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Copyright Power Integrations 2008 INPUTS INFO OUTPUTS | UNITS |mode LLC Resonant Converter Design Spreadsheet
Enter Input Parameters Design Title
Vacmin 85|V Minimum AC input voltage
Vacmax 265V Maximum AC input voltage
lacinmax | I 3.84|A Maximum input AC rms current at Vacmin
Vbulk 385.00|V Nominal PFC output voltage
Vbulkmax | | 411.95|V Peak PFC OVP voltage (typical is 7% above Vbulk)
Minimum bulk capacitor voltage at the specified holdup time. Typical value is between 250 -
Vbulkmin 250.25|V 320 VDC. Max holdup time is at 250 V
fL 50.00|{Hz AC Line input frequency
Holdup time 20.00|ms Bulk capacitor hold up time
Minimum value of bulk cap to meet holdup time requirement; Adjust holdup time and Vbulkmin
CIN_MIN 140.32|uF to change bulk cap value
bulk ripple 10.79|V Bulk capacitor peak to peak voltage (low freq ripple)
Vrippeak 390.40|V Bulk cap peak value of ripple voltage
IAC 3.84|A AC input rms current at VACMIN
IAC_PEAK 5.43|A Peak AC input current at full load and VACMIN
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Enter LLC (secondary) outputs ‘ The spreadsheet assumes AC stacking of the secondaries
Vo1 24.00 Vv Main Output Voltage. Spreadsheet assumes that this is the regulated output
lo1 9.00 A Main output maximum current
Vd1 0.70|V Forward voltage of diode in main output
Po1 216.00|W Output Power from first LLC output
Vo2 12.00 \ Second Output Voltage
102 4.00 A Second output current
Vd2 0.40 0.40|V Forward voltage of diode used in second output
Po2 | 48.00|W Output Power from second LLC output
\
I 2.HiperPLC 5 i & H1 (K1IR R Z Kl 7
Enter stand-by (auxiliary) outputs \
Vo3 5.00 \ Auxiliary Output 1 Voltage
lo3 2.00 A Auxiliary Output 1 maximum current
Vo4 \ Auxiliary Output 2 Voltage
lo4 A Auxiliary Output 2 maximum current
|
K 3. HiperPLC B¢t 4% I FHL S 4078 5
Efficiciency and Loss Allocation
P_LLC 264.00|W Specified LLC output power
P_AUX 10.00|W Auxiliary output power
P_PFC 300.29|W PFC output power
P_TOTAL 274.00|W Total output power (Includes Output power from LLC stage and auxiliary stage)
LLC n_estimated 0.92 Efficiency of LLC stage
AUX_n_estimated 0.75 Efficiency of auxiliary output
PFC_n_estimated 0.92 Minimum efficiency of PFC front end stage
PIN 326.40|W AC input power
Overall efficiency 0.84 Minimum system efficiency
Ploss_PFC 26.11|W PFC stage power loss
Ploss LLC 22.96|W LLC stage power loss
Ploss_ AUX 3.33|W Auxiliary power loss
Ploss_TOTAL 52.40|W Total power loss
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Enter PFC Design Parameters

f_nominal_desired 100.00|kHz Desired full load switching frequency. Recommended value 66 kHz to 132 kHz
PFC choke ripple current factor. Actual Krp tends to increase at higher current when using
Krp 0.35 iron powder/Sendust cores, due to drop in inductance at higher current
Diode bridge Vf 0.70|V Forward voltage drop of diode bridge
Rdson 0.18/ohms PFC MOSFET Rdson - use high temp value from datasheet
Coss 21.76|pF PFC MOSFET high voltage Coss from datasheet
tON 20.00|ns MOSFET turnon current rise time. Check actual value
Qrr 50.05|nC Average Qrr of boost diode over AC sinusoid
Il 5. HiperPLC 81244 1 IIPFC il 843
PFC CHOKE Parameters
Lpfc 435.00{uH PFC choke inductance
ILpk 7.33]A PFC choke peak current at VACMIN
nH per turn*2 (from magnetics datasheet). Note - This value decreases by as much as 15% if
AL 380.00 nH/t"2 a belly-band is added to reduce EMI
n | 33.83|turns PFC choke number of turns
MLT 5.00 cm Mean length per turn
AWG_Choke 22 PFC choke wire gauge
Equivalent Choke Metric Wire gauge | 0.70|mm Equivalent diameter of wire in metric units
Wire length | 1.69/m Length of wire used on PFC choke
Strands 3 Number of wires
DCR 32.37|m-ohms DC resistance of wire at 25 C
DCRat85C 40.79|m-ohms DC resistance of wire at 85 C
Irms_CHOKE 3.84|A PFC choke rms current
DCR Cu loss 0.60|W PFC choke DC Copper loss for reference at 85 C
ACR_PFC_Choke 81.58|m-ohms Measure or calculate; add 26% to measured value to get 85 C value
HF Irms 0.67|A RMS current of switching component
HF Cu loss 0.04|W Copper loss due to switching component at 85 C
tot Cu loss 0.64|W Total copper loss at 85 C
LM 10.00 cm Magnetic path length of core used
Hpk 31.17|0e Peak MMF in Oersteds, calculated at low line
Hpk_SI 2481|A/m Peak MMF in A/m, calculated at low line
K 6. HiperPLC B¢ 1124 i IPFC 4l el #45 71
LLC TRANSFORMER CALCULATIONS
Po 271.90|W Output from LLC converter including diode loss
Vo 24.70\V Output at transformer windings (includes diode drop)
Ae 2.10 cm”2 Transformer core cross-sectional area
Parallel inductance. (Lpar = Lopen - Lser for integrated transformer; Lpar = Lmag for non-
Lpar 178.62 |uH integrated transformer)
Leakage inductance of integrated transformer; Leakage + external inductor for non-integrated
Lser 59.54 |[uH transformer
Lopen 238.16|uH Primary open circuit inductance for integrated transformer
(% 33.71|nF Series resonant capacitor
fnominal_desired 100.00 [kHz Desired full load switching frequency. Recommended value 66 kHz to 132 kHz
fnominal_actual 99.2 kHz Expected frequency at nominal input voltage (VBULK) and full load
IRMS_LLC_Primary 1.94|A Primary winding RMS current at full load and nominal input voltage (VBULK)
IRMS_LLC Q1 1.37]A RMS current through upper MOSFET in LLC half bridge
VMIN 240.2|V Minimum Voltage on Bulk Capacitor at minimum switching frequency
f AT_VMIN 54.00 kHz Frequency at minimum Bulk capacitor voltage
fpar 55|kHz Parallel resonant frequency (defined by Lpar + Lser and C)
fser 95|kHz Series resonant frequency (defined by series inductance Lser and C)
Min frequency, at VBULK _MIN and full load. Set PLC810 minimum frequency to this value.
fmin 57 |kHz Operation below this frequency results in loss of ZVS
NP_1 30 Primary winding number of turns
NS_1 4.00 4 Secondary winding number of turns
n_RATIO 7.58 Transformer turns ratio. Adjust this value so that fnominal_actual is close to fnominal_desired
Bpkfmin 1287 |Gauss First Quadrant peak flux excursion at minimum frequency.
BAC 1483|Gauss AC peak to peak flux density (calculated at fnominal_actual, VBULK at full load)
LLC sense resistor 0.10johms LLC current sense resistor
Pdiss_LLC_senseR 0.37\W Power dissipation in LLC sense resistor
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PRIMARY ‘ ‘

Primary gauge 40.00 AWG Individual wire strand gauge used for primary winding

Equivalent Primary Metric Wire gauge | 0.08/mm Equivalent diameter of wire in metric units

Primary litz strands 125.00 Number of strands used in Litz wire; for non-litz non-integrated transformer set to 1

Primary parallel wires 1.00 Number of parallel individual wires to make up Litz wire

Resistivity 25 C_Primary | | 29.83|m-ohm/m__|Resistivity in milli-ohms per meter

Transformer primary MLT 7.00 cm Mean length per turn

Primary turns 30.31 Number of primary turns

Primary DCR 25 C 63.31|m-ohm Estimated resistance at 25 C

Primary DCR 100 C 84.83|m-ohm Estimated resistance at 100 C (approximately 33% higher than at 25 C)

Primary RMS current 1.50 A Measured RMS current through the primary winding
Measured AC resistance (at 100 kHz, room temperature), multiply by 1.33 to approximate 100

ACR_Trf_Primary 135.73|m-ohm C winding temperature

Primary copper loss ‘ ‘ 0.31|W Total primary winding copper loss at 85 C

| |

[&] 10. HiperPLC s il-#tk i HILLC AL [T HIZR QU 77

Separate Series Inductor (For non-integrated transformer only) Ignore this section if using integrated magnetics

Lsep 59.54|uH Desired inductance from separate inductor

Ae_Ind 0.53 cm”2 Inductor core cross-sectional area

Inductor turns 15.00 15 Number of primary turns

BP_fnom | [ 2202|Gauss AC flux for core loss calculations (at fnom and full load)

BP_fmin | | 2913|Gauss Peak flux density, calculated at minimum frequency fmin

Inductor gauge 40.00 AWG Individual wire strand gauge used for primary winding

Equivalent Inductor Metric Wire gauge | [ 0.08/mm Equivalent diameter of wire in metric units

Inductor litz strands 125.00 Number of strands used in Litz wire

Inductor parallel wires 1.00 Number of parallel individual wires to make up Litz wire

Resistivity 25 C_Sep_Ind | [ 29.83|m-ohm/m__|Resistivity in milli-ohms per meter

Inductor MLT 7.00 cm Mean length per turn

Inductor DCR 25 C | [ 31.32|m-ohm Estimated resistance at 25 C (for reference)

