DC-DCZE#EzEhY
&SN HZEITAEREES
(£-HR)

FheRE &

l =0 4 4 2 Ko




DC-DC T #az5 R0 dE L 4

MAFEITAHSREES
(58 —hix)

FRE F

4% % M ik

Jb &

e



mEE N

DC-DC ZE et B —FisRIER M RS, EEE REFAHF LR AR
HIERIRN A . AR TF DC-DC 2R i AR &R 3 1147 R S IR
HIBFIT A — % 3 , RN BOHURAL I i 4R, 25X — DT SUSBT i L AF
B REERBAL, B RGEHMAR T DC-DC A Fedh AL ALt sl J1 247
RS EERI R, TR AMBISR T DC-DC A8 #a8 V-4 1 A% IR A9 A
SE e G F AR SHUE A A, PRI N I R RS RS R A,
BRI E, JRIEAT N S RE MR E A RIRG IR, G T 1RE KA
Y& — R I BB BT AL BT RIR , I AR T 2470 B A SMEZ SR B
FEhESEH

AFAGE T GBS S B SR R A R B
LEESERPNG e IE o

B HERS B (CIP) ¥4

DC-DC s gt iy dE R vk ah h 2647 B SR/ P g, —2 ). —dt
. BleEH AL, 2016
ISBN 978-7-03-050041-0

1. OD+ 1. OF 1. O&HsS-AeLR M 230 2R O%
B H RS V. OTN624
eb [ i A P 4 CIP A% 7 (2016) 26 231941 5

T4 .k # / TR kAR
TAER R Tk 4B/ @it AR R

@ 5 & B & U
AR RRERRALE 16 5
BB 4TS : 100717
http://www.sciencep.com

WAL GH WA L L & ENR
Pl RL AT BB EBIELH
2012467 HE — R FFAR: 720X1000 1/16

2016 4F 9 A% — SR EPEK: 11
2016 4 9 HASREIRI %k 204 000
EM: 66.00 7T
ChnAg Ep T B[l R, FoAt 7 55 40



Bl B

DC-DC A5 8- —Fham AL 2k ¥ 28 45, 5 LA 45 ) 30 0 T o BUAS W B O R
742 1t R 78 SR B i O A SE B . — 7 T, BT /M 5 R AL
X LA B S M 2 e 2R 45 0 B, BRI SR AR M — A4 8 R4 vk B B — T
i MES R RE S RUT , RE T BERAFE M, UL A
A 52 12 B0 0 F BE R iR AR R M £ DC-DC A8 e 88 R mim A 1Y » B A RETE
X DC-DC A5 #a s hIHEAE H 28R B AER . 5= H4ELIOK, BEE RIS 2
W R BRSEE R DR IB M R B A7 B3R A R B h DC-DC 25 #e g%
XEE RGO S BRI RA TR B,

FI A M3 112 P 43 25 BB PEERIS T LAXS DC-DC 28 e 88 b i IR R AT
AT EL MR, EbR L — R TAEE Mgk PWM & DC-DC 25448
RIT RS2 Hopf 4345 Flip 48 GO R RS & FFEMRE SRR S
FHIRIEIE B, FAR YR TR S LR 1 Bl ) AR TR 33X 6 40 22, 7 A B 4 A R HL
AT T RA MBS T . X SR A S A7 pe T — 64 300 R 41t oy, 7 207 ey [ .
B4, DC-DC FF K2l FRAF He 8 75— R 92557 BBl P9 4 ) B0 38 AR 88 1y R s A R AR
SEFT N X BB IAE O PHE SR R G B T IR MLE ).

