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Introduction to High Efficiency& High Power—Density for USB Type—C PD Adapter

Sang-ho Jang, Yong—-Bok Choi
Infineon Technologies Korea

ABSTRACT 2. M=

230 g B4 7k CO2 Al A3tl wel EU 2.1 & XDPS2221, PFC + Gl0|EZIE Z2i0|H S&t=
CoC(Code of Conduch @& 9F AY T3¢9 AC HESy?
ofsiH, Wi 7] Eutolug}, HA 9 H7] AFL AC- XDPS2221 AEZEZE HE/WAS $3F PFCe} slolHng=
DC % AC-AC A9 FF3Aol & A7 &) gLk Zefold A EHT 9 #7Hd BEH tAY AEER
FhAs, FHHAE, ASET IT7]7]822 03 W ~ 250 W o|ty, AC-DC HEwWgs d9dsle PFC H2E 7IWEH:=
Hee] &S zZiE A2y ¢ #2580 _7HE QRM(Quasi-Resonant  Mode)2.2  FZ&ta1, DC-DC
o]frolt}, 1ol wkg} USB-PD(Power Delivery) EPR(External AL ddals slolHgl= Zglo|wl ABEE AA
Power Range) itZ0] 7NAEAL) o] MAL A =9 240 Bz A0 CRM(Continuous Resonant Mode)& &#F3it},

WE8 V/ 5 AM FAUEo]l EFH qlek Agers
AP A8E AN O e % o e AFS 511 m 9= s-stage 82 T4

arehy S B el avich: XDPS222L WEEHE awdem nagel ACDC AFWES S, PRC
e e e TEASs e e LC 33 e 749 2-siage
S IS AW PRC RAE AR AEnel SIS pyaas) we A%l 5850l Gtk A% USB-PDS)
SHold M AETHHE dd AyiH2 Aud Ag ZEAe A 5 V - 48 VE Be FEage
Asgejoley, 2914 Lol GaN& A3l 140 W28 Alelsierst7] mizel, DC-DC $2% ©) LLCE 4s}e]
Vi 5 A Proto RS Asid de AES SR ge aeuste Aelsblde LLC dAdelsEAel dd
AAZHZA(140 WellA Ho 95% o]A+e] &8 Zh=th A7} otk wiEe], We ZHAete Aolal7)9sA DC-
DC 822 F7b F4se] LLCE gFseold e,

. M8 a5 2YAY0l met F7bE DC-DCE) Alg Aol

Fo) He 2ULS Aofstel Ushz FHALE Aol

AAAE ALFF(EF)S Al T8 AR o HE
2% x}7} USB Type-CZ whEA WA= 9o} H
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Isolated Step-Down Block

mold #utollg), A RE Al =EEL USB Type-C [ With LLC Resonant
, A ERL "
WARE] A8 FF R USB TypeC A H X 5 J e
WA Ao we, F4-8%% 71E SPR(Standard Power £ % .
Range)olA] EPR(Extended Power Range)V@ i 151
A= AT PFCBlock  Step-Down Block ==
Available Current With Boost With Sync. Buck
Power Range PDP Range Converter Converter
and Voltages T2 7|Z 3-stage 212 TM(Boost + Buck + LLC Resonant Z4HHE)
Standard Power | 3A: 5V, 9V, 15V, 20V 15 —60W Fig.1 Existing 3-stage topology (Boost + Buck + LLC Resonant
Range (SPR) | 5A": 20V >60 —100W Comver ter)
3A% 5V, 9V, 15V, 20V 15 -60W -
Extended Power 5 2.1.2 & HMetEl 2-stage 312 4
Range (EPR) DA% 20V >60 ~100W Ard 3 EE 7)Ed 3-stageol A€E Buck AWE 9}
5AZ 28V, 36V, 48V >100 —240W H9le  LILC 24 A sme  Egsgon,
'Requires 5A cable. TEAE Fall W EHAY A7t rbssit
) . Vip L
2Requires EPR cable. Vout = ﬁﬁ (1)

1 USB-PD Rev3.1 A
Table 1 USB PD Specification, Rev. 3.1



Isolated Step-Down Block

With Hybrid-Flbyack Converter
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With Boost Converter

22 Mokl 2-stage 3|2 T+M(Boost + Hybrid Flyabk Z1H{E])
Fig.2 Proposed 2-stage topology(Boost + Hybrid Flyback
Conver ter)

AQtd 2-stager IE MNAE $13 PFC F2E 7AHE
o} stoluF|E Zohul AWHE FAH ] SISl

Aotd F2E AWEE QRM(Quasi-Resonant Mode) 2
Aojsta, dkEl 1AE EYAGe R FASE F2E
AME e e, Al2g A 585 271918 USB-PD &
HHgte| e} FAEZY MS ®As ] Ao gl

AotH slelng|= Fetold WEH = JAEH 2
o] CRM(Continuous Resonant Mode)2.& Ao]&w, <]
g Aot 2 =9 AFo RE XA ZVS(Zero Voltage
Switching) @ ZCS(Zero Current Switching)E @433 4=
Ut} Fek Wgky] A d9d(Lngt 3% AEAIE(Cr)

o dUYAE ofgsto] EHS Folal FES SISkt
7198 22k FlA &Y thole=g o
AFE AHEE 5 S

Vi

9 Ee 5a8s

Alste] F714

Controller

=3 M|F=! Hybr id-F | ybackZ1EHES
Fig3. Proposed Hybrid-Flyback Conver ter

5) t5-t6
214 M oF=El Hybr i d-F | ybackZIHE] B2+ 2=
Fig4. Proposed operation mode of Hybrid-Flyback Conver ter

Aetd 29| FAREE TSI 2.

