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Study of the High-Precision Anti-Interference Design of Power
Management Integrated Circuit

Abstract

The global electronics industry was rapidly developing in the past vears. The
applications of the power management technology have reached an unprecedented high . For
its small size, and high efficiency, the power management integrated circuits has been widely
used in power electronic equipments and systems.

At the same time, people’s requirements on the performance of power management
integrated circuits have become higher and higher. It's very important whether they can
provide precise, stable, anti-disturbance, energy-saving and efficient power management or
not. And the precise degree of power management and high efficient anti-interference
performance has great value and meanings in both theory and practice.

This paper analyzes the current research of the power management integrated circuits.
Based on the comparison of the traditional power management chips, we use two key blocks
(reference and oscillator) as the main object of study. For improving the accuracy of the
power management chip and the performance of the anti-electromagnetic interference, two
types of circuit are designed.

A high-precision CMOS bandgap voltage reference is designed in order to meet the
requirements of high precision and anti-interference, and the design value is 1.25V.
Simulation results show that the absolute error is lower than 3.1mV, the temperature
coefficient is 15.6ppm/°C, over -40°C~150°C, and the power supply rejection ratio (PSRR,
Power Supply Rejection Ratio) is high.

An improved frequency jittering RC Oscillator is also desined according to an analysis
of conventional RC oscillatiors. The central frequency of the oscillator is 44.6KHz, and the
frequency jitters is from 43.0KHz to 46.2KHz in a period of 8ms.

Both of the two circuits are designed with sinoMOS 1pm 40V BiCMOS process and are
simulated by the Hspice tool.

A PWM (Pulse Width Modulation) switching power supply IC is given with the two
circuits above as the core. This chip is a 8-pin low power consumption current-mode PWM
controller IC. And it is applied to off-line flyback topology AC/DC power supply module, It
can be widely applied to various portable electronic devices.

Keywords: power management; precision; electromagnetic interference (EMI);
bandgap reference; frequency jittering

- T1I -



RIEH TR F AR 3O A% 75 B

HEEREFN: FFEXNFURX, RAAERFAERTHATAE
THFBRBHRR. REF i, RXPCEENRT ARSI HT 5
AR XTLEHUMBERLELRNFA AR, 4T SAMEFH
FURAEAREALIHRR. SRR TENRIARATAHATHR
HEERXPHTARNRANET THE,

EAFEZL, FARERAERRZRTE.

$bxmE: KRG DI KRNI,
x54: __ Jolh TR




REETRFEMTIFRESAe T

KEET XFFAE X RER RSB

AATLTRFRAXFURX B RASRAIE, ERIGEFME A
WX THHBRAFRBTAEEIAF, ATFRXBEEALER. FEA
PREBXHMERAXRBIINAEZ A XS L pEoE TR, TUHR
REAAXNLHARA TN EENARYEEHRTRE, TURATH.
e, HPHFEHFRAFHLREEMUAX.

tEEL: __ qofd, Eﬁ;ﬁ u;#s.ﬂﬂ‘a
FhEL: _ fedn H _,y-p;?iF 'y : A




AERE T R AR

H

i}

HETFERARSSBNBTRENREQNAT N R AT ZHBAR. GFEERT
L RRE RS RENARAS, YR ARERERIENTE, B—Fikmedm
MGG P %o £, 3 496 B 0 o R A T4 oy B AR 1),

BiE BTNk B R R, RIREESAR TRARNMHEE, NEe AERiiER, &
MR BERAEZHINENLARAR. RETEERARETE, RULERDS, HER
FRARARZENETRENREFATRONEEH LA T, RRES, BTF&
REHRERAERAEN LRBTHAGSH LREEER B RNER. XERRRE
A AR BT R B HAI AR F AR B AR E .

ATRENREMCERREHRTEERBRTRT FAHB S, MR
SERFER RN RBREMNERTERT, MEICEARNAHHSNEFEEETZ
ACFRIANRE, BEETEERBRNESHLTAAEC. A, dTEASTNN
RS ERUTHFERRTESHELER, 00T &7 b e ik
REERHERHER. ETaAWREE. 2. mil. Wi, &£ SHNEEEE, &
WA R E o s, FtbRaRETEERERNAR. BiE. £/ mIAR
R F AR

RAEMBERERERERETRARE, KEAUBREENERTBE Rt
R IR s R R A TR DA ER, MEERETREAMNERFGNEZ2l. B
ik, BFREEEER TR R R TR R AR R R HE.

