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Figure 1. Simplified Active Clamp Flyback
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Figure 2. Operating States of Active-Clamp Flyback
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ZVS for a Universal Input
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Figure 4. Zoomed Waveforms lllustrating ZVS of Main FET
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Figure 5. ACF Magnetizing Current Fixed Frequency vs. Frequency Modulation
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Table 1. SPECIFICATIONS OF THE DESIGN INPUTS

Description Min Typ Max Unit
Input Voltage 85 265 Vrms
Line Frequency 47 63 Hz
Min QOutput Voltage 4.75 5 5.25 \%
Max Output Voltage 19 20 21 \%
Output Current 0 3.0 A
Target Efficiency 93 %
Frequency ACF 100 400 kHz
Max Power 60 w
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MOSFETDF —# 3 — MZIZZ D Xk 9 B EN B
SNTEY, HHIFEICHET L= VX —, T2
ﬁOECO(er)@ﬁZVG?f%a SINTWET, FHRAEHICZR
LEOC, ZNHOEEEAUTO LS ICTHEEL E
Ty NA YA Keu—V A FRZENZEILDOMOSFETD
Co(enFI8 pF TH V) | 2UKMIZ800 pFD 515 D Coery B3
150pFCHDH LMELET, Thb3H>DarTF i
BAAEDE, WX TR —ERE2HEEL T,

Co(er)C!S
2
NPS

EXEEAT DL SW/ — FD T v 7 & Clump
13220 pF & 72 0 F97,

T

(eq. 13)

o =
mn in(max)) * Froin

CIump = Co(er)Q1 + Co(er)oz + (eq. 14)

Nps * Vou + Vin
Treg

FRIFV— Nr—2EoABRTHY . RIHE
IR BEEZRETDOICHLBERABIROKRE I, 7
A VEBEEHNEBEOENIS U TEHTH I LI
EENMLETT, N—&ER2MH L T, 1A
VHEI R UAERFETEET, RENSAAREGAIC
— MR B &IZ 7 A DL, SIMOSFETOEEF R E L
T300 mAZfE ] L. eGaN HEMTO 4 13£150 mA
EHEATDHZETT,

Ivalley = CIump : (eq- 15)
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C. 12K 8 2 XDG5

B/AATERE, B/NHIIEBEREO A 2T H A
AT LMENH Y £, NCP1568IZZVS— A
DJEE BT Z R L TWET, Z0GE, K
INATVEIE, B/NMUEIE., o KAM BRI
B JE R A D e/ I ﬁ@ifo_mﬁﬁ XL T,
100 kHzZ# A E LET, HeHlhrRBRERME -
WA eq. 16élﬁ<'§”%j<u“j77a§{nu% nkv ks

Iout(max)

KTHIENTEET,
2" Fsw(min) (m - Ivalley)

v
ZIT, mINT a—T 4 A T IVDy 1 ZTIRATREL
TEET,

in(min) Dpin

Lmag = (eq. 16)

Vout(min) * Npg
D. =

™ Voumin - Nps + Vi

eq. 16775, BfbA &7 & 2 Z129 uH &\ 9 it 5
DELNET, ZOHFOHE, 120 uHOA X 7
X ARTRE L E T, Figure 1212, B DL —EJiE
BT DA E X A ERLET, &
MBKEWVZEAS o H 7 B ATNSL TR0 %h
WL > CTEAEENAKE 2D 97,

(eq. 17)

in(min)

200

)

[y
0o
=]

160
140

[y
[ne]
(=]

Inductance {puH

[y
o o
o o

0 0,1 0,2 0,3 0,4 0,5
Required Negative Current (A)

0,6

Figure 12. Negative Valley Current Requirement

D. 1410 22 XM D BHRE

KT U ADIRNPERE ZRET H & X2, #hEE
BIBE (LT 572010, WTOmEEEME %
%E#é%%ﬁ%bi#oszutxiL% X
BLTEITLET, ZOXROBEIZFRER R KE
NBELRERTHZLETT, LN T, ki

L Iout(max) |
mag (1 _ Dmin) R NPS valley

N, = (eq. 18)

ABAg

B ofER, IRAPERBREIT23.11272 0 £3, i
\ZT D720, ZORETIHBE D24 & v ) B
PBRELE L, F£7-. 20O TldHitachi ML29D
aTEHMERELE Lz, &A= TN/
SWZ EREATYT, aTHEKIE. aTEMOT—
A — b ETCEET, oA, BAAKRED
720 OB/BAEKIF200 kHz THE SN TWET,
ML29D | 1 i FE & PH 2RI 72 o T 2R e ph R &
RLULET, —FH, oMb a T LK LEEDRS
REEEBETILEND D 1,

