FAIRCHILD

]
SEMICONDUCTOR®

AN-6208

www.fairchildsemi.com

FANG2087ELLCIEHRAT e 23 1 IR 2% [F] 20 B (SR) A e v H

515

MK, LLCIRAR AR 51k 7 2 M0, &X
J DR D I Foh A2 i ae LA TR A 00 # TR IR A e A BB
TEIRAR AR HIPL S TE DB B AR AR 7 L
NIRRT AR A MEGEE N T B EDIH (ZVS) .

TELLCIE IR He a8 v, IR AR i Y b R
FH R AR 88 Ik R e 3145 EL i f E FL I« AELLCIE R
A, TARE RSB IRAE 5B ThEN L E
K, JoH M4 R R k. BR AR Sl
A 1 IE 1) R AN S B IR R B IE L. X T [H)
W (SR), H T RAEA KRS 8 H B (Rpson) 1
MOSFETHUR =R, [FI2DEEG 1 IE 17 B (R T =A%
RS0 IE ) R B, DR B 2 1 S URE R KPR
k.

FANG6208 & — 3 & H T Bo & M LLCE LCIE R AR
Pess () R DR i g, e T LRI BR sh # R a7 SR
MOSFET KA #C i — A (e RE o I8 45 H SR
We-JE R 2 A EL R, FANG6208 HE % Il & 45 4 I o< & #1
o SR S IE I 1), I AE % 0 E SR MR 5K 5 1 B AR I
Hl. FAN6208IEFEMRHE e #l b A IR AR 1k, TR
SRR AR I 38 N ISR SR I TR SR BN 5 5 RS2 1), B
IEEBEA. NTIRERE FORCEE, saiZEHSR
KENMES, BRI R R T IR IR S ThFE

AAF B IR T SR FAFAN6208 52 B SR H 1%
FBe it R, WiRATA BV R BB AR (PCB) Aii R 48Rl
WA Szt 45 BRI . BT 4 T FANG6208 [ it
RN F FL G

Figure 1. 745

© 2010 Fairchild Semiconductor Corporation
Rev. 1.0.1 « 4/27/11

www.fairchildsemi.com



AN-6208

K FH SRIJLLCHEHRAL 4 &5

[R12. 4 1T R U 2 i AR 2 0
I th L, 1547 5 00RO TR R L, 5 o T 0 e
B G HRUHRA . BTN, AP
0 0 0 SO 3R, 22 AL T A 00 15 D e
BT, WIGRHI () NIRRT
LA

I3 b T R R L CHER A He 2% 0 S0 19 25
%o NTSINATFXMBREYS (ZVS) , IFR
FIELAT T BELHU A MR 025 28792 X 4] o B A
EFt WS R . ERMGRE RS R E TL 5 G2
IR TSR R R (KR
MG KM 2, KB (RSN Rt
AR R, EAFTR . 4TF SR TR R
i CRIRER)  fEARIE (R D A
AR SR AL W1 YR, WESHR.

2.0

Q=0.2 h Region il Region |
1 (Below Resonance) (Above Resonance)

18

1.6

1.4

1.2

Gain (2nV/ Viy)

1.0

|
/.

0.6

40 50 60 70 80 90 100 110 120 130 140
Frequency (kHz)

Figure 3. LLCI#RA a5 1 7R 4 25 i 24

Q1 Gate
Q2 Gate

VSRZ

SR1 Gate

Q1 Gate
Q2 Gate

VSR2

SR1 Gate

APPLICATION NOTE

Isr1

Isre

2*Vo

SR On-time

Figure 4. RUEIR AR (A

-
-
-

by Body diode

Isr4 Isre
2*Vo SR On-time T r
“\gonducted /

Figure 5. i i8R AR 5 AP %

© 2010 Fairchild Semiconductor Corporation
Rev. 1.0.1 « 4/27/11

www.fairchildsemi.com



AN-6208

NP EEL %

Fl6H 45 H T FANG208 [ SR B Y rEL %, P 7+h
25 tH T SRITTIR IR B 5 1 AR 7 18] . FANG62085 ]
ASSRIGIRAL-VER FE I, F T8 IR SN /e — AL
SRIME BTG T8, NR-IEREE FREEE, 4
DETL | [ H & 2k 22 2V I 75 3 ton.onper (K £9350ns)
Ji, FANG20SHFiEMOSFET. WiFE8Hi~, FFil ZEHT (tsp.
on-peTL) N R 18] (150ns) 5 4% 4 2E i (200ns) 2 Al o