X AR, AXENEANRFEEEDS mRARMTBEER E, Rigk
HRETHAEEARAZHI AR T, ERTHEFELHF PERRNREGHEIH N
FREER, HRGRETFETAMRENARETIER, G5By, FREE
RIERAEBEAFEAR, BT HREE, WEEECMOST BEMER RFHREMNR
RIS A B A RE B B T AR CHR 57 88 FBEE . Hspice (T R4 R R AR M HTERE R
WA, MERBETR M A SBENEE. B4, WX RETRE, TUE-ER
B L3 6 T 286 7E iR B AR AR L B P A TR,

AR BRYGHITT RERMHR. BREHHTURGTE, BESHT I TENSH
. BRTRKAT BEMEERRECh B OB, EIL R fh s Bf Rk, TELRMD AW
M EETIRHE R RN, MET S RFMNBREERNEDEER. MTFFZERK
Y& ERIH AR E R,



TR ER RN TN R

1 EBRETEE Y B R LA

1.1 SHSBREEERBRERALZRES
54 IR E AR M R RAHA L TRES.
.11 BRRARESHEE
2 USRI SORERE, R R SE R S e S B oA v iR 21,

BEFIERZSy, —HAB IR,

ERFREEY: WHRENSRAXESHEANMNRE, TRTA:
Fonsar =T
E, = 7 (1.1)
R, E, R-WE, BIER, Vo, RFHiH RENRAE, VR 5 RENY
2.

MBI W EENEMESHEEAEMYRE, TRFHN:

V. =V
E =-ouN”o 1.2
- v (1.2)

KA, E Rr-HEE, 2O, V,,FrmlsaEgME, V,RZratalEd.
A L1RR 12 BIABHMENE, =(E,,E, ), WENSRERAS, b
B, RARENHEER.

BT

STk

ARTH

AT

P TR

B 1.1 BETHRmER
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Kujik, Ahuja LA Song A7 RIHEH T =FEFizg CMOS TEMA RS Hn S
Eﬁiﬁm]-

K.lasanen FAET Ahuja FJHERRH T TIEETHEERSTOEhEERERER
4R, BFMOS BN TRERR BN ATE, HTEMERERTZ, Bk
HEMTEFERIANAEEER, Ll CMOS # R R — L B FH Bipolar .4
RIERBE: —BURAZHESCH PTAT, #M%f pn s TR RME. HEHSER
EAR AR MA KRB AR, R RE R RS A KRR EN EE W,
T.Books EARHFH pn &/ INMEH, EXHAEETESERET TE; Germano
Nicollini S AR FRAFXBERE AN KHEE; AL Westwisk F 4 1 A ILEILH
£ MR B i fE BB IR0 L (PSRR).

(3) BieMILZHE#

BT CMOS TEFERMARBEMTEMEE, 780U R4 B A b ay LUF
(i i A EBRTE CMOS B R EEABI™Y. Bang-sup Song E— L X+
T Zpranee Py, 8E Z A3 10ppm/°C. Ka Nang Leung 242 i PUBT$MEH A S
%, REE 53ppm,CP, SkFIRT, BICMOS TZHBITRANER. TH
W T CMOS B @ T PNP EFHREGMEH RN E, FRERNEEBSIRA
(33]

B TZEANRE ER, AR TR/, fiR s R ki
&, B, 0.18um CMOS LEHARCHAGE T UM MR, FROBHMHA
5 TR A SR T READ S PR B 1R (1.205V), X0 HHEIfEm s Mtk aen A H R TH
#. HBanba ZH MU TERFERERTF 1.205V M #iEEER, Bk% FEE
FHMEFRAEERENBR, RESHERAMBA—AHEE=EEERE, X7
WitREEREEREMREREZAEHEERANERER.

2.2 FxsBEDEM @S mERD

2.2.1 FRBIFEFRETHASE

Ty S 33 (o 70 A0 T3 5 M 4 A1 5 0 o 9 0 o s Y RO B 4k A2 7= 4 EMIT B E E R,
FE BT P B RRER R AT A AR P B A TR A P A R M T P R B R ] R R
u, =L%I;L (2. 5)

TEFRBE P A 2 R 3 4 ri 2 o R 1) e PR AR P A B T 7 A ) R 2 M
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B Lein § B
i=C (2.6)

B 2.1 BRE VARSI E 0 REE LR FES R EMI EH. Yy MR B
UEPBRAKME, B ERAGE, R, T LRGSR TAERS FE
MEFHREY

B2l @iidaEaFEsE
Fig.2.1 Currentand voltage caused by rapid changes in EMI
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HETH—-RRBR B FRRBLEHINTRRBEERSES “H” MR+
BEDEFER), HERBTHRAMRAE ‘" aiAR, BemEXRTIR. EX amR
FOREEFRA, —HW, RTINS ELRL I RN BB, THERE
Hefod@aerdd: 500 nREBEATE, ERATFRFE LAEET
TR, MREERN, ARTRUSHZERERT, HFEERERES
(R LY,