Inductor DCR 100 C | | 41.97|m-ohm Estimated resistance at 100 C (approximately 33% higher than at 25 C)
Measured AC resistance (at 100 kHz, room temperature), multiply by 1.33 to approximate 100

ACR_Sep_Inductor 67.16m-ohm C winding temperature

Inductor copper loss } } 0.15|W Total primary winding copper loss at 85 C
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Winding 1 (Vo1) ‘ Note - Power loss calculations are for each winding half of secondary
Sec 1 Wire gauge 40 AWG Individual wire strand gauge used for secondary winding
Equivalent secondary 1 Metric Wire gauge | 0.08/mm Equivalent diameter of wire in metric units
Sec 1 litz strands 175 Number of strands used in Litz wire; for non-litz non-integrated transformer set to 1
Parallel wires sec 1 2 Number of parallel individual wires to make up Litz wire
Resistivity 25 C_sec1 | 10.65|m-ohm/m__|Resistivity in milli-ohms per meter
Transformer Secondary MLT 7.00 cm Mean length per turn
Sec 1 Turns 4.00 Secondary winding turns (each half)
DCR _25C_Sec1 | 1.49/m-ohm Estimated resistance at 25 C (for reference)
DCR_100C_Sec1 | 2.00/m-ohm Estimated resistance at 100 C (approximately 33% higher than at 25 C)
Sec 1 RMS current 14.15|A RMS current through Output 1 winding, assuming half sinusoidal waveshape
DCR_Ploss_Sec1 | 0.32|W Estimated Power loss due to DC resistance (both secondary halves)
Measured AC resistance (at 100 kHz, room temperature), multiply by 1.33 to approximate 100
ACR_Sect 3.20|m-ohm C winding temperature . Default value of ACR is twice the DCR value at 100 C
ACR_Ploss_Sec1 1.28|W Estimated AC copper loss (both secondary halves)
Total secondary winding Copper Losses 1.60|W Total (AC + DC) winding copper loss for both secondary halves
Winding 2 (Vo2) Note - Power loss calculations are for each winding half of secondary
Sec 2 Wire gauge 40 AWG Individual wire strand gauge used for secondary winding
Equivalent secondary 2 Metric Wire gauge [ 0.08/mm Equivalent diameter of wire in metric units
Sec 2 litz strands 175 Number of strands used in Litz wire; for non-litz non-integrated transformer set to 1
Parallel wires sec 2 1 Number of parallel individual wires to make up Litz wire
Resistivity 25 C_sec2 [ 21.31|m-ohm/m__|Resistivinty in milli-ohms per meter
Transformer Secondary 2 MLT 7.00 cm Mean length per turn
Sec 2 Turns 2.00 Secondary winding turns (each half)
DCR_25C_Sec2 | 2.98/m-ohm Estimated resistance at 25 C (for reference)
DCR_100C_Sec2 | 4.00{m-ohm Estimated resistance at 100 C for half secondary (approximately 33% higher than at 25 C)
RMS current through Output 2 winding; Output 1 winding is AC stacked on top of Output 2
Sec 2 RMS current 20.44|Arms winding
DCR_Ploss_Sec1 | 1.35|W Estimated Power loss due to DC resistance (both secondary halves)
Actual measured AC resistance (at 100 kHz, room temperature), multiply by 1.33 to
approximate 100 C winding temperature . Default value of ACR is twice the DCR value at 100
ACR_Sec2 6.40|m-ohm [
ACR_Ploss_Sec2 | 5.34|W Estimated AC copper loss (both secondary halves)
Total secondary winding Copper Losses \ 6.69|W Total (AC + DC) winding copper loss for both secondary halves
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Total Copper loss calculation

Does not include fringing flux loss from gap

Primary copper loss (from Primary section) 0.31|W Total primary winding copper loss at 85 C
Secondary copper Loss 8.30|W Total copper loss in secondary winding
Transformer copper loss 8.60|W Total copper loss in transformer (primary + secondary)

Il 13. HiperPLC # i1 # 4% T HILLC AL s a #4315 70

This is fo help you choose the secondary turns - not connected 1o any other part of

TURNS CALCULATOR spreadsheet

V1 24.00|V Target Output Voltage Vo1
V1d1 0.70|V Diode drop voltage for Vo1
N1 4.00 Total number of turns for Vo1
V2 | 11.95|V Expected outputV

V2d2 0.40|V Diode drop voltage for Vo2
N2 2.00 Total number of turns for Vo2

Il 14. HiperPLC B¢ it rh Y AL T o 11 B i 4 2% 6 7

mE. EBREMERITEI

VO IT 22 HiperPLCHH -1 Hh 7 JCPLC810PGIV ¥ 41 A1i
JARI 2R . PFC MOSFETHIM 5 | B () /INEk S AR i Bk A7 18 T
B 17 28 R G 7 . XS SRR IR S (g R, PRl AT
A T B0 PFCM K F BREAT 115

MOSFETIRAR 546 I I /N SR B B 7T LUK I B A A S EMIL
A, X FHEORA AR, B N AR R B ) AT
M. AW BERACSCKI IR W, i OR3RA5 1T 32 52 1 I AR
BLE N o SR, A SB A R B A R S T,
Fair-rite 437 B AT miDCHIBHAR, FbAHE A X Pk v 2K

PEAT JRI IR RIS 5 A 2005 PR A o0 i I S A AR PR K
P51 . ERAEH] S Pk s s 2 B a7, s —
AN AET R R A e . TXRE AT AR T SC I 5 SR VA T 388 1 K0 B
.

S
I~

i LEAEAR M 8 I 5 | BN R AN B 2 IRDR P R AR AT Sy, BAIE
AR 3 IR A R R R . B0 A 22 B BUR PR AR K
LA By Y S0 LS T oo 2 s s P9 S 1) T 2 SR L P~ (R A
R AT eyt ) R

BAEMILE R, EMIERER NS FIT 6L (PFCHEE
FILLCHE) I T o IXFEMUE A T B 1R S 5 M B 2 > 7E
e FEML. QBRI PP, L SR EEA AR I ACHTIZ EMIE
PO N AE T ACHH 3 222 o

LLCH g 2% 50 "EAREMI, R 4R AT WS TR B fiedls (A2
e EAT N EIREO o X0 PR S R S B SR A R AL I R g
ABFETT, MG BURPIR B G A . R e b
MICREE L o M, PRCH: e dsnl ™ AR KM . BRAIC
EMIFR B BLAE Bdls T 52 L2 A R Bk . PRCHE UL 1 )

PO B i th AT B T FRAREMI. JEdiilE Bl “Z27 SRALBORBAR
Ay, AR BEES IR A, Db el DU R R A
LLCHZ s ds i o i o AN IAELLCHR AR s #s 1A 1 1 B i
D P ER ARSI . A2 X PR 57 k2 i B
A o H BAR L

FFRERZRY IR

PLC810PGH [LLCFIPFC R A AR 1) TAES % . ATATPFCI®) £
WO 44 966 52132 kHz. SRt s, PFCHILLCHIE Lt
BN, AHETPFC MR E AT R MK HIFE, PFCHIZIRSREA
PR FH AT R B, 66 kHzIK ARSI 25 T132 KHz —IXiEi,
AL T 150 kHz (EMIAR#EE 5 A ZE R A% T 150 kHz /)
B, ) 100 KHz 1 FF SIS -8 i S B vk i AR A1
P&, 132 kHZA B Tl M R~ TF A & 1132 kHz
2% e ARG INEMIE S A% (52 R, FRgER AR T R
SERIURN . LLCHIARER S 45 1, Bk PFCH AR [ K/
HARTE UL, MoK LLCH: s i TAESE BT R e o B IR
WEE (EFUEMANHEIET) , DUFELLCH) TAFE A2 RE 1 8 AR 10 1
WRRERR /N O T R A T B A HBLY100/120 Hz808, A
B RAERMAR . X7 MR E SN, AL AT
FEAREMI. ZE4EFERIIAN], HN PRI TR &R, LLCE
H FLHF SRR B 2 0k 5 (W B IMEL( ) -

PLC810PG PFCHYEA T {EETE

PFC Hi 8% 1 4E T2 b7 5 % N HU ) 19 I 9% R, AT ik /s
FEL A VR T ) SR R B v 2RI 1 (K. PLC810PG PFCTT
g A IR (R R k. A uH
YT B IR E 2ok 385 V. 385 VY T B KN e R 265
VACIHIEAE , ANt A%, PRUbde 8k s i m Gk )4
WA, MAOVP B E 5 105% Al LLAT 54 i IR 4R K T
412 V. HTXHEELBE, BT U420 VKA &
7%, S LR AL, SR AIE R .
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K 43 3% B AR A PR G428 il 28 A8 H — AN s 36, T B R
FHWMNEERNILEZS % WK, PLC81OPGA FH IE3% 5%
F, R BT T HY O 5% B R <ﬁﬁﬂ*ﬁ%*4\%lﬂ£ﬂu&)ﬁﬁa‘éﬂﬁ&blﬁ
TOAFD o X T DG T I )4 R S B, L DG
55 3 d i HUAL (A 2 AN T O J8 3 b 43 ﬁshtmmé%o
H T4 NACLE FL IR A1 4 50-60 Hzifiy JF AR S 110004 43,
DA s N HL S (V) 78 22 A T 6 J 0 A AR R 25t s — PLCB10PG
PRCHE I3 IE R H T X —H5 k.

