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Introduction to Noncomplementary Active Clamp Flyback Converter with EZ-PD™
PAG2S-PS

Sang-ho Jang, Yong—-Bok Choi

Infineon Technologies Korea

ABSTRACT

USB-C7} 94 AYH #Fo= g3t % A 7
Aolth USB-C ME o me 33 o] =2 g &%
AHES 715 3HA d) USB-C ©@hAb= 2ha, *}% sl 1o
S8 71 whalol] Froflwkz] ol A shH, theket £33 9
TANE B st st T &34 Bi 7Vt
HE Buid 7P7)E SAdste ds dedletal, t
o] AN L8 e 5/\101] Rl
ARE2LS] B[ &S w e E5S T B =iddAE
AFYA At AlE OJ PAG2PM (12412 PWM HEZ2])9}
PAG2S"™ (2215 PD EZ) AFS Hgato] H-0 5%
A= Zgtolwl ArE(Noncomplementary Active Clamp
Flyback Converter)& 7&3&t4th 65 W Type-C 577] Hl&
HEZ AZer 21(30.42 W/inch®), A 2%-8k22(20 Vout,
3.25 A)oll A 4 A} Aol wpel 93.5 %(115 Vac),

94.5 %(230 Vac)= 717t SAH AT}

1. N8

AC-DC 7AHE Y Z=EAZ4L% 65 W olets 87H+=
AE T 7P Bol ABHe EEZEAe dd Edoly
¥ (Flyback converter)o]t}. 3|2 FAJo] H|wA
cresle) b Hg E84¢ EEZEAE de gAYt
5‘?1”} upde] g8 wiEg 8] dd o AA I,

FHAE dEIYEA ST %Eﬂ%%l qd AL

B-C

1tk USB-PD Rev 3.17F4 ¢l w2, US ch }—E— S
) 240 W48V, 5 A) F#o] 5%t}
Available Current
Power Range PDP Range
and Voltages
Standard Power | 3A: 5V, 9V, 15V, 20V 15 —-60W
Range (SPR) 5A: 20V >60 -100W
3A: 5V, 9V, 15V, 20V 15 —-60W
Extended Power
5A: 20V >60 -100W
Range (EPR)
5A: 28V, 36V, 48V >100 -240W

E 1 USB-PD Rev3.1 4
Table 1 USB PD Specification, Rev. 3.1

FUMA A0 Vac ~ 264 Vao)dl A% 5 24
7PAG V - 48 V)o] 2799, 25 %, 50 %, 75 %, 100 %
BalzAe g89 #Hito] CoC(Code of Conduct) Tier2 2
DoE(Department of Energy) Level VI 7]&& w&3)|of &17]

7N HE9ly Bepoly
2 aya] ok e
9944 Y Bulope,
A 29190] 5w Fetold XA U A

Active clamp flyback (ACF)

QR ZVSarR . " N ! " Hybrid
fiyback | flyback ComPlementary Non-complementary ﬂyhack (HFB)
(cP) (NCP)
Full-load efficiency (low line) < J e e SIS
Fullload efficiency (high line) v NN A A VI
Light-load efficiency (due to N NN V IS v
circulating energy)
Cost A N < el v
Leakage energy Lost Lost Recuperated Recuperated Recuperated
2ZV/S switching Partially Almost Full Almost Full

T 2 UB-C EX7|/ofgEfof| MBE EZ2x| As u|m)

Table 2 Comparison of topologies for USB-C charger/adapter designsm

2. HI-&2 s 28T SoH0/% 2HE

2.1 & H-&48 s& S8 IZ ECi0|8 ZHH

7€ AR 5F 29X Zebo|W AWE(Complementary
Active Clamp Flyback Converter)9] 9ubA<l Alo] wpAle
14 Faol ] TEHL, JAt 2904 Fhow FRa
el 'go] EANE AFsieAE SR wE
U R &4o] A}

¥ owmpol 488 W-AW 5E 2T Tejolu A
(Noncomplementary Active Clamp Flyback Converter)2]
segel At sl gn Fum Zeelw Aves)
2AR, AelgAle] thath, Aokl AlolAel B9, Foh5:
7PAVF(Variable Frequency)'d4]s A&sle], ZE -3}
Z794 QR(Quasi Resonant)Z=9] & #|3}H, 7:11%6 Al,
HAY T2 FHFE AT @ WMAERE Fro® AHs

294 £42€ A45 ol

o~ Rioad

Vin +] 1l L
T e e T

<~
O8N0 H-AE 55 2= E2o|8 e
Figl. Noncomplementary active clamp flyback conver ter
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Fig2. Steady-state operation (DCM) with PAG2P/S
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Fig3. Operation mode of noncomplementary active clamp flyback
conver ter

1) to t1 TRE to Al oA, 71E EEold] ZAWE Ed&
SATHDCM)F FY38taL, to Ao, Qus7F §l-28 3 S
MNHAE (Cotamp)  AEO] L Lol A7FE Zi}% Qsr
L= A= G S Eat T S
A7} 22502 AdHe FHo=R, QL%J ‘:E]"] Eatal
Aete Vint+ Ve o]t}

