(infineon



mailto:kenfa.qian@infineon.com
http://www.infineon-power-rf.org/
http://www.infineon-power-rf.org/
http://www.infineon-power-rf.org/
http://www.infineon-power-rf.org/

H=

kiR
PFC+ LLCIBIER
PFC+ LCCIEiRAZ
gUERBICo0IMOS ™
&ie

it



Copyright © Infineon Technologies AG 2016. All rights reserved.

(infineon



W KIHEEL EDIRFNEEERIHLE infineon

L The

1E8E e Hi7E EFERE
ZIS img
=2 SR
- . P
Rt T
B T

1 T
: Bl
mhs it .



R R R — e B

_________________

_falaF

_____________

_____________

LLC/LCC }

[ PFC+LLC/LCC Combo ]
e.g. ICL5101G

» IRITESEEHEBERR | XiRERTHRES
) lﬁﬁﬁéglﬁﬁlﬁﬁﬂjﬂﬁﬁ {EEHTE,JEEJer uw({EEEEJHj%}_ +fEE¢HJ|'IH%U|b)
»  ANEEBELEDIEIRILFEE— LEDIKT)ES

Copyright © Infineon Technologies AG 2016. All rights reserved.

BiFERRES

(infineon



R —Le RS SRFNETRE R fineon

D1
]
_—'I e [']R5 IC1
EE L

Fuse L1 BR1 5
{1
O rFCTCD }.é oz L D&
[
R
85 ...
325 VAC B
cl== S
n1[
C2:|'= ]
w |l i
_ o C5 RY
1.1 1]
© = .:.:[[| E@%ca [‘! =
) ) _r T
o5 R1&
pz Q4 i
= L 17

Copyright © Infineon Technologies AG 2016. All rights reserved.



(infineon.

dl]

R PE A HY—Le R 3 KHiHsE

L] Eﬁjtl:.'%umal%*f'(lo-l()()%) 2B N FAEIREVEE
B EHAEEENRS (10-100%) , L‘,L‘ﬁ}" %ﬁ""‘%jﬂ' BEIRYLEDHEZE

100% |-

?0/0 """"""""""""""""""""" i

v

204 100% !

Copyright © Infineon Technologies AG 2016. All rights reserved.



TN afineon

I|rn||

R R E AR — e RS

LLC 400 I—
R Ly FE 1T
200
C r Lr
Lm R VRO 40
| 20
20k 50k 100k 200k 500k

B ERRAYRIH R EE ;

%.‘
:

B EERHETET ]

| / / /

B AL BAFERMNA , M TIEEE )
Ed Hﬁlﬂl-l_ﬁ'ﬁgglg =l

B N

20k 50k 100k 200k 500k

set date Copyright © Infineon Technologies AG 2013. All rights reserved.



I|rn||

R R E AR — e RS

LCC

HW% éR y

O L O

B ERREEHEIRIERE

B R ERIEER FLUSEIER , R
EEIZE T BRI T

m N RS AT LIERERSIES TR
SRR RS EE

n BERTFAIERSE

set date

ST FEFRFH

(infineon

100

I~
s

—

10k

25

0.5

20k

50k

100k 200k

!
l?U}FI*;:E.*TP

10k

20k

Copyright © Infineon Technologies AG 2013. All rights reserved.

50k



ICL5101G £/ PFC FO¥tmBiRissl|

Infineon

i

Vaus

L= CRM PFC+ 3454 @

SRS V
£ERk6 50V &= K]

BUS 0.8Vaeics 7 1SCS HSvCC 15 |13 I
g‘ q
g

T 3vcC HSGND 14

FFPYMER | RSB - -40°C~125°C

SARATIES , SIFINEITRRPE ST I
ﬁ ﬁ ﬁ%i&iﬁjm%l}ﬁiﬁg " MO}% 5 PFCGD OVP 12 | [T - Ve
1.0Vretprcs =T
=

BRYASHNETEL , FoaB5EE
NEREER>95% , HiEKKE<10%

i HS MOSFET
1 OLSGD HSGD 16 | [T3—

ICL5101

6 PFCCS nc 11

7 PFCZCD n.c. 10

8 PFCVS RFM 9

PG-DSO-16 (150mil)

Jation
210, | HS Gate
Hs | Ref +Logic )
Ctrl
|

Isal

PPPPP

TJi ': 3.2v
LOGIC

PPPPP

HB
Ctrl

Copyright © Infineon Technologies AG 2016. All rights reserved.