FAN6208 Il £ SR 538 I 18] (tpery ), 75 LB 1A]
DETLHL K ARFHIS T2V, RANZ(E B0E T —JF K
SRR S Wr it %, il 7w . BT —FF R A
7 RPN SR 5 38 5 [R) 95 25 FE X B (tpeap) s FT LAFR 356
W A %)

Vo

jup e
1r1

C{ DETL1 GATE1
C] DETL2 GND [
O RP GATE2
Cl FD VDD [

FAN6208

>

Figure 6. FANG208H 3 [ H %
Vet
_\ 2V
—»i i€ tsronDETL —> i€ tsronDETL ]
Veate Veate
) toerL (n-1) - toeap > ~ toerL (n) - toeap > j
< toerL (n) N toemL (N+1) >

Figure 7. SRZ:IET 8] HIH E

APPLICATION NOTE

- w— tsrR-oN-DETL

pETLT [, 330ns
2V VpeTL1

tos i tep

GATE1 150ns 200ns~{

w— tsrR-oN-DETL
DETLA 3%0ns
2V
VoerL1
tos i tep
GATE1

150ns 200ns/

«——+ sRON-DETL
DETLA _l 4 350ns .
A

Vpeti1
V 2V
tos i tep
EATE 150ns ‘ZOOn{
DETL1 VDZT;
/ \
togii | tep

GATE1  450ns 200ns(

Figure 8. SRT:@ MK 7

DETL &Ik &

DETLE I fo¥F BB N-0.3V~T7V. % TF SR HR-TE
B 0 o e A o Bt BB R 24%, N T B I R, DETL
EMFEE N RS DpprL). Dpern.— BOER ZRE
IN4148 ., [T DETLS I P 5 B 98 N S0uA, i &
Rperc T, M R E, R MSRFIENDETLH EET
AT I R AEQRV). WIHSREFIR /DN, % T SRIYIEH K
PR DMKEZE, WIDETL A BH % 2 -
2=Vip)

R = 1
DETL 5044 (1)

A AT, Vep SEDETL A ¥ 1E 17 B
T RS LU DETLAS I L IR AR A I, — AN 2
WRperL K T20kQs

4 SR St H TR KR I, i 5E R IS 3 A DETL HA, s
=T-03Vv, fFln.

Isg™ Rps.on —Vip =03
50uA

(@)

Rperr, >

© 2010 Fairchild Semiconductor Corporation
Rev. 1.0.1 « 4/27/11

www.fairchildsemi.com



AN-6208

U, Ig™ SR E K H i, Rpson T8 5 IR B SR

MOSFETI[1) 5 K3 @ B fH .
IpeTL (50pA)
2V

Figure 9. DETL I N A HL S

RPE A &

fEENRPE I LA RH, B LLYmFESEX A [E]. RP
B B BHEUE AN R B, A6 X B 18] 55 SRS 38 B 1) (tpere)
Z IR R W 10AE L1 FT7R . Htppap N T 125nskT,

FELRIP T RE(T IR A8 ThRE)E T, SRAG: I N [A] Yo 4 »
R, BLIEfERE,  DAEAE e T S I 1A W4 Th g
EEH .
toean (ns) RP Curve for LF Mode

220: BaL '_'_,_/"‘

-:::: 24K_G2 '_,,-"'-'-I’

1800 27K G2 _',--"'r ——_

1400 30K_G2 "_’_,.4"" ”_'_,_..-"'

1200 _‘_’_,/"'-'- ’_’__-/"' .

7
toen (Bs)

Figure 10. 4 A Rp Fftpeap HXT toer HIE R(EFFFATZ)

toean (ns) RP Curve for HF Mode

1100

——38K_G2
1000

B 43K_GZ J//,'.
200 - -~

- 47K_G2 g g

P
B00 [ ——51K.G2 g -
- -~
700 | 86K G2 _,,/_,r’/ T T
oo | TKG2 in .o/_.f/_ T,
BTK_G2 o /r /./_'_.—-"’-
500 — =
G2 ://' T J"’__'_,--'
A00 L / e
. T

500 L //"./ e
200 W ]
100

2 24 28 32 16 4 44
toen. (ps)

Figure 11.4"[F Rp I tpeap FHXT toerL FISE R (B RAIHK)

RP &M HA — /NN ERIE41.50A), %
BB ERET R, BB, R R, EHAEEAF, topm

APPLICATION NOTE

g EE L B R 12 HisE. 24 Rep N T 36kQ
if, FAN6208 T fEEMRAAE R, WH topn N T
3.75us, WISRERRME . 24 Rep KT 36kQ i, 284
TARE R, IR tppr N T 1.90us, TR gl
e H o

RPE I BATA W, HTERITES
MR ORYT o SR HIRPA BV B OR 3, AT LASCBILIZ R 36 / iy

], 1B .