PLC810PGIPFCH 4125 T PFCI{SEIBT I ] o 8 2k a0 T 5
PR STy A b R I G a QT R 40 3 R AR RSP 48t 5 R v
S W E D

Dopp = (1 ‘/[N

‘/Y()UT (1 )

Hrr, Vv, /DJ;QZ{ B MACIETZ R i\ FLU 3 T8 PR BE T 35 FL
R (AT B EMED 38, HIPFCHEREMT
EACHIN T HARIE 1 HLFH .

Iy = Isense = % 2
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fb BEL R I S N ISP 3 G Fh
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G IR ARG AT LA H
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Ho A AL . ARV, IR T60 HZB B AL, Fh i
5 540N ML D

TEPLC810PG B, D ISy, oo IR LL A % I VCOMP | Ji
LR RE R, HAUE LMt RIA0.6 VE2.5 V. 0.5 VEIR
I NI NACHE (KRR W30 , 2.5 VER/RE/NIANACH
(R, BHO .

FEILA I,

Dorr = — Vise Veour — 0.5V )X 7.5

0.5 VMBI, 7.5 LLpi,
e B R ChED

Vi S HEIENISPE | A v
ISP S T 473 M il o 9

i, R TAEMIR R AUE - 0.43 Vo fERBEATT, Doty
A AT, BYPHT LRI 5 S VAL DL B IEH 34T .

PR ) P AU 5 G e T DR e A HEAT N A S, WA BT
KIelle R T HISPHI M SN RCUE B s Bl SRR SR I o

oy H T R T T S O VCOMP S | JEI e Sk S B o A FH 5 4
FMRAKIB X —HW . MR R =, VCOMPH|H
A B, ACHT N FBE 2 sk /s B4 Y R A,
VCOMP7 | i Fts T, ACHI A FLIARE 2 3K

VCOMP 5| 1155 33 SETBOK & 14 i 4 3 P9 F8AH I
it FL R FBP S A L Fy i 2 LR B L A1

Lycowr = Vipp — 2.2) X 85,UA/V

o LIBRARN

FBP S | I ik L BE 53 i ) 45 SRS MIPFC At L s o iR AR )
FBPS I ok I BIBUE 192.2 V (SEAFRFBP ) o HLIEL oy
TEFBP G F % 422 09 2 BEAT 70 sl CULE6) o T
D etz VCOMP | I HL Hs IR BRI, DRI 2R 8 18 2 410 2 12 0 45 (1) 1R
Hro MR E I AT, I R e R I 2k . PR B 25
T AN T50/60 HZAS AR, LUMESEILm DR H. K%
LA A B NAC HLIR RS S (M e, e 710081120
Hzff 3k o i (LU RF G o 1%100/120 Hz ACHL TS
PRS0 R A AT AR e R, R R SR IE
RS, M ANACHTUR & AR

EXPFCAR
tH TPFCIY L K1, WAC RMSHL & S5RMSHL KIS £
AUF:
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e =y,

LIPNCIE ST Sl E L TR E S PSS v

Py =1t

AR ABE T (A5 485 VACEKQ0 VAC) & Bl %

FArsE (LR MANBTD o BIANACHIRIMIEEZEAC

RMSHLtI /2 %o

— P()UT
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PRI, S Ji A 0 P 37 516 2 T 04T A 4% £ FACIE X
Sk U (ET 191, 0 EEAE

Trirere
Kpp =

IA(TPK

Ko BIEN, i RS, TR BaESE.

TEMRS IR 4 1F R, VB LACHTE (R4 JE L T 4 %
Vo) + B2 =PRI TR M KB . E R AT
PR N IF A IRAK, o A, K TR 8
MGLR IR 46 1 T ORAAS TR K . BRI, Ri7ERRACHLE F
ACHREIIY SEPFCHOMERE . W I ABRVATOIRE, % K2kt
TRV, JiAT, KrEPFORET A .

PFCIT{+i)i%#

PIXIS T VI & s BE 5 75 B BT vF SEPFC I 2% B RN ) b I8
GRIER

PFCHEITH

A TR 8 K K o R i, K R o v R AR K
Ko PR A B AT SRR AT PR ALY g o kMK B AT ik D 5 S0
J VA R DG I B RE, (X TR S i g CBR AR O
a4 K HE v AR B . M K E A 10.25]0.5
ZIH)e VR, QR R LS A Sendust™/KoolMu™ B #4385
PR 2 A v PR IS gl 5 T b v P P 1 PRLERAE /N T DU A5 1) /)
HE R FTLL, WIRG MG S R, R S b
Koo TERE R T BT Hh T

Kop FERIUE TT R T o JTRAUA R, 45 € R K,
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AEH N

TEMFIK AENT0.2F10.5 2 B IS0, i RAT HEERL LS,
SR T -5 . RMIX AN ZEU, ACHIFH PRIk N A
I FHRFED K, LeAlINPR, R BGR AR K. (IR i
T, AE ARk B = I Ge g Al ] KR AR A 4 . TR AR L
PFC I TH il W A A 2% 2k (A TH T ARE S R i :UPFC
wit) .

WO ZRTRE P 21 1) P R A R DU H 7 Bl £ U
RN A A P, & ZAERLE MR O L T A FEHL
U2 DA L A T FL ALK R AR I A T A 3

iR, A F mm):
Hpx = I X Zﬂ

o, Ho 20 5(S BRI (CGS), NS, L Rl 0
BRI

HRESBHMUHE T, H2 WPIXIsEi#ik. EE, MTF&
SendustEiKoolMulF gk i &, SHH (RESAWEED FEfie jE
WA TR T 28B (WOl |, K& FA RS EA R =
LR PEAFIE (HE SR BEH TR

SendustakKooIMURK A 1 £ PECHEUE IRL T, Bl 'es ARt
TA AR RS A BB, CRBLE R | Xk
et A 0 90 P T e b ARG L 5 R 2
5 BRI B 0 R K A A, X s B R
IR B, P IR EGE 2 2 S SACHUILI K, Mt
B FEREERE 4 R A Bl BEZ I T B i
ST B o 0 PRk

TFUA U T I35 2 A R I KooIMulY, 4R/, PIXIs et F-/0E
T BAEAT T it 1 L . RMIS HLUR A A IR 2SR . IR HTE T
(e IR LR, R N T BB A R AR,
FEIR BIFTIHELIN AL AL CRe~P 05 A DD, KRR
CPAE2IN> 4718 i L o 7 o A ToR I O . 9 g - o
7 NG P YA AR ok LSRR AR S ROSE 2 IR AT LA 4 2 AL
BE IR PN T RN B BUBE LR, 3 T /s K7 L 2 K 4
Ve RS R =R AN A SR 50 5 N (B RS PN e R R
AR B RR

D SRAG P /N RO s, ) A 500 40 4 I S5CRT 9k /I R 2 ik K
Z BT BT . [ ECE 2 et Cln R K e i {0,575
£0.3) WERGME, Ao PRGN T . BB
B> TARR KA 5 ZAE S ARACHI AN I S iy 38T 7
o) I 1 5 B SR AL IR L o SR L PO R W 8 v T e 4L,
i LGN R DR, R ZRR o IR S HEAT P i )
DA i A% . 2 5841 IMDCR S5 ACR (i FHLCRM & 7
TFPRBUR T MG, RPN RS AT .. KACRH A
PIXISBETF Atk o BTt MO VST SC I A BE I P 3 B O 40K
WRACRIE B A 40 K, ity B O L G380 17 il KA
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XEERTHE
2 FHE PRk BEPFCH . CRAE) RIAMRT. —AR
HORUERFE], 55— N2 P f SO B AUE (. PLC810PG A
AP R IRIE DIRE, SARGER T AR, TN A R AR
HH IR SCE LR -

HERF I 1) 2SO poE f /N R, (B EATIZ R E I G E KR
FLA T RETCVE AR S R SLB AL AERAMEOL Y, MAHES K
P ANEAT Pl SCBOL R AUE (KA R . B, AL
R — AN A R AR, e m] DO A A KA A
PS5 P AR IR RS RE 9 B PP R 2 K 52 O e ) 80 P VAL
HBA R =D .

FELERFIIN], KRR M R . MR R IR BV
CRliRE T e R 165%) Y, PLC810PGHS<IiLLC. XiF-385V
Wik, 65%% N HI Lk IEZ h250 V. R, S TERAER
R E RN UL FAT ORI, i LU CHRE % Y s %
TR R 2250 VI IE R TAE (Bt R TRV, &
S

250 VD o BRI, BT T LAIE RN LLCRE T A A A 48 1 1) 3t
RHLE N AR, BV g 275V, DMERELLCHR.
AT 2, B AR A A R (9 T o 2 3 KR (I 4 e 4 55 ) (1) T
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IR0 LA IS ) T 5 R L, BT AT U RS BV g AR
FHLLCHER,  [RII AN IE A B T

B ok B4 S R I DA SO R
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o, Vg RELLCHRUBAT A L
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EHRALE
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WU I 7 A PR AR A

X100 KHZIFFXHIR, HEICRIIAF100 Wil %4 F0.1 uF
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PFCH¥%XMOSFETRPFCHE—RE

MOSFETHIT| K AR (8 LR 28 /DR 500 Vs AR A2 K/
i PECHILE fi th o R (1107 % 1 i K IR ASPRCH H LK, [ IR T
ZATAT A AR . (107% M5 mPFC OVPHE D .« HIU
U6 FRL B 2 TT SSMOSFET ST s MR A i 2RI FL 3

XA Dy AT R L PRI T 2 R 1K R B BT R HR )
it

—IRAEBLT, XL I E B DR T, T{EPFCA TR
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MOSFET. it AN A HL G ASH N HE, BEL ) D FE AR
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BT AL HIVOR RO AR R 5 it A
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HL(QuAH SR I FE, I F Sl / G T AR FE