EMTHEERARPHERSTEMNBBT R A TRASHRBENGS
O, mEKEE. BlERE. EMTIRY. B TERTRARSEXNE SRR
i [N mERETHRE), FLEHESHTRE™ER, LRMBRENH.
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MR EHTRESWERANERL. BT TIRESHEENTERR, Btk
ERIX AT R SRR O,

—RMFRBEPNEREERESIEEERSE . REBERETERETFIRG
EARL T ESHRERNGE, HDPESEENRIGEE. AkaRAREERE
B E S P AL EMBIGEEERE. —BLL P BIRE 21,

BR T IndEsead, n—ieyE TR B RN EMI BRIt R,

(2) BLiEFE AR B AR A L fE (R R T PR K.

O FHFREIFR. FEAFXEREASKMBHFAXBEARE—£BR. B
BT REEFANGRECERMER E), BT ERE PRt HEZ2 RS,
TUEFF R TE o/ AT 28 o T A S AR e 2 .

@ #EHMIT R (MOSFET X £k % — 1 F) £ hn RCDSnubber 3%, W/ d, /d
dfd . FEERZEEFE B ELPRMNEARESRE, MAXETARSMRER
A3,

iHidiE 4iEMN RCDSnubber RIS 5, AIF Mo B IF L F M XL, BEXE
KETEEIER AR, LB XERMFAS Snubber BLERHIEIE L, REFREM
TAEAIaEtE, RN BEaEMmBHEETI, (2 Snubber MEREAR FASIREBHNT
FRE.

REAEBRBEF T XEN, FERBMAEERE, HidEH%ER RCDSnubber
B ERESE, LN FXRE LA EMA, #aH TSR EEREFETXESH. B,
Snubber BB FE T HERTE LR, N —EBE LEW T BN TENE.

@ FREWEHEAFESNOG SR, S8 TRONSEERERSE 34
[EHR. Rl EFRAMEFGENGEERE. oFREERHSHRFOME, i
BREXHSHZENME. BHERMFARSEWRENE, IE2RENAEENR
A BURAEERABNERSMH, SMERET. FHRCBhS .

@ HEit5EE PCB &, M AH EHEFEHNEER, BT HRA Kelvin 52,

® FFIGHE L8 dH AR W EML.

2.2.3 g

BEEE, M LEEEAD EMI BB TEER, OOORQNEAMXLEHFETUE
FORMH R TR, EERTEREHERE. HMRRAEERE. X R ¥, 852
BER. ALY, YRENFEERANBHER=:EER. RE rasns&R
AFIAEESIERETHRNER: ZESATHEAENT BERNSEERE,
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HFELE 4D, BT LN Snubber BERS RERAERZE, HIMEMFXMR
¥6, T PCB ##rWEMEEZNERAAHIVER, FEAFHFARENETF. H
HZTF, R THANE LSRR S ERRAHDREFRERER A R MR ®
EMI, =20 A el .

2.3 IhFEEI#E5S burst 123

AFERRELSSERABOERT M. NERRME, REZE, fF 2000 F&
FREOREERENER, AR, WESSHRABRTT G, frilaiRTEENE
B R RAVIE T . BN HT )& (EEC) S 18 X = 800 0 R IR R #E4 4 DA W PR B 44
IEMATIRIET 50W WERERSE, HHHEFABET 0.5W; XEM 2001 & 7 B2
EBAFHIA @M LA Th R B 1W AR S, XTEES e S M
LR E DR,

2.3.1 RBESNRENSGZ

HALRFEERER AR REATFXBHRNE, Sl iTmaESFNmEE:
EfR—T/LAREANR: FERERE. FRTBMENBaRARE. B4, THEE
(&P FE =T LB P BT S B PR, R TSRS, W/ IF R U 8 F Bk v N L
W, REGHIURE. RAFEE: BENHNE; daaTEESDREEATHE
B, AR IR (Quasi Resonant, QR)VIH%ZE K % iFl(Pulse Width Modulation,
PWM), Rk T8 1817 3 3 Bk ¥ 4 38 8 $l(Pulse Frequency Modulation, PFM), T #kkppis
h,(Burst Mode) 12,

22 UC3842 M=l eaili /3o eifs
Fig.2.2 Flyback power supply start circuit
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T R B, EahmE EEEY 300V E6, ERESSEMEEN 50k, NE
HEEhREE 2W. BEREFVNE, VAERHESZEILEETN. AEEINE
ik, WERSIREXAZBE. EEFSATE 188N, e fERshEEEER
= KB EmMmETER THES. R Z2BRAHaER, RENMTFRABRE,
RABREAEBREEEE. ME 2.2 FREshaE, eide bdie B, iz
HFEM R 0.03W. EHEERAMEINT .

