V /div., 2 ms/ div.

File Vertical Timehase Triger

nalysis  Utlities  Help

3
3

i

Measure PLOKRKCY)  P2frea(C1) P3--- Pa--- Pg: - [ PT--- Pa:--
valug 67V

status v

TELEDYNE LECROY

118/2023 2:50:21 PM

Figure 92 — Ripple, 115 VAC, 25% Load.
5V /div., 2 ms/ div.

1/18/2023 2:52:42 PMl

Figure 91 — Ripple, 115 VAC, 50% Load.

5V /div., 2 ms/ div.
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14.10.4 Measurement Results, 230 VAC

For 230 and 264 VAC measurements, time base was increased to 100ms/div to view low
frequency ripple content.

PARARAARAANRY aRARERAARE A A AR AARRYRRAARR DR RRARRARARN AGRARERARRRIRAAARRRRRRNARRNANARRRhR AR AR
e e U R

i &
FIpkpk(C3)  PZfrea(C1) P3--- Pd--- 5o P FTo-- oo PIIpkak(C3)  PZfreq(C1) P3--- P4--- P5--- Pe--- P7--- Pa- -
16.6Y 9.8y
v v

0 0.
TELEDYNE LECROY 111802023 2:54:44 PM TELEDYNE LECROY 11182023 25716 PM

Figure 93 — Ripple, 230 VAC, 100% Load. Figure 94 — Ripple, 230 VAC, 50% Load. 10V /
10 V / div., 100 ms / div. div., 100 ms / div.

File Vertical Timebase Trigger Display Cursors Measurs Math Analysis Utiities Help

M [y

Measure PlpkokiC3)  P2fieq(Cl) E Pa--- P5-- P - PT:-- Pg---
value 6.4

status v

TELEDYNE LECROY

Figure 95 — Ripple, 230 VAC, 25% Load.
10V / div., 100 ms / div.
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14.10.5 Measurement Results, 264 VAC

File Vettical Timehase Trigger Display C Measure Math Analysis Utiities Help

File Vertical Timebase Trigger Display Cursors

sis  Utiliies  Help

LR RE R PR ARG RO AR RN AR LAR A ARA AR RRARRAARDORA PR LARRRAARAARRAARRAARR AR RA AR AN
e e R e R R

o
3 ¥
¥

T .
Measure FlipkpkiC3)  Prfrea(c) [ P Ps-- Ph--- PT:-- Pa:-- thoasure Frokken  Friecn = P e e W Fe
value ! status v
il v
100
1000
TELEDYNE LECROY
TELEDYNE LECROY

171812023 201:41 PM

Figure 96 — Ripple, 264 VAC, 100% Load. Figure 97 — Ripple, 264 VAC, 50% Load.
10 V / div., 100 ms / div. 10 V / div., 100 ms / div.

File base Trigger Display sors Measure Math Analysis  Utiiies  Hel

elp

v s
Measure P1ipkpk(C3) P2freqiC1) P3--- Pa--- Pa--- PB---
value LARY

status 4

P PB: -

TELEDYNE LECROY

Figure 98 — Ripple, 264 VAC, 25% Load.
10V / div., 100 ms / div.
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14.11 Gain-Phase Measurement Procedure and Results

The PFC stage is supplied from an adjustable AC source for this test. Connect the
circuit as shown in figure below. Open the top end of the feedback divider network
and insert a 100 Q-2 W resistor in series as shown. The signal injected in the loop for
gain—phase measurement will be injected across this resistor.

Nodes A and B (two ends of the injection resistor) are connected to Channel 1 and
Channel 2 of the frequency response analyzer using high voltage x100 attenuator
probes. GND leads of both probes are connected to output return as shown.

The signal to be injected is isolated using the Bode—Box injection transformer Model
200-000 from Venable Industries.

Test Procedure:

Adjust the input voltage to 115 VAC and confirm that the PFC output voltage is within
regulation limits.

Inject a signal from the frequency response analyzer Use ~5V peak.

Confirm the injected signal can be seen in the output voltage ripple of the PFC.

Plot the gain phase by sweeping the injected signal frequency from 2 Hz to 90 Hz.
Adjust the input voltage to 230 VAC and confirm PFC output is within regulation limits.
Inject a signal from the frequency response analyzer Use ~5V peak.

Confirm the injected signal can be seen in the output voltage ripple of the PFC.

Plot the gain phase by sweeping the injected signal frequency from 2 Hz to 90 Hz.

