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~ NASA's solar power flyer

\s/

Powered by sunlight alone for the first time last 14 July, the Helios, an all-electric flyer,
swaiian islands of Niihau and Lehua on its way to an altitude of 23 247.4 meters.
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Equipped with computer,
radio, display,etc.
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Basic description
HREIEFEARREDR. EX
A typical switching power AC/DC
supply starts by directly v
rectifying the AC power line -
and filtering it to DC with . | J—
large electrolytic capacitors. N N
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2~ Basic description
TFRBIFENEARMR . ENX

then fed to high frequency
high power switching
transistors that "chop" the Vin U, U
DC into high frequency AC, L

typically at tens or hundreds
of kilohertz, and fed to a
transformer wound to give

the desired voltage at the
output.
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2~ Basic description
TFRBIFENEARMR . ENX

high frequency high ——
power switching b ‘
transistors that "chop" e

the DC into high

frequency AC. ' | cumRe
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2~ Basic description
TR BIEREARRR. EX

The secondary Is

then rectified and Np  Ng L
filtered again to . ~ b‘ (YYYN, | Vour
produce the . U,

desired DC output T G
voltage. |
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2~ Basic description
TFRBIFEREARRR . ENX

Why use high frequency? Because high
frequency transformers can carry far more power
for a given weight and size than those operating
at 50 . Also, the filter capacitors at the output of
the supply can be much smaller than those

operating at 50 Hz.
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What Is the
former power supplier ?

Linear power supplies

Description
Z M BRI EARIR . €N
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Linear power supplies Description
eVt IR AR . E X

S

Big, heavy and expensive 50 Hz
power transformer used In
conventional "linear" power
supplies.
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Linear power supplies Description

M HFERIEARHAB . B X
Series pass

o) | Xo
tA—g 4 » Vo
1 =1 Error
_ Ce—— amplifier
Vac
RZ2

et
—t Current amplifier
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Comparison of “Linear” and “ Switching”
power supplies
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Comparlson of “Linear” and “Switching”
power supplies
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Comparlson of “Linear” and “Switching”

power supplies
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Comparison of “Linear” and “ Switching”
power supplies
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~ O BEAI—buck converter
@Bl —boost converter
@13 #% ":——buck-boost converter
@Cuk converter
(B)sepic converter

. (B)zeta converter
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795 forward converter
fg—fly-back converter
88— push-pull converter
98— half-bridge converter

_® &M

785 full-bridge converter
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Specifications

*» %6 (Functions) test:

YR IAEZ (Line Regulation)

A # A E (Load Regulation)

474 (Combine Regulation)

5 HL S0 ) e S (Output Ripple & Noise, RARD)
TN K (Input Power, Efficiency)

BT EECE A T E N B[R] (Dynamic or Transient Response
Time)

-FJE B i/ 3k (Power Good/Fail)if[a]  (PL LR MTBT
mean time between failure)

-3 (Set-Up) K Ar$F(Hold-Up) i [E]
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Specifications

*4% 37 # 4 (Protections) Test:

3 B ER$7(OVP, Over Voltage Protection)
S B {3E47 (Short Circuit Protection)

B R (Over Current Protection)
LTI RF(Over Power Protection)
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Specifications

*z M, (Safety) Test:

IINER. INEHELE

B 452 BIRM AN, HEREE AT BB ERAE
Z4 A EE,

BETR: FHGEFERESIIRZ 22k, TERER
ZEEN

Pl FRO0.ABKMLAT, PLEAIREMEZBA.
AR R ARETE: RS RS A KR Z (VA) S
SRR BAXRIER . BRIEFEH W E R
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Specifications

*&,2% £ 2(EMC) Test:

YR it N 28 75 757 640 N E b AD B R AnEE R (WCISPR
22. CLASS B£8R 5IBSH4dBRBE)

YR AR N 28 T AE DL =M S8R R IR
NN BN N50% M E . B 5 N100%
ik g

ST T ZHBERKZESETINRE

RS TR : LHEEGZERETINRE
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Specifications

*<T 4 # (Reliability) Test:

ZAF IR : FHIR(Z50-60%) K&K [8] (£)8-24/N it )i 2%
M .

Anrush: LI AMTHER, FFRBIEXALE RS MH.
. REEREBEALK
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Specifications

*Others Test:

.ESD: Electrostatic Discharge## &8 i B (A 1AL B B 2R ek A
BRI R 5| #2) FE2-15KVZ. ESDRKIK > ¥z &A1 X BN AT ZE 2L
20X IR R, EBIRGENZS 2 i TR TAEM A=A R
(Glitch)

T (Interrupt), BEBEESDREAMR AR Bl #(Overshoot) 5 /R
(Undershoot)z it kG REAPRA . AL BEERTF(OVP). EHERART
(OCP)&F. 74, FRESDBEHBEERE25KV T, MARE o

(Failure).
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Wi e FHL

E. ZHEE 'd corer glass 3, B face electrode

T, #EE inner temination

ﬁ 8. FEEE niddle termi

ination
9. FHEREHE outer termination

2. HEME reverse zide alactrode
4. BIA{E reziztive alement

1. BE&ES ceramic substrate
5. —HEE 1=t cower glass

J ~F(mm) .
RS Eo)
L W H M N
RR1005 | 1.004+0.10 | 0.50*0.05 0.354+0.05 0.20£0.10 0.25+0.10 0402
RR1608 | 1.60+0.15 | 1.60%0.15 0.50%+0.15 0.30£0.15 0.30£0.15 0603
RR2012 | 2.00+0.15 | 1.25+0.15 0.504+0.15 0.40£0.25 0.40£0.25 0805
RR3216 | 3.20+0.15 | 1.60+0.15 0.55+0.15 0.50%0.25 0.504+0.25 1206
www-ptewortd.cn
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AET : - . . ERERC TS
- (70C) i VER I | fAfHLJE ML
J K
10Q -
0402 1/32W 50V | 100V | o
1006 +=250ppm/C
(RR1005) | 1/16W 25V 50V | o
0603 | /10w | 2°C
== 50V 100V o
(RR1608) | 1/16W | +125 100. | 5| £1%
® o +100ppm/C
0805 | 1/10W 1omMQ | 7 i <
100V | 200V —<0Uppmit
(RR2012) | 1/8W 100 Q- <10 Q £250ppm/C
M >1M Q £ 250ppm/C
1206 1/8W
200V | 400V
(RR3216) | 1/4W
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BEL

. wEfE | el | FE(ER = BE A
g | me | S| meE | geE | o= | DO
V) V) (%) (PPMIC)
10 ~1MQ
RT13 | 0125 | 200 400 i o
TR 10~1MQ | +300/-
W | RT14 | 025 250 500 +1 e s
+5 N
RTI5 | 05 350 700 1 Qé 2%1% © 8
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=) RJ72 RJ73 RJ74 RJ16 RJ17
DIN-44061 0204 0207 0411 0617 0719
MIL-R- 1050 9F RN50 RN55 RN60 RN65 RN70
FEAR 38 Bl 01Q-22MQ |01 Q-22MQ |01 Q-22M Q | 0.1 Q -22M Q | 0.1 Q -22M @
FiFE % F(+1); D (+05); C (+025); B (£0.10); J(*5.0
IR 2% ppm/° C Cl (£100) C2 (+50) C3 (£25) C5 (+15) C6 ( +10)
HUE TN (W) P 70 1/8W 1/4W 1/2W 1.0W 2.0W
TAEH & 200 V 250V 300V 350V 400V
Li00'5 3.2 5.9 10.0 12 16
N Dx0.3 1.8 2.4 3.2 4 5.4
(mm) 0
diso'o 0. 45 0.60 0.60 0.70 0.80

W.picwortd:
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2
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BEL

BEIJING JIAOTONG UNIVERSITY

. R (mm) b i
A B C D E F G H | J K L M o) (2)

7BW | 110 25 16 30 8 150 5 18 6 166 58 il 6 27 0.1-80

90W 90 28 18 32 8 130 5 19 6 146 60 1.2 6 27 0.1~90
120W | 110 28 18 32 8 150 5 19 6 166 60 Il & 6 27 0.1~12Q
150W | 140 28 18 32 8 180 5 19 6 196 60 1.2 6 27 0.1~15Q
180W | 160 28 18 32 8 200 5 19 6 216 60 1.2 6 7 0.1~18Q
225W | 195 28 18 32 8 235 5 19 6 251 60 1.2 6 27 0.1~230
240W | 185 35 24 36 10 225 5 19 8 245 76 1.6 6 34 0.1~24Q
300W | 210 35 24 36 10 250 5 19 8 274 76 1.6 6 34 0.3~300
375W | 210 40 25 38 12 250 5 20 8 274 78 1.6 6 34 0.3~380
450W | 260 40 25 38 12 300 5 20 8 320 78 1.6 6 34 0.3~45Q
600W | 330 40 25 38 12 370 5 20 8 395 78 1.6 6 34 0.3~60Q
750W | 330 50 35 50 12 380 6 25 9 400 | 100 1.6 8 40 0.3~75Q
900W | 400 50 35 50 12 450 6 25 9 470 | 100 1.6 8 40 0.3-90Q
1000W | 460 50 35 50 12 510 6 25 9 530 | 100 1.6 8 40 0.5~100Q
1200W | 460 60 40 55 15 515 6 30 10 535 | 110 1.6 10 50 0.5~1209
1500W | 540 60 40 55 15 595 6 30 10 615 | 110 1.6 10 50 0.5~150Q
2000W | 650 65 42 62 15 702 6 30 10 722 | 115 1.6 10 50 0.5~200Q
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RS R
N s
v1m/(xv ) ACrm(i) DC(V) Ve " Ip - 10111800 oms 10\/43(3 ) 20\/43(3 ) W) 1kHz( pF)
5D681K 612-748 385 560 1120 5 25 19 800 600 0.1 68
5D621K 558-682 385 505 1025 5 24 18 800 600 0.1 75
5D561K 504-616 350 460 920 5 23 17 800 600 0.1 80

5D511K 459-561 320 418 842 5 22 16 800 600 0.1 85

5D471K 423-517 300 385 810 5 21 15 800 600 0.1 20

5D431K 387-473 275 350 745 5 20 15 800 600 0.1 100

5D391K 351-429 250 320 675 5 17 12 800 600 0.1 105

5D361K 324-396 230 300 620 5 16 11 800 600 0.1 125

5D331K 297-363 210 275 575 5 15 10 800 600 0.1 130
5D301K 270-330 195 250 525 5 13 9 800 600 0.1 135
5D271K 243-297 175 225 475 5 12 8 800 600 0.1 150
5D241K 216-264 150 200 415 5 10.5 7.5 800 600 0.1 165
5D221K 198-242 140 180 380 5 9.0 6.0 800 600 0.1 190