(2) BEARN S

HRAE R AN R T B PR, ATER PSR TR T MR ERE, DL R e Y
Ij# . POWER 2 F]#Y TOPSwitch-GX 1 SG 22 F ) SG6848 LA A E T XYLk, fn

B 2.3 Fir.

PWM Oscillator Frequency (FOSC) va.
FB

e

L‘x

=1 | By Gl o ] 11 12 13 4
FE

B2.3 SCREMSHEMERXR
Fig.2.3 Feedback current and the relationship between clock frequency

Foma jHI )
- & B B2 & 0 B 4 B

SERESCILT A 3 Bror. BLUCC3895 i, HRBELATEXABREN, 0%
&, HEe R

foss =0.10416xC, x Ry, /1Ry, +120,, @.7)
SRBHFAGIUREE, 0xH, WHEAMEXNY:
toses =0.10416x Cp x Ry, +120,, (2.8)

BOFFRENERW D . FFRAMFERE A RESATEY 105, [tose, (DT 1)AE. L5991 A Infineon
7] i CoolSet F2 RFIE L £ ZINE.
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Fig.2.4 Always dump the realization of the frequency of the clock circuit and waveform

(3) P0¥ T {EHR

@ QR—PWM

Bt F LAEE R LR A i, ERTLE 8 0 LR T iR
¥o i, &TFHEERXFFXBIF(TEMRENLE T Hz BlJLJK Hz), ATEERHLN £
Z Rk % sl E R L PWM(L+T Hz).

Cirain Ve '
7
=— ||RIS4015 o1l C1
C-I' FB §m

[Source  Gnd q_ b 2

L1

=) 3
Yy p— """"'""'_[}2 'y

-|—l‘:-2

A 2.5 @ IRIS4015 FIr(H QR/PWM [ e o il v B
Fig.2.5 QR/PWM flyback power supply circuit consist of IRIS4015

IRIS40xx 05k £iET QR 5 PWM ¥ kB B AL ER . B 2.5 & IRIS4015 4
BRI, BN, WMESHEBEXR, R AEAT 0.6V, O, 5, HENE
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ERIESEit Dy Dy Rs CoHIRLHIEERS BB ERE(1E RIS4015 49 FB 4, PAiptbgcagxt
EESHITHE, ARTEEHEREES. YaFLTREMNFINE, BiSdank
A, Ok, ERESAEESE FB W, FB BENTHAATHN—IMIREE,
FRefd e iR{RER, BN TIEEEMAMEE A EHER.

@ PWM—PFM

MFEEDENTHEE PWM B FxuiE, aLlilsdti#kE PFM R
fEHLRER, BNEE @A), WA cHTE [, AEEE, xRS, TIEmRRE
{%. B 2.6 &% NS 247 i) LM2618 {5169 Buck H#: 38 H 88 R4 5 X PWM # PFM
BEITEMBEL k. EA N, E2ENEH PPM B BEREEEXTFR
B PWM EXHM%E, BasE(E, PFM HERBDLBEE, BENEShER
PWM/PWM R5H E, EfMEAREGT, &5 AEEF, BEIEEPWMELR,
HEEETENMEEN, Z5IHERHEEF, BB TEE PFM 8. L5 PWM
PFM HItT#k, HREE T 28 MAIUREN A RIERE.

T1 ] ] 4

Efficiency®e

e i — ——

1 ]
1""’,'“:'&" Lol )

50
100

B 2.6 PWMAPPYESTENEELR
Fig2.6 The efficiency comparition between PWM and PFM control methods

L R R E AR TSRS HBEFILTERR, REFTIME, RE
EHE-EEEE, EEMRTEET, WHAREERENET. BEREATFANE
WRENERT, ERERN, RZIFR. SilaERENIMESRFEATFEEA.

@ AT kR (Burst Mode)
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A fE kAP, BT HR 0 Bk A BR R A (Skip Cycle Mode) 218 4 &b TR & aifsHl
e, BEAL PWM EHBN AR ANGFESESEEE—FT, #8PWM B
H ok P M RO R R, B 2.7 B, IXHEBN AT SCHUAE S AR Tl e
Ul BASFHRESEENGENAONE. EESTUMERBEYE, PWM E5%
HiEE, PWM i H RO{EAES | BI(In LM2618, L6565)BL# &% A A B k(i NCP1200,
FSD200, L6565 F TinySwitch R&F15F).