RMBLP | oo = Plossy X Volumegye p (eq. 19)

eq. 19 H1.8 WHEK E WO RN E LN E T,
ZAUFEN RO S TIE3.0%ICH Y L ET,

BARNT NP TRENLIE A2 D T 20 D57
BAEROEBVHAETEET,
NP

Ng = N (eq. 20)
PS

EEOMEMRNT B L2 OERENT4T 0 £
7,

1R & 2R BID XL EHDRETE
A 52Tt
7T TREL, RANEMERE S, &ANT 2 —T
A YA 7 V. Licak & Celamp CHERK S 41 2 LA 23
%%W@MT%%%&% HEL CHELET,

c Dmin ? 1 ( 21)
= X eq.

Clamp Fmin O 5 Lleak TE q

ZOFER, ColamptE300 nFIZ72 0 £, ZOFKFT

1231 0220 nF’Z7 Sy arFUoYEEELEL
oo B I v 7 a7 rHiE, DCAA T ANHINE
NIERECEBMEORKR0DE KD ZEBHDHNG
TTO7§V7:/f/ﬁ% nNEYv/ha<+sz
DL TEETN, ZOHEIR2RMOEFBE KN K
%<&D\%4#§¢ﬁT¢57 HRH Y F30
THEELTLIEEN,

B. 1 k&t > R HH

HE S #HIR L, ERE— Rl ZESHT 57
Wiz, v —3 1 FMOSFET & BEANZEi v A
EERETDHZENTEET, KR IERRZ E”KH
JIERD120%! _uxﬁéf?-_%ia“ W Deq. 221F, &K

XAARMSLPER D a7 2 EELE L, 2O RT Y HAEEL X OVEREREFIZRBIT A2 ERGIRERA
2 DOWiE AT, 64.9 mm2TH . Lld. eq. 22CH hOE—7 B ftH L&
TELTWAY—7 RLA VER THY, ABITEKRE L Ium wo (q. 22)
FEYRIR C9, 100 kHz~400 kHz O CEIET 2 7 PK = 1~ Dya) X Nog vaey (&%
TT 4TI T7TAy 7R LT, 0.2TD
BREEZRETDHI LD ET,
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NCP1568 D mﬁ@xu//awbismmw

HEINTWET, BIHIREZ120%C53%ET 5 B
ZNE 7T, eq. 23R TEOEFL A 5 24
ERBH Y F9,

Vim
Rg = . (eq. 23)
PK

TR ADMEEINL. NAFHERRIC
K7 A 8L, KM IIELET, 7A4X®Wk%

KEFHETDHVLERDH Y £7°,
D
| = lpy * — (eq. 24)
RMS PK 7
Prs = Rs * lAus (eq. 25)

C.//ynﬂe7&f477§y7ﬂﬂ@§f
1RMNC BT B A A FETORMSEFiIL., Eito
eq. 24l12F L2V £9, 7 7 7FET [3]DRMSHE
Wik, W TRHTE ET,

1-D

min

lacrms) = lpk (eq. 26)
D. [a/AiE 45
2IAMDEEA B L RX RO EBVEFRTEET,
Vin(max)
VSR = N—PS + Vspike (eq. 27)

WNWARL IO VTHDILEETDH &, [H
HEGREIT D 72 < £ H92.5 VICHIGT D EMICT D
z%m@@i#

BIROEWN R BESRm A RiET 5729 IR
TOAAL v FOEE X%VX@74V%74/fﬁ
WZHTT,

VSR

Vsamay = Derate (eq. 28)

T4 L—T 4 TR E20% & EE L, [EHERE

#3 C120 VOFET#EE L E LT,

2RMDORMSEFRIL, RO EBVFHETETET,
2P

i

out
Vour " V21 =D
FOFER . 2RMORMSERIL3I8 ALY £,

E. MHOLCZ s /0%

o7 I A4y 7 « hARa I EER R
LC7 4 VEZ EACFCEHTEE9, =L, Wh7
A NE e F a—=27 LTC[6]. ZLEMLIIRACFZIER
THZELTEET, 120 FHEE LTE, R
TRERBEDERNCH D a T o558 E2 RIEICHE S
L. AffICE#EERE SN a TR 7 0FE
ZPRELTHZLETE, ZOHFKXTIH, T/ T 47
7?/fmwﬁgﬁbfwéﬁ_hﬁﬁﬁ%ﬂ%f