D t1-t2 7k 294 Qlo] ¥, 293 Q27F He Xy,
g7l QY™ ALy,  ASRIYEALm) 13
FANHAIE(Cr)ol  AuAE AFsE il ol
welylel Q7bd A9k Vin-Verelw, Wby EEO +
Agte] 242t 1245, 225 7t AL, 2215 &9 o] o=
Azgte] I7tE e £ tole = EFEHA] ki)

2) t2-t3 gk 291A QlF Q27 BT '"eIxHa
229129 Cosst YEHYeZ FHHI, ®sd =
AFe 292 Q29 Hir] tole =g F34 524 Atk
3) t3-t4 FE 294 Qle oJHs] "exyo9a, A9
Q27F ZVS(Zero Voltage Switching) #H-2%o] 2x}=0
NUAE A= etk o, LCEFZ B W71
FARJMNYRALDT 371 AHAIE(Cr)oll og F3lo] EAYaiy,
o] FXARFY Ale 245 FakaT xyo w77t
ARE I LCERR ALY Fapro] ARITE 23150l Mg €t
1215 AR(Ihb)e= Wgel7)9] Asbdfrel 23079 3 olth
4) t4-t5 77k =912 QI3 Q27F BT "HeEHa, Wt
7l 229 AFE 293 Q19 CossE WAA7 1L, ~
A Q1o wiy thelers Edjd z2A "l FAll
Q2= YAt R FMT AT

5) t5-t6 TRh 29% Q2 "WexH gla, 294 Ql

& 7VS(Zero Voltage Switching) 8- sHAEt}.

olyst FAS FIA 1AEY 294 QlE Q2 EE

7ZVS(Zero Voltage Switching)8-2S @A38H4 €t}
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3. AEZ

B AFS e 140 W Proto REES A&Felga, HE9
3715 69mmUtR) x 66mmAlZ) x 21mm(Eo]), AL e+
24.36 W/in3 ©|H, 115 Vac/ 230 Vac 98z4y BE &8
RezA(BV,9V,15V,20V,28 V)ollA] sto]Ba= Zelo|ul
1345 2=$A¢ ZVS(Zero Voltage Switching)5%<
gtols)9lar, 220 A-8% SR(Synchronous Rectifier) 29 X]+=
7ZCS(Zero Current Switching) 2 el 3leic) o]#gh
AXE 294 FFHOE CoC(Code of Conduct) Tier2 %
DoE(Department of Energy) Level VI 7]& &&& EF
e, AAEY F8l27 (140 W)olA ZF At we
AEL2 115 VacollM 93.82 %, 230 VacolA 9517 % &&=
SA4HJTE 2 Agd A8d F2 dvEE ok #2, 33
Fda=

o ao 2y He(Vin) 90 - 264 Vac
Apet EHPLWV), HEA) 28V/5A
=3 8 (Pout) 140 W
» QIEA 200 uH
PF;ZH_;E Hg10] ATQ2516
=3 FIfA|E(Cbulk) 96 UF
R2tRIEHE A (Lm) 250 uH
stojma|c FHQIEEHA (L 2 uH
——_ ST AHIAIH(Cr) 500 nF
e N(Np/Ns) 7(21:3)
Hg30] ATQ2716
=3 AHI§A|E{(Cout) 900 uF
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Table 2 Input/ Qutput Requirement and Main Parameter

32 72 & =Y g
Active Bridge ALQIK| IPT60R06557 2
CrCM PFC+HFB | ZAEE3| | XDPS2221 1
PFC AR]K| IGLR60R190D1 2
HFB AR]K| IGLR60R190D1 2
SR ALQIK| ISC027N10NM6 2
USBPD HAEEZ| | CYPD3175-24LQXQ 1
USBPD ES PN BSZ086P03NS3 1

E 3 MEE uiTH 22
Table 3 Semiconductor Parts
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25 Vin 90 Vac, Pout 140 W(28 V/ 5 A) ZZdollA| CEx} QY XM&F
Fig.5 Experimental waveforms of the terminal voltage and current
at Vin 90 Vac, Pout 140 W(28 V/ 5A)

= % 2 140 W(28 V/ 5A) %
AN eARrTER ZAT jJr m

Kl = Ad 1 PFC §2=E
AvEel 488 % 299 47 GaNel Zelel-as e A
S A 2 soluels Hefolw AMES] 297 Q2GaN)
o Eelgl-ds e Ak, A 4 stolnes Feq A

= Zdolw AWEE 4
2 EFEAEe 140 W oA 121kHz2 ~$Fsta a
ZVS(Zero Voltage Switching)dhs A& &l & 4= it}

ol

=8 54 0140 W(28 ¥/ 5 A)
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Fig.5 Efficiency characteristics at 140 W load conditions

according to the input voltage (115 Vac/ 230 Vac).
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Fig.7 Efficiency characteristics at variable output voltages.
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140 We] USB-PD Z4d7]/o19El9] 4
28V, dd] bA EHAF7F a7EY 3-stage Boost + Buck +
LLC Resonant ZAME = Boost + LLC Resonant + Buck 71
HE 7S AEEErt sold fvtope}, sl ZolA
CoC(Code of Conduct) Tier 29] B &&S& WE3s17] ojgA]
T =FoA A9kt 2-stage, Boost + sfo]Hg| X Elol
AME A7 GaNP! 292 802 CoC(Code of Conduct)
Tier 29 &7ANEFS wHE3la, A7 EHE %27 140 WollA H
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[1] Universal Serial Bus Power Delivery Specification,
Revision: 3.1, Version: 1.8, Release date: April, 2023. pp.
76.

[2] Datasheet of XDPS2221 PFC + Hybrid-Flyback - Combo
Controller, Infineon.

[3]  https://www.infineon.com/cms/en/product/power/gan—
hemt-gallium-nitride-transistor/#!products