B e I B

o e e e | i

[ f e o
.. .

4 Hl-4-1-f-1-=
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_I:ﬂ 19 _iji
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—.-'h_- —

o

]

H'l.'.l

6 85 &= 0 o5 of
TraimSacs 007 eoside

B 2. 7 Burst Mode £Hi{F 5 55z 5 M
Fig.2.7 The control signals and drive signals map of burst mode

NCP1200 f)A Bk Bl It a5 4y WA 2.8, Y RAATE FB MEERT 1.2VEE{E
AR, BRARALLEERRES Q MR, FHdxAETEAME, wEBTETA

R, figds, hdnABthEs. haiaes, AHeREEREEEMRER
B, BERMERATHE.

-Mfﬁhwm‘
1.2 40 kHz clock
T8k
1® -

' [~ H>—
Mam r}Fﬂm

B 2.8 NCP1200 B s et 4
Fig.2.8 The NCP1200 jump cycle module structure

M FSD200 WY& ifid 25 A S5 ah 88 skl fs kb al, 04§ VFB B RSt &
5 0.6V/0.5V BHELELIS LA, e LB RASHI IR s, AT LA 2.9, R
A AR 35 U [ R 43 3L T4 SE B3 O () Burst Mode Zhie, BRI 2R 45 i ) i e
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ERTEIRE, B ERHLESR, Bt A%, B 2.10 B,

2.9 FSD200 9 burst mode &5#3
Fig2.9 Burst mode structure in FSD200

1255l Je WUEIE 2 LB — A PWM 28| S TRk RN iz —. e B AT L P
211, IR Vou RIHES, 3 Burst Signal A{EEFEM, O %W, VeV, R/l BEIE
#L{E, X Burst Signal H{EHRTR, 0 B, R W, L¥liL 0 Ve BHEE
Viers0.6V, BRI S [ ARERBE Vo £, FHHEFEHE{HETE,

conotes| NN

s

c'[’]' M
¥ Vi

B 2.10 #blisHiEiES burst mode
Fig.2.10 The burst mode which controls the output channels

FIXTFH RN PWM $55028, o L6565 &, FRTE B {ESEsHEa s
HEAAREERY, 0L Burst Mode, _Eif Burst Signal 7] 51 2.11 F T R=EE
BT E,
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211 #HRBUEIET Burst Mode
Fig.2.11 The burst mode which controls the feedback channels

2.3.2 FEMEE

BA_E A48 0 FEARA Burst Mode HEER BV RN, thak—%06 8, 5k
EHEMBEIEGE B ESEFSE M, LR ERESR 206kHz DA, TREF TR,
T 7E Burst Mode #7 OFF Bf#ARA, iR AR, MHEEaESANRE, nRalad
AR, BEEZEMHEREKES. MERKEUEAE, DEREBESE, WP
AR, HeBwmRgshAtse, Ribdmegss s,
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3 BEEERTRERE. miTH. BRELGTHR

FEERTFEESLCERE, RTRENAERAGN Z, NAXEhanERE
. BEETELFETEARNTAERSES, FRMETFREPHESRIVER. TE,
Pk, EE, B T mBEED AR R, HnMEREEABRKNPSEESER
RIMRER KN AEHGT, RREETHHEERFEENBERL. R, BEEF
XEIR I RHR p A RTRE, HIER TIER A R T0(EMI) o) S Bk 8 2 B i i &
Rk, MRMBEEN AR, hS@dRRLES SEHAREFHLLER L,
HRAMERY, FERABEERTHRBROTEBTIRED . 25, EREE
FHEGR, MTFEEREZRBTREPHRETHELORITS, LARIETERR.

ATRFLASETRENEREREL A ERE. HTH. KRN ER, &
BEEOPAT =Fie. wRENERR. SRR R E SRR, Xk T

- RENRITERT T A

3.1 SE[E CMOS HRRE R EIREIT

1.1 FREERNRE

B30 hHREEN EEREE, RHEERBER Vey . BEABRNTHREEST
EHEELX, WEHRENEAENER-RFREERR Ve, RHERRERY, &
FRTHEN—22mV,C; MEE VAAERERYE, ZE®TAHH0.08TmV/I C. ZF
FE AT LA I IR b Ve, BITR R,

Vbhe

S Vref-VberKVT
v
VT=kT/q

3.1 R R
Fig.3.1 Principle of bandgap reference

B VrEESEH K HARES Ve AT B2 H B EN:
Ve =V + KV, (3.1)

o ERX T RHB M4, A\ VBE VT (M E 25 a8 K4,
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B 3.2 £454% CMOS bR s B AR ATIE A L5 17, S R BOC B A B BE AL AE
HEREMN, EHRARESREMSGABERX, EEEFERESTRHREZRERE
MEERES, G@E. RS2 @EFNAROTLE. SHIAALSEERESRE
ALK, ERAERERFRFERABENERZER.