RP Pin Open Protection Region

........... T —

High Frequency Mode
Green Mode : tper <1.90us

Vreo (3.65V)

---------- %---------- Vrent (1.46V)

Low Frequency Mode
Green Mode : tper1<3.75us

"""""" l ====------ Vgps (0.3V)
RP Pin Short Protection Region

Figure 12. RPE I T1E R #

Original PSON Circuit  Disable RP Pin Circuit

5B RP é

Vbpss
o— 41 5pA
Rp
Voom r:‘ i ol Qrp Rp
psoN@reor]
o—ol/ OJ ee
5VB hd
Figure 13. T3z A28/ W7 I RP T RIS F EL
WL P

IR BE T, Wit Z e+ L —JF LR
FR B ) SR S 38 I 18] 5 38 [X. 5 (8] (tppap) IO ZE 1R, W B 7 BT
TNo AR AL T RS AT AR AR A K, X FF
T LLARIESR MOSFET B A IEMi I Wshr 7, . {H
A, I AR P 0 DL MY EMOSFET [T %
ok HEFE SRR H R Wi & 2 B, X Fhdail 7 ik a 5l
SR MOSFETI B . Jv 7T b5k Bl m &3, FAN62081
T T IR A ThRe . IR ds kAR B DL =k

Lo A B /T — N T 5 B R B A8 X B T8 AS 2 B
FESRIIHe W 5, ERIE D A125ns P, a5

© 2010 Fairchild Semiconductor Corporation
Rev. 1.0.1 « 4/27/11

www.fairchildsemi.com



AN-6208

DETL#% A Ay, MR —ANFF 5 J& B A i 1T A 3k
ijj 'fg —%";I%‘%%—_\D—LtSHRINK_DT ’ jié/‘J 125“5 ’ H E'(J /TEEi
IBEIX i8], B 14F7

VDET

2V
»
>
_) 4_
125ns —
Detection Window SHrink
VGATE Veate
>
‘tDETL Low(n-1) - (DEAD' toeTL_Low (N) — toeap— tshrink
: - »
toeTt_Low () toeTt_tow (nN+1)

Figure 14. ZEIX I EA L 518 F T I Be4a
M RS B AR AR BRI 3@ B S R AR e
FELBH 9 S [, FANG208 7] DLW 4% i i Yo 4l — B 11
R, MBS R, S e b i S R
TIN5 AT — T 9% R B A S R ER A R 20%, T

SR I‘] 1‘&% 7:3' q&éﬁtSHRINK_FD ’ j( é/‘] y‘j 1.4},LS ’ JH: ETJF tD,

SHRINK-FD N2 A90us, W16 .

LLC
Resonant
Converter

DETL1 GATE1
DETL2 GND
RP GATE2] i
FD VDD =
FAN6208

Vo

Figure 15. FDE IS Fa. 2%

3.

APPLICATION NOTE

Voo (Voo - F}D)M
I ‘Fn)i to-sHrRiNK-FD —_—
(Voo - FD)W/(Vop - FD)p1 & 120%
tsHRINK-FD
GATEH1 .
M M M 1
DET‘L1
GATE2 ‘//, -
M I M M r
DETL2
Figure 16. JAgA i 5| & (I THlk W 4
YDETLHE EEZMIERGM . mE17fw, £&

BN, VYO RSV G, SRR L
TEE TR . [EDETLHJEEE ZE 2 5 1350ns
Z W, DETLHE LA T2V, FF B AR E & T
150ns, WU [ THR Y46 1.2ps (tsrmvkrne) > 20 1 17

TN
VDETL
21500 200ns (tpo) ,
— — >

<350ns (tos+tep)

Shrink

<

Veate

\J

<

< >
toer_Low (n) — toeao— tshrink

toer_ow (n+1)

Figure 17.DETLHLEIRY; 51 k2 BT AR 4

© 2010 Fairchild Semiconductor Corporation
Rev. 1.0.1 « 4/27/11

www.fairchildsemi.com



AN-6208 APPLICATION NOTE

1 Rl P 3% B AT )=

FEEI18H, Thaefkbric ML, RIFIMIPCB o UEERATTR, RS R I NAZ% B A
Ay JR AT LACSE Dh R R G RCR AN AT SE e, F i KPR Co HI M3 -
MHEMI. RS RAZISK HIZE RS V31 o
Fo 5 " k6 KRR AT RE4E A .