QP B A R ZE AR K doe i (RIS T A I P PFC
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ERR = QRR X V?ETPOINT
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E BN T IE LA I (B ZEMOSFETHY, Q=AM S T 6
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EMIFRA B E R . BYA 2 B RS 7 ] BRARPFCH Y
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TEE AR R P O . U B AT P R R R
WA o (EDFETSL A, DA Z0RE 55 e WA AH DG I B FE 5 B A
Wo TRIERES R AR I 75 2% i i) K e S 400 ok ) LR
FAE M HL . 500 VELB00 VAIE Hi R 1) — F) A7 1d # FH 1385 VER
400 Vi tHPFC. #1000 Wi Dh %1 A%3 AZ90 VACHIA
385-400 Vi i PFCH F BT AUME -

R IR EN e B
A7 R B SRS FL s (K15 R 52 WPLC810PGHE T/«
B R IR T

FBPSI I A FHIMPFCHIH L CRARBAMEE) . FBPS]
T2 v BEL A R A 00 23 B, vy A ) — A 7 1 1 e L s 4 SR A
MR AR IR, EiZ% S T, T rRERENAT
10 kQAI22 KQZ [i]. 7R, %M R HFEh R, Jhad
BB FIRE k. B TFBPRI M R fE 7 sk, Bk
22 QUL E K HBR T 2 B0R 7

VLV () HELBH 43 He 25 1 8 0% 75 PFC HL He ik 31 BE s s FBPS | JI42
2.2V (Ve IS o 11T L AL B LRI 5K 1380 Vs [AIE
WAZRTE R, b A BEL AR (ELNY RE B T 52 S L s o S R Y e (]
LA B AUUE 1% BB, CLF ROVPRLI A RS A -
PLC810PGHIOVPEI{E(Vy, JE BEAE 1L (KAED [19107%. 385 V
BEE KR BLOVPIIE 412 Vo WAL % HBE, 7T LIRS %
THIMA BB IS, A —4h420 VAR A

A EIPFCE EIFERAME S 4T

STIPFCHH R P (10— TEOROE, i v R ER A1 98 DR 5 AE LR
JEBARE LR, DUBERACKHI AN TR . R R IR
X EHTPFCHT Y 120 HZZUEE N o HU IR 58 6 20 A2
A%, A REE I M DUR A (MR 812 Hz) o BEii 2
39 25 LUR PRAE R ZETBOR &% P SE L R AF IR B A N, S IR
aft ARG R B, DR A A — 2 2 T A AR AT 47

P11 ST I PFC /M 5 Ha JE SR £ K .
Vi B R AU FRUER (R N2.2V) 1FBPS B . FBP

G P R ZETBOK 2 Bt 58 HOBOR 23 (OTA) I [ ARSI 3 8
FHIE.

Vac
- utpu
Vv Error Amplifier Vv Power
with Compensation comp Stage Voltage)
G, (8) Gp (s)

Feedback Resistor Divider H(s) I_

P1-5061-031209

P HS BRI 1 T A 08 25 A
T)=—Gp () X Gea(s) X H(s)

Hrh (ZUHHE16) ,
R5

HO=Ri+Rs

H(s) R FBP 5V« (RN FATE MZHIUE) IR ELE .
*FF-385 VW 5E 15
H(s)=22V/385V

LGy o A FEVCOMPEI I HLIR , i HE A2 K 26 it o %5 10
M. CEIPFCH AR d LA X LLC DC-DC I M1 2 I T2
G, TLLEHARAE T 1M AL R 4L

R LOAD

Gr(s) =12 X RSENSE< Lour ) X

VLV(RMS) S (RLOAD X CBULK) +1

{1, Ry = PFOMUTRIHLILAEL, Cy, J kot tuBiL(E,
P R RBINRBUE, R, S AR

A\

FeH12/£PLCB1OPGIN B M LU R 5. &, KA ERF M
BB B AR . DOMY 35 5 S s 2 o BE e L g . b
FEM 25 G, (S)TE ARSI A N IR AR AL i i A b 20/ 1-45°,  LLAEER
%14 25 2R D A A5 WAL AR B . DR 41 2 76 5 K4\ FL i
Gl H I ARACKHI N L) ISR i, X2 7 v s
IR E o 1% BRI 38 R T BE R AR PR3 FIAC HL IR 2R 1A I S
Mo ACHRI NN CREBEER SN LR N, M5~
R, 30K I 1)L EE Al 2 k28

R, VCOMPH|HHLE BA70.5 VIR . VCOMPH|IILL I T4k
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SRR AN - RERAG, TR, A, XA R
AR A A FEA S BB TR A 8 2

22 TN A IR G, (6) 2 FBP S I E LK . iyt 4 VCOMPE|
FAU T PR R s o P R TR A A Al 1Y R G, I 5 5 18 UK A

VBULK
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VCOMP

C5 FBP
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T R3 GND Rs
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(OTA), HAUEE N85 pAN. 175 LG, T LUIAME I 2% (K FH AT -

(1 + sR3C5)
s X (C5 + C4 + sR3C4C5)

GEA(S) = GMX

RIFICEE FHAME T HACHIR MM Tl nl (B nD
fds i, DA R Z I T% . R COILFAI L M A
T R ACE T BRI BT 0 2 AR, SR AT Ak
TR AE I 2 AT AN (KA AL 5 /N T45°, RCAE 4
PR AR T R LB (R C4 070
KKANTCEY » ALFFE TR AL 5 A2 5 M 4 2 A28 %
NI AR

AMEPFCH SR R BT vk AL, M2 oA ik £ — S AE R IR,
SR AR S (L AR PR B 1 2

R3 = 22kQ

C5 = 10 uF

C4 = 22 nF

KEAETEC, = 220 pFy V=90 V. Vg, =385 VL
Pour = 300 WIRZICRERAH, I Houl 7429 Hz 38 2 A0 i o
(ZUE1T)

HFARFNC, o Vi Voo XPou . AR,

R3] BORICE (AR NARFFAAL

1

IX T X R3x o~ (1

IXAEAE AL 3 bR P T R3TE Z2 AT A o G U
T 8RB, AIAARA M AR FF45°, R YEG,, X
Hi S L, IR AT

1 >2 x Crux X Veuk

R SENSE

R3:16k><<

] ACMAX

¥

VA CMIN

TR T 51,y MR B B BRI R A 7 T,
WE) T LA

Crux X Vauik

[A CMAX

R3 =86 kX

40

PI-5306-012709

20 '\

Gain (dB)
/

-20

-80

-100 AN

Phase (Degrees)

-120 \

-140

N

0.1 1 10 100
f (Hz)

&1 17. PFS HLJE JGEER 25 [ 280 2 K AEAZ K] (RS = 2.2 kQ, C4 =10 uF,
V., =385V, C, =220 uF)

BULK BULK

HIFCy i 1 5 D% LA S 85~90 VACHIAFIV,, = 385 VI
Lo B LT, DRI BERBI) IE A SR A 5 23 [ FE4E2.2 KQ.

PFCH 745 i 8 PR Ay 3 4%

BEVE A N T SR A I A B (. 15 2 WLPLC810PGK
PEFME, T AT SCPFC RTINS el i i
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Qi HB Cr Lr P T D1 Vour
1 Y Y\ Py Py ’e)
I éo DI
CDUTl <>
Vin (Vere) Q2 Lp g T $ Row
o o . > . o
N:1 D2 PI-5064-042909
18. ByR F B Z T LLC L i 13 B
P, SR 00 e BEL B () T R R R I R R R R . BRI R R R MR U T — O b . 2R PR DUR TR AN S R

il F s AR T RV R &R, HAUE(E NE00 mVe T H
JAs W MACHK AT FRALE W MR, RAFRT U
I L A% S K HH 10-20% R I FE BELB . 32 R BELKS ERGER T
KA R TR L, PRI, AT IS 2 A PHAIE (L. ZERR IR
A IR R R s (%), WA LR b
PIA BRI INAOO7 MR, LB S A Ui A AR

LLCHIE A T ERIE

LLCHE s A i i e s, e ATkl Bk . LLCHE
W T R ] 2 PR i N BN R i B R AR N, Lt
PECTRYH 19 s BN T o SR 5T o a4 Fl e 30 TR PR AR 1.5 1 LA
T, HATEHRUS AR (BIILEDIRZNAR) , BATE
A TR A BB o LLCIAHR 0 S5 NG A SR i Hh v A
G (2:1BL B AR, WA TR R A& SR
JREFR AR F o LLCHR I AR FEAR - 75 250 ik 312 1 Aok A i
MR o, LA R B8R . QTRIQ2AZH IF
XK, HANE0%, FHF A B RIGH HRE . HBGIHHUE
waﬁﬁmﬁﬁ& AT BAR MR e 48 o FR I LR

T B I ERLRIGZ 23465 . RS (N E &SR
ﬁ%) jzfiéa L, Eﬂjyézﬂiéadﬁﬁk TSR AR A8 TR 23] 4% P I
ML + Lo T R RO (R TR B B R B o T AR ST
mﬁ,%WEﬁiﬁ@yPE%@@%R%WW@%@O
P11 825 25 L 5 AofF P 110 8 A s 48 140 58 20l 5 L AN 55 502 o [
bt WS O R R AR A L & S v B A