H32 FEwiaEEEfEEsh
Fig.3.2 Typical circuit of bandgap reference

FRIE XU 3845 PN 4 LRI dE R A X R

I=1g(e™=" 1) (3.2)

B, B4 PNPE Q1 0, ER— RERBIEE 4V,

AVyg =Vogy =V =V; I-n[i}] (3.3)
[

R, Iy LARE 0 0 MIHRH =l W 0 F O: WIRFTREAR 7310 4, 7 4,
B4 R=R;, Wit 0, QW FHARF, NHEHHKEOEHRES AL TRE
ARBRE, WWKXAYMEEHES, |

Vapa = RiJ, +Vpy (3.4)
FRH:
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Ve =Vigs =Vam = R, (3.5)

Nl 3.2 748
Ve = Ryly + Ve, (3. 6)
3.4, 3, 3.5, A 3.6 =A%, TH.
Ve =V, "'M =Vaer + Vriﬁ‘lﬂ{i]]
& % A (3.7

R,

=Vl ]1'":"‘%'}]"' VB.E‘I

R A2
& 3.1, R3T7EY, TEHEHK:

k=2 A (3. 8)
R1+ {-42}

NH:
Ve =Va +1,(Ry + R)
3.9
=T+ I+ ) &
& 3.9 WiAF R AHEE TR—Hr s 5%, T=300K i, oV, / 6T L BIFTF 0.087TmV/K,
7E sinoMOS 1.0um TEEF, oV, /0T H—1.9mV/K. Al FESERF oV, /oT ETF,
18 S04 N B 5 v E

3.1.2 WitEmRSHEEXN

A R IR R B 3.3 R, EEETERERER SRR, ¥
BRIEAEZ OB R iAME A . BT BRI ENERER 1.25V, BEELE
7 —40°C~150°C Z [a]if, B RHAEDL 17ppm/°C, HIEMFE/LLE 60dB £4H, §
ABFAET 10vA. BIHHEEMBRBERRTHTNT.

(1) Bsheeg

BEIHEEE MM, BH. BT BREFEEEENLERSFER LS. —
MREEITES, MHE—IRES, PEEPEIZREBRYDFORE. TIERSE
TRE, HREMEEEPHRETERAISATER, LM RIEXE. M THIEX
FERIDRENHA, FEMNS3BREE.
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FRAMNTERS: LHEERREXIEE, BahHEamH%EA.

B33 9, EyAEaeiAln, REBFH netdxs_| KM, &0 ERREAERE T,
Ex RS FRS net dxs 1 WIRAEY, BE)ARERR. —BRBENTIE, M FE, #
HITE M; A Mo SRR B EE: A SR FH TR, W MisXH. Baimil+ 538
BAaiiiid, MEsiRExE, FaEmmsiihit.
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jEJm TE MB msllﬂi |;rﬂ(l I_‘ﬂu?l
Bal| [ B [ B | | T [ Bd| P
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3.3 TFEhEE v i e
Fig.3.3 Circuit of bandgap reference

(2) FEREHEE LR

WEREEMER OB O Qv Mis~Myxs My~My Ry 8 R . KPP, 01 O
MRy« RyPAETIREMERIE; MU —EEH PMOS B M;s~Map IR B i B 317 35 H e it
8, fEAHREEENHEEAR, E/0T QR O, MEHIBEMAE: UMY
HEHEEHT NMOS & My ~M, Bt 5 FE45 Mo 71 My R ELRIE.
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I":u =JVEE = FB.E'Z -VEE'I

3.10
=Vr1nn=£r—1nn 810
q

V,, kT
I,.=—=—_Inn (3.11)
"R gR,

HTHE QM 0, MASTEER R FiMAYE, BEEEHBHRATH, Wi R, BB
RE AW R ARTBIARE, BD:

R; Ry ER B fEF02.

Vieg =dg Ry + Iy R,

kT

= [1+2£1}hm 3.13)
g9 R

RltE, TTLLS R B NE R

Vw= m”"m,

=V +£{1+E§I1}lnn .24
q

ERP, Vi AHEREERY, NATERERN. HE R, RyF n EHXTLUE
BFRERHMEAEREE.