5D201K 185-225 130 170 355 5 9.0 6.0 800 600 0.1 240
5D181K 162-198 115 150 320 5 7.5 5.5 800 600 0.1 330
5D151K 135-165 95 125 260 5 6.5 45 800 600 0.1 490
5D121K 108-132 75 100 210 5 45 3.5 800 600 0.1 670

5D101K 90-110 60 85 175 5 4.0 3.0 800 600 0.1 1360

www.plcworld.cn
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« HH{E (E24. E96)

* *élx (1 %)
(+0.01%,0.05%, 0.1%, 0.25%, 0.5%,1%.5% )

« R XNHE (3%
¢ lumxf%ﬁ

(5PPM; 10PPM; 15PPM; 25PPM; 50PPM)

« FEINR (HIFE. FHD
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BEIJING JIAOTONG UNWERSITY
0603 0805 1206 1210 1808 1812 2225 3012 3035
25V OR5~102 OR5~332 OR5~472 561~103 561~103 102~103 102~473 102~473 102~104
50V OR5~102 OR5~222 OR5~392 561~562 561~562 102~103 102~223 100~183 102~473
100V OR5~821 OR5~102 OR5~302 100~472 100~472 100~103 100~273 100~183 102~333
200V OR5~331 OR5~821 OR5~202 100~332 100~272 100~562 100~123 100~822 100~103
COG(NPO) 500V OR5~561 OR5~102 100~202 100~182 100~392 100~682 100~472 100~822
1000V OR5~681 100~821 100~821 100~122 100~222 100~162 100~472
2000V OR5~101 100~471 100~221 100~391 100~102 100~681 100~222
3000V 100~151 100~271 100~681 100~471 100~681
4000V 100~101 100~221 100~561 100~331 100~471
25V 101~473 221~105 102~105 102~334 561~335 103~474 103~105 102~155 103~225
50V 101~273 221~105 102~105 102~224 561~205 103~334 103~105 151~105 103~225
100V 101~103 ISNE888! 102~683 151~224 151~224 103~224 151~105 151~684 103~105
200V 101~682 151~223 151~473 151~104 151~104 151~154 151~474 151~394 100~105
X7R 500V 151~103 151~223 151~333 151~393 151~104 151~334 151~274 100~684
1000V 151~562 151~103 151~103 151~273 151~563 151~393 100~474
2000V 151~152 151~682 151~682 151~103 151~273 151~223 102~104
3000V 151~152 151~222 151~392 151~332 151~103
4000V 151~102 151~152 151~332 151~272 151~822
25V 222~334 103~105 103~125 104~155 104~155 154~225 684~475 684~335 105~106
50V 222~104 103~684 103~105 104~155 104~155 154~225 684~335 684~155 105~685
Y5V(Z5U) 100V 222~683 103~104 103~334 104~824 103~824 104~155 103~205 103~155 103~335
200V 103~563 103~154 104~391 103~394 103~474 103~684 103~564 103~824
250V 103~563 103~154 103~391 103~394 103~474 103~684 103~564 103~684
www.plcworld.cn
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BENJING JIAOTONG UNIVERSITY

i

N g

IR RN EIEGS:, TSN

HEM B E, CPZE# 5| H

PRFER N, @& TX A SRR A BRI &
A e, PG, WEREEERE

EH T ERAMCSKS B, |2 B T 5 s

PR IIEN . BB, 558, HE Fl[EmEEE)
R AR AR/, PR TR AR

K

S5 55/085/21

WEHE: 50V, 63V

A EYE: 0.01-1.0nF

B EMZE: J(£5%), K(+10%)

Mif L E: 1.60UR(5S)

Y% HfH: =50 000M Q,CR<0.33 1 F (20C 1n.”.‘“7“
=15 000s, CR<0.33 u F(20°C,1min)
FiFEA IEY): <<10X 0.0001 (1kHz,20°C)

Q3
% %%%%%%@% %%%%%
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ESR

/

Y 0

‘/8/'

T FE Rl 2
DF=ESR/Xc

MFEEY fHtan 6
EXEE BREHPHESR
& K% cos 0

MRS AEEXR, DF
ENKT67%

N
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—RE

“ARE B AR

TO-220AC TO-2634A TO-2204B TO-247
Q!III.I !!ll..l Lol j!!II!FTAE -
2 EESE #4  Case#5a Case#3 Case#8
cﬁf'p TO-252
a2
@ B,
"-.I'f_'p A Ci{TAF
o~ Case# 2
& ., Case#101
A C A
_____ |
A E E C d---F-- o r [ i o
| |
B bee ey ] e gz e
Diagram # 1 Diagram # 2 Diagram # 3

www.plcworld.cn

Ty T T

TO-247AD

SOT-227 miniBLOC

I'-II-

Case#6

Case# 12
EI‘.‘IA{DD -214 AC)
SMB (DD-214 A4

Eaae # 59
Case # 100
5 3 1
'""i R E o "-i =
| I
'nj.l} &1 B | i -
Dlagram # 4 Diagram # 5
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A =l

WERPKERTE]: tfr
[ FEIRE}E]: td= t1- tO,

t
I
d f
<—>I<—>
A

. %l

FELI T PR E]: tf=t2-t1
> JRIAPRIEETTE]: trr=td+ tf

RP

REPREETIE]: trr=td+ tf
WERF RIS . T B ] 5 ZE IR B 18] B LU AR
tf /td, BRFRIKE R, HSrE{ER

23
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7Y Pz £ AKX —RE
W& ) ST =
5%’ BEWING JIAOTONG UNIVERSITY
L fotss 3~ g ‘Fé@.
i Z
ZARE ) EERA:

R e (Rectifier Diode) :
trr >5us, —MHTFHRMFEIKHZCA T R BEE (K

M. KER)

AT Z TR L
Rk E ke (FRED):

——IE[A] Eﬂffﬁﬁﬁﬁﬂl}iﬁ H, [

A LB EIRE, 207

trrfB ) —RE Ctrr =JLT~JLENS) » —KH T &M

FEL B o

—— e B R PO PR E M POE R E N FR
H i — %% (Power Schottky Diode):

trrfB% ( trr =10~40ns) 1

"l l'\

P I EELE

www.plcworld.cn
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“IREREESH

IEFSEHER IF (AV) : BEMERNEREE (TC) FEHAFEM
T, AR &K TAIESZ 35 B R P EIME
IEFERE UF . $87E30E BIIEE T iiL 3 —18 2 MRS BB iR X B Y
IE EFE
RIEEREIEEBEE URRM : T8 K& BT 6t E & it i i =) & = 1§
HHE.

— EEREE T FHEUBRK2/3

— R, 43R B RS T ge K 52 B R 9] & i IR E
FE, 1 R PR A SR 5E
xm LAESER TIM . I8FEEPNGSABIHRARIETIR T, PNSFraeA& 21
% FRIE R
iH ¥ E1250C~1750C2 ] .
IRVR R IFSM . $5 5 1 KB Frae AR s R BIESE— AN B LA A0
JE BA R 3 R A
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VOrl »

l' i a XX 2 A
X ’?“ < :f& B
BEIJING JIAOTONG UNIVERSITY
ZH W R = H R 5 H
M
5 Pc Ic | BV | BV | BV ICBO TEBO VCE (sat)
mW mA | CBO | CEO | EBO | uA | Ve | uwA |[Veb| V Ic | IB
vV Vv V b v mA | mA
v
59012 | PNP | 625 | 500 | 40 | 20 5 0.1 | 25| 0.1 | 3| 062500l =250 60-300
S9013 | NPN | 625 | 500 | 40 | 20 5 0.1 |25 0.1 | 3 | 0.6 NEoUEH 50 60-300
S9014 | NPN | 450 | 100 | 50 | 45 5 | 0055 |005| 5 |03]|100] 5 60-1000
S9015 | PNP | 450 | 100 | 50 | 45 5 | 0055 |005| 5 |07]|100] 5 60-600
S8050 | NPN | 1000 | 1500 | 40 | 25 6 0.1 | 30| 0.1 ] 6 |0.5] 800/ 80 85-300
S8550 | PNP | 1000 | 1500 | 40 | 25 6 0.1 |35 0.1 | 6 |0.5] 800/ 80 85-300
ES050 | NPN | 625 | 700 | 25 | 20 5 1 |20 ]| - 0.5 | 500 | 50 60-300
ES550 | PNP | 625 | 700 | 25 | 20 5 1 |20 ]| - - 1 0.5 | 500 | 50 60-300
\4 \ 4 \ 4 y A\ 4 \ 4 \ 4 A\ 4 \ 4 A\ 4 A\ 4 A\ 4 A\ 4 A\ 4
27
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%22 e
Th 2 Sk ) 2 F
‘uf[*ﬂi
10474
7500 *
6500 FHASCR
L i~ % ﬁ_:‘;l_:_T
33007 GTONGCT]
2500+ i
IGBT Mk ;
17007 |
107 +——— i
Th¥E MOSFET #lkh
2001 |
\ |
10% \
A ‘\ i
| i
{f,— : | : j : -
107 10° 2400 3000 6000 10% | [A] 29
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MOSFET

=] I [=] 4]

LA

Top
D
D / \ /n’ i
= o G
TO-220 TO- 220F

D-PAK S D FQP Series S FQPF Series

(TO-252) s
NC Botlom-side . D
MNC L2
NC

NC

h
el=izla
IR

. TO-3PF

5 FOQAF Saries
Fin1—"" S GDS S

FLMP
S0 8
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MOSFET

AE R

¥ .

W% (Gate)H

EWH,

i,

> B Wk IE
> KWk tr: MR E L
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FNLTE

S
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RN FHEE, MM
%R AR (Drain)- ﬁ*ﬁ(Source)ZlEﬂﬂ'JEJﬁ*”
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Ean

(BB IEIRES
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() MRLAAE MOSFET
% i 45

BEIJING JIAOTONG UNIVERSITY

« A
— IR R, WahThZ/N, IRZ)E RS a5
— FFRBEEIRR, TIEMBIRS,

- IEi & HiE R (AR BRRERERE)
5 BRI .