LLCi e LR T AF A TR AL vt s 19

Cr Lg

P1-5072-031009

I 19, LLCH: Heas i 26 PEAT Ll B

TERITE O B A T LLC TARR s TR efioe (e
g, AU ORI AR R D A e AL
CIESZBHIR) o IXAE T LUAE T LA AR i BB AK AT 20 BT o

I MR ph e R R BRSO ARG RIL IR R L DL %
Ry AU, R, SRR, R T

RAC RLOAD >< 82 X NZ
;H\:L"I’ n%’:@%{tt'
— NPRI
N= N

Ny Jt RS B, N, S WIS L I B

Uﬁ 3 47 IIESZ AT B (K D2 M7 A3 BRI DI R R

P19 et 1 L PN, B 0 N 7 23 B

MR AR R AER . IFBAE AR P4
IR AN K C I ke

1
2X7TX\/(LR+LP)XCR

fPAR =
FRIE PR AR S T

. 1
Jouw = 2T X ' Li X Ck
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RiFR#EH AN-46
40 2 20 3
§ Ilg'nf”fPAR é
f 2 I 2
/ PAR § lﬁ Minimum “8’
20 a Load o
Increasing R / Curve
(Decreasing Load) fsen 10 7 1\, \
5 WA _ 7N
1] / W, [u1] {
z NS z / \
g © K Tr———— £ [V NN foen
] I\ . = i ",
O P © / £ X \\”\ /
.."' . J S 0 _g'r | . T \
) s B8 Full Load A
20 7 \ Curve > "
/
-40 -10
0.1 0.3 1.0 3.0 10 0.3 1.0 3.0
feen hser

& 20. fEFHEEPEEITILLC 91518 R AL, RIGAEML

2 WU IR LR A K
_ Le
K_LR

M AE L L CRE i as FR KBS 242 18], DRI, o B (R EE
fHIE % N1.73:1F2.24:1,

Qi Hi B IR M 11 Q:
Q_ZXTCXfSERxLR
a Rac

K = 3 (118 B an 207 o

AR AN N, o TR IR . IR G H B
#iRQ,

ML CisvlHr, I QI KZ80.4 - 0.5, BN, QE
23PN . 21 R 4R 2 K20 i gk i A, AN B s
LLCH 28 HIQETE A

HIREARERY N, HI TR RSB, DRt e 2 AR e i
RN MIE T Ll ) Faseiiih ik e ).

LL GRS B DA TR AT AT O TAE, SRR, e
TG . 0 LU G 8 U 1 4RV (1 OU3EAT T4, 93504
REEAE S, JF IR R IODCH 275 IE L. & BE T
BEyB R BT RE RS,, F

BEAh, FEARMTEEQ F, I RIGAL ) 2o AR ZVS (LR
TR TAEMARFE, MOSFETH: ™ L JF R kE . B gk
N, ZVSHIAEZVS TAR A 2 RIS i IR AE A . Wik e
VIR AEZVS Z AN TAE CLEIAERFLRIN R G5 D, )2k
FELRITREA KK

B 21. WL CFe s Qe 3 [l % 34 PR L

W, ARPOEIRE T, R i 5 N S 53 AR
Ak . KRR, B IS E IR ATEE T HE BR PR AR R AR
Kk, FEFEm AL T (385 VAEPFCHH M BI(E) , ik
WOE 2 R AE, AT 5 I AIUE AR SR B

BB TR B T i e S S T T
M ORI X2 B . KR R T
MR AT RS N I BURE (R
PR AR L (A A RE RS RMS LB FE. V3,
T B, ORI R HR | AT AL, BRI G 7E B I,
HET A

BERITREPIAEFER N\ EEE L B

P21 7 Do v S e N LR 2 2 RN PR B AR, AR, B
H PR FFIEE o« A RBATREL R, ST H A i s Bl
MR DL, Db fan v HOR PR FFIEE (R G5 NEI 227

HEWA BRI LR E S (E22) , PFCHUE it Bk
(KLLCHEINHLE) 4385V, FEAMH N100 kHz, FFIkHL &
5 B IR EL A KV B W 2:1 o BT AR LLCH A H IR 250 V
(BRI SNV, ) (250 VA AVFIFEARLLCH A HLH
AR AKYEREIN () ARV, R IEHUE PFCBEE 1
64%. FEYERFIS AR, B KA EBABORR T b %,
PLC810PGHI & #IHILLCHIR IS5 D .

Pl 2225 1 1 e e as A foc et 07 380 S B AR AR AR P i (K1 42 LA
PAEAN CRERERA) BIKKMTEIL. PLC810PGHMIA i [ &
JBURR IS I it 2 P AT B A A0 31 PR e e BIFBLS IR 47 T
HhER R BHLRIFMAX S | EFR— S UL T B . PEAE B 2%
PLC810PGH %It
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Rz 18R

HE, EAGIF, BECOEIRME N2 kHz, kK (E21) F1fr
TR IR H BHAT X 48, LL90 kHZz GR350 V) RHfils,

500

>

>

>

“‘ - L(;w o‘utptlt %
Mini L _ | e
450 [N Minimor, 13

400 \ ! region ~/ = 8
Maximum A AN ©
350 I //Ioad curve -’"__,a- N \ i
\ 100 kHz
300 LA “‘H\.K - at385V
! T
3 pso |4 P ||
m o —— ’.f T lx - T X
* ﬁ\ Minimum load:
200 \ l’('/ N 412V at 110 kHz
150 3
VAT
100 ¥ Set fy\ to
g 66 kHz
50 |/ Minimum
\_,.J just below 250 V
0 l l l l l
40 50 60 70 80 90 100 110 120 130
kHz
K 22, TEI ARG L AAF T, LLCHBag M BE RNt LA i i 26 14
K21 By SEBR R 42D
500 \l ] ] ] I I I 3
K=2 Note same -
450 ! /' fser - J—..- g.
200 |\ el
\d T K
350 A \ VA L
(0 [\ N =~ /
b o Note shiftin |
@ 250 T fuon (at 385 V)
200 as Kis changed _|
150 | K=3
100
50
0
40 50 60 70 80 90 100 110 120 130
kHz
W 23. 5 IR L AEK O T AR 1 s i ]
500 T 1 8
450 \\ Increased e §
primary turns e Q
400 = < g
350 = / =
300 \l ]
v ﬁg&' 4
- .
2 250 Note shiftin _| |
@ fyom (at 385 V)
200
150
100
50
0
40 50 60 70 80 90 100 110 120 130

kHz
W& 24. FI4% I E Xt T AES3E 1% m 1]

XFEMPLASE, AR KM AR (TS SERARR
ZWRE 385 V FFERI320 V), Fnt BHY TR AR RIS, - HLLCH
BT AN SR IR N R PR i sk s 2, LLCH 4 Ak
B TARSR & T R OB R AR K NS S . B
EFESU/N RGP IRMS HLR, T =80, (H Rt 2 4
Kl AR I R K ST AR (R AR 1 e 2 ), 3
TR AR T O 5

FER AR AR B A N LU R, LLCH T AR A 5 ik 31 g KAl
PFC M Kl s 2 & PFCH E M M107% (K
Vou) » ERAET SN, 01385 Viit, Hig Kk
HLOK 412 Ve AEE22, 412 VR AR G4 ih 2k 70 s 3
110 KHzR TAEMIER . S2fr 1, FAEEF 10— R HT S HER
7, (HBEA AR BRAR, HERIMEZE TR T IS bR AR R
TG BEREE R TR RR P& Ao WS
BN R R BUE R I 565 B by S R B KR AN A LA
BRI N YRR, A4 ]R3 ) 4 i B A A AR
Ti%e SR, HEINBIITHOR 2 32 RV g g ity I 22—
AR IO . VER, FMAXS | P& 5 AE X i ). 5
Sh—FEFR, AWERR FTENRMREREN - PEAE BiE
2 2PLC810PGHHE T -

T SR U I B R B N FE R R A R T PRC & E 1164 %,
LLCHIZR G s T iy, AR T4 RS KA = i AR St R 1
YERFIS ). PLCB1OPGHFZRLLTT 5%, H ARV, M2 WE i
64%. T, M2 E A e T 8 2 e (K A o AR v S 1Y
Vo 1765%, 84 24 K 75 5 U 25 1) P s o 3 LL C R IS H
RV, ok T I, Ak, PLC810PGHS 4k 4 3Kk 5))
LLC MOSFET, HF| SR 3 E rif65%.

VERE, P22 R B 0 R 1R 2 T M) 1 7R 5 5F B 1 2 4
Cify LR A IR LU AL ) — BEFRBR MR A 15 “LLCHEA
GRNT” AT “RAAHAE” Vo, N I

FE RS R TG PR SCLER B0 ) DA DA I
Cu L L IECHEN, BT AN BEE H AR BRAIAT o
fSER‘ VBULKMIN ly\];,(\/BULKM\N (fMIN)—F El,:] gﬁ% °

AT AN BERIAAS FLRR, 7 BA TS A — MRl L BT AT 44
Vi EbR. ARd, 8B S RN A SR, (ESIBLE
B R T A AT K R A, B
SRR, BEV T A2 7B A4 st LRI T B N T2
I EL, R MR, 5T, o R, HOMER T A
FITA . RIS S B AN TTEE R MRS, R0
SRR
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S A AT T B 3,V I T T 5 4L
SR, W) AU T I A A 8 1 o A
SR, SXELE R LB . L DTS, WA
SRS, S IR N R DK

R T A EF02E 23 B A b R RO

Wb O 5 B U I, AL TR A A MO 2
HF R - BERIK (LSL A o P56 2T
PR, e ARIF KOS I G MV, e DG, 25
OB AR B E IO T A 2 ALA TSI
Vs BAT SRR . B 24 A2 1 B K AR
A PR CLE B2 b 0 b st B Sh Rk 3 M. et
e T LU 1 R — AR, B BT i T A T
TV I3 BRNAL L. o TS AR, BRI AUR
I 3 Ry AR

EMK{E (BEL)

FI238L 7 T AE4R BT LAAEFFOR KHZHR B SRR FI240 VIRIV,,
MBI, FHOKE@R TSR MBI . 76K = 3% T 343
IRV e DAL FIHEHC (UAERE D o R, #
TP MRS RS AL RS, £, FURARS. KA, (L4
H A\ P A {9 P 40 B 9 7 0 A Ak . 4R T
FIKI 27 B F L, TR VR PR, o e
A, FEAMI, R RIS, 0T LT U
RIS, o, 508 T LUNS RS DRI B (BT —9)

IV BV, o 19 04 S 3/ TR G0 SR B 9 250 1 — A
B AN R LR o BT B G5
3. IRERM 2SR LLCHEA T 4P i K ds
27 HER.