(3) UM

METHERES AKX TR H, HREERE Vi, SRIFERE VDD ZXKH. Fril
RN, ARBEMNEARER EASEwREENSH{E. ERMEF TIERRNRE
#, BTREERSHER SRS EESHN &% VDD BE3IEW.

FERANBRET AR —EE, RN — 1 RBFMZRE, B Ma~Mas.
RoFAMERE Cr M. Q2 My M M0 Mo ¥aRith R, SEfFHHEHERENTEE. W
R VDD BB R Ve Ft 8, NI O BIBFURAR, Mo HHRFEERED, FilE M2 X
BRI, Ro ERIERERD, B Ve MR, MTIEE T Mt ENERIE.

3.1.3 (TRERSH

(1) BEFHEGTE
A 3.4 EARRFERERGT, EEREMBERENGRIZE, oTU8 205,
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BHEHLE Ve ZERIFERE VDD 250 5V 7 6V RIBHRAE LR R. WE R ATLL
B, BFEHEE V-6V 20, EEREMNRERERRE. BHREN 5V B, &
-40°C~150°C HIBETEMMA, Ve R A 1.2468V E) 1.2505V Z [ARIEEEL, WBFER

#h.
roo L @y 1 1.2505-1.2468
op = x = x
Veg dI 125 190 (3.15)
=15.6x10"/ ‘C=156ppm/°C
Ternperature=52 .01, defta=0
. 256 - 2564, detta=0 \
1254 =
g e
g- : 1,2505, detta=0
1.25 - T
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E3.4 AEBEHRERT, 20 EMREREGRES
Fig.3.4 Temperature characteristic curves of bandgap voltage simulation under different power supply

(2) BIFEMPHEFEGR

B 3.5 5 B 2 o o R IR A0 L YR M EE(PSRR) SR S5 1% (L5 R AT K &1 24 -
MR EER 5V, FMA 1V ZREEFES, LM {ESHMEMN 1Hz~10MH 3£,
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Fig.3.5 Variation characteristic curves of PSRR with frequency
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(3) ETEEHEXTH
3% 3.1 fios, 4 sinoMOS TEET, BT &R @K, fEHHEESR
IR EE, P LU R T 2R 2 000 L R (AR X R4 HE AR D

#3.1 FEWTFHEEREEERNE
Tab.3.1 Deviations of all models of simulation

{FHEE Vref (V) Mntin HMEE

T 1. 2474 0. 0026 0. 00208
FF 1. 2469 0. 0031 0. 00208
S5 1. 2471 0.0029 0. 00232
FS 1. 2477 0. 0023 0. 00284
SF 1. 2470 0. 0030 0. 00240

31.3 MERt

AR HMEHE CMOS B A4 EER A sinoMOS 1 2k BICMOS T E# 1T E
#wit. SMEATM REMEE RN EERARHER, W (EEENER) —
BhRBIMAFE, B 3.6 FaBl A0 SRR CMOS HER R ERRE.
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Fig.3.6 Layout of high-precision bandgap voltage reference circuit
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{85 .
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MEAR. E3.7 irASERSN TERE. FXAEFRR—NEEHE mAKE—
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3.7 SMEHSNTES
Fig.3.7 Schematic diagram of the frequency jitter

EmE 38 R, EEMEN, THERSEREE, THEREFAFELE
PLRT; MUMATREHSILIGE, EREEAERET, FoB0F%, ®HA EMI &
BE+FHES,

'f

3.8 SEHZE M FHREREWL
Fig.3.8 EMI interference after the frequency of jitter energy change

3.2.2 WitERSHEEREAMNEE

wWit— M mASEE SRS . Wit AP OLTESREN 44.6KHz, FX
ElEh4%E A 1.6KHz, BIZE— 8 HI A (8ms)5c B — Ik M 46.2KHz ] 43.0KHz A5
Hzh.



FE IR SR A B A R R I T I B BT

ATE. [¥
Eharge §

0| HCE
. g
E? | - fwen 1 |
2 | 1 '
ol ek
] .Jtl.‘ “T~ 20
R :

39 HEHHEERTER
Fig.3.9 Schematic diagram of the frequency jitter oscillator

€3

Xt BiR, S4E4M RC RFGRAE, VSR THER 3.9 Fin. Hxoth
S; S Wi TR . WHKBEERIEN Vep IFRIFE R R KIBHEN Ly, =&
HFEEMERNETEXR. FRRE2EAEMEHEEARE, TLHE L ARFEE.