ABFBENE T EFIEHERDFFE DC-DC A58 JE LR M3 11547 0 B HIR
W 5 R BT R R IE 242 % T B P 4h— i ORI & i 408t
Aftt 6B, 1 EHEMENET DC-DC A, TERE, RENE
E BT B A AT R R o RO P ok . 4B 2 ERENG T H X047 DC-
DC A5 25 3R LR W5 1247 RO RA BRI N7 3%, W43 42, L e K SEme it . h it 2
Fed s R BA G R eSS, B 3 EH MR T —MEW A DC-DC 28
PRS0 — 4 R G . 4k B O ] B SRR (T T, LA L TR SRR, Boost AR 8
1] ST T AT AR £ S FCES (M SRR TR R0 B O i) et A Y 0 e ST
e AR BIEEST T B E R e R A JE L TR AR B ) DC-DC AB 8 7F
CCM T fr 25 i 6 il S ASE 780 B DR Mok S A 780 0 ) 5 ) e e S ABE D) . SR 45 R %
B SR A RSN DC-DC AR $e 8% , L8 Bl e ) i B8 — R BB S il 3t PR
R, RAES B HBAE M . SRJ5  FIFIHETT bt (Jacobian) &8 [ 143 2 B6 %o ey i 2 16t
7 Buck-Boost A5 28 F1H /T S Buck A8 a8y 3 12247 R e et
T THRAMBIZ . BISEERRY . DCDC BHBE FHNEREAR, ERESE



© i DC-DC A& #egis i E Lt J1 54T 0 SR T4

BT, A2 5—RAOEBIELME R FEARARM 25, B X ILP&F A E
H s FEE SRR A B FE TN S 25 W B0 2R G047 9 5% Tl L 070 8 Pl 2 K, HL U8 7y
2, BERUE R (IR B E A BT RE S B WS | TS, B4
TEATHE BFE T MR E B A DC-DC A 8% (3G P FEER 1) Buck R 8 88) 194>
BOYWEh I R R KB 2R AT R BB T — Bl BT ES R . RS R
B S R A K L B R B 12T AR T EE MR, FE R . & 7
A AR AL, X PP R G B T R INF S 6 O, B RS IR 23S
B ] A0 R i A7 48 P 2% P B R AR T BV — S, RE MRS
ik BB FREREMES), Rt &Y RS 7E A2 3h K, Hob R
PR R T REATERMIZ 3 XA B i R R, 55 5 TR T DC-DC 28
P AR AR 23 8] S B AR A VS AR AR SR M AR Y R Heh 2 AT R . 107 Bl Xt DC-
DC ¥ a5 (1) R G B AE— - TF R A N AT 5 RO 24, BR A B I 56 o5 25 X i
AT AR, 13 B — A RAEZS FPE R R R B — 828 AR s B, il it
BN AL R — B H/IME SRR B , A R/IME SR RS H R EH01E %
BRI, DA S8 T S B AR SRR T R R 28 . 5 6 A T MR Bl B ik
il Bk epAs a3 B g s i L v sl ] SRR A ) R Lo ik v s B
il ) 4 ) A5 S A IR R vk, AR Eh AL B T X LR DC-DC AR #% R G0 IR
TR, IR T A i e B, S SE PR AT T T ARG A B

T AL S 1 SE ISR 2 AR 7 B T B 2 20 W SRRl » R At < 0 LAk
BTANTRLAEMIE BB, HR FEA B RS W18, F 75 A AR e | 5t
M HE M A LRI BT ARE AR SR S 2 8 SO S R I B 9T L
1B, EE TARBMNZE, RS0 2R B i) st .

BE R E K B ARFE ST H HEHES 10862001) Y ¥EBY

B FAEE KA B, A B RAFEAR BRI ZAL B0 & HEPEHE IE.

&
2016 4E 7 A



&

#1E DODCTHRBETEEEBESEBSATHEBR e 1
1.1 DODCAERBRAIEIR 1 - van s s ianssawehusso s sorson ygs sapsiussnsibs vesodnes 1
1.2 R TR R I e ehina sinnvms desis snpa gt ponsas st e o sinans 9
1,3  DCDC AT T B | <o sk dnssiaasesis vaswn insvasassava seniiant 4

1.3.1 Buck ZEMElf ceeeerarteurisiiniiitriismiiieiiiaiiisiiiiiiaieana 5
1.3.2 Boost ZEHRBE «ovvrerrenrarmnttt i s e ]
T B L TR B Y o T PRUC RO D TP 10