" TR, Q) 50, WK T A E R EIC,
" XTSI, FDAE BN Z R RO B AR R (S - AR TR T B S, B
o @ — R B SFD & AR E R LLSE R G KB

IRTRPUILIE . BRI Lt B AT AT AT kb e 1) B ST, C, B SOR 1% EE E E FIML
ES I =

" N T EBCRIREEHANEI TP, R (BZk2) MThE
Hh OBEZRT) Rz S . SRR T R

Jlo

K
s LLC Converter 2" Side
Vo| CASE
L1 O
Rio
R1‘1
Figure 18. i Ja % &
© 2010 Fairchild Semiconductor Corporation www.fairchildsemi.com

Rev. 1.0.1 « 4/27/11 6



AN-6208
BT E

DL Y6480 9 — Fh 12V/300W B Bk S H (R LU, SR
A TLLCHE R, WwE19FR, FANT7621%%

BT RATLLCIE R Hgs . £ ICCM PFCTE il 2%
FAN6982H F % 11 PFCHL %% .

FTEARAGESHE R WERLT R,
(BOM) B &EunRK207T7R,

¥ T FANG9S2 ) 5 2 PFC#ar Y 1L JE ThRE, He
rh dL R (Y PEC i HY FL T 390V o A LY FEL IS AN 4 3 454
T, PFCHiH BRI/ 31360V, 7] LLETFPFCHLER 1) 3%
., WFPFCHEE, MM RINE(f,) N65kHz.

OB

PFC Stage Output
(Controlled by FAN6982) V Ve Input 1I-51001H
O CC (Source by FSBH0270) P
R101 D101
VbUIk D_l 10 UF1007
2\ Pt
c102 L o
0.33uF 50V AN7621
LVee H Ql
= FCPF11N60F
HVeo ™ 102
4[ RT 1N4148
= HO
clol T 1]
270uF 450V /[ N\ T[ con
C105 E CTR

:|: 12nF

— cs

C106 SG

100pF

R106

1k S=
O A
R107 <L
0.22 =

APPLICATION NOTE

x 1. R tabR

LPNG VRSNG| 90~264Vac
PFCHi 360~390Vpc
PFCa i 2% FANG982
F YRR 2% FAN7621
W EE (Vo) 12V
HHIhIE (Vo) 300W
PFCH i 65kHz
LLCIEHRAE #ie d T S0 % 60~140kHz

TX, M0 tbn Ay 13.5, Ly, SA1.2mH, L, 4150uH, C,
N47nH. D201 5 D202i% F IN4148, 4 E f R A
100V, R204 (Rgp)i#%27kQ, HFRHi B E .

PQ3230

ool J‘ R205
D201 FDP025N06 — i
1 [ 1N4148
R201
10k Us V
FAN6208 YL (0]
1201
1.8pH
€201 C202
33004F 33004F
16V 16V
11 p—
c206
FAN6208 |00
TIT, leo
- -
a1 Ljq—1 poos
FDP025N06 10k

R203 )
10k N L co03
R207 R208 47nF
10k % 1k R208
9k < %sz
1k
R204
27k L2 é;E )
€301 —]
p—  R211
33k
. b
< C204
= U4 g AT0F R212
% 24k

Y%

Figure 19. 588 i % K]

© 2010 Fairchild Semiconductor Corporation
Rev. 1.0.1 « 4/27/11

www.fairchildsemi.com



AN-6208 APPLICATION NOTE
*x 2. L
R T HiE i B H/IE
FHLBH HLZY
Rio1 10Q 1/4W Cios 10pF 25V
Rio2 3.3Q 1/4W Coo1 3300uF 16V
Rios 3.30 1/8W Caoz 3300uF 16V
Rio4 10kQ 1/8W Caos 47nF 50V
Rios 10kQ 1/8W Cao4 47nF 50V
Rios 1kQ 1/8W Coos 470nF 25V
R1o7 0.2Q 2W Cao6 100nF 50V
Rios 5.1kQ 1/8W Cao1 22nF/250V Y-H1 %8
Ri1oo 9.1kQ 1/8W AR A
Ri1o 5.6kQ 1/8W X L, =10pH/ Ly =1200uH \ PQ3230
R201 10kQ 1/8W R
Reoz 10kQ 1/8W Dio1 UF1007 1A/1000V
Raos 10kQ 1/8W D102 1N4148
Raoos 27kQ 1/8W D103 1N4148
Raos 10kQ 1/8W D201 1N4148
Raos 10kQ 1/8W D202 1N4148
Razo7 10kQ 1/8W H Jak
Roos 1kQ 1/8W L101 L = 150uH QP2914
Rzoe 91kQ 1/8W L201 L =1.8uH
R210 1kQ 1/8W MOSFET
Re11 33kQ 1/8W Qi FCPF11N60F
Ro12 24kQ 1/8W Q; FCPF11N60F
ZERAN Qs FDP025N06
Cro1 270uF 450V Qq FDP025N06
Cioz 0.33uF 50V IC £k HL i
C1os 150nF 1kV U+ FAN7621 LLCH i 48
Cioa 47nF 1kV Uz PC817
Cios 12nF 50V Us FANG6208 SR¥z 2%
C1os 100pF 50V Us TL431
Cio7 680pF 50V