—ﬁu B RHE R, JBASHFEAE MK

- BEREMUURE, RES/DIIE (10KW
L) .
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MOSFET

TS

— Il

— Wt B EUDS

— ISR EHID
— IR & E
— WA T Ja E
— MR & H,
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) AP RXAAZ MOSFET

N7 BEIING JIAOTONG UNIVERSITY

NESE o
— PR [E] 2 iF
« INHZ: Ciss T a + T
« BitHEBZA: Coss ; -
o RIREEZ: Crss

TLA 5
@ HSIMOSFETH <1 B3 B 5T
WIRENEER S EAC 1 Cis =Cas tCop

78T LB [H] 6 Coss =Cps +Cop
© fAES, WA RETTE. C.. =Ces

@ HTHFAEFERNRAZNE, &

o R mIFH T RE 1, AREAR R R o
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mwm@mMmﬁ
S

5 5 S B

A4 AL (Magnetic materials) A iz AT A 8. G SRl % 1
M, =SELEISEELEHIAR, (115 AR B E RN

T YRR U, A AR )N, R S S0 R B N,
I H 38 S I o8 AR i B 0 . X AE Rl Be A A5 T o0 I A
U 22 TAEIX, MG B 98 75 i B 4 5 5 R

fd A R 5 — A In) AR A2 = L AU (Curie Temperature)
X E N, MR KA SRR . Fial2 iz el
M EEREA) 57 A% B o, RRG S 2 I g D LA BB . S8
B b, B LR A NN SR RS R, — S S (ferrites) 1 JE L
] DM R[130°C e £ o BRI — 8 By A A R ) TAR IR S .

T B 18 D5 Al A2 P 1 ]
1WA ——75 | 2 F TR R D/
2. i BT e ——HE 3 R s
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b5

AN S N, B
Fa i [m] £
Br amax

WVWVL| cworl aert #4141

%"‘ M = T
MRS L

B Magnetic Flux Density (i % B [fif s N 58 FE])
Bs  Saturation Flux Density CUfA1#% )

Br  Remanence C(Flfif)

H  magnetic Field Strength (fiZi7 5@ )

Hec  Coercive Force (HFmi/))

i Initial Permeability (¥]450 5 %)

uamaxy Maximum Amplitude Permeability

E‘@ﬁéﬁﬁl%%tlﬂ BEH X, fER— mAbis 25
KAE, 8 H 12 AE(BH)m, nqﬂiﬁﬁ?ﬁb a8
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AN EIF

B 1. T E 1
§ Hdl =31 = IN

m 2. FLAJRN g

GERLB+HEE IR
__Nﬁf: dy
dt dt
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Wi T FEP,,

The area enclosed by the hysteresis loop Is a
measure of hysteresis loss per cycle.
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Pl R AFEP,

m TR A 5t 5 R8N B TR i e RN 5] R
P FE. P IE S5 2 T8 fE AL B At
PR, WEACIRESFHA Z a5 5
1) AR T AL BI AR B e B S ZORAS, 1M

R E LR, K i

51 TR AR IFEH SR A o
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SkHz

| Ok Hz

BRIH [BIiAF AL 2, RIS TRI RN . 2Z i bidzy v ith £5 TR AR B EL LR 37
i 2T AR, HIRARANIRME 5 #E37 AR A K
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PER LRI 4> (classifications)

B=0 #5158 (magnetic field strength)#r A% /JHe
(coercive force). Hrmil /) &R 53 8k fh, 7, ~FAEREAT R — MK
.

— WAL He <1 — 10 Oe

REERT BH

| kRAMEMEL Hc=102—1040e 1

B AR He = 20 — 300 Oe

orldier 1k 15




fitEF4 L (magnetically hard material)

AT RS 18 AR e i AN AL ) EU
{5 NSRRGSR ) ﬂﬂﬁ%
[ TB) st DRI REEAOIR S, JFE A B2 Tm] o -
ARGy o

B g A R B 5 K R B AR B K PR
R 2k . BRI FEE R TEIR

7 1% (remanence) Br(T)

B 77 (coercive force)Hc(A / m)

%ﬁ%ﬁ& /\(BH)maXo

YN \/[\

orl diexrt #1 K}
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AR (magnetically hard material)

LOIBPERSOARRMEY g e SRS, R, RN 2 S
T2 /A, BEREEES.

2. FHit AR AR R fad L AR, ARG, 377 28

3. BIARRRET IR RIERIA B Ay e, gke 3R oA

4. Wit ok RAERIATRL AR IEES, BT RS, BT RS E, MEHERK, J1AE AL

5. Hiil a4 (BH)a AEIX$1248--288kJ/m3, {H & HLIE 1K (312°C). £
BT AR, M85 5%

6. WML A ME  SRiBAR T, BETIEH B, M B4 E, IEA RN E.

orldiigk b 1 17
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KR B (magnetically soft material) — Fmgs. S /17N, WG S %

PR R 15 AR Sl NI LR T, SR AL,
fi SR A Bl ARG KR, i — BLR s AR AL
L, PR B R PE AR /N

B AL B A /N R 77 (coercive force) Fl = 1)
WI4E kL 535 (initial permeability). & 7€ B L1 B
TR 3 R bR

W: 5 2 (permeability)p,

PRI B N 5 B (saturation flux density)Bs(T)

2 (ferrite loss)P(W)

J& B FZ (curie temperature)C,(°C)
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TR N 558 T vy, A R 8 7 BB/ TR R, M e AR RN
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X EOR — 8 Bl E AL AR, R w B S RAEL AT BRSNS 1)
Jibtg FAAE . (RSN 52EB= 1 H)

2R BA R/ T He A B A A REG G (2] 25

R O RN, SRR TR A5, BRI, (22
55 R A FE LN

L PH % o
(EZ A WG TAERI RGO B it de, HPHEE, WimiRFE/ .
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it 44 £ (magnetically soft material)

VT4 SBEALE0.04%LL T, BsK, He S, wrliA1300004 E. HLFHER N, — M T
LU S B B AT

peam e FERUBRAEER PN N0.59% 24 5% k. A2 Sk 15 1i£4.0-4.5%, JFE0.05-
Imm. — B TR I G, AL, Ay, P, TR, 55,

A E Gy B 4 (B R 34%--80%) R 111 75 4 (7:45%, £:30%, £i25%),

AR AR MO.Fe, 05, M3 Cu, Mn, Ni, Mg, Zn, Co% & )& i 1.

CAER A AR R P,

orl it 14} 21




www.plcworld.cn

LA R A

Ep

. EFD CORE
POT CORE(H#:) Al GAIRE
EPC CORE
G EORE - CORE ETD CORE

www.pleworl digit #7141 22



www.plcworld.cn

RS R

U CORE
PQ CORE U CORE
oo g
Co
BALUM CORE SIX HOLE CORE

EP CORE
MULTI-APERTURE CORES

(Z4L)
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RODS (#4f0) TUBES

STRIPS (1R)

CABLE SUPPRESSION

CORE
LOW PROFILE CORE RIBBON CABLE SUPPRESSION

CORE (R
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f(Hz) |50 |60 100 |120 (300 | 360 | 500 1000 2000 {3000 5000 |7000

d(mm) [18.67 |17.04 |13.20/10.95|7.62| 6.96| 5.90 |4.17 | 2.95 | 2.41 | 1.87 | 1.58

f(kHz) |10 | 15 |20 |25 |30 | 4050|100 | 150 |200| 300| 500| 750 [1000
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S Ok 4 F ALK S | B AR (T) | 4% (kHz)
&gty | 1AW A (Si-Fe) ~1800 2.0 <2
3 254 4> (Ni-Fe) ~20,000 | 0.75 <10
Bk & 4:(Co-Fe). ~800 2.45 <10
JE R A 4 (Fe \ Co) | 100,000 1.5 ~100
P ses | IR (C-Fe) 3~20 | ~0.9 ~300,000
ERRERAD S (Al-Si-Fe) 10~80 | ~0.9 ~1,000
A S8R T (Mo-Ni-Fe)| 14~145 | ~0.8 ~300
BRAEMARRE] AR R (Mn-Zn-Fe) 1,000-18,000 | ~0.5 ~1,000
BLGELE A (NI-Zn-Fe) 15~500 ~0.3 ~200,000
BN E AR (Mg-Zn-Fe) 300~1,500 | ~0.3 ~25,000
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= AR ASHRFE (ARG . MR AE AR IR A E)

Core
1.6th
2.7th

osses increase roughly as the
power of the frequency an the

power of the peak flux density.

Thus at higher frequencies (above 50kHz) peak flux density have to be
reduced, by increasing the number of the transformer primary turns to
keep the transformer temperature rise acceptably low.
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Special page for AC inductor deS|gn It Is extraneous from context

If we have made out an inductance value for AC filter is L. In order
to keep inductor avoid being saturated for overload. Providing I is k

times |y, so we can get |, from equation (10) as follow

l, = (k2

:uFer

P :
fI_‘f_/( ))) fﬂ y: And from equation (10-), we get N,(after

gap introduced) as follow

N, = kN,

Where N, is the inductance turns before gap added
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Fringing flux Current density distribution
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Overview
AR LI

~ OHEA—buck converter

| @JfBA——Dboost converter
Ejﬁﬁé 2 @15 4% :——Dbuck-boost converter
B @Cuk converter

B)sepic converter

- (6)zeta converter

— (D IEFAR#38—forward converter

@ A e st —fly-back converter
At Q@) HEdAE e #s——push-pull converter
HIE ) @ e half-bridge converter
_ B 22 28—full-bridge converter
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1. TR e EE AR, RIQANDHY J B AN < Wr ikt [a] 0, 187 HiE 40,
W7 A5 Vs AL 90,5

2. FE—IPRAMIF, MAHREVINGREFAZE: i th g A B IS VoF A A
A2, By s R RN S0

3. HURAIHLAS . I YION o FE i B AR S

4. AT EEHBT

5. 7E[0, Ton]¥ila), QFid;

6. fE[Ton, Ts]iAlE]l, Q#kLk.