$28 DCDCERBHFELMNNETHHBRAFEFE oo 11
2.1 BRI ol L D e bR SRR s e e da e 11
2.2 FENNBEBRET «orverrerre 15
2.3 ARERPE I cos v iveras seraosv sl i N wa b S S R Vgt o 16

2.3.1 ZSPEWEREDEMEGE L rererrrrerrennitii 16
2.3.2 ZRWFIEBEHEI  reveerrrersrrmriei 17
2.4 ZEJREABTEIFRBPL <ooororrenreoriavinontornessossitrnnsesssaiiinisansnanesassssass 19
B RR  covos sunnessonranssrnenssnnvans s insanssestTath s SR IMS TR NS 42 445 F e RIS 21

$3F DCDC THRBOBEBMM EMRMRERIBAETHGH oo 23
3.1 Gl v 23
3.2 DC-DC A5 38 44 B BT 18] B ST A TR TR T vvvvvvrrerrererreneerermmnnnnnns 24

3.2.1 —E B HU ] E R BRI «ovvecrnriineiin i 25
3.2.2 :gﬁmﬁﬂ;jrﬂzﬂs%ﬁ&%ﬁ@ ............................................. 28
3.3 TR ) BT A ) DC-DC 28 AR i AF &30 71
TSR 0 S L g LI ECLI RS U ALEE LI ¢ 1 B B e 35
3.3.1 RN Buck-Boost 25 e kB HO IR S ML Fr B MRS - oo 35
3.3.2 WU Buck-Boost MM HIARLIERN S FATH worevrereosersoseese: 38
3.3.3 RSB EHEAT rovrerrrrermrre i 42
3.3.4 ML Buck BRI B O S RBRATTRRAGRESL < oooereeee 44

3.3.5 HiHESUBA Buck 2R AR OB E ERARE LB I EAT AT -ooeeeeeee e 46



Civ e DC-DC A8 # g i JE L3l J1 547 O 55 1R T 22

3.4 ZRBE/NGE v s 49
I YR v v e 49
$£4F DCDCEHRBAUSBRABINFRBGFRED NRTHIH - 53
R = R PRRET 53
4.2 RS Buck ZEHR K —4E 0 BOGT IR T 2 MR L S
B TIEEAT R wvreevremr e ettt 53
4.3 FERER] Buck 28t ) = 4E - BOGHNIRZ 7 18 A L S
B FJEEATI +ovesectnversensnnnsbsnstovsnyansrarssesonusbsonnssnosunsunsgerses ony 55
4.4 ERYEFFIRH IR RS ] Buck AR SR I M BOGHRIRAS 75 2 (9 S
T LB FTEEAT R +oovtreorrenssiucsirnisaniuesantussansassusssnsnssssnassunssnncy 60
44,1 FFBE Buck IR BN JIZEPEIR  rreererrmrrrenr e 61
4, 4.2 FHBE Buck AP 3t i B RGBT «oveerrrrererememmniien 69
4.5 B Buck AFHR S8 fBI TR BERRRFEY - ovvevvrerererermmneee e 73
4.5.1 FFIk Buck ZERBE FUHIBIRRTIIE  coorrrrrrrerrrini i, 74
4.5.2 FIVBUASLEHIES T R IEIE Buck ZEBAMTIIEAFHE ooveeeee 78
4,6  ZREEINGE wvoeeesniii 81
BRI o vovererssmsssrsnnnaneiniitetiin st st sstaet e s e et s s n s as s aas s seennes 82
¥5E DCDCEHMIBIRSE A FRBTBRELEMERRE
B FIEEIT HAPER +ovoeeerosroesssnnsnassanenasanisssansnsssnsnsssnsssnsnassnnassnns 85
5.1 DC-DC 2 # IS IR A S LRI feevevdetanmmnninsonnsabsesinssssnineinans 85
5.2 IR PSR cuk ASHRS MBS SR BB Y2 S oo 89
5.2.1 WHESGEMMIEEATEIE  correrere e 89
5.2.2 MR KA RSP G AT v vvernrrnvnnsnnni st 91
5.2.3  EIGH R Cuk A PR R Bl B R v err e e e 92
5.2.4  Guk ASHAEE Y MR AR LE M AT 5 A g AT <o v re s e 93
5.2.5 BB EAAESREERD ST AT ooeerrnrrrmersnesreniin 96
5.3 Buck Dh3&75 28 4 ¥R AT K HH B ST v vvveeeeeeeeereniiinniiins 99
5.3.1 G THEETE «rvvrrensernnssnesrontisttiiasiittietiitiitatsiienes 99
5.3.2 BEAIDL vvverermerrmrr 101
5.3.3 EEJRPEL vreoverererrortanntntsii ittt iitistisa st 102
5.4 DC-DC S BR A S 45 IE S EHLIHAMHT  -ovvvevemmrmmmrmmmmmnecneeeeeans 105
5.5 DC-DCASHBSAERIES J AT HBFMET LM oovvererneennenns 107