3L



(infineon

ICL5101GhY

B -
B PFC+LLC [BEHDE , SEFEEIX94%

B PFC+LCC fBEintad , tEmbBETE

D1

L
......... a — R3
20 L | LZP. P Q2 | 14 3 Y D8 2
= e [] i3 bl L4_1 c12% Vout
4 L

.........

190....
264 VAC a3

ol A= oot [ R23
ot il I LLC e EDG _!

c11 L4_4 D9
e 3 [

R24

o T ?10

%
LN e £ J

M p3 Q4
e % Y14

Copyright © Infineon Technologies AG 2016. All rights reserved.




PFC+ LLCIEER %

Copyright © Infineon Technologies AG 2016. All rights reserve

d.

(infineon



(infineon

LLC fBJEZx= 54V110W

 RE{KSuEHEECooIMOS™ | FEihes

m R~ 247.3mm(L) x 48.25mm(W) x 34.2mm(H)

85-305Vac

24V

2.06A

110W

>93.5% min @ 230Vac

< 10%@> 35%Load at 230 VAC

Copyright © Infineon Technologies AG 2016. All rights reserved.



(infineon

LLC [BIEAEEKR _ 54V110W

m =Hl IC: ICL5101

B MOSFET: CoolMOS ™Z5%l
- PFC : IPD60R400CE*2pcs
« LLC: IPD60R400CE*2pcs

Lr
o
T e l ) |
& - | B Lo c22k o —] z
B = " ,,,ET 100 -
g
2 E = D15 GNDA
E = il
=
§ 3 RS 0RO
2| R 2 2t
=] & | g 7
>+ &
2
=
ehelsls :
= g grE
ono | o
vssA BSP135,
01 PMMT49 g
g3
R1_ 10 3
T2 <A
I o = o
ca == é
22 o
T Rz
&N
Dot
BZTs2C8V2
=

) B~ ) =] oF

o

Copyright © Infineon Technologies AG 2016. All rights reserved.



JEEEER | 3R, PFAOTHD

Vour versus Vin at Nominal Load

54,2 100
[:13 r +
54,1 90 = a
a5 . gL
»‘/
54 20
75
4
53,9 _ 70 d
= £ 65
%533 - - - I ! E‘ 60
g f f 1 i 1 3 55
§ 53,7 Ez 2 50
8 1 1 T 1 I 5 s
£536 E 40
o 2 35
1 1 I 1 I &
53,5 : : I ! I 30
! ! ! | ! 2 .I.J_HHJH i
53,4 20 FLY — N — B = (3 /7R U !
. g Tl e e D A i
53,3 W YT 1T 1| T II I! ” I [ IHI T T
5
53,2 0
80 a5 110 125 140 155 170 185 200 215 230 245 260 275 290 305 o 5 10 15 20 25 30 35 40 45 50 55 60 &5 70 75 80 85 90 95 100 105
Input Voltage [V] Load [%]
== OUTPUT VOLTAGE —+— Efficiency
Vout versus Poutr @ Vacin = 230V Power Factor / iATHD versus Load @ Vacin = 230V
54,4 100 50
95 ;'_.___‘..u-"-"""
54,3 a0 y a5
a5 il
L
54,2 80 ’,/ a0
75 /‘
54,1 70 Y EL
: £ = i i
=" il | L |11 (IRRRNAAN | | |
5 ™ £ © WL T %h AT T L ® o
£ 5 1 /A1 Q 4 0 = £
5539 £ 5 A F [ .ﬁ_! 0 v LII I:I:_ 0 (l i]:L., i )
= E 45 / Il Iy RUARTE Iy T I i E
2 o 2 -....,LL | T 11 M TTTTTTTT | || 20:2
53,8
g .—---—.___|;_____‘N § 35 il
53,7 — 30 f RRRRY UNRRRENATRRRARY 15
25 .
53,6 20 H-HHH ] '““"--..;;_ 10
15 3 b
53,5 10 T — 5
5
53,4 0 0
0 10 20 30 40 50 60 70 80 2 100 110 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100 105
Output Power [W] Load[%]

—-VOouT —4—Power Factor [%] —&—IATHD [%]

Copyright © Infineon Technologies AG 2016. All rights reserved.