7. WP REFF A NTs, NTs=Ton+Toff, FFoHiiHKfs=1 / Ts.
8. %iix itk Dy, WIDy=Ton / Ton+Toff,

9. A Dy, BIEGAS T Sl R Ton K, X Fhdss il 77 AR A ik e 2
JE 1 1142 41 57 20 (Pulse width modulation, PWM)
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Mode 1 [0, Ton]

FEL s 5 I ] SR ARAER T e

di
Lf 3 :Vin _Vout
dt

AiLf e Vin _Vout Ton £x Vin _Vout Ts Dy
Lf Lf
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Mode 2 [Ton, Ts]
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f
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Fundamental relationship

Al o= Al s Al (d=5)

V

From (1.2) & (1.4) |yueeell  (1.6) o —" Jmml/(

In

i :
ILfmin_'_ILfmax b

[ (1.7) Lo |
0 5 . | :
AT T
O P e L
Q 2D

1-D, )V
AW:AQ:( v);
C, B8L.C,f,

(1.8)
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FHL 7 B 452 s (DC M) B T4 Ji7 2 (operating principle) & 3 A 55 £

Yee > !
: V. -V V- -V ; :
A e e D (T ) ey 1, e
ey of L,
Al _— _out OUtTAD (111) l"lLfm:ix
where AD _ Tor 1-D,) v e
= Ts 5 = % F\Lﬁ‘?u > |
D Vi th _Va | i:
Vout — y (112) “—Vo : > [
V, D,+AD 4
| :
Io :i Lf max (Ton +T )
s o (1.13)
1
v 2 Lfmax(D +AD)
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Vin = constant (% \ B 515 5E)

L : (1- Dy)Dy
For Vo=Vin Dy, so eq.(1.16) can be reformed as: | = V.
2 iy
V.
'an
D, =10
1.0 .
0.75 0.75
05 _ 0.5
&4
0.25 0.25
0.0 = ; — 1,
1.0 2.0 IH'G fax

Fig 1.4 Vin=const
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Vout = constant (% H Hi 51 )

~ (1-D,)

For Vo=Vin Dy, so eq.(1.16) can be reformed as: |5 = Ay i
f's

D
R
A
O .
V
. I_“ = (.75
0.?5 It
0.5 - . 0.5
0.25 S 0.25
0.0 | | — —»_L

0.0 025 050 075 1.0 125 Lot man

Fig 1.5 Vout=const
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%o THRSH TEMEEHING, BoostBikdsi £ HEBEFREQ, —HKE
D, i HH I P JBE LR A H U8 25 CRRA i

L by 2 i R,
H = +
+ VI |
- . [ ] ¥ .
R R A B ¥
= i I a W i e 1-“‘*_-—5
_ - 15 A g
=2 tee—i 15
—_— o T i B
— - '| ‘ L ‘
- e = - T e — .= v'_==: —
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T AT M

=. {8#%1%t——buck-boost converter
T H 30 Fh A1 421 7 2 (Circuit topology and control mode)
HF% & 20 (Buck/Boost) A2 #4542 FH Buck 2z #i25 F1BoostAZ i 4% £ HC 1M . Aol P9 S -

KEGIHA—RIKRE. B314H FErIHEEnINE. Buck/BoostAZ 445 i) = FL#
TFREQ, MRED, oy th g F B LEA ey L 8V FEL R CIFA il o

D i
i RLd
B "
+
v, ¢ / o
—— v ! _—'::: Pu’
J7 ) Ios
. 4 +

Fig 3.1 Configuration of Buck/Boost converter main circuit
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I 1f min
P ¢
w [ 37 > ;
IVO - Vm
: Tﬂﬁ :
0 T, T,
Eig.3.2
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Hi AL I ZE I (CCM) |1 L AF iR ¥ (operating,principle)

Mode 1 [0, Ton]

. V. V.
Aij¢ =0T, =—2T.D
Lf (+) Lf on Lf e

www. pl cWo diée A3t
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Mode 2 [Ton, Ts]

e 33
dt
. V V
Al :L_OToff :L_OTs 1-D,) (3.4)
f f

www. pl cWorl iR A 1
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Fundamental relationship

Aij; ) = Al =Ai; (35)
Vo _ Dy
From (3.2) & (3.4) N 1-D (3.6)
in y

= L (3.7)

Lf = Dy .

Vo =Vp =V, +V, = Vi _ Vo

B

D

AV _AQ_5%h (3.8)

www. pl cWorl iR A 1
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Ve

> ;

Irg N

/ > ¢
_ /iufifm;; /
: - »;

‘p ™

L~ >
Vr t/in E | !

0 T Oﬂ Tdf.\' T

Fig 3.3
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' D Ry,
—
| | Mode 1
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s

1 __
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FHL 7 B 452 s (DC M) B T4 Ji7 2 (operating principle) & 3 A 55 £

Ve
: V. V.
Ay =l =—"Tp="-TD, (39 . :
L f . e
AiLf = ILf max :V—OTSAD (3'10)
= . -
_I_- . l"ILfmaé
where AD = 0% <(@-D,)
'p "
Vo . 5 (3.11) N:h
D) .
1 vr ¢Vin '
Iin 3 ILf = 2 Lf max(D +AD) (3'12)
: )Y
CT
| :&I- S (3.13) 0 r "r

DT AD =
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FELJRK R Yt i e 22

| :Ei = Vin DyTS (3.14)
2L

in Lf max
2 f

Wi A2 Il 3% 25 H L FUECF M, then
| | ll
He e _E Lf max kD))
1 Aloc R 7 I F FEL I IE 2 1Y S 2 LI, then

Py
l = EAILf (1- Dy) =1, (- Dy) (3.16)

www. pl cWo diée A3t
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Vin = constant (% \ B 515 5E)

From eq. (2.14), then the eq.(2.16) and eq.(2.15) can be reformed as:

{ Fr max

L0

0.75

0.5

0.25

0.0

www. pl cWorl iR A 1

i
0.5
Fig 1.4 Vin=const

V. D

in=y

2L, f,

I LfG

ora—R ) Dz

| = _
oG 2|_f fs in

25
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Vout = constant (% H Hi 51 )

From eq. (2.14), then the eq.(2.16) and eq.(2.15) can be reformed as:

: 2
ILfG In{} | i (1_ Dy) V
Ii,ﬂ}'max’ Io{}rnax ' = 2Lf fs >
1.0 Vo(l_ Dy)
| = oL. f
frats

0.0 0.50 1.0

Fig 1.5 Vout=const
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7 A

VY. Cuk converter

CukZz 2% & tH BoostZs i 23 FIBuck A8 . 2% & e pl. Aol i R & & H h— R T
K&, FTETEE TERNEBAEHE. CukZHiart EEEKEETLEQ, —HED, W
UV KLY, L2 e AR CL. CH AR . BN T2 (CaliTech) 1]
Slobodan Cuk ##% T19764E#¢ H ).
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CCMAE T T B CukZE # 25

(a) (b)

e BRI B A 2555 A B
(a) THIH: (b) TH#LE
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T

UaDTs + (Ud —Uet)(L— D)Ts = 0
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TF R EYRE ARSI

f.. Sepic converter

SepicAs i 2% 7& H1BoostAr i 25 F1Buck/BoostAs #i o & BE T 1. Aok R P& &3 N —
RIFRE. FERITSE T ERBERIAINE. SepicZfish B HITLEQ, ke
D, FHyes B L, L2405 g R CL. CHIf k.

2 o Ry
A’I —— o+
i
L =.|. ;
Via o 1 i
l -
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TF R EYRE ARSI

75+ Zeta converter

Zeta #7% & F Buck/Boost A8 4 2% FBuck 2% # 28 A8 BX 1 . At wi KT R & 9F
N—RAIPRE. FTEPSEH TERNBERBING. ZetaZfds i HEK T REQ,
iff&%"‘D, L 8 FELIRRL L. L2 HH Y FE R C L. CIFR A

ira i R

- I‘._—._I-W-V‘\ H _b td -+
ilz ‘wy¥_ -
Hrr Q + ¢l .
T win oo S SK
y - -
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’ FF 55 B LA RS 1 ke

‘. Forward converter

Forward converter &£ 1EBuck converter HifH N\ —Mtransformer 15 2 17.
S =N

N Ne N L

LR, R [T BT
2 Har R IR AU B ; ﬂ—- ;% UP% é US i qu Vout
3. 2% [ SRS B RAL ; Ti 3
4 B EE B ;
5. AR AR AR I AR R 28 5 P T

6 . 4% 2 Pots A A AR ; @ e
fﬁﬁ’]@i%ﬁF‘jﬂTﬂ/" |
TIAR /N R = W] B
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- Ry o = 2
. T YR IEA SR 1
J\. fly-back converter
Hbuck-boostiEiE 15 .
KFRL: L., I 1 D 1L
=Tl Ry = - e Tt SIE
2 B R SURBUK ;
3. AEHINZEAEIS50WEL T ;
4 N R T B A AR I R R

TORAE Y& (6-10%) ;
NDHER 2 i R0 R
6. AL a4 TAF 3 5 Ho Al 2R A

P el 75 A2 e 2% AN [ 5
7 A RSP AR -

o1
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/ T H B I

~

7L+ push-pull converter

A- ,;I:%/I{—:_l;:

N eEiNet )

1. HEGHHF G
2. TAAEERC WA,
3. AR HIEE,
Fe 25 1 IR R

13 | 4
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B. A %y e B A L AE R B

%) 9, ..
Vi w i(,_ I |_
e E L ! ; i » {

|y Va2 | |_ v

- /l ‘ | r
e L » ¢
jDRZ / i
— ;
w Y
A : P
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Push-pull=Converter (#1545 #2%)

C. L&y —ME B i AR R B

9 g .,
Y2 I Wy | i |_
V22 W ' i >
V,e.
L

ji’.‘f "

ipr

DR2
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/ T 55 FE PRI SN 1

+. half-bridge converter

A. A

1. AL —EE B, 2R A A 25 ;
2. AR RO AT FUE e N\ YR L B — 2

3. s HRCLIC28E H BiH FRAE T A% B B i 5

A JFUILAFAE F R ) AT R

in| | .[;.I Y
T g Usg CfTI ‘
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e Is
G QTK éD' i
A W
— 'T_"' :
v . » W .
W
—— = [
B, A LA T ok > T 4
o) ¢, >
i
Vas I Vin fz
.
Vr’n KZ
Vs | Vl¥s 1 2W, .
' T

{pR1

e
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Dry

Vs -i V;‘.-r / 2

R SR peam et PR

inp I,

-B

A EM 5T EER
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o DEFARLIEH =L D. AR LIS M AT
Vi e B NEEYES SR
S U
‘ 1 CfT m P Vlnlln _UP(rms)IP(rms) D
] :
o U,=V. /2
Upime =v2DU, \/Z = (2)
U P(ave) — O z
Vin 1 U P [
7 ‘o P(rms) V ZDI
- | P(ave) - O 2
= »
Eh(l){ﬁ IP(rms) — \/gl in
| P(ave) — 0 = 3
1
lo=—1.
P D in %
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a3 sk 7% P R O B
o [j
out 5

|
]
Coe
%)

| 7~ 2US(rms)IS(rms) = ISVD (4)

i out out

RSN
US(rms) — \/BUS = (Vout +VD)/2\/B > (5)
Usae) = DUg = (Vo +Vp) /2

e
l—» IS(rms) = VDIS ’ IS(ave) :DIS

H(4) 15 IS(rms) = \/Blout 3
IS = Iout z (6)

IS(ave) = DI

Vo=V

out

-
P

out =y
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e %ﬁg F. B
Y

= Gbi =y m e,

1, BB s 2 :,

D 1
m(max) /
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K A A

+-—. full-bridge converter

Bosd §5 r e

1. AL —EIE B, 2R a8 A 25 ;
2. AR AR IR AR FUE Jyan N FLR FEL

3. TFLEHE T m L

A JFIAFAE I RE R A AT REE

VY

V
S
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D B ki b ) —Fefr i B 5%

4@ N D IS Lf

YN
Q, Qg A Vo
. E ou
Via| — ST i
- C. L —

SHTERAC, HEH. R ESEFRIEREEANHEE, 82F
C, LEERTEL.
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SR
Converter Topology Typical max output power
Flyback 200W
Forward 300W
Two transistor forward / 400W
flyback
Push-pull S00W
Half-Bridge 1000W
Full-Bridge >1000W
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Forward converter.