%%iﬁ ................................................................................. 108



W6E DCDCHFLEIEIMRBEHGRIIDE] ooooveerrmreereemrimenneesineeens 111
6.1 AR orunerronnonssiunisisiumisnmnniismvisisesaresonsstoniaes ivases shv e sataes smenes 111
6.2 AR TR E %] DC-DC Buck ZEHa LRI -+ eeeroveeeerrrrrerirnreennn, 111

6.2.1 HESH DO-DC Buck Sl OIS 7R B SLIRILR= A A
mﬂﬁ}ﬁ .................................................................. 111
B.2.2 HSHITFLE ceverrereeernn it 114
6. 2_ 3 ﬁﬁﬁm%% ............................................................ 116
6.2.4 EIERAHELIGLER  coveerrerrsrtniiiiiii i e 116
B2, 5 BRI osrmessyinas srroncoront nogunenuassinnasiusesnstaesasaaginerteansaaias 118
6.3 KPR L E3 ] Buck ZEMREBEGIIE < ooververerrrreermrenreneininnn, 118
6.3.1 Eﬂ%ﬂﬁ%_ﬁﬁﬁwmﬂ ...................................................... 118
6.3.2 BRMEAGELIGZEEL  corvererrerervmsermmicnimiimiininisiisitia it 121
6.3.3 HIEEAHELEZEIL  oevrererrneriniiiiiiii 129
6.4 WHEEESH] Buck THERASHRIRPTRII - veeveerremmmmnmermrimssmineisenseeens 124
6.4, 1 WEHAEASLERGFE B G o ovvreerrrennsinntin 124
6.4.2 BU.Ck @&%ﬁm%ﬁﬁ%ﬂ ................................................... 125
6. 4. 3 ?E,ﬁﬁﬁ-u B‘Jﬁ?ﬁ‘ﬁ*ﬂ%@‘ﬁ .......................................... 132
6. 4.4 B ke (ERIITHS - oovereereermrmseerimnet i 134
6.5 SHELIRM LS i AR Buck-Boost B AF TR --oeoeveee 136
6.5.1 HWHER PWM Buck-Boost BB MAERAET JIAAT Yy +vvreeeereeress 136
6. 5. 2 ﬁ%ﬂﬁ& .................................................................. 138
6.5.3 BASEHEAMIT werrevrrerrrmerrmniiii e 142
6.6 RZ Ho Bl ik b A B B 45 kA ) Pl R S B BY Buck AR 28 AR <o 142
.61 SBOGH RGO P REIE +roveereorerressssenneen 143
6.6.2 RS OIS RUR B B Buck A BAHIIRNG -+ evoveeeeenseone 144
6.6.3 FEQERABFEL cveererorersnnsertarsiniooniuttiiiitniiinuiinnnietiinesiseanas 146
6.7 SMMESHURIAGE S IFIRE AR K] Buck ZEBERAITRIE oveerrereeeen 148
6.8 DC-DC ASHBEAY EIBRTIEEL «oroeioniimeoreivinaristosieresmseensenneones 150
6. 8. 1 mﬁ ........................................................................ 150
6.8.2 BRI EERIEBIITHE ooerrrrrereriir i 151
6.8.3 Buck ZSHASHUZ 1 H R B BORNGY EL IR oveeeeeeseonseenes 152
B, B4 TBED +obhhuabionn i haivs EHpuiihs poowa shonie iR vha kyaiaa s eaid 5 s GuaTh  ne 153
FRIE TR v evvevr v e 154