N
A D|—|
®
YL D Fo)
100 2 a— High-Voltage
2w :" Probes
: \ x100
PG -~ < COAX

: :[ : to CH1

’ vce '

: — < ! COAX

@ : 1 :"_ controL | | b to CH2
: HiperPFS-5 c
PGT §
S \ G REF
= O
COAX 1L
D ® L1
I USB O Signal Out .
&l Monitor —p E o :
Cgl CHOZ """"""""" Venable Injection Box
Model 200-000
Venable Model 6305 PI-9720-040623

(Frequency Response Analyzer)

Figure 99 — System Test Set-up for Loop Gain-Phase Measurement.
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14.11.1 Measured Bode Plots
] (=)
PR
-
w,;‘-df,
s
-. ‘ deg
= V N . TV 8
‘ ad e &
dB \\\—R ‘ ded
0 dB ,*_:"‘ deg
-50dB -150 deg o
3L : BE:
1 Frequency 90
Figure 100 — Bode Plot with Vi = 115 VAC at 100%, 50% and 25% Load.
100% Load (Red/Blu) — Slide Bar #1 Gain Crossover, 15.3 Hz, Phase Margin 59.2°.
50% Load (Orn/Grn) — Slide Bar #2, Gain Crossover 9.09 Hz, Phase Margin 56°.
25% Load (Brn/Aqua) — Slide Bar #3, Gain Crossover 6.3 Hz, Phase Margin 51.4°.
3 Ik
oL
\,ij‘r
L
‘ dec
e i 2
® dy
o Ml &
|
50 deg o
3| : HE:
1 Frequency 90
Figure 101 — Bode Plot with Viv = 230 VDC at 100%, 50% and 25% Load.
100% Load (Red/Blu) — Slide Bar #1, Gain Crossover 5.85 Hz, Phase Margin 54.1°.
50% Load (Orn/Grn) — Slide Bar #2, Gain Crossover 5.92 Hz, Phase Margin 49.6°.
25% Load (Brn/Aqua) — Slide Bar #3, Gain Crossover 5.1 Hz, Phase Margin 44.1°.
Power Integrations, Inc. page 68 of 76
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15 Line Surge Test

Input line surge testing was completed on a single test unit to IEC61000-4-5. Input voltage
was set at 230 VAC / 50 Hz. The UUT output was resistively loaded at full load and
operation was verified following each surge event. The UUT was powered with a 9 V
battery. A single-sided 0.062" thick copper-clad FR4 material was placed under the UUT,
insulation side up, and with the copper side of the board connected to earth ground at the
AC input connector. A series string of 3 neon indicator lamps with a 100k limiting resistor
was used to monitor the output voltage and detect output interruptions. Pass criteria was
no interruption of output voltage.

Figure 102 — Line Surge UUT Set-up.

- Power Integrations, Inc.
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15.1 Differential Mode Surge
AC Input Surge Generator
VoItaI;e Voltgge Phas(eol)\ngle Impedance N;::?f;:f Test Result
(VAC) (kV) ()
230 +1 0 2 10 PASS
230 -1 0 2 10 PASS
230 +1 90 2 10 PASS
230 -1 90 2 10 PASS
230 +1 180 2 10 PASS
230 -1 180 2 10 PASS
230 +1 270 2 10 PASS
230 -1 270 2 10 PASS
15.2 Common Mode Surge (L, N-PE)
AC Input Surge Generator
VoItaI;e Volta?ge Phas(eol)\ngle Impedance Ng':::’:;;’f Test Result
(VAC) (kV) (@)
230 +2 0 12 10 PASS
230 -2 0 12 10 PASS
230 +2 90 12 10 PASS
230 -2 90 12 10 PASS
230 +2 180 12 10 PASS
230 -2 180 12 10 PASS
230 +2 270 12 10 PASS
230 -2 270 12 10 PASS
15.3 Common Mode Surge (L — PE)
AC Input Surge Generator
Volta';e Volta?ge Phas(eo?ngle Impedance N;:_?I?;;’f Test Result
(VAC) (kV) ()
230 +2 0 12 10 PASS
230 -2 0 12 10 PASS
230 +2 90 12 10 PASS
230 -2 90 12 10 PASS
230 +2 180 12 10 PASS
230 -2 180 12 10 PASS
230 +2 270 12 10 PASS
230 -2 270 12 10 PASS