T = J{-c-:n'nn'-"“' Dm.n:-:
F.'.'.'h msi
ﬂ..'.:- 1257

D, .. = 0.45

Flyback Converter.

-
s

F‘ 3' & TA J.:-;"lll'll ':-'[:ITLII

i, ITELR § 4 % ﬁ,{g”:i.

S 2

Push Pull Converter.

N

= "':;:mln'-ﬂ"‘ -Drru:-:
F.'.'.'- mesi R
aa 12507

Dl = 0.9

Half Bridge Converter.
TR Py % D

S(mim " TE
Mmem)
4% R g5

D = 0.9

Full Bridge Converter.
(B Sy

Sminm ITE%
P =
ST
2% R go1as

D = 0.9

www. pl cWo diée A3t 51



www.plcworld.cn

AE SR E I 25 8Y TR IR IR

www.pl cWar diehr



www.plowarld.en - | —

7

”~

———

S < 5
Forward converter (P s #e) =
—, FEACHL P

Forward converter ;& 7EBuck converter H13 A\ —/{ transformer 75 31 1],

R RN BB
< N Ne Ng Ly
1. LR LA 06T 20, BRI ; s e T ZEW
2 f th F s AR ST 5 o é Upg éug Cfﬁ Vou
3 AR A3 O L g AL T 3
4 JT R A LI 5
5-EE%§ A SRR ) AR TR A
6. AEMHMKOALMAK; B ——
fﬁﬁ’]@ilut{j?ﬁT?ﬁﬁ/}Br,%  J M RE AL AN R AE
TR /N BB EWEIS R R
ST IS B RO O Wi ISF 25 4 [ B T RN SR, BRL D e B A S T [ R A — 1
I
E = =12L
2
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L, r. T
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=, EATHEREE) [0, Tl

- Lf er
Q turned ON
Wy
dt
AD,, = Vi p
W,
o = Vo
MP L
P

K 13 Vr’n
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=, BEATEREGE) [T, T

vbe
- ¢
W, .
Yy IVm
' : >
KIB Vr’n j
Vs |
vrer.': E
Q turned OFF Ky :

ShremmmaEs: VYws ="V

JF R GedH b i HLE D
V,

i _K13Vin
sz = _K23Vin ,
Where / /
T

on r 5
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=, BEATIEREE) [T, Tl

W,

Q turned OFF

Q Lk Vo =Vin + KV,
V. R IAINTE S AL SR W, b, SR8 DY)

W dg Vin

dt

AD V'” Dedis
W

3

Where Dg = (T,-T,,) / T
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=, B TAE RBE(EE) [ Tr, Ts]

Q off, & ® reset

St FEL i AW A5 BIW, B S, 8 3%

i Vin Vin
IW3 = K13 [L_Ton e (t _Ton)

P P

BT A Z)GE, frESAF HRAZE, BB AE.
QLML Vo =V

www. plcwor &ehr
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e 1L
gug i ch- = AR X F
P, =V, I,

- in " in _UP(rms)IP(rms) D
Fin \
U, =V,

Upme =VDUp =DV, ~ (2

UP(ave) — DUP — DVin

UP’IP IP(rms):\'Dlp
IP(ave) J DIP

v
H
.

H (1) | P(rms) — ﬁ Iin
IP(ave) — Iin > (3)
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=
P
=
i
=
o0
I
<

hl T Ut PO A H i FELY HE R R R
o | L
A
g US Cf—|_ Pout :Vout Iout = US(rms)IS(rms) -~ ISVD 4)

£ o = (Voq +V5) /D :
Evbendd . \/BUS — Out +V )/\/B > (5)

scave) = PUg =V, +Vp

out

cC C C

Us, Ig IS(fmS): “DIS 2 IS(ave):DIS

\

v

SO

out

(6)
IS(ave) — Dlout >

IS(rms) =V Dlout ¥

www.pl cWar diehr 9



www.plewerld.cn

L
NR NFI NS h| f“.-"‘\j""‘.{‘\, VOU’[ T TR <
e T BT Ti.. HLEEBEAIRIR R
Vm > U UJ i
i3 ¢p ; C V. :
Y —= DT, = Al
%g L

V,,DT, = ALy = NoAD ,, (69

m B, A5
Vi DRTs = Al Ly = NRA(D(—) (6)

= ) where D, <1-D
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Ng Np Ng Ly Vout Vi EZQJEEE{TL E]/‘J?\%/Z% (éjg)

I

fWY\l
g Up s %X Cme QUM , FF A L i IR A

%g *ﬁQ U B tE:
Dath. |, 3

-

:Vin =k _PVin
R
A 5357 2 P AT B B e T 2K s
N
¥ sl ik
-B, DRR "\ S

5 REQA MY T ANAR [ 4% B M HIAI =, Rk, —
B AL GRAANGHIN,— . BfI

N, = N,
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Forany D < D,,... complete demagnetisation will take place.

N
S (l1-D )==—D

Ty |||kr LR

/
D.wu.r - _JI'I,-

J+—2
N

i

If N; = N; |, then D,,,. =0.5. It can be shown that

/ x
f A7)

J ! N OF oy <1 <(lon +1n ].|
'-lh i _'I1 .-__l
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Ng Np  Ng L Vout 7N 5 SR 2 F IR R A
P . . D‘ Wi -
”1_ % U, Ug %S Cme 1, B3 R
%g 4& L b 1) RSB o % H FEARL D e B
........ ILf i Iout & IS(max) i IS(min) (8)
2
[m 2, nJ15
: 2 . U)oy
Al =15 ma — Vs min) = : LD > DT, (9)
-B f

1 (8) , (9) FI(5) I 133
(1_ D)(Vout +VD) T

iS(max) v Iout + oL z (10)
f

: 1-D)(V,, +V

IS(min) = Iout _( )§\|/_ t D)TS (11)
f

www. plcwor &ehr P



www.plcworld.cn

Ng Np  Ng L Vout 7N 5 SR 2 F IR R A
% Y Js %X < 2, JFUA FL
i z
iPL(maX) e & Iout ¥ (1— D) DTsVin NS (12)
N, e S

2

. N (1-D)DTV. (N

max Br IPL(min) 0 N_S IOUt ¥ 2L [ N > j (13)
P f P

i (6 <) A1 (12) ] 15 J5 10 i B KA

IP(max) % IPL(max) + AIMP (14)
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UQ :Vin(max) +

(15)

QT i ¥ 5 A HL AL
I

P (max)

IPL(max) i AIMP (16)
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X %XD Cme

D, T K 1L

D, it
Im

N

UDlR ==

N

TuEREIIE £

2 B MR

—2V.

in(max)
R

B K RN

S (max)

out

2L,

Pl

an

4 (1_ D)(Vout +VD) T

S

Dr
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Z P
W e ’ -
% m TE S I 1
S B
T PP D s D P
D, T A 5% [ L N
N
Upsr = NS Vm(maX) (19)
P
D, friit it 1) B K HL N VER: NI TR
| D= IS(max)
= Iout ar (1_ D)(VOUt +VD) Ts (20)

e
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T . TR
V- . .
afl A AT ), GE B e B o

Lo :
;%gi DR MIFL I

N
U DRR — N ; Vln(max) (21)
P

DTt id 1 e KN

. N : N, V. DT,
IDR = IR (max) :N—PAIMP - NP 1
R R P

(22)
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pIve S i priek £

3. I A C

CHT RS2 K H# A

U, =V +;AV (23)

out

CMB=

B FLER B R FLESE . FSE B R
eI A T3 A2 L K —

. 1T, Alg
Aq :j|dt _557 CfAVOpp (24)
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Ng Np  Ng Vout pivE ot lTpvirk e
o T .
Vin E ’ : %X m
i L Usiirpas e Gg==
—s§= ” =5 3. JER HLAC,

EIRS

Al (U V ) Vout DT (1 D)(\/D +Vout) S
Lf Lf
RANQR4Y), B

= (1_ D)(Vout +\2/ ) (25)
8L AV, f

opp S
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Ne N~ N Vout TCa  H I
g Up Us %XD Cme 4. VEPLHEL R
%&ﬂ#‘? A, L HUERINH
e B K, X ST L 97 LT A AL (RN B/

T2 R A% AR S (H ARG A R M B s N, HQ,
D, BT EIRAE, D, m Pk B A8 K

PR/, B PO FE T K SR I, A% M A% () R ARG 2t S {H A R A AR A B
2/, HQ, MIDHJFEMIAE, D, i IAIREHAEHE K T .