PFC+ LCCIEiRA R

Copyright © Infineon Technologies AG 2016. All rights reserve

d.

(infineon



120W LCC &
E”E-UEI% 1 %J’ill:’%

PFC+LCCHR#h

ToRR =R

SRR TE

BRIERIL92.5% , 50%HEH AT, THD<10%
XK SiEAEECo0IMOS™ |, FE#haE

HMEIZF R
R~ : 178mm*52mm*22mm

90-277Vac

10-80V

1.5A

120W

90% min @90Vac
92.5% min @ 230Vac

Copyright © Infineon Technologies AG 2016. All rights reserved.



heB A A oy ol A=
~
120W LCC FoxIEIBAIEIER JRIEE
=1l A<//INA*
23
m ¥ §lIC ICL5101
HS1
Heatsink-NA
e Cs C16 GND T
g — ; NTC 50-9 100uF/450Y D18MMHISMM Alshi CD11GD series mnqule:A T PQ3220 Ns: 20Ts*2; NP: 50Ts Lry?]ﬁuH Pri-Aux 5T5 LB 47uH wurh PN mm. 047 ope
. D21
iy J_ 00k _L 25 SoHkNA é R18 sco——R a4 = { SKSZ‘Oi I_LC32
—~ ~ 1 1 D4 1.3MR GND Z U51M 10nFHKV S ¢ co7 100uFH00V D6
BRI Tcr;i T 0 | STTH5L0B M1 AUX P D16 100uF/100Y NA
12 o Y D14 SK5200
GBUB0S + = L3 GNﬂD_er\jﬂg e I R3O a6 1 L. MBR20200CT-NA op-
MPP 0.680F 500V GND R 10R IPDSOR4UO(.3§ 1000 H830V j .,L.
. GND 16 ko Mo pEC.ALX — N oprczen 3 Rt ey
'Ri7 PFC_ZCD o © oo e 08~ - =
U T PQ2620 38Ts, 300uH@4.5A T ( T NA
W 2xa700uH i [] 5 Hsueo 2 o1 R35 =7 N
cv1 L, o : — == 100nF 4k 1.2mH EF20 100Ty
1250Vac! : R3 R4 R5
H 1000pF/250VaCHY2 :I' IPDEOR180C7 . L) HSGND 14 T HSGND | 200kR  200kR 200kR
Il R1 €3 == ‘ FRel) ] iPD60H4UOC : D3+, L1 L1 vce
C1A 750KR NA Ri122R O NA |
3300F1305V/%2 W18+ Tomm max ] S 1 LSGD ._ = C18 1
R2 ! [l ™~
HSGND
750kR R12 47k 68 precs Lscs 2 L8C8, 2R | l " oo
| | c4 peN4148W
0 ) .
7 II R13 <t s R6 ! NFIB30V 5% XTR L3 Zo e = D1
2 cv2 | & 0RO 1K 47K i sy | ZMM16
2459000 1000pF/250vecfv2 & - ! GND
L : Re Rapl  RED 7 s ! PFCAUX o
{ 2 ! c10 D1 ND
3 I BAFISOV 5% XTR P 7 IN4taBW  GND
L vl ] :
£ Usim N
R R R$4A R34B R34C i GND
i PR J.OR[ 1.0R \
E
9 = c20
T1 et e (it F PR
—e ‘— GNDA
R6A —— Rsc ReE  C8 R2I R25 R29 L ' VCC /N E
10RGND  {'om qor 22 243K 13.7kR PTC-NA ¥1-400Vac 2n2
R27 010
RFM—{ 3 +—VR
5.6kR c12 T Rg ZMM47 v . .
2N3004 Ll 1okR . . J
YRS JE ] 3% HE
Primary CV option GND
VD10=110~120%*Vout*Na/Ns