Power Integrations, Inc.
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15.4 Common Mode Surge (N — PE)
AC Input Surge Generator
VoItaI;e Voltgge Phas(eol)\ngle Impedance N;::?f;:f Test Result
(VAC) (kV) ()
230 +2 0 12 10 PASS
230 -2 0 12 10 PASS
230 +2 90 12 10 PASS
230 -2 90 12 10 PASS
230 +2 180 12 10 PASS
230 -2 180 12 10 PASS
230 +2 270 12 10 PASS
230 -2 270 12 10 PASS
15.5 Ring Wave (L, N — PE)
AC Input Surge Generator
VoItaI;e Volta?ge Phas(eol)\ngle Impedance Ng':::’:;;’f Test Result
(VAC) (kV) (@)
230 +2 0 12 10 PASS
230 -2 0 12 10 PASS
230 +2 90 12 10 PASS
230 -2 90 12 10 PASS
230 +2 180 12 10 PASS
230 -2 180 12 10 PASS
230 +2 270 12 10 PASS
230 -2 270 12 10 PASS
15.6 Ring Wave (L — PE)
AC Input Surge Generator
Volta';e Volta?ge Phas(eo?ngle Impedance N;:_?I?;;’f Test Result
(VAC) (kV) (Q)
230 +2 0 12 10 PASS
230 -2 0 12 10 PASS
230 +2 90 12 10 PASS
230 -2 90 12 10 PASS
230 +2 180 12 10 PASS
230 -2 180 12 10 PASS
230 +2 270 12 10 PASS
230 -2 270 12 10 PASS

Power Integrations, Inc.

5

Www.power.com

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

Page 71 of 76



DER-977 500 W Parallel FC Front-End

22-May-23

15.7 Ring Wave (N — PE)

AC Input Surge Generator
VoltaI;e Voltagge Phas(eo?ngle Impedance N‘;::?Ifer:f Test Result
(VAC) (kV) ()

230 +2 0 12 10 PASS
230 -2 0 12 10 PASS
230 +2 90 12 10 PASS
230 -2 90 12 10 PASS
230 +2 180 12 10 PASS
230 -2 180 12 10 PASS
230 +2 270 12 10 PASS
230 -2 270 12 10 PASS

15. 8 EMI Test Set-up

Figure 103 — EMI PFC Test Set-Up.

Auxiliary power to the PFS board at terminals TP4 (+) and TP5 (-) was supplied by a 9V
battery. Connection from the AC safety ground at the DER-977 (TP3) was made directly to
the LISN ground via a direct jumper, rather than through the AC line cord 3 wire. All
interconnections were made as short as possible. See Figure 100 above for set-up details.
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15.9 EMI Scans

- Receiver @] [@]

RBW (QPK) 9 kHz ™MT 100 ms EMWZ216+ESH3-Z2
Input DC Att 10 dB  Preamp OFF Step TD Scan EMYZ216 L1
Level dBuv Frequency 30.0000000 MHz/
-20 0 20 40
Scan @10P Clrw@2ay Clrw

a0 dk r{{ut Check i i ..+ 1MHPASS . i . i L0 0 10 MHz
Fne EN55:III22Q . o PASS ' ] : j T
20 dbmp ENSEEDZZA : PASS

ENSS02200.LIN A : : P
60 dBpv H-__ﬁ_h__h L : : ]

\ Cvavs ;m \rlJmmwvwwh.. |

I e
VA ﬂ ﬂ‘ H mnuﬁvthMMmmm R w{‘w
\ﬁf L\Jz 7 ‘u’ U U vl (PR
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10 depy
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-10 dé.uv

-20 dE. v
H : TF]
Start 150.0 kiz Stop 30.0 MHz

Measuring... ......... “ 2‘1123023033 y
03: Z

Date: 29.MAR.20232 16:03:29

Figure 104 — EMI, 115 VAC, 100% Load.
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_ Receiver @] @]

RBW (QPK) 9 kHz ™T 100 ms ENYZ16+ESH3-Z22
Input DC Att 10 dB  Preamp OFF  Step TD Scan ENYZ216 L1
Level dBuv Frequency 30.0000000 MHz/
-20 0 20 4}
Scan @10QP Clrw@2ay Clrw
imit Check i i .. . 1MHERASS i i . . L0 1 10 MHz
|0 danIUe EN55022Q | T | | PASS : : S
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T ) . : ] [ .
Wi |
| F H ] | | | [ ]
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Figure 105 — EMI, 230 VAC, 100% Load.
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