NI, — A B B L N AIUE FLL I T R 1 U B L ¢, U1 . 3

A, _ (3= Di(VDJrVout) _ o

ot (26)

f min
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Ng Np  Ng Vout pivE ot lTpvirk e
Tt )
Vin ’ U o oy s
_;ég . D, QT 4. VEBHIBLHE

E%EﬁQ A, L HE R ()

L (1-D)Vp +Vy)

fmin 2 I = .I:S (27)
iL'I:
I Ly =1.3L;p, =1.3 d DZ)I(\/Df+V°“t) (28)
| Pt = e out s
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Transformer-aided snubber

A leakage spike

clipping aid to an ECD snub-

T ber. Transformer T1 is a small

t Ri T2 1/1 transformer. When Q1 col-

| D1 02 D1 lector voltage reaches 2V, , D2

latches in, forcing D1 to latch in

Np c1 and clamp V.1, to 2V,.. Thus

. 1 no leakage spike at the @1 col-

lector above 2V, if T'1 has very

o1 Iittle leakage inductance, This
minimizes the size of C1.
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Snubber reduction of leakage inductance

- Vig
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«+—— | eakage inductance
Ve

- Vis

Q
Q! C1
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The leakage spike is roughly (I,/2}L,/C1) above 2V,
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1. A single feedback loop Is easier to design and

analyze.

2. A large-amplitude ramp waveform provides
good noise margin for a stable modulation

Process.

3. A low-impedance power output provides better
cross-regulation for multiple output supplies.
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1. Any change in line or load must first be sensed
as an output change and then corrected by the

feedback loop. This usually means slow re-
Sponse.

2. The output filter adds two poles to the control
loop requiring either a dominant-pole low fre-
quency roll-off at the error amplifier or an
added zero In the compensation.

3. Compensation is further complicated by the
fact that the loop gain varies with input voltage.
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Since inductor current rises with a slope deter-
mined by Vin-Vo, this waveform will respond
Immediately to line voltage changes. eliminat-
ing both the delayed response and gain
variation with changeas in input voltage.

. Since the Error Amplifier is now used to com-

mand an output current rather than wvoltage,
the effect of the output inductor is minimized
and the filter now offers only a single pole to
the feedback loop (at least in the normal re-
gion of interest). This allows both simpler
compensation and a higher gain bandwidth
over a comparable voltage-mode circuit.

CAdditional benefits with current-mode circuits

include inharent pulse-by-pulse current limiting
v merely clamping the command from the Er-
ror Amplifier, and the ease of providing load
sharing when multiple power units are paral-
leled.

wWww. plcworl diept i i 42 i 15 X
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FIGURE 16. SWITCH CURRENTS SHOWING FLUX IMBALANCE IN (&) UC1846 AND (B) UC1525a4 CONVERTERS
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(.2 Instantaneous correction against of line voltage changes
without the delay in an error amplifier

_ t = 2ms/DIV
= OUTPUT e
RESPOMSE
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RESPOMSE TO A STEP INFUT CHANGE OF 25 TO 35V BY (A} UC1846 and (B) UC15254 CONVERTERS
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5. Current Mode Advantages

CACE DK R T

t = 0.2ms/DIV
- CLITPLIT =
HESPUNSE
20mynon
[F] (B}
Vs S : - - e a Cr . virl
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5. Current Mode Advantages

7.3 Ease and simplicity of feedback-loop stabilization
S P4 5 K ] B

| &2 | C1
| | | | !
| U
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Vi AN -
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" R R1 EA Vo
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Vref
I N7y
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L5

1.

2.

Rl b

s AR 2 il —— R

There are now two feedback loops, making cir-
cuit analysis more difficult.

The control loop becomes unstable at duty cy-

cles above 50% unless slope compensation is
added.

. Since the control modulation is based on a sig-

nal derived from output current, resonances in
the power stage can insert noise into the con-
trol loop.

A particularly troublesome noise source is the

leading edge current spike typically caused by
transformer winding capacitance and output
rectifier recovery current.

CWith the control loop forcing a current drive,

load regulation is worse and couplaed inductors
are requirad to get acceptable cross-regulation
with multiple outputs.

wWww. plcworl diept i i 42 i 15 X
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3 S A

Consider voltage-mode (with feed-foreward) it

1.

2.

There are wide input line and/or output load
variations possible

FParticularly with low line - light load conditions
whera the currant ramp slope is too shallow for
stable PWHM operation.

. High power and/or noisy applications where

Nnolse on the current wavetorm would be diffi-
cult to control.

. Multiple output voltages are needed with rela-

tively good cross-regulation.

CSaturable reactor controllers are to be used as

auxiliary secondary-side regulators.

CApplications where the complexities of dual

feedback loops and/or slope compensation is
to be avoided.

wWww. plcworl diept i i 42 i 15 X
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Consider the use of curreant-mode: if;

..-I

. The power supply output Is to be a current

2.

source or very high output voltage.

The fastest dynamic response is neaedad with
a given switching frequency.

. The application is for a DC/DC converter

where the Input wvoltage wvanation is relatively
constrained.

. Modular applications where parallelability with

load sharing is required.

In push-pull circuits where transformer flux bal-

ancing 1s important.

I low-cost applications requiring the absolute

fewest componants.

wWww. plcworl diept i i 42 i 15 X
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J\.. Current-Mode versus Voltage-Mede Control Circuits

8.1 Voltage-Mode Control Circuits

VlN
O 5 . % -
» 15 1800
g vin___ 113
—1 VREF Ve
10k 6
S Rt 11
005uf | ¢ Aourt o
L
Cr
100uf == "
s T . UC1525A ——
DISCH.
14
4.7k BauT -
2
+E/A
o : 11—E/A SH-DN|10
82k {COMP  GND
12
0033
o ) i T 58k )|
100k
AAN AANY ¢ o
3k . 1

0022

wWww. plcworl diept i i 42 i 15 X



www.plcworld.cn

SG3525

N SUFFIX
FLASTIC PACKAGE
CASE 648

DW SUFFIX
FLASTIC PACKAGE
CASE T51B

: (SO-16L)

wWww. plcworl diept i i 42 i 15 X

PIN CONNECTIONS
Inv. Input | 1 — 16 | Viaf
Moninv. Input | o 15 | Voo
SYNC | 3 14 | Cutput B
OSC. Output | 4 13 | Vo
Ctl 5 12 | Ground
RT| 6 11 | Qutput A
Discharge | 7 10 | Shutdown
soft-Start | g g | Compensation
(Top View)
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Representative Block Diagram
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MAXIMUM RATINGS (Nate 1)

Rating Symbol Valug Linit
Supply Voltage Vo +41( e
Collector Supply Voltage Vi +410 Vidc
Logic Inputs 0310 +5.5 W
Analog Inputs D3t Ve W
Cutput Current, Source or Sink liy +500 mA
Referance Cutput Currant | raf a0 mA
Dscillator Charging Currant 5.0 mA
Powear Dissipation (Plastic & Ceramic Package) Pn mivy
Ta = +25°C (Nota 2) 1000
T = +25°C (Mota 3) 2000
Thermal Rasistance Junction—to—&ir Fal s 100 LW
Tharmal Resistance Junction—to-Casa Ralc &0 T
Dperating Junction Temperatura T +150 “C
Storage Temperature Range Tsig —55 10 +125 “C
Lead Temperatura (Soldering, 10 seconds) Tsaldar +300 "

MOTES: 1. Valuas beyond which damsge may oocur.

2. Derate at 10 mi® 2 for ambient tlempsratureas above +50°C,

3. Deratz at 16 m&"C for case temperatures above +25°C.

wWww. plcworl diept i i 42 i 15 X
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TER TR0

RECOMMENDED OPERATING CONDITIONS

)

wWww. plcworl diept i i 42 i 15 X

Characteristics Symbol Win MW ax Unit
supply Voltage \Vee a.0 3 Vilc
Collactor Supply Voltaga Vi 45 3 Ve
Qutput Sink/Source Cumant Iy mA

(steady Stata) I +100

(Peak) ( +400)
Referanca Load Current Iraf I 20 mA
Oscillator Fraquancy Range frer 0.1 400 kHz
Oscillator Timing Resistar RT 20 150 ke
Oscillator Timing Capacitor Ct 0.001 0.2 uF
Deadtime Resistor Ranga Rp ( 500 (0
Operating Ambiant Tempearatura Range Tg I +70 "C
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Figure 1. Oscillator Charge Time versus RT
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Qutput A
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Qutput B

SG3525A Output Stage
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b
O

+V5upply

To Output Filter

—O0———
SG3525A 14
BFo—*
Gnd

Tm
O »

For single—ended supplies, the driver outputs are grounded.
The V¢ terminal is switched to ground by the totem-pole
source transistors on alternate oscillator cycles.
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i |
o AN -
o
*Vsupply
HEHR DK B R1
13
VC Y,
3 C A

/—T OubLLA SG3525A
®

o e L :

' Gnd

12 )

ooon JL 71

Output B In conventional push—pull bipolar designs, forward base drive is
1 controlled by R1-R3. Rapid turn—off times for the power
devices are achieved with speed-up capacitors C1 and C2.

SG3525A Output Stage
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.
+Vsupply J

S o
T1 ﬁ - C1
v 3 E 1 T2
\VC A * PN
3 C L TYTL |
f SG3525A vile
Output A . 14 ‘!‘:
oy oL L 1 T
' 12 R2

;OMJ_L i

1 Output B Low power transformers can be driven directly by the SG3525A.
1 Automatic reset occurs during deadtime, when both ends of the
SG3525A Output Stage primary winding are switched to ground.
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Output Control
Vee (12 | (13 Outp

Ref Out (B——— Regimier | g
GND (7)) - (8)Cr
el [T )_ 2

)

- C=cillator -—
T @—.—

Dead-Time
Dead-Time '—}\CI-ZII11|:-:|r:|t-:.r

|
Control | e >_|73‘
Non-Inv. Input @7>E’&ir_ DWW
Inv. Input (2 —— “ay|  Comparator
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Inv. Input (15—
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Example 1

1) Forward Type

+
Vee .