ERRE

T35 3o T K T L, 35 DR A v o (0 4
e, B, 2T 1 I 2 B B I AR M
R R ARG . B AL DA L, L il R
$r, T ) T e 0 P A AN T A 4 il
B, KA WK RN . — B ERTEE, 8 )

4 B ST ST B TR 1. 24505 T IR
3 ST R R . TR G 5 A L R R
TR AR A S LR M SRR, TR HE Dy 2 5

VER, (EARENT, R RO FLES ) 20 07 B
Pl DR, 250 A e A, DU 4 R A R (1) A5 K i A0
Ho [, KA, DAEGERFAR [ FIVIN ARV o

Ve Ve
| 5
|
Ir Ip
0
4
Ip1 Ip2
0 =
lat la2
A —
| B B
to t4 t t3 ts ts te

I 25. LLCHAAI T4 (LB IETI18) R
LLCH 3R B8 T 1F

WEN 8 R, LLCH: ¥rds LA L th I AN S Q1 RIQ24H Ji o
R HB) I O SUERFNER I (C LML) RITHEAR g
T1o THERIFIAB0% ) 25 LBk b IR 3l o 5 e 3% 0 it Sl ot o
AR TF IATARRIAT HHE

TELLCHIRZa N, AR DI AD2 i 48 1 2 FIACHT Y, T
HIZEC o R HE UL R PR BEA T VB U o

TR DRI CQIFIQ2IMIRAS, 1T LUK LLCHE e 35 11 L AE 23 by 4
JHIH NN TR AR o 125 57 1 LLCHFE e 2 70 A A I 1] ] B Y
PR RO R, R4 T B3N I 1] ] B P 1) R A 00 o
K25 IR T AR T o IO LAE R O o A5 TA N I ] T
t,—> %k,

THEAXRIEXEE

ot 625 H e T FE T X (2VS) I 1 B o i
A, AR HRMOSFETIY ML P 6. e D)8 v )
SN % AT O . BEARMEAEZVS, WAEMOSFETH Ik
A2 NS I I . 6 ZSER I [, #54-MOSFETHSAR
PRSI, TR IIZVS, R o 1 R 6 7 B X I
() FEEO (BMOTHEV, )
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Rz 18R

B+ 18] i8] B LLCH# a3 E Wi R
I LRI, JFRQIAL T SR, FiTFRQ24 T WPk A . W%k
Qf Ch Ly ehe N1 loan 1o DA R IR PR e AR R -
— T g Vour
D1 fR — %
t =t - Cour| Rioap b 271 Lr X Cy
o Vin 2
-‘_ ) MR TR 2o IFIBE R s (L) T U . P2, — | ) LA L.
o . NAAZ DT G SR IIRB S Tt LR St
PI-5066-042909 WAE( =1
TERLII, FFRQIALT SR, TIFRQA T XMk . fERFL,
o=l KGRV % . DhARAE AR (T U R R R A T4t
i Vour | JE) . Rtk B (DIFID2) AT, S Maf it
HAEC,, S e WGBS IR I AR, JFRUFBEIS RS & 2E
t1 —_ t2 COUT RLOADEE 'LF'[?’H_R‘
1
fl\’[’ -
27T\/(LR + LP) X CR
PI-5067-031009
QUM (B R LD I, o
T \'/

T QU GRATRIRAITIEE) TR AR . MIGOR, = | hi
ot o | PRuRL SRR, I TF Q1 Q2% AL AT IR, IFE
27 VLS| HRHEEEEO V. BRBIRISEIO VIR UL, HL R I Q2

ft) W
PI-5068-031009
| TESEIBEIIN, FFQl QR FoRWikA . 7ERRIL, i HisHI0
. —F‘»L oo V. RURTFATS TT QR M . IR MR R AR, K
o i v TARAED2TFUA S . WG R, T IR A R R
1
t,—t fr= ———
3 4 Vi, 27y Lr X Cr
o MR/ TP 20 I 4 LR BRI o £ B ] [ B0, T2
Q2 EHHLE ROV, AT 2 Fi P TF 2V HEAT S, AT AT 3 B T 6
ke, QREEWRIAL, Sl
LRI, QUL MR TF 26 S0 . M1 HLIE U LU B [ 77 [ S 26 TF
lLoap . KQ2. HIF AL AR BRI AR
_ uT
fo= D S
t4 N t5 Cour HLOAD<: * 27t/ Le X Cy
S
T I T BR300, 020 PR/ T8 6 B HELR (L) 9 FRL o
. L2 o0 = o T L 2 N 20 B — W D21 51 3 o
PI-5070-043009 TEWRITIL,, I TIPS B B A
howo, B B DL e DD [t t)e 7ELIAN, TF Qb T SHIRE,
o— " 17 7T Q1 AT D WARAS LU AT 1K) 7 ) LA i O [, ]
t =t Q2 COUTJ_RLOAD W ATD2 G, BTN | = | lee TEBRIIL, WIZULGE
V.NJ 23 |5 I R L i R (BRI, SR ) R T
T TEUG TR AR . SRJE T A A A 4 R £ 5 30
[e; *
PI-5071-042909 % 2. LLCHEH B TAF I K AT i
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PLC810PGHI E T2 —J&, FEX I Al i v] B FMAX L B A AT
HHEAT T o IXFERLHE— D10 T LLCH e 28 W vk R G 1 .
T RERE b P PR IS T, R R AT A AR ZV S EE L R A = i R
S N

PLC810PG & T JiH 7E X ][] 15 5 3k S FMAXS | i1 L7 F fH
(RS

ThEIRFERLLCHEIRIBRRI B F

IEH TARZAT T IR g B Fe i s I PEREIR DL . IE% T
VESAT S UEIRINE f AT I

LLCHE &5 1) — RAL A2 H A AHZVSThRE, WA RO B IT %
BIFE. DA, LLCHE e ds b i i K Zh A BUFE(E 2 T XMOSFET
QIAIQ2H ™ AL [ P IAFE, ALK A T I BIE . XL
HUFET 0 55 W AMRMS L AR 2 NRMS HL I LA o

BEVE S R R IK 25 3 93 B8 AT 0% T 4 0 5 v i AT LU 19
RMSHE [Kfifiid o 55— iy S5 2% R Ik i B (ESR)IE B (1 TG AFURE AT
T IX LERMS LU ELHE 2 3 o5 oK

LLCiE R B BE R i it

Bt LLCHY % — 25 A HUE M1 Ly Loy Croo P B EE
(M), 7 e I A (AT B A PR i o A
RLTE AT Tk

WPFCHE A (ML /385 V) M ARSI 5E FF iR
BEE N HARIT 4% (66, 1008132 kHz)

Yo 5 PROAE At HLIEV o 5908 B A PSUIY S8 v
385V,

HIEPIRZNER, FEAURAN RV o BE N HERATSE B H
PrARERHLU R ZMKS Vo X TR E K YRR W 10k, LA H
B SR N ¥ 2 1 IR65% (385 VBETH N IE250 V) .« It
s BV BEE 245 Vo 8 I B4 4EFE I8 1) K3 R LLCAK
IV AHG AT TRV e VERD, 26K HUA I L B
IV E HHIB5% L T, PLC810PGHS < IMLLCH: #ea%, KA
BB AL FH SEAR IV o e

FIAE 55120 K LLC HR 6 IR A0 8 O b H A AR IR AR
10%, JXFE T LLFRAR B% He s A6 00 fn A 0 s 1) fan i BEL BT
AT 9l P 5 A B Y R P B b R S AR A (A SRR AR IR
DU R EURA BRI RIS o B R IR R e
KOG (i e B 7 7 ST (S i S K RS R 2 B A N
PFCHir ¥ 8 m (R A o [] I 4 2 W Bl /N I L RMS HEL VA -
A, A RS A TS SRS, XA RTT R

BN ARG B PR ARFE R SRR I 1 R A D LA 3
PN RS EREe

5 B AR AT 8 % T T ELRR TR,
U FARESE SRS, BRI B A B Wb . R
AEAE AT I 19052 50K S0 £ 0 R 2 5 ARG, L
LSRR

VO RO, L L I . 4R 1T LU i A
OB LEAT AL o BRI BV s Vauan FHOHT
LAV, (PFCHUEMINE A RIS, o H
o fe S R (T, LA 2 3 — AN AR AR (. K
TS, WIBTT B ML )5 T H B BRI L 2