45 1% DC-DC Zg#ias T 1Al
58tk o U5 itk

DC-DC A8 FEil {5 P HA AL AR 3R Tolk B sk 45 2 e 4 55 A
METRGEHA BRI ZRNA. 2R XA s BA TR 3
R R IR RO TR (AR LD MR BEE MBI
(YT ATAL BB A2 5 P O ASEERAL B ) 9 58074, DC-DC 2 e % ISR & B AR
PR, R N AR R BCA e SREAR T MR R . AR E o &
#r43 DC-DC AE e M2 TARJFUE, SR 15 41 E AT FE B 0 B BT b B 2%
PEAHT I

1.1 DC-DC Z5f#a 25 R

— Ry B e A REAT (8 O B, (510, 2 e 40 LR R R AR
JRAR RS FE R Tl 3R A% e SRy /N R4, 4 I el ) LT 9 S AR, DC-DC iR M B
i —H AR . DC-DC A2 feas J JT 5% i YR ) £ B4 AR A » 2 — N FH FL T 2 2
TP R AN T B AR IR 40 i REREA T e I T AW i Tl . B IIRE
TG — P EL A R B 75— Rl L AL, AR T B 2 A T R AR AR A T
K BHA IS EAR (L A C) A B M-S H R B E— 2 A8, — 2 WiT, AT 1288
AR BT E A B AR BT BB . — BRI DC-DC A8 2% A R 45
AE_ERVFURE— A B AR AR . (R W 9 SEPn 2 ey R BB R 3Z i » A
AEAEH B , PR U, il % DC-DC e gt 1 RALHE =FF 20 T Tu it R R AL 8 oot
FEE IR BT . FE R Iy TR B — D EE5r 32, DC-DC e #e48 M 20 b4
70 4RI iR KUBE T RR 36, H St XA E 2, B AT IE7E ART TR A B8, BB R
YRR A BERAL FER BR A T 1 A R

MHL2EREE 3, BT LIACH— N BEAE A DC-DC A8 a2 st J&— A 1T 45 4 AR AR
Pl AN 1. 1 Bz s XOAFEilE -5 Jo A5 il H i e v TR 5 LR BRI S R A

Us = MU, Iszl\ldlo (1.1
it\‘q:'v Us,Is,U(),Io%B%SF‘i'g{E_Q



© 2 DC-DC A8 #e gt 9 9F Lt 3 11 247 8 SR

+ o———>| DC-DC ZF#Hz% ——0 +

1:M(X,)

E
Bl 1.1 DCDCASHMN—HER

DC-DC ZE#e 88 A Z R B IE . 7ErRLBEEE M L, 358 He il 7 =0 n] 43 4 ik v
T B VA (PWIVD 264 1 ik e 43 2% 378 4l (PFMD) 20 86 b B A8 e 2% . A B LA PWM
% DC-DC Zs#e 884 RWF x4 . XF T PWM EiAs g8 , % F69H THAEBIE b ¥
i) PWM ZE #2885 TAEBOE o IE X th & i e AU AR s . PWM AR5 2% F Bk 5
7 A i LTI 26, BIVER 3 S 49 3 A 1 o572 42 3 e (] < A C Rk e ) B
BE) (45 25 A i FE AN S R AR U, S8R A R R A RFE A . i T IF R KT
FEEE I, FF 5% b [ it 77 e o FE AL I BB IR T 56 B A HRFER K, FF R EAH K
. HET,PWM 254 8% b £ % i MOSFET 3¢, TAES R A8 JLE T 2%
(kHz) , 3RS AF A FH B IR IER , (i f F FF 2G40 4 b A o F s H 4% 1E 7%
MERARL . TS RB O AE L i e i O R 3 L I BRAE T IR R
TR0 W, XHE, TP R T B FEEAE A F . B THFED, FF %
AR BJEAZZ A . DC-DC AL didk D) B 43 254 I R 848 (Buck) | It FEZE#e 48
(Boost) . F & FEAS ##8% (Buck-Boost) |, J 7648 #e 8% (cuk) FI2 4 B AR #a gk .