Ve = NV, + Ly,

L (1)

Cclamp
L9 AEL

oju, b Z7Ve}ar, o|# s
Qis ’\HX]«] GA} 2YH(Zero Voltage Switching)<
2AEt=d) ARE

ool ws
E g0 ygow

z
rm
)

2) ti~tz 77E Qus 2=29A7F G- 253, Qs 29A7F H-2
H71A d=gd Pttt o BES Zhe sl o3
Qsel 714 AIAE(Cose)7F WAl E T, —‘F@"LE.EJ&(LQ
NAA7E 718 AHAIE(Coss) @] AR R F83] AW, Qs
299A = GAY 29H(Zero Voltage Switching)©] 7Hegh
Z710] Hr},

Evk = 5 Ll neg = Ecoss =5 Coss(Vin + NV;)  (2)
3) ta-t3 ?7} 71E Zefold) AWE Y T2 FARHA Qus 7t
H-gxo] AsRRIYEA(Lyet FAJERAL A E
Al TR, MYy ZE ﬂol"] 247 1 2Z%(Vin), 2
ﬂi(Vin/N)oﬂ A7 A, 2 2 &8 tho]omo] FHYe]
7t} &Y tho|et= EEEHA Rgtt
4) ts—ta TR Qus A7 ©H-92H Al L“"]E*E**(Lk)oﬂ
g3 Qs =AY 718 AHAEA(Cos)E SHBILE Qus
2929 witjtele =g FEA ARV s2AEe S
7HJH}\]Ei(Cclamp) @?ﬂ]—o] /EO}A] Q‘jr O]ILH, QI@ )\Hi]"\:—
Vin+t Ve Hstow = Hu, 7Y Aspdies 225
Qsr 22914 9] Hitjtho] o =& Fa|x] 527 A&t
5) ta—ts FZE 71EL EEhold AAWE AT ASRIYE (L)l
e A7 Fatell AdHe FoR, Qpd B-&H 0]

EAo] AT AP FE Ao R Fadth

3. &gZu

2 oA¥s Yl 656 W HE HEES AR
are 3 5mm(7]-i) x 35.3mmAlZ) x 31.5mm(—“£°]),
A== 30.42 W/in3 ©]™, 115 Vac/ 230 Vac ¥8z47}
E &9 Hx2dG V, 9V, 15V, 20 V)olA Jdd 294
(Zero Voltage Switching) &2 2133t}

Heo)

Ll

U M (vin) 90 - 264 Vac
e/ 2Y | EHELW), FFRA 20V/ 325 A
A =3 g2 (Pout) 65 W
2QH FOb(f,) 130 kHz
A2t E HA (L) 118 uH
FHAYHEALY 2 uH
o)z S¥Z A EA(Coamp) | 100 NF
N(Np/Ns) 6(18:3)
HEgA0 ATQ23.7/12.8
=3 HIAH(Cow) 560uF x 2

3 24 gAY F n2olH

Table 3 Input/ Output Requirement and Main Parameter

T2 =3 =
PWM HEER PAG2P 1
T AE AXHQw) GS-065-009-65-L 1
S AQHE AXHQus) | GS-065-009-6S-L 1
e AO|E E2to|H IRS25752 1
SR& PD Z1EEZ PAG2S 1
SR 22|& AXHQs) BSCO8ON12LS 1
2L AKX BSZ0909LS 1

#4928 §ANS 2 72 Tl

Table 4 Input/ Qutput Requirement and Main Parameter
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Table 6 Efficiency characteristics at 230 Vac
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S A 9 EHAge] wE && SAoth
5 W 71292 CoC Tier20lx &6l HHasd
A A A% 65W (20 V/ 3.25 AZHAA
| wel 93.375%(115 Vac), 93.947%(230 Vac)9]
EES zZed Bclolye)l, RE HE A 7P oA
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oA AL, AolEolA WA= &AL FAISI
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216 Vin 265 Vac, Pout 65 W(20 V/ 3.25 A), Q& Ow TERF X4
Fig.6 Experimental waveforms of the terminal voltage of Q& Qw
at Vin 265 Vac, Pout 65 W(20 V/ 3.25A)
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[1] Infineon-CYPAP211CYPAP212 EZ-PD TM PAG2P
primary-side startup controller-DataSheet-v07_00-EN

1217 Vin 230 Vac, Pout 65 W(20 V/ 3.25 A), Mt A|&l Tk [2] Infineon-Cypas212 ez pd pag2s ac integrated usb pd and
Fig.7 Experimental waveforms of ZVS operation at Vin 115 Vec, secondary side acf controller-DataSheet-v04_00-EN
Pout 65 (20 V/ 3.25A) [3] Infineon—Gallium nitride A full GaN solution for high
power density chargers and adapters Whitepaper—
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[4] Infineon-65 W PAG2P-2S HF-ACF REF 65W ACF PAG2
charger board test report—-UserManual-v02_00-EN
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