+12V |% % /? }‘U’OUT
L'IE:]
Ve .
C1 (8) =
(13} Output || Y

Control | To EAI To EA
= ) 2 (Over Current "'Jrcusense-l
o : Frotection )
U cerout onp [ “GND
T
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Example 2
2) Push-pull Type

{Isolated)

+\Vece

T

a0

GND

i /; -

G L d
+12V
1Y
(T Ve
\ 0| ©?
o) =
| EB::' =
)| 4
GMND Contrd [—
) Ref Out |14
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J\.. Current-Mode versus Voltage- I\/Io

.'I
i

8.2 Current-Mode Control Circuits

Control Clrc_u_lts

l\"!k

——

FES 1402 —

Vin
M
T 1807
15 ,
gt , - P
' = 13 Dhut
H& " VC JJ
Sk q oo
JES 14402
L[0T —
B
& [}
32'&
100uf —= i
— , 1
|—WW— COMP CL _M _____
o015 sak  (SH-ON GND 15k REF
1E.J 121 1k
e — il
1.6k
A

wWww. plcworl diept i i 42 i 15 X

(A) UC1846 CURRENT-MODE CONTROLLED REGULATOR
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UC3842(dip-8)

Yoo o . SV &
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Application
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5.1 Constant peak versus constant average output inductor
problems

<Switch power supply design>
Ve

Alp

INDUCTOR

T CURRENT (1)

Al = — Al (-%f-)

B.) DUTY CYCLE > 0.5
W pl cwor] et i T8 s i 45
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Slope compensatlon to correct

problems In current mode

' COMPENSATING

” / SLOPE

Alg

———
—

C.)DUTYCYCLE>0.5WITH SLOPE COMPENSATION
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.. Current-Mode deficiencies and problems.. . ... . .
Current-Mode Control Circuits
Win
Doy
'“T 18007
At — 2w
H 2], .— Viy 0 13 Daut
P""dﬁ':v ’ JES 1402 bl Vo
| Elll_':bi,ri

FES 1402 —

g
3 E'-i %
100ut —= |

Fi
—AAA-— COMP CL g —AAA——a=

0015 B8k LSH-DN GND 15k
1E.J 121 1k
O — i
36k
APy

(A) UC1846 CURRENT-MODE CONTROLLED REGULATOR
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JL. Current-Mode deficiencies and problems

5.3 Slope compensation to correct problems in current mode

Timing sawtcoth
pin 8 UC 1846 con‘rrill
ea

:VeaO o mton (1)

i T .
m,t
lp =l +——= @
2
NS
Vi:IppRizlsprRi

= Ri[lsa_l_%(-r_ton)]

my NT :
(3)
dlg dlp
' o

A C
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5.3 Slope compensation to correct problems in current mode

From egs. (1) and (3), we get

V,=V,

’_—_-

I';'S RI_ =V s R.&Tﬁ'ton(Ns RMe )y

I " sa eal I i /
p Np 2 hES Np 2 -7

~-————

WWW. Dl cWOr| e i Y52 1 2 50



www.pl cworld.cr]p@

% Ha YR A 42t

M A
JL. Current-Mode deficiencies and problems

5.4 Slope compensation with a positive-going ramp voltage

Vi +_ton :Veao
dt
From eg. (3), we obtain
NS Ri[lsa +&(T _ton)]+d_vton :VeaO
N, 2 dt " ’
N N 7N I{v\
; Rilsa +— Ri iL- T Jton( : Ri iL- o )\‘:Veao
| N, 2 7 N; 2 dt K
\\\\ ’,/Q O
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JL. Current-Mode deficiencies and problems

5.5 Implementing slope compensation

AV

9 R:.urrenkjl(-:n;dasg}an‘rrol VOSC - At ton
. 8 Cy
§R2 R] 1. where AV =1.8V, At =0.45R.C,
: + Current sense for UC1846
4
From fig. in left, we get the
2RT . opci—ysy,  relationship of V.
I 5 g R
Npi N Vi + : Vosc :VeaO
: R, +R,
D
then
ﬁ——g R, AV _N, . m,
i R+R, At N, ' 2
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Slope compensation to correct
problems in current mode

VREF [8] T
iﬂj nF Rt
— A fraction of the oscillator ramp can be resistively summed
RT/CT [4] with the current sense signal to provide slope compensation
T CT M for converters requiring duty cycles over 50%.
Mote that capacitor, C, forms a filter with R2 to suppress the
UC2842A/3A ; : o

leading edge switch spikes.
IseEnsE |3

I
o m i c RSENSE

Figure 8. Slope Complression
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1. RCD snubber

Nr
3
Np
Vdc o
Q1
D1
i 4

WwWW. pl cworl aert 451 #6 A i [n] 2%

R1

—» a7t

without

Qf current

0

Leakage spike

2V,
ae Q1 collector-emitter voltage
with R, C1, D
Vdc snubber absent

————— Leakage inductance spike
————2V4e

- ....Vdc Vce (-Q] }

oV

With snubber
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2. BARC IR
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3. IR, HIiTH5
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ND
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3. RCD snubber )23k fev:
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Resonant snubber

Vdc D1

= C1

WwWW. pl cworl aert 451 #6 A i [n] 2%

Vee (Q1)
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Transformer-aided snubber

A leakage spike

clipping aid to an ECD snub-

T ber. Transformer T1 is a small

t Ri T2 1/1 transformer. When Q1 col-

| D1 02 D1 lector voltage reaches 2V, , D2

latches in, forcing D1 to latch in

Np c1 and clamp V.1, to 2V,.. Thus

. 1 no leakage spike at the @1 col-

lector above 2V, if T'1 has very

o1 Iittle leakage inductance, This
minimizes the size of C1.

WwWW. pl cworl aert 451 #6 A i [n] 2%
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Snubber reduction of leakage inductance

- Vig
¥ -—2Vq4c
Lmg «— A = 2V for Q1 off Vee (Q1)

«+—— | eakage inductance
Ve

- Vis

Q
Q! C1
Y ¢

The leakage spike is roughly (I,/2}L,/C1) above 2V,

WwWW. pl cworl aert 451 #6 A i [n] 2% 21
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THD=95.6%,PF=0.6



o

1. 5%
5% 50.3%
TH 24.5%

'\ 0% 17.3%
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Three-
phase ZVT
PFC
rectifier
consisting
of single-
phase
boost
converters




Experimental Result

100kHz
90V-130Vrms input and 380V output
1.7kW

CONYERTER EFFICIENCY

[~ wimzvr |
| = uathenud IV |

CUTPUT POWER [W)



Three-phase ZVT PFC rectifier consisting of
single-phase sepic converters

2001-12 3



Experimental Result

100kHz
200Vrms input and 28Vdc output
500kW

THD<5% full load

(50 =— o]

Tuk EEEEE 1O s

rrrrrrrr



Three-phase PFC rectifier consisting of
single-phase converters

Advantage: Disadvantage:

1.directly use single- 1.interaction between
phase PFC technigues stages

2.good performance In 2.1nput current THD IS
balanced conditions around 10%

3.low power stage



Two-single-stage three-phase PFC circuit

i ple-phasa PFT modubs £




Experimental result

srating condition
Chalnul porwer 150 [V A
| 190 = 250 [V

[npial yollage range (¥ 165 - 21T [V

Oigtput valtage An0 [ Vil

Lime fre

10 | kH¥

120Hz ripple cancelled



Experimental waveform
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Single-switch DCM ZCT boost rectifier

av ACT circgt




Experimental Result

50kHz IGBT

170Vrms input and 600V output
4kW
THD<=10% K=
05.2% -> §




Single-switch DCM ZVT boost rectifier

B Z5NT circiasl

94-00316324



Three-phase SVM boost rectifier




Matlab simulated waveform




Three-phase SVM boost rectifier-2




Simulation Waveform

him
Cs EIRLY o TELTF o TEL)

T B

Fig. 9 Simulation waveforms of three-phass  input
current.




Resonant boost three-phase PFC circuit

99-00799195



Experimental result

174kHz MOSFET

220Vrms input and 340V output
235W

97% efficiency

THD<7.8%



Experimental waveform




three-phase Cuk PFC circuit




PSPICE Simulation Result

120V, , 60Hz input and 400V output
25kHz

2.9kW

THD <5%

PF=0.99



three-phase Sepic PFC circuit




Z\/T three-level boost circuit
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Single-switch VF buck rectifier




PSPICE Simulation Result

415V Input and 400V output
20kHz to 40kHz

2.5kW

95% estimated efficiency



Single-switch QR VF buck rectifier

7] % 2 H 2)1£2000.2



PSPICE Simulation Result

380Vrms input and 220V output
5kW

90kHz

PF=0.993

THD<5%



Three-phase multi-resonant ZVZCS PFC circuit

3-phase
ac i o




Experimental result

100Vrms input and 60V output
360W
56kHz




three-phase flyback-derived PFC circuit

00-00884291



Experimental result

42kHz

Input voliape:

({eTelTL W TEg fLE] 8

Input power:

Povever factor:

Lip = 2000
[, = 0954
P, = JIEW
1= )04

Clatput voliage:

1:||J[|'!-|Jf. CUSTCHL

Chutput power;

Efficiency:

L= 28,2V
o= 10A
o= TR
n=8"6%




three-phase PFC Buck-Boost circuit




three-phase PFC Zeta circuit




ZV'T single stage PFC circult

97-00660230



Experimental result

208Vrms Input and 48Vdc output
5kW

Output voltage ripple 500mVpp
40kHz IGBT

Efficiency <90%
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ZNT boost rectifier-1




Experimental result

® 50kHz |
¢ 180Vrms input and 350V out
® 97% at 5kW

o 10kW




ZN/T boost rectifier-2

e T —— T

!_-l '|I_|:II|.|' "I'_' T||'|'|.'
rl.l FMT

s oy ii Ir||l|-|

94-00349755



Experimental result

480Vrms Input and 800V output
10kW

30kHz IGBT
>97% efficiency




Improved ZVT boost rectifier-2
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Experimental result

® 100kHz |
® 100Vrms input and 120V out
© 97%

* 500W



Quasi-resonant Sepic PFC circuit
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%ﬁ Result

» 3bkHz |
® 415Vrms input and 400V outp
o 1kW

¢ 1200V IGBT




Experimental waveform
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43y LEEE

T — g - ——-F———-I—— L -'-'_1___1___"'
L

—




Sy 2 BESICICKEPENECUTIEN




Four-quadrant isolated three-phase ZVT
rectifier

PC40 EESS/AE21

92-00254720



Experimental Result

91kHz 2kW

208Vrms input and 50V output
400V 25A MOSFET

THD about 0.9%




Experimental waveform

a. 5 ms/div, full load




Quasi-single-stage isolated three-phase ZVZCS
buck PWM recitifier

_—_ —

’:r{l Ebni :r_&
|

VAGN ZNZCS
96-00546619
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——

mﬁtal result

» 33.3kHz

» 305-407Vrms input and 40-57
output

® 6kW
o THD<5%
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Four-leg three-phase PFC circuilt with
fault tolerant capacity
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SPWME I\

il (average current.control)
il (peak current control)
i) Chysteresis current

=1 =1 =1
yumy

fidzs Cindirect current control)
Z## (charge control)

HH4=H Cone-cycle control)
154 (space vector control)




hysteresis current control

laplated +
Voltage
Sensor

|

& =W BN wt

ig= I sinlwt + ¥)

la 5] =Kpd® [ Ve oy Ve (8]

Fig. 1. Schemanc diagram of hysieresis cumeni comirolled recifier.