L2 B e A0 A R R 41

TEH BRI 22 as T, Buck (P& F) F1 Boost(FF ) ZA#e 4S5 2 T Z B9 A .
SR T S RS AR SR P e S A A e, S R R T K T S Bk
25 L, B, SX AR T SR AR a8 AT DU A [G] 4 e B AR S, 2 an A 1. 2~
1.5 ff7R.

BT EF Xt R AR B aR AT M AT e, BLLAE 1. 3 B s B H B S 5 42 ol
Buck 2538 L FIE TR BEAG . FFL S BB i F 5844, i kTh LS4k
##F,1 GTO.GTR.VDMOS, IGBT (4 25 Al XUAR P4 it (A ) S5 40 AR Y vl - FF X 4
fE. DALER _RE, HACHEEES S HEHRR, ¥ RARKE —H#E. L.C
R VR R RN R 2, LRI I AR . R R A #R. b T (8 4 b v g i) A J B
A BT L BEAE — BT L B S\ T SR R A A AR R AR T G RR , BN
b T AL, A R E  BUERR RN E  HUGA N B | BRI T



$ 1% DC-DC At TARIRE 5 St a4 75 ik ik

PWM

Iy

-llHW‘jA/
=N

R

SZU

clock

B 14 ARt Boost ZE s 2



© 4. DC-DC Ag i (AR Lot 3l 1247 g 5 TR 42

L5 Hi R Boost 8y 2 A

1 B e R AR FE R M X ERREAEAN , A7 AR s BN, A O S8 R BB %5 R
A ERAE A A B E U RIEER, HNBLAE,

LRI 1. 3 BN B PR BUAT , S 455 A PR RE B 0 S48 FR S I ) T
H Bl R N TORSE 4 R R Uo AR . B4, 224 e 100 e P 8 o s £ R AR R ik i
Hi L Uoke T8, BB 1. 3 P Rs b A ERURE S 5t e B TG, AR 0 4% A %
Hi I wid K s fINTE HUBERT Ao B9 B4 A i -5 A8 B A [ E A S WUk
G (BN EB ARG D) weamp PEAT OB o 2 wramp e ] EEBERR A il 11 5 HE
FEEFFR AT ol . AR w8 R, ) A, i Hh 73 v P B B ) 2 £ s 1
B 8] To. 285, St B R Uo TRE. BRI, SBPR B RE Al 4t s I B
SRR, AT A BRI E R AL E . 7E DC-DC Zh 3848 i i Bt v, X i o
IR T A ) Al s ] A S5 L b, ) ) R AR R ) D R A 08 PR Bk v 9 E
V] (PWMD R 5 Fe A5 e 85

1.3 DC-DC ZE#eds L& ot st

A » 72 FIR 43 H, 7 Fi - P B i A AR s AR A P P AR AT AR T v o, B R )
1Z 19 /& Middlebrook %F 1976 4E48 ) (R AS 28 (M E X9 o iR 2L FIRAU/ME
SRS R LA AR A TES S rfn i) 7 i B9 B . PWM B DC-DC 78
o F B LU IR A [E 40 $h 4548 i A5 e 4% : Buck . Boost, Buck-Boost Fll¢uk 25§
@i [ XS Buck 1 Boost AR #e % £ 47 B B IR ME 43 #7 . Buck-Boost Fl cukZE
Ar I ERME AT AT WE2% SCk[1 ],



1%  DC-DCAs#eals TR RE S &M 7 i + 5.

AT 43 PWM & DC-DC ZE e A etk , b R A XM 82, #H471
TMEE

(1) FFR SR AE A AR R FRAR ST . LR AT LA A S “ Rk, T
H“ Rl i RN T “HRE IR R .