Copyright © Infineon Technologies AG 2016. All rights reserved.

infineon



UpEE:'E

Tois , TVESRERIZ EE36.5kHz :
THD<6% @ TaZi>30% 4T

EAT1L92.8%

90
90
230
230
230
230
230
230
230
230

137.1
149.7
145.4
133.8
116.6
91.6
66.1
40.5
23.7
7.45

80.2
89.8
89.8
80.2
65.5
50.5
35.5
20.6
10.6
1.26

Copyright © Infineon Technologies AG 2016. All rights reserved.

1.545
1.504
1.503
1.546
1.594
1.614
1.628
1.639
1.649
1.68

123.8
135.1
134.9
123.9
104.4
81.5
57.9
33.7
17.5
2.12

3.00%
3.00%
2.40%
2.40%
3.20%
3.20%
2.60%
2.70%
2.40%
2.40%

90.29%
90.24%
92.82%
92.63%
89.52%
89.03%
87.59%
83.32%
74.11%

28.41%

(infineon

36.5
36.5
36.5
36.5
36.5
36.5
36.5
36.5
36.5
36.5



(infineon

U3

I

MixtsZ4E: Ta=25°C; Open frame; 90Vin_ac, 80Vout/1.55A

PFC MOSFET:
IPD65R190C7

max. temperature: 100°C
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3.20%
3.20%
2.90%
2.00%
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PFC MOSFET:
IPD60R190C7
Tc= 100°C

) | || -..l l.qc ’i.[.
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» e

‘ .

¥ MOSFET:
IPD60R650CE
Tc= 78.9°C
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CoolMOS™ CE &%

CoolMOS™ CE

Voltage range (Volts)
500V 600V 650V 800V
0.19-30 0.4-2.10 0.65-1.50 0.31-2.8Q

Power supply topology and market segment

[ Charger Adapter / Charger
i} | Flyback

PC Silverbox
PFC/TTF 80+; PFC / LLC 90+

LCDTV LCD TV
LLC Halfbridge Adapter Quasi Resonant Flyback

= LED Retrofit, LED Drivers LED Retrofit / LED Drivers
= 9 * PFC / LLC Halfbridge / Non Isolated Buck Quasi Resonant Flyback .
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Rps(on)

TO-220

600V FullPAK

(=]

IPA60R800CE
IPA60R650CE
IPA60R500CE
IPA60R400CE

| 2100 @ |
| 1500 |
| 1000 |
| eso
| 500 |
400 |

Rps(on)

3
&

650V
TO-220

FullPAK

IPA65R650CE

Adapter Charger Consumer

s M

O

&

TO-252
DPAK
IPD60R2K1CE
IPD60R1K5CE
IPD60R1KOCE
IPD60R8B0OOCE
IPD60R650CE
IPD60R500CE
IPD60R400CE

&

TO-252
DPAK

IPD65R650CE
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TO-251
IPAK
IPU60R2K1CE
IPU6OR1K5CE
IPU60R1KOCE

4

TO-251
IPAK SL
IPS65R1K5CE
IPS65R1K0CE
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- 8 2

0
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2800

&

TO-220
FullPAK
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IPA50R380CE
IPA50R280CE
IPA50R190CE

&

-

a § &

4

TO-220
FullPAK

IPABOR1K4CE
IPABOR1KOCE
IPABOR650CE
IPABOR460CE
IPASBOR310CE

TO-252
DPAK TO-220
IPD50R3KOCE
IPD50R2KOCE
IPD50R1K4CE
IPD50R950CE
IPD50R800CE
IPD50R650CE
IPD50R500CE  IPP50R500CE
IPD50R380CE  IPP50R380CE
IPD50R280CE  IPP50R280CE
IPP50R190CE
TO-252 TO-251
DPAK IPAK
IPDS8OR2KSCE ~ IPUSBOR2KSCE
IPD8OR1K4CE  IPUSOR1K4CE
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TO-247
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TO-251
IPAK
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IPUS0R2KOCE
IPUSOR1KA4CE
IPUS0R950CE