Fo o 7 BG5BTV o HO THEBIAR RV O
107%. BEVtFee A IR A B P R OE R, DR B
T 0SB A 2 1 T B el OB

XFFERTAE, B2 — SRVRIRH R AR A,
B B DN 4 0 B0 AT vevh RMs T TR ALREL
i A 6 d IR D

LLC R iR iR T

SR R G4 PR H Hs o TR 15 22 FE AR N I T FBLE |
M. 2 WE26. WHRAFHLMASISHEIC, Wiy,
HLMA31 45t I i ik 32.5 V.,

FE, T mATALCE IR CALA/NC) , Re2H
RO AT AE f5 B IR A 2 M T ER: . WRAE B BRI As 2 5
HHERG2FIR63, WIS E S R i v 7= AR RS MW AH AL A, AT
YR . S BRI (R64FIR66) 1 LAYERE L5 4 H 1 %
(R BIEB A2 » RN FIDCH i AE1E 42 AT
M. 785 B IE A 2 JRIEHRBANIRGE ALt ik ¥, X
AR A2, HARRAL T 5 B IR A MU Z . 42 Al
e, ] LA X 0 F B 0 A R AT INAUZ B, DA A
i H T T A RS RS W RS . IR 2 NS TRE8H I HL -
LM431 0] UBCR S i = s, L4 H i o H IR AE
A5 BIRR I o G RN A 6 B R A e X H U RURR R 2R A
ER62HIR63+CA5HH L, & BATIKBNASBEST, PRI w] ke H s %
PR TE R . SR AR PG R S T 24 VER I b R 20
R 2 B AR H J . AR5 TR L RG22, R63 & CA52H 1 i) M 45 )
FHPT. HaFHROSA L E RAB R B A I LMA3T H (1) d /N s Bl
FHeBas R YERRE T VAW ANE, BRI a4 P& B LM431 Hh
AL A«

_ 1V

1= R65
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AN-46 N FER
24V
O
12V
O
[
R63
R62 < 1kQ
3.9kQ <
C45
22 nF
—4 - L
VREF [ } _T_
CSTART 3: R4
r—o N7 UA 44 < R65
; :Ié tveia Z YT 31ke
> L PR
2R3
) DA > & R66
20 S I825kQ
FBL D—l—‘ b T 1%
R2
CraL Copro SRi
T 1nF T 1nF >
GND 24 '
p
C48 us R
1uF LM431AIM < 106&2
50 V S 1%
° RTN
PI-5301-122208

K 26. LLC IR I 1% i i

T 75 B mARH B B LR A LR LM431 k15, R6541 kQ.

JALLGHrth HLFE FILMASTBIARV,,, O 3 8 5Oh

Z rppBack
Viwn = T 5Hpa

R68

Hep, Zo o JECA6. C4T7 ZRETHIBLYL:

RE3FCASHTN—A TR s R ATH AL HE T DR, 5 A A7 i
{HBE RSB, W TLLCK B, MR T1 kHz A3 kHz
B N  XAEMOR N TR EAEA H . Bk, RE3TH I
R62(11/10%1/4, CA5FR62 KR3N8 # $r (M) Iy
) s

1
2 X 71/ R62 X R63 X C45

1
R67T—~~
1 _
ZFEEDBACK - s X CA7 + I C146 %%&Tﬁl&%%ﬂﬁl E:QL ﬂi K
R6T + o ciae
TR AR LB A R R | HLBARG7 & CABTE il oy — A Z A 56, SR ik M ARAR A T 1
WaE, RIS 3T BLFT IR (10-100 H) e v (3L
1 A R B AT 1 80°AHEE ) o X FMIRAIR AR E TR N
R62 + | R63 + ——~=
Torropiope = (‘/24!/0 - 1/1,‘1/431)>< ( $§ X C45) R “FHAEIRY” , B ARTARBCN &R HEw KM
Rm(%%ﬁ) AR S ARG GLATY %5, WIS G
(B 281825 AE/N00/120 Hz KRR AR MLrpmd. 76K
I, )L e 26, AL ER TGRS T HzHJHﬂI)u
1
A 33 o B WA —
Vour = lopropone A% BB SR IR (BUP) o 3X— 2 5% 71 X R67/CA6 X CA7 51 Hz

RAAAR I A 4 28 Hy AR 2 25

1
R62 X R68 X C47

XAMICARZE AT A7 $E TP (AFAE, AVFFEST HzBL B AE T BE K
Wi (C46¥E) , [l AEAR A3 T LR IR 5 o 1R A AL
M. WHRAAE ARG ST RS, LMA3T R M 458 2 2 — A
T2 nFIIH A (JERC) |, 100/120 HzZrs b ek 22 .
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TERIBM, I propope FE LR AR INCTR (U826 17,
CTR = 100%, ANHEH m G ) o JeRhas il A iRt
FeLL FEPH M4 ELR1/ R2. MG HE AR B HLUR B FBLS | I L I 11
WA

R1
CTRX@

R, RUBERDR 2 R B . T K2 H0RE K
B, ERBGHET K I N 0.5F13 mA. R2. R3. R4FIC, &
RAG. fe KR SR . WA B2 % PLC810PGE: Tt -
COPTO & — il 5 gk %, 7T LB I 8 & T PO R 2 K 2k
AR A AR IR SR
1
2X T X Rl X Corro

[FIFE, FBLSIMI 5%t A C oy 5 IFIRAE — I FIR2FIRSIE 1 —
AR, FBLG IAVAIGE i A B4 3.3 kQ:

1
2X 7T X pdV(R2,R3,RFRL) X Chra

B, Cop FIC o AT K T PR ML, ROl i e 1
IR P MIREAS LG 5) 4R 5«

FBLS | B LA 3 1A% 8 bR 202 K Tk b st Ze R (1 £
FBLS B S T SRR M LL IR R, B RME A2 kHz / pA.

LLC 33 4 2 R A DO 28, il et 2 3 -5
PR,V RSB J B2 1 s B 5 i A P 1 0 2 e
K, MRS HE2 I, W ARV, TR RV,
VBRI, LG By FL T A4 3 B8 SO G 2 T B
VAR SRk E].

LLCEERixit

G RRLLCA s s A 2SN TSN ORI A IR e HLZO
R S i AT | P P i 7 I < R 5 P S B = L A
o TR, WIRGHMIRA A AR (LA
27) .

P S e DR A P ) 2 e R A A o T ol O 5 A PR
OR8240 458 o

P A IR LLCAR e st T LU ] — A R i 4 R A i LR o 2
RO, AR ARE LR HER AT AR A IR
FAT AT ARG LY, AT 3R A BT 5 1) Jih B PR Jg o 3 1 20
N HTROEARIECC, AL A 2R EOR B R .

R, PIXISTETFRME T H —ANLLCA R4 1T H 48

AR s A BEVH R LU AR LA 2K

o D12k (BREM) BEUSERIMIAT, BIAEAEMR B IR ot
1R AN AT R S A R /N W R

_ VXt
4B = Nspe X Ag
e, VERIH RS T R R,

Ngeore 1 IR T 4K,
ARG ORI,
THRIF IR 1A ] B F 301

o FEREARAAET, BREMAGEF AE0.34 T I AR HIAN

o GRELIMBULHE R, MREZ CUn AU SRR G Wb 2226
MR REN, DME £ 3252 (RMS FLRFE . 70l AL 5 1)
IRBGEALTIAR, LRGN IR AL T 0] B2 RV A

o WMARERAR A, DAEA R TR KR . WIS IR
I3 K5 F 17 B L 451 o

WRAG T G AR s i, W] I I G A S e AL S IR SR L 2 AT 1)
() BRI e JE o EE, TR AN TSI N R R T 15%
Jidi o WY INGELL A FRCK 23 98/ 2 il YR B, AT 6 U8 H
AL F B MARFE . h T I A R A P s e, DR
BRI SR I H (ORFF T I LD R 2o e 8o 2
UONIFATE

ARSI, FElE S T2 i A s gs ok ud, il T REAR I
TR, DRI e e e o IR R 5 (3 -0 A R

R BEVH A% (e a2, 49 4 (K D3 400 PO 32 i 2 11
B IRFE

TSR, BOSHHRB, . (B ACRLEE ) FI
IR, X T RS SURE B MO, B, A H 7 A 1 B LA
A, JFEEREEALE, B, BRI, RS
UG, LB R AR (R MR AR T 5 — AN,
TSR 2 I R I 0 7 48 BRI B, A SR A4
[t SRR e 45 6 T S A Kk B/ I 5 i, T4
MO 1 LB B e 53V R BRI I, i
AN R SONEAS 22 A8 15 5 P

U2 AN >F- 8] 2 2L TR0 k2 I 8 P AL 2 T 81 79 A4 o =
(i R b SCBEAE T o IR GE 20 - M Tv) () 5 R 15 L K A7 B
T BRI R A e R N )RR o W R A BB B TR
s AN 2 TR PR AR 1 2 S A SRR

JiiAC 07/09

JE POWER’

INTEGRATIONS

www.powerint.com



AN-46

R F{ER

&l 27. MIFGEHRR GG 53 TT G L LC AL IR AR Y S

HHAROL R, LLCH s AOAS SR E RE LU 5 2 HH PR P8l FO 1
[BEEES oL

X100 kHzBerk, AT RIS E, S0 HBRB, fH/ 170,20k
Ve A

I SR T B AT A . B IR 1 TR AR
JERHARB, - 1% R AR A KA . R lidh, wr
FAE A0 R 25 28 Cln SRR 4R O IR 28D, sOF I £ 0 R 2%
Ze o I ] RS 1 D e BEL 5 B T A i e BEL R 0
AFECH, LRy s B

HbLLCT#

BIRBER

TSIy o i (I 2% . LLCRE AR P2 (0401 2 LA I 1%
KA F IR K P Bevh F b il Rt N I 4
| T AU TS A T F -

1 ocP_LLC

Vieax = Vievrkuax + X fax X C

Herp
05V

[ ~ =
oer e R LLC SENSE

Rlic sense I8 the LLC current sense resistor.