1RMICRMSE IR AR L7225 &, 2| CE =

EE;{}ILX/]) T T EEBTEET,

60-WDBEFZEACFHR— FD1EARE
NCP1568% L N ERL DR et LA A LT, USB
PD 2.0 L T'EUD CoC Tier I1 & K [E DODoENRHLE T

sec(RMS) — (eq. 29)

min)

DN BN SR MERL T 560 Wil 7 % FEAC/De T
X7 aERHLELE, ZOHR— ROSTEILL.66
A F x 1784 F x0.70A > F (4.2 cm x 4.5 cm X
1.7cm) T, ZOFER, BHEEIL 31 Wind, St
2% E1TWemdiZe v 3, EfER KX, o0V
rms, 5 Vouttti /), 3 AR B D100 kHz 2> & |
265 V rms, 20 Vout, 1.5 AR EITRFD420 kHzD#i
FHCTEIbLET, "MV A RF—F T4 L L
T3ADNN—T7 TV v FF A /SNCP51530% 1 F

L. B—% A FIINCP15687 5 EH2BRE) L Cu v F
T, AT U= SR b 2 —FNCP4305% fi
AL T, FRHEMFETZBE) L T\ ET, 1RAElE2
AN O I EE O@fE FEHT 72 <. NCP4305SHA3 AT
4 XA A — FOEBELZFXTSRFETZ# A 2L
2IRMIEBRNOICE L= A 7 I LET,

F I B % [ %Flgure TR LET, EENRT T
ARy 7 LR, JRIEEIE CTTL431/NCP431 2 72757
VT LTHEATAZENTEET, BIEXKIZEAR
T 5L, BEENLDCM/QRY 7 4 Ny 7 LT,
UFOEGEASBMEN TS Z Enboh £97,

e 7T 47V Z TFET
e N—T Ty RIFTAN
o BEMY T T ars

L7 o> T, A MEMERZMZ N6, BEfF
DY) a—va NI C2~3fEDE ﬁ&f%%ﬁ
LCTWET,

IR RARICH T HGEONET 7 7 E2R L
*7,

20 Voutput

—— 115Vac

Efficiency (%)

Load Percentage
100% =3 A

Figure 13. Efficiency vs. Load Current for 20-V
Output

BERABROWEE., ZOR—KIZT7 A VEENEN
LELEWVWELE XD ST TIZI3%DNEAFEHL T
F9°, NCP15681%. A 23KI27.5% D H15 TDCMIZ
BRI HEIICHERENTWVWET, LER-T, A
TNZFNZEN25% E10% D & & DHFREIL. DCME)
TEIRECHEST A Z Lz 4, 72, ZOKR—
F1%115 VrmsE L U230 Vims T, 35 mWARTH & W 9
BN TR B E A EBLLET,

Figure 14{Z, NCP1568% i/ L7777 4727 Z
Ve T T ANy OMERIERERLET, R
REEEE, LA T U N7 7 A ILREL 2 (BOM)
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ai(mmmew%4bK%$ém1wi¢oé 0—7 ., BILUNCP51530 K7 A4 N& R LET,
L2, BEICEEER— FOBEBR LR L THET, Figure 16 (B)IZ, RMSLP k7 > A, EMIF 3 — 7
Figure 16 (A)IZ, 2fED1XKAMFET &, NCP1568 = > k MharrsotzrLET,

r—lvout
5 i . T
HV sw [} P ieo
nc NCP1568 0 SOAF Cetamp
7c01§; Y ~|coz
NC NC ™ N
H VCC_HB  BST [ "
¢
Chso NCP51530 = D8
Fault ATH . . = . ‘»—4 Q2 NCPa3
\ATH. :l: ATH - HO Lr ;
RT L — RN
ADRV [————] HIN w I LT] ~
DTH vss H
vee ]T T
u2
Cuee i . * NCP4305
-
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F8 LoRV [] |1 a e
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~
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Figure 14. Typical Schematic of Active-Clamp Flyback with NCP1568

ACFEDCMO T, & F I E 7 IEEITHR
HREWN 2 AA v F 2 TP % Figure 1612~ LET,
MT%%hTi EHTHAERER/MET D720

2. ANBEEHIEBEEOH NS £ I ERMHEICE
{ELTH, DCMEMED & & X0 AL v F > 7K
NEm<l e 9,

S 62, DCMEIED & = (21X, AJEER LU

NFBIE KT, R LR kR 7 2 BlE2 C
xFE9, TOJRREIE, Figure 9128 LIZFEEMRI 7 +
—V Ry 7B £, NCP15681EFpin/2D 1T
TDCMEMEIZEIT L £ 9, Z O%EHITIE50 kHz T
7

Figure 15. Thermal Scan of ACF UHD Board at
115V rms, 60 W

Figure 16. Pictures of Active-Clamp Flyback Board
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(A) & (B) show ACF operation at 90 V rms and 265 V rms.
(C) & (D) show DCM operation at 90 V rms and 265 V rms.
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The waveforms are arranged in descending order of output voltage for all the 4 waveforms.