88-00009172



Indirect
current
control

88-00009172



Charge control diagram

LK

&Ta jh=F}TE

Fig. 3. Proposed charge controller of three-phase buck reckifiers,

00-00822600
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One-cycle control diagram

95-004 74965



control




Space vector control
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Space vector control
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E| 35 AR ES PN

FECR 8] (fuzzy control)

245 %] (neural network
control)

VAR AR 2 341 (slide mode control)
Hoo #5241 ( Heo control)



Fuzzy

Isinm v%al

i am  [EESLlife]

-loos ok

Figure H: Swatched controlled rectifier DOQ-domain
I'-I.I:"_."::.' !I_Il.:il.;: control :-::.-:'-:I‘-Eﬁ'h !".I'H'I'-.'l-'il'IE:_ bothh CFRFLL and
S5 FVC mechanizms.

98-00701948



neural
network
control

Fig. 1 Power circuit and control block diagram of a Voltage
Source PWM Rectifier with NN controller,

96-00548792



Slide mode control

CLURRENT FEEDERACK

MATN FEELHACE

Fig. 2. The structure of the sliding moede contral system for the three phase

conmverters

93-00471992



Hoo control

. |

I
s e ||
Cle |}

Fiz. 1. The control of the converter as a standard 5 control problem.
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FREEREAR (14)

PRAE BRI RST R

Quarter Brick Half Brick Full Brick

| s o H a5 4
I ] ) H
(L .= . T —

» LA VICOS. | ar

' --'I..'lli'.!1- ;;l-Tlli ’Ei.: & ﬂ_m (-(‘ |

¥ L kT

228 x1.45x0.5Iin 2.28x2.2x0.5Iin 46x2.2x0.5In
58 x 37 x 12,7 mm 57.9x 56 x 12,7 mm 117 x56x 12,7 mm
50W-150W 100W-300W 160W-600W

Power Density: 30-120 W/in?®

www.plcworld.cn



Jog

4.1

FREEEAR (14)

PRAE BRI RST R

1/16 Brick 1/8 Brick 1/4 Brick

1,3x0,9x0,33in 228x0,9x0.33In 2.28x1,45x 0,33 in
33x%X22,9x 84 mm 57.9x22,9x 8,4 mm 57.9x 36,8 X 8,4 mm
50-60W 50-100W 100-150W

Power Density: 80-170W/in?3
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PRI FREBIETEAR (14)

BENING JIAOTONG U[‘\H‘l.l’ERSIT'\‘r

PR AR SR SR B ik

Wide Input Range Operation: 36vto 75v

Low Output Voltage: Down to sub 1v

High Output Current: typical 20A -50A Up to 100A
High Frequency Switching:  200-500KHz

High Conversion Efficiency: 90% typical

High Power Density: >100W/in?
Synchronous Rectification: SR driving and Control
Thick Cu Multi-Layer PCB:  2-50z / 10 Layers
Planar Core & PCB Winding: Winding Layout Art
Optimized Thermal Performance Design

Small Size and New Packaging Components

Precise and Automation Manufacturing Process

www.plcworld.cn
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REAR (14))

EF= TG A

= Core (12 6mil)
Voplayes —»- - Prepreg 12 6mi
IntemalPlanel [GND] — Core [12. 6mul)
MidLayer] —s Prepreg (12 Gmil)
InternalFlane 3 VLL) —= Core [12 Bl )
12V SplitPlane [+12) —s- Prepreg (12 Enil
MidLayerd — Core [12 6mil]
InternalFlane [GND) —

BottomLayer —=

Layer stack for an eight layer board with 4 signal layers and 4 plane layers
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FREEFEAR (14)

fLEIRE X
AL (v —HATFREERNSRIA, BRERATRALA Sl le 48

E1L (Blind via): IR N UEREA /R ERTE AL

WA, (Buried via): RIEMEI AR RH—MEAL.

AL (Theough via): MEVEIBM—MRERRE AR~ RENFEL.

TEEAL (Component hole): T etEssF B T E I ek o Rk L
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L
Dimensions In Millmales Dimansions in Inches
Symbol Min Rom Max Min Nom Max
A 5.56 6.54 748 0220 0.257 0.285
B 838 4,64 £.50 (330 0,340 {.350
- N C 407 445 482 D160 0.175 0180
Symbol M[?Im"m";;':nm' 'EtEMm" M.D""E"E'm '"m“hm D 115 127 13 | 0045 | 0050 | 005
n A1 n et E 0.35 0.45 0.60 0014 0.018 D024
i1 E& — 3 — — 0.170 F 204 242 278 0,060 0.085 0.110
— — ] — — 066 .67 1 . .
AZ 3.15 3.40 365 | 0124 | 0134 | 0144 = 88 | o0& | pd0 ham | e
B1 1.27 1.52 1.77 0.050 0.060 0.070 d — — 1.27 — — 0.050
c 0.20 0.25 0.30 0.008 0.010 | 0012 K 0.75 0.85 0.95 0030 | 0033 | 0.087
D 19.00 19.30 18.60 0.748 0.760 0.772 L R 5.0 .33 [P ] D.?‘E 0210 |

E 6.15 6.40 6.65 0242 0.252 0.262 M 115 1.33 1.52 0045 0.062 0.060
E1 — 7.62 — JE— 0.300 — M &4z 2,84 & 6 (.05 0, 104 105
e — 2.54 = — 0.100 — 5] 12.70 13.48 14.27 0500 0531 0.562
L 3.00 3.30 360 0.118 0.130 0.142 P 14,48 57 1587 0.570 0587 0625
) o — 5 o — 5 [ 254 2.78 .04 0100 0.110 0.120
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FREBEFEFEAR (14)

N T LR K1 ¥t
=)

|| BT S Jol TR 1 e A MEE, PCB A3 n#ukEch— | 2444 THD
ix

2| FTHIG JELE B —IUG Fr— [Pl s XS, PCB A3 In#ukEh— | 281F% SMD
ix

3 | BERESE B E R —IG Fr—lf iR B—THD— | XS, PCB dHE ndakEh |8 X

15 IR B —x SMD. THD

4 | A TH TR % W F B R — s — [ e — 8 AR | MRS, PCB EMBWRECH— (2 X

—THD—R iR B — B i—F T 4% W SMD. THD

S5 | AR EEE . | BRFEIR—NG—RE R E— R — | MRS, PCB AENBUREChH = |8 K

e EEEN—IE F—PAEE—TFTTE | & SMD. THD

6 | HHLE LR | EEE R —NG— R RS — R — | BRI, PCB PR ECh (28 A

A TH R W5 P e B Wl — W5 Ay — @] fe— 8 R | =ik SMD. THD
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JuA4 8] B

Wi Fr TC A 1] ) B /) ] 235 A B 5K

PLas I Z ) S8 PFRE 2K (B 8):

[FFhaRt: =0.3mm

FAhaEF: =0.13*h+0.3mm Ch A FEE A& RSEE)
HgF TSR e FEBEEEK: =1.5mm.

IR SR 1 SR
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i ER
v BUORIAAT AL — e IR R BT, B
L o FEL 22 [A) 58 55 HE 2 RO TE HE BR BS AN /N2 . 5mm, /> T 1)
WA AHANGE 2N 2mm.
3, Higk MURZ )]SI, E . R, Bhek I — 5
P2k
S L 35um B ET TE, lmm T fEE LA R AL .
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LAl

AR (14)

AR HL IR Y B

JE o BB A R Hift(mA) AT S0kHz(mA) AL 10kHz(mA)

1 51 Y z Y Z % Z
FRG, AR 5.2 35 1.1 0.6 12 8
B 62 41 9 6 55 37
JETE AL, LA A i 74 50 16 10.5 75 50
Nl PR e, LA 90 60 23 15 94 63

— PR AR R IR E R 2 1| mA,, H[AKED 5~20mA LA =AW s s, A4
GEASRERREERS7
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o< B IR BB AR

1. BEESH: BRIEFPFEIER I oy MR R BTV, 5,

IEF FEEREVe: 2 iRE SERFEP-= Ve |-, AR
VRHIRCR . JCEX TR B R RBI R BIR, Vo R E EE M.
Bl =1, MP/P=Voel V=V e/, B BEV A, PP .
Vo =0.6V,V,=5V, P-/P,=12%.

RIFWVKE B E]: BT ZREPNSG S 25 6] By X AR AT B, H4n
ERS@EK RE N < EEEN, ZREASED B, RAE4AHE#
B wER e E A #FEARBILRE.
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1. FERA.
Wil —RE: t fELusbh b, ATHRMBEATSS, WA ER
dr, IE A Y E U A1) LR RE AR =, PR B 2 Mg TR IE R R
Vee=12=1.4V.
H%V“’E %% (FRD): t,J8200—750ns, FFFFR4MZR20—100kHz3%

, IEEEMEV=1.2—1.4V. KHEEEIA1000V,
feﬁ‘H%‘VX”Ej&% (UFRD): t,,925—100ns, FHTIFR#MFE200kHz A A K]
W&, EREREV,=09—1V. KRIAMERA1000V.
HRFECIRE (SBD):AEFE&RBYFMHS. t,85-10ns, FHTH MR
IMHzUA L34, EREREV,=04—1V. SRR RIAHER MTF
350V) , EZHTIKREESE. FFEMEARE: Si—SBD, XM
JE15—150V, ¥S4A&# K FHmibE: GaAs—SBD/X A E150—350V .
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semiconductor

SCHOTTKY

BARRIER RECTIFIER
400 AMPERES

100 VOLTS

1o—pt— ,

POWERTAP NI
CASE 357C
PLASTIC
Rating Symbol Value Unit
Maximum Instantaneous Forward Voltage (Note 1) Per Leg Ve T =25C To =125°C v
(IF = 200 A) 0.83 069
(I = 400 A) 0.97 0.82
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Schottky PowerMod

CP140080—-CP 1400100

A -—

. COLORADO . hﬂﬂ *
OMicrosemi . o0 |
5 e TR

L L/ \ 1/ \ |}

T = o

ox peck forward volloge per leg  VFM .91 Volts  IFM = 200&Ty = 25°C"
Max peak forward voltoae per leg VIM 72 Volts IFM = 200A:T) = 175°C*
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