(2) WU A RBIEICH . AR TAEELNE X BRREARAN, FAERENE,
FL 2 B S R R I L BHL O 2

(3) % thy FE I HP B 800 P P 5 i Y B LA B » T A BB AT

1.3.1 Buck T8

1. TAEE A2 69 KM AT

SHFE 1.3 B A9 H R R i Buck 2B a% , HF3H TAE SRR F.
AR Ay B H R R wn TR OE S BEl AT (T SRR T, T RD , i
WA 1. 6 () BiaR , B is =iy Piad Rk P8 L, 24k L 0 e R B OB K H AR 3
ISR AN , RN B FEAE R T s IR a AR RUIA A e PR3 (SEBR | S48 Fo i
K, R B L Wi /RN R AR M R A IEA L. T3k R Edad LR o f
o RN EIET R ERBE Uo. X is> o, AL TR BRE , X
TS D B AR ) e R T AR AR ; 24 EE AR A, B R R we [EFFOE S W
T SRBR L, FRED , Buck ZE# S 9 53 B AN 1. 6 (D) i, T is=0,
IR 97 R IR S BB RR A5 o T (RAERAE B R (B L RFEECT ) , kB L Wi i Jak b fE
FEAR ARG AR R 22 A IE , LABH AR i 98/, MR D AR ZIE [ s T S8 . i Bl
U, %R R Wi L A2 BIE B . 7E is<<loB, AL TERL AR AR, 5 | T4
FF Io Uo /A28, KB ZHRE D B A IE [0 F 10598 , F I o R A0E %, % D
FRMSER AR . T EAR TSRS MARR isfEFF % S AR KTE X

=0 - Uy +

(a) (b)

B16 e R ] Buck 28 4% H B 00 TAE S 2



© 6. DC-DC 2 s Lt 3h 2447 R S IR M2

S WiFFEt is=0, Bt is SRk Sh i 0, (B4 IR To7E LD C fEFI T 2R E S/
R .

I8 RSB ST » 250 A B H A £ R AR, SR B B AE A 4 v A 3
12", AT TR ERIR SRR E A

e e R L i 7E RIS e R N TT R » Buck 2385 AT 43 v B v T 1 4
#ix (Continuous Current Mode, CCM) 1 H, /& H, i A % 2245 =X, ( Discontinuous
Current Mode, DCM) B Ffi, CCM J&48 o R 0O S 1 el M AE BN JF R JE ) Ts 4B
ARAZE, T DCM R8RS FERUEETE] Tor PN, HoJ5 — B a) e B Wi A F
X e R e A 2 TR BN AT L BETE AN A9 3 . Buck ZE#R AR TAEFE LI
FESE T , B S BRI 1.7 . HpL LI, A RE VTR,

Upe

i

DyTs

Ts

1.7 Buck 2845 AL/ M HUERTEE S TAEEGUF MO B0E



%13 DCDCAE#s AR R SR M 7 ik « 7.

2. £ B HfkigARg X A X

LN % &

TERE L7 BRI Ts, A BE 6 =Dy Ts, WiFFB ] £, —6 =D, Ts,
D, <<1, Dy Jy$id i [a] & 25 b, B T T S8 B[] o — AN 1 | 40 D. <,
D, R W7 FF B 1] £ o5 25 B, B T R SR W T B (] o — AN R B A E. R AE R
£, A D,+D,=1,

FER A S R RIS T, 2436 S Bt , BBt 1. 7 Frs , HUBR 4R
BTt 7E 0~1, BRI, BLIRAE (L RN

Alll — J Uodt %Ijotl = Uin ZU0D1TS (1. 2)

X, Ad )ﬁ%ﬁﬁiéi(A),Um%J%)\%ﬂE%H—s(V),Uojbﬁﬁtﬂ HLE(V),L e
J&(HD , Ts R FFR A » Dy T R G I E] 5 25 L
LR S Wit £ 1. 7 Y 6~ BB AL BN , RLIAL i YRR N

AiLZ =—J. Uodi === Uo(tz —#)

b

Uo

=—f°<trs D Ts) =— TD s Vs (1.3)
B TR B B AR L B A 4 S E A S B Ai, = | Ady, | BFLAA
Ui ZU"D]TS i %DZTS i %(1—131)7"5 (1. 4)
Rlﬂjﬂ D1+D2=17¥E1%
UQ == UinD]_ (1. 5)

it(l. 5)%% ,ﬁxﬁ @.E Uol‘ﬁﬁﬁﬂi Dlﬁﬁ/E’ﬂ:n EH%E D1<1’& UO< Uinv lﬁlﬂ.’n
Buck AF 428 F5% by fef He AR 4 o
Uo/ UnsH 53 25, i M 2R, U