(infineon

Consumer
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Rps(on)[mQ]

2000 / 2100
1400 / 1500

950 / 1000

Applications

500V

IPN60R3K4CE

(infineon

IPN50R3KO0OCE

IPN50R2KOCE IPN60R2K1CE

IPN50R1K4CE IPN60R1K5CE IPN65R1K5CE IPN70R1K5CE
IPN50R950CE IPN60R1KOCE

IPN50R800CE

IPN50R650CE
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SOT-223 BFLED IX&)

12 W 3-9 W

SERAE
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N

60 W
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FRADPAKTRR

2.100 - 3.300 mQ
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SOT-223 B/\BIEEEFZS DPAK

DPAK SOT-223 (K5

- EIEREREENAS

- TETHE
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4 T[°C] P_loss =250 mW
70 Recommended
68,0 . use case
65
6@ 62,8 @
[C+sec P
57,8 @ Y Y {
55

SOT-223 on SOT-223
footprint

DPAK on DPAK

footprint (reference) footprint

SOT-223 on DPAK

> A EREH#DPAK

BIHERE

» AR >
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SOT-223 on Foot-
print of DPAK +
20 mm?2 Cu

> ARG B
DPAK

» HHBERERARNR




Practical 1: SOT-223 Z#aDPAK
( 52W LED driver)

(infineon

Test platform Thermal measurement

DPAK: IPD65R1K4C6 - 64,2 °C

B SOT-223: IPN65R1K5CE - 66,5 °C

o

50.0°C
50

- 45

- 40

- 35

- 30

- 25

- 20
20.0°C

» 52W LED driver

S TPANGEVA S 220V/50Hz » HEDPAKAH/m2.3 °C

> Har 55-120V

» WA 25V , SOT-223 ZEPCBHAB A ENER T
> L 0.35A H#ZEB#DPAK
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ICL51015pPFCAIFFHEIRIKSIE I TR D 42 B
KAPFC+LLCHRFMESTE/EHIE

RFBPFCLCCIH T BB PR BRI ERLY , 7
FHREFA

SXFHINFINEONHAY CoolMOS ™MEFITFERAIH—FIES , CERY
BEEEEM%MEL

HeRSOT2230VNTRMBBEFT/INEUL , Ft—SULIENTE
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» Documentation
— Datasheet
— Application notes

http://www.infineon.com/ICL5101
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B : AC/DC BRBESZE Cinfineon

CCM PFC + ICE2PCSXX
DCM PFC + £ R PFC+LLC/LLCC ICL5101G
Resonant
Boost PECHQRC I e fiLK o = 3 - S e

IRS2505 < FB/\EY ( SOT23-5 ) EBR&fEEa
Single Stage IRS2982S SPFAXTHD AKZFNIhEE
PFC/Flyback ICL8105(digital solution ) #i=Fi=%l , CC, {KIhiE,{KTHD
TDA4863 {KTHD

Pri. Buck/boost ICL8002G (KRS , ST aTisrEEss

5W 25W 50W 100W
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DE 0
<
> D4 "
3
; D40C
©
>
D4
D6070

I

BCR450 + Switch 8:

©

ILD4035 =

2}

i

0

BCR320/321U
BCR420/421U
BCR205W + Switch BCR405U Buck
BCR402W BCR402U -
I — Linear
BCR401W BCR401U

60 max.V,, (V)
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fisR . #=EHIAC/DCI3%E ICL8105
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TTmT] T

-
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o

L N |
i J

Typical Application

VT
¥ ¥ -
HY - Driver 7¢0
| HV start- possl Internal ) i [,
up cell vee P
/ Current . :
Limit g —_
C p U € Sample |
and Hold
cs Configuration
MFIO ’ A
interface AuxVolt | = &
Sensor | In-Circuit Calibration
X & o
saw {DMUART J oo
* I
Dimming . A
Circuit + 0-10V
Isolation input
{optional)
—o
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M Digital control

M Single stage PFC
flyback+BUCK I

ne Voltage PFC+Flyback

M QOutput current selectable —

B Platform design

B Configurable parameters




Part of your life. Part of tomorrow. (in’ﬁneon