Top to Bottom: 20V, 15V, 12V, 9V and 5 V.

Figure 17. Typical SW Node Waveforms in ACF & DCM Operation

b o]
RKECIK, 72T 470570 F « T34y

SEM-1100, Topic 3, Texas Instruments Literature
No. SLUP112.

(ACF)a o R—=ZZOW T L, &EHIEH T2 [2] NCP1568/D http://www.onsemi.com/pub/Collateral/
FRaXEfrLELL, NCP1568-D.PDF.

F7-. DCMEVWERIE OEAMMESFBI L, CCM & [3] R.Watson, F.C Lee, G.C Hua, Utilization of
DCMD [ CO MR EE ORI AITIER LE Lz, #r Active-Clamp Circuit to Achieve Soft-Switching in
LWT 2T 470707« TIANRy 7 «arsbn Flyback Converters, IEEE TRANSACTIONS ON
—ZNCP15681%, ZH6DE— FRTY— AL AT POWER ELECTRONICS, VOL. 11, NO. 1,

I B2 217\, BETa A MIBUE /R a v N—X JANUARY 1996.
EWMETODOICLEREREZ T X THHL TVE [4] Christophe Basso, Switch Mode Power Supplies:
T - - . SPICE Simulations and Practical Design,

60 WD ZEFEM [E13E 2 8/E L | f%?ft EHET =2 D New York: McGraw-Hill, 2008.

ATV E LT, CORR, WEIEY 74327 5] p Jailyn, A. Dheeraj and V. Rajini, “Analysis of
TALN—INT I T 4TI T T T FTR FEH) Active-Clamp Flyback Converter”, Modern Applied
(CIET D 2 EAMERR TS R LTS Science, Vol. 9, No. 1, 2015.
[6] David A Smith, US patent 5430633, Multiresonant

bl 1 d Flyback C Astec | ional

[1] D. Dalal, Design Considerations for Active Clamp i 9a ;pspe yback Converter, Astec International,

and Reset Technique, Power Supply Design Seminar )
www.onsemi.jp

13


http://www.onsemi.jp/
http://www.onsemi.com/pub/Collateral/NCP1568-D.PDF
http://www.onsemi.com/pub/Collateral/NCP1568-D.PDF

onsemi, ONSE€ML, and other names, marks, and brands are registered and/or common law trademarks of Semiconductor Components Industries, LLC dba “onsemi” or its affiliates
and/or subsidiaries in the United States and/or other countries. onsemi owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property.
A listing of onsemi’s product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. onsemi reserves the right to make changes at any time to any
products or information herein, without notice. The information herein is provided “as-is” and onsemi makes no warranty, representation or guarantee regarding the accuracy of the
information, product features, availability, functionality, or suitability of its products for any particular purpose, nor does onsemi assume any liability arising out of the application or use
of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages. Buyer is responsible for its products
and applications using onsemi products, including compliance with all laws, regulations and safety requirements or standards, regardless of any support or applications information
provided by onsemi. “Typical” parameters which may be provided in onsemi data sheets and/or specifications can and do vary in different applications and actual performance may
vary over time. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. onsemi does not convey any license
under any of its intellectual property rights nor the rights of others. onsemi products are not designed, intended, or authorized for use as a critical component in life support systems
or any FDA Class 3 medical devices or medical devices with a same or similar classification in a foreign jurisdiction or any devices intended for implantation in the human body. Should
Buyer purchase or use onsemi products for any such unintended or unauthorized application, Buyer shall indemnify and hold onsemi and its officers, employees, subsidiaries, affiliates,
and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that onsemi was negligent regarding the design or manufacture of the part. onsemi is an Equal
Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT: TECHNICAL SUPPORT
Email Requests to: orderlit@onsemi.com North American Technical Support: Europe, Middle East and Africa Technical Support:

Voice Mail: 1 800-282-9855 Toll Free USA/Canada  Phone: 00421 33 790 2910
i Website: www.onsemi.com Phone: 011 421 33 790 2910 For additional information, please contact your local Sales Representative



http://www.onsemi.jp/
https://www.onsemi.com/site/pdf/Patent-Marking.pdf