M=%=D1 (1. 6)

2) % WL
H1PE 1. 7 e i o BB B AL AL RS AR [0 i ZMIE TEARTE TSk ]
N HFIE, S5 F Uo/R, B

IOZIa+Ib =Ui"_U°D1TS=— (1.7

A I, A Ty 43502 50 A O L AL B9 i/ IMEL AT R R




© 8 DC-DC ek iy Ltk sh 1 2647 0 SR i il

E & &:N:3

ME AR BT it iL— Lo, ic TEFL A PS4 L FE AUFR S0 L , H
POEE 1. 8 Fik.

M ich ¢ AR R A

LT Pt 1Y AR Ty Al
AUO—CL icdt = L (1 x 8l Is) = Bl (1.8)
X1 HRARKA. )%
Ao = 518Gt — 1) Ts = S9Lerg 1.9

i

1.8 L ZEL IR | FL PR o R R BT 1

1.3.2 Boost ZHuss

1. TARiE A2 69 & M 547

St FE 1.5 B i R R B4 il Boost AR 4028 , 75 % 18 2 15 55 B 1 R 1k &%
BT, HTAESRAERMT . YK S BoER, RbA B E 1. 9 fims, B
LI o A R R B L, 7 P SRR B SR A PRI, Fl AR MR 1 i, i B ARG B T X
FEftfe e JRER P L v, JFAE L AR B L PSRt AE IE A T R . IO, HL 2
C R E¥iat B Tos IofE R Bidwr=4 _EIEF AR BB E Uo. BT
KA AR IEAREE U AR, — A48 AR 32 S ) L FE iR LR » 7 DA EL AN RS o




# 13  DCDC 2 TAR R SR 7 i h © 9.

TRRBEHOR s 24TFK S Wi T i, AL RSN 1. 9(b) w1 TLRPE L P s i
IR RAETF 4 080N BT ALK B L 199 sy 4 JRR L FE AR PR 2R A A7 » Lol AR 1 Ry
A IE AR AR do 8y IXRRER I L o B 1 A 2 (L UM R P L BB . El T LB,
WL UL S IR U BREK, BT LA L2 CL 3R R R B HUE R T Ul , B, Boost 45
BAFRAFHEA A . S UL SRR Un i B ER T Uoht, A HEH,; ST
Uoltt, AR FER BN % s 2 Uo A R, da 25 0 71 28 R e, 45 Uo
A,

L
+— ¥ + +
Un— e== " ]R Uiy e="" gf|»

Bl 1.9 R Boost A8 #eff B ¢ 4 T4t #2

2. TR MR X AKX

AT VAT Boost A2 g 9 TAEBE A EE X AKX MR L BATS
o FEFRERH R ESE TAREUT . SRS Buck ARHediAR AR S04 035 , AT HEAS

L FER 25 M=1_1Dl =Di2 (1. 10)
EWHER Io= %DIDZTS C1. 1)
g E AU, = SUTOCDIDZT‘% (1.12)

13X (1. 10) AT A1, Boost A8 s i) it EHE A5 1H KT 1, PR FHEAE e .
AR L 7ER (L 100, 2 Dy =1 i, M=co, XESELBE RS . Lhs
GRS TE D=1 B, M=0, A3 A28 & (49 IR R B 20 A A L g o 19
TR ERAT ), A0SR BB e R i AR T A A A r B AE L I8 4 BT AR 45 RS 5K
PRECRBONEGE . [FIRE 275 IR R BRER B IR o XA L W AN 1 SRR AR L,
T ER i RE (it P IR 1 SR B R, AT O SRR R R i R

ATERBENR T DC-DC AL He % i B 2 AR T AR SRR E Ao A 78 » A S
LA AT B E R RRRR AR R AR, et Ay R BARAE R B TR
TR T YR B R T AT T A R B AR A AR R T S 2