© 2010 Fairchild Semiconductor Corporation

Rev. 1.0.1 « 4/27/11

www.fairchildsemi.com




AN-6208

BI20 A0 B 21 &4 T AN ) Rp i SRITTT B 3K 3 i8¢

o ATLARIL, SRERBNAISEIX I 8] AT LAGFE o

200 psidiv

ia—

@

APPLICATION NOTE

HRE L TR 5 R D R AR I R R 45 R
RIBMR14FTR. B2 L T BHsE e SR
MaRRcE. nTLLRI, RHFSDERHEA, SR
T12%. E229 kg T 6 X I [A) 5 RO 52 . I
EREPABEIX ], e nT L — B4 Tt

Sy Veate2

——t g 1

200 vidv INEEE

T 4
b "P\t/-tDEAD
400ns

Figure 21.Rrp=27KQI X B AISRI (S 5

F 3. Vac=115VAH R E 452 % & (MBRP3045) 300W
PCHLYRHI I B3 ZE
Uik NI (W) i HH D2 (W) LES
100% 358.070 307.658 85.920%
50% 176.38 154.91 87.82%
20% 73.30 62.19 84.80%
x4 Vac=115VH K H [R5 52 i 4% (FDP025N06 F
Rrp=30kQ2) 300W PCHLJ5 {1 & 5%
i AT | HHI e FHEE 4y
- (W) | (W) M
100% 347.70 307.62 88.47% +2.55%
————— 50% 172.81 154.77 89.56% +1.74%
20% 72.41 62.21 85.91% +1.11%
e e
90.5% 59_78%90,03% 90.03%
e [ 89.5% - 39'1']""4‘@’%_\“22%_3532%
’/I‘S’EC \ : : 88.5% fors— i W ST
\l = 87.5% y[ e ] —
! 270 B6.8 LTS 19%.
l]lt! ~'/ 86.5% £ )’/““‘ : =
i f B Vi “Ql 85.92%
A 85.5% 7 //
toeap 84.5% Mise/aum —+=RP =24k ohm
- 3.1, ~400ns . 84 )ée
m— sty
5.00 Vidiv Il Vv 82.5% [ B26%
e e e : o1 55 | RP = 27k ohm
' 80.5% L ; : : ; ; )
0 50 100 150 200 250 300 350

Figure 22. 334347

© 2010 Fairchild Semiconductor Corporation
Rev. 1.0.1 « 4/27/11

www.fairchildsemi.com



AN-6208 APPLICATION NOTE
FHIR B AL

FANG6208 — & /HLLC #r 71NN R 7] 6 B i 45 )

FAN7621 — 3%/ E R iR B Heasf] PEM 157575

FANG982 — CCM 1% A5 7%

FEDP025N06 —FDP025N06 N-7438 PowerTrench® MOSFET 60V,2654, 2.5mQ

IN/FDLL 914/A/B/ 916/A/B / 4148 / 4448 — /)55 %"

FSFR2100 — i/ HFHFIE IR Hastl) CIEF-F LY FTTK

AN4137 — TN CIEFEG 1 (FPS) 195528 )R A e sl i 11 15 B

AN-4151 — RHIFSFR- 77 §IEF-F 1k (FPS) HIFEFFLLC iEHRE Hids id 1]

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS
HEREIN TO IMPROVE RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE
APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS
PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1.  Life support devices or systems are devices or systems 2. A critical component is any component of a life support
which, (a) are intended for surgical implant into the body, or device or system whose failure to perform can be reasonably
(b) support or sustain life, or (c) whose failure to perform expected to cause the failure of the life support device or
when properly used in accordance with instructions for use system, or to affect its safety or effectiveness.

provided in the labeling, can be reasonably expected to
result in significant injury to the user.
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