LLC MOSFET
X1F-385 VE400 V PFCH T, ALMEAIS00 V MOSFET. il
M T AR IR K E & . B ASMOSFET I RMS HL K ik /1S
29%. A TEIEME#EIE, BEAMOSFETH D ke A
R

P = Ins X Rosow

KTIMOSFET AR RIAEE, (LUIIRC, Heih, 4 SEURIER I
i, AT B KU FEE I ).

WHERE
B b RN )T LR AR A
Vier = 2 X Vour + Ve

IR RV, TEFEV, F95% — 20%. (Ol SR R
B o A U S L A 4 R e SR D A4
L QU . KR M R LR, A A R B
R BRI AR, DM B

iz
RPFCHiA

TE4APLCB1OPGHIYE LT, AR ZERXPFCHEHL ., g
LLCA #, LLCHK LR T4E OFsBIPFCH LR #i % 1
) KAV RAC. Rk, EVREFFIFBLA| I 8]
JRCE AN AR, SRR AR E SR A% .

TEVREFHISL (a1 — A5 kQIr HLBH AT BES G WTLLCHrH o Al
ISP. FBP. VCOMPAHIVCCH| Al I i) o J 5 A 1 e b+
ISP 51K S MRy it Bl VLR (R (B4R s %5 | IR 3t IR 8 72 K 4
500 mV. FBPHIM LR 2 S i s i b4 /ME . 01T
A, ZEEAT 2.2V, VCOMPH| LR RMSH AACHLT .
TERI N LRI, VCOMPS | HL R N #E1T0.5 Vs 7R/ #k
i, #:2.5 Vo 120 HzZU R MR/ VOCH | HL R B i T3
Bl e HAR T 200 B KA

FEWEN, Ko i NACHUE FIPFC MOSFET LU, 'EANY L
P IRAE . K AEACHFINIE, EMNAZAT S KIETE A R4 ¥ i
ENE WERRRPIE R, 5PN/ PRCIE A, JUHGZ B
/NVCOMP | I FELBHAEL . FEACHL S 28 858 e /NN LA T
PFCIFUR AT HL U B I P R P AR T A R A L

{RLLCHs

BHBILLC, R HWiITACH Y HPFCHINRIER:, K5 ¥k
DOHIEIEE R K AR A. LLCHIEWIEIT. MMISLMFBL
SUB B R o ISLA 4] 4 B B ASE0L; FBLA T L (1 v s
FEIEH TAESAME R0 Vo i i R R e, 1R A T4
A, KIFBLS | B LA S S 5 L B

LLCEFHI S BIRS
ISPIES SRR
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ISPA5 52— FESS I ma w5 5. EMg IR EE. {5
RECP FEPFCUIRES T (CIIFIRRZE) o Kl A 6 B 4R
FHERLDIGND G IRNISPI I, A5 5 e Bk . K RCIRIE g
VA% TBCE AEPECH I L B M i, LA 5 ISP 51 IR C g I 4%
IR ek SR TR 7 R TR w0 SN S S
ISPS AL A5 S HEAT LU . A WIS 2R G, A A DL T SO

A. GNDFIEHIZ IR % 2 A — AN

B. GND75 | 4% HIPCBE & 55 K I i BHLAHZE
ST BERE PR B 2 LB B B A v B

C. GNDL5 |5 #1280 i 2 [ Jo AR FLHE R e AUE R B A
MR BR 41402 B LLCAIR s i MOSFET YA

D. ISP5|IRCARE g s oA FEITISPTI A, AL L 1%

E. iR PRCRIN F BH 2 AR 5E ZE R GND S AT Il L BH. 2
[ [ A 2 FFAT il B

E§ LG I A I LLCAI R . L HRLURUT 5 10 | S B 3z
TR PR B AR . SRR AISLT | E+500 mVIK)# & I 5 2:8 1
HELLJAW (Bi+1.4 V, FFLET5 ns) o WA LA, WY
KEJAsh . AL BRI A LLCHIZ L . R fE
L TR ISLBIE, W] 5 RN LLCAGHIN FRL LA -

EELLCR B MBI FRid

TR A R (REIEERED E i i s g
e, RS IR B AR KN, IR AR T SR AR B H 2% B
Pi£ - HESR.

BahERFILLCHNH/RiFRAENX

T ISUMERT, LLCH R E. Fa TR 3 Wi 1
SETE, 140964 Kl .

MFBLH AR FMAXS | B 1 FMAX S BE 5 52 [ EL R IR, 441
HILLCHH, MmEE IR MR ZRA, ] H TR &
TAESA.

HitiRitEE
vce

PLC810PGIHV B A10-15 Vo & 15 75 XV HEAT R R HLIR
TR A AL IS . WAL IS I AEPSUR— M,
i DR BRI IV AN 2 R RERIO VRLR o Bl b3 A
DU — AR TVE R, TERRE AR AT I —AN470 pFEHAb & &
KNI, IV AR AL o587 fig ).

I 1A B AR e 7 SO A — AN SR R I —ANBJUT, anf&]28
. BIJTH NISHIACE (IBST22TA) , XFET 7 I IEAE
AR IR /N . B R T B4R O3 VARG, DA R o
AR /010.5 VINHL . oM 38 J0 T it 5 A e 1 i 1 F s
HF MGV, R RRTERE . R, “B-7 F “GND” 15 sisr il

JEPLC810PG  GNDF|HIFIK 2% &2 F A A ity o IXLE i DAF
ROTIERAE—l . (BAEKI28H, WIF M EFIE (C1EH) iR
A2 KA R, GNDIR[HE|IPLC810PG GNDH| .

K129 7 A — AN ] BRI RE T/ o0 F K o FRLURDRE AR Al A 5 2 1)
JRAEEPCB17AME .

FF e EPFC 0-100% 1 &5 B EXUR 7 9 o i &2 4 &

TEATEERE LR, 0-100% 1 S b 2R T 3 BOR A B LA HUE R B
Bl R BE A M65% (ZHNV, O > MITKITLLC.
VCOMPH I (ULIEIB0) b7 1 i A 4 I R PEC X K S
BRI AAZ S RS o e AR JRER S . R EIVCOMPH | 14
WA A EI400  pAJa, PREMECEH, XHLRIEERAC
BN, AMHIE TR IR TR, ZHBRIERS > 1.8
KQIFERAER . MV, <2.1 VIS, VCOMPS] I H W 1 f it
142400 pA, X R L A WRE 5T B T 5%

D1
UF4003
1
N

Standby
supply
primary

bias winding

JiiAC 07/09

vce
c2 C1
1uF 470 uF
GND
[ .
PI1-5302-122108 B
¥ 28. £EXVCCH 740 —#ReE T E Ty =0
D1
UF4003
o o 1
N
FA Standby
7 supply
b Bt primary
bias winding
vcc
C2 VR1 ci
1uF 15V 470 uF
GND
[ .
PI-5303-042009 B
Kl 29. VCCE I #% | 1yim FE I
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Rz 18R

VBULK

R4

R5

P1-5307-031009

B 30. HI T4 K 53 4B ER AR 1] 2 35 PFC I 5 1 ol 126BJT

PLC810PG
— B+
R1
GATEH
D1
HB 3
FB1
R2
GATEL L
D2
GNDL
FB2
B- PI-5317-012709

Kl 31. I/ DGATELFIGATEH 51 B L 19 7 1 Jls R0 (D1 FID2 % 1N47148)

R1
Tl
D1

P1-5318-012309

Il 32. 3 /PGATELHIGATEH 51 AT 18 5 1 T SR U6 Y At 126 0

Jumper /

PI-5427-042209

V&l 33. Sk AL Y SRR

AID

PR#IGATELFIGATEHS |l L&Y 51 68 &
GATELRIGATEH [ J_L S VA5 K it L s -800 mV.

LEHE b I S AL 3 A ), LLC MOSFET M3 (IRt 2= WiAR) 3
WIS dv/dte /5 T B S, 2520 & R amLLC
MOSFET I #i- I Ak dv/att 2 5 f o 12 571 dv/ ol i s A5 - A
RHATH G I MGATELS | iid i it ORI AR
ZHUEAXS TGNDLG IR Sl s, JF /=R i R AR . [RIAE,
FEIE U R 4 1), FL R N GATEHS IR B, 2L e R AR
FHBBI N (. % I 4 M AR B R B
MOSFET, il i I BUER g0, 2 04 Qo WERHFALWE R,
W LR A R RE T B BIURS BR 52 {1 -300 mVEL T

P31 AN 3248 (it T WY A nJ Bl 23 gk vl bk ) IR Al R e . AR
31, A AR X AR - SRR S R T B . R ) U
1k MR BB (R1AIR2) MIGATEL/GATEH N # F $MOSFET
(KR g on BT HELBHL 73 TR 28 K B AR o

FEVEIB2rr, AT A 30 14 A A2 0K 5 04 2 A 15 B g 8 K HLBEL
Vg b F it hRT. R2AT R RIMOSFET IR g 0 JE T HE
BEL 7> s A8 oK B AIG o X K 8 77 AR 9 22 T I 1), ANk 0] 1k
ARSI AR

BT EREHLHMNEFITE
S A 5 4L S B T
AT Lo

RGN i — ARG, R IR . O e
L
LP = LOPEN - LSER

BLSEINT T RO AR ) A5 — AT
WA, TR RS (S ILEB3) . IR
Lyor RN TFL e BRI R KT L MBS
RRECL <R BEE I 17 S, TR A S A I
SR AT R, T 0

V1180 15 P 6 A 8 S0 B s
1

LAID s LSEI\’
L )‘1

NEQUIV = (
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