M AfERERA TR R, WBEREN V.. HABTEXLFESHEE, ¥
S FEDBRERNTERBEBNIFEXA. FRLERSZBEDIINA Ve B Ve,
HAi&ENTEE.

e

(1) % V<V B, comp, AT, comp, MHIKET, BEZHXA. ok
HITH, RERSB, V. HE:

2) L Vi <Ve< Vi B, PR BHBERRT, RETERE:

(3) B V> Vi B, comp, KT, comp, i e T, REIHKXA., BAX

_32_



KERETRFBLFRL

BRITH, BAFNE, V. TR,

@) BFERHI V<Ven B, MBEUGRETME, MERERERT =AERGEE.

M LEEHE T, fRHBNRSGAEZ R ERENTR B RRiDH. FELLR
A, WEdRELNEEARBZERERELHR, E—RTEREIHRE,

B S A S B E B L. St e R 1 B L FFRfE . B39, %
R B SERTRERY Lo RIRFFATERT, WTIEHI S; A S, B9 F B0 % AR ¥5 3 5 BT
. 0BT H) Nmos M Pmos BB KR, HJFx S &Lk, 587, NRRER
BETENA =l -I1, WHSMERK, LFFX S, K. S; &L, WEBERHR
WRA losc=lrer+l; » WiHFBAERK, HEFHR Bz, TEHBRSHARE 28
55 bl B B () 4 5 5 308 B O PR e L L R B R A

THI

£
1

2d| B Ei fas
. _M_?:ﬁ f

Tl

4

-

0= Eial{_ I LE!E

| | ]

B 3.10 SEHZhHEBEH=1/BR
Fig.3.10 The three module of the frequency jitter circuit

3.2.3 HBREHSEHIRE

B 3.10 Jh R A S A R B SE B
Bik—: BRRER, BTAhEHREENE SRR

@f’f 5 Hf:
o '
-+



R E R A e B R TR B R

G HIZ I AMP. N)v P P F0 RydwPrEEeh PHAA Y .

ki Em E TR 6 BEEE I~ ., BREVRMEEHEH. XPER
RN -1 =1:2:4, Iols:lg=1:2:4, B netl ) net2 FEE4r 6 M EBFHI B RIEM T
fERAE. DRERENR: E— s AMAWENRBEA, TEMNSKERIBMEFHE
FFil, TR R T kR D, BIEAEIEE AR, BFEE B 7 4 1, 26T,
HEABYR, EEM=SFERTE S FE, BT T =8 B FR I E e &R
B~ R HA ST 75 JR el e S B A (R A IE SR BV R4k, MEBLEN TR,

B=: RHBIBX—FFLEEF.

T

iv -1- _

B 3. 11 AmsEpae s i 8 12 ] 5
Fig.3.11 The logic control part of the frequency jitter circuit

B 3.11 & H 38 8 b X R B
3.2.4 BEHBEREIE

(1) EHEEH

Frf mm s, Wi, =1, , L AfEgerias™. EHga, &%
C, HI7E B[R] Ay«

_ AV, C
! hsge ~T-—- (3. 16)
charge

TECHRL S (8] 4 «



NEBTRFWLFrRL

4V, C

L scharge

(3.17)

r&mhu'p:

Vo s o, mETEKE, C RHEM.

LSRR PR
T =ty iy, = 200iC 4 AVeC (3.18)
I’-"’"F Iﬂm'nr
‘F*Dﬁﬁﬁ$ﬁ:
P —n T (3.19)

WREE V=125V, HERLEMABEHE 100K, KHERFRES:

v,
I, =l 123,00 42125%10% 4 (3.20)
R,

AL mos BB, B8 1, Lo =10:1:4, BE C,EEN 9.0pf, 7
BAELESNSEREEEN SV A L0V, PAR 318 FERESHRAPLEES.

41 e

44.6 KH: 3.21
= VECW z (3.21)

f=

R S & B, ATLUE RO,

@) MABEH

SEEENEEE, 1 5], FEHE.

LS BAEASEN, FTE=SSRENTH, L >1,, RAEGiNX, &%
SEMK, B B RS SEY

4 pane

= 46.2KHz (3.22)
5AV,C

f=

W1

I', =1.8646%10" (3.23)

charge

XAyt Dy, =10:1, 8 I',_=1.8646x10"4, BiFk: 6.46x1074, FRAH:



L R M B R R ST 1R TR

[, A7  646x107 1

- - - (3. 24)
I, I, 7x125x10° 282
LR KM, REGMFEL Af=43.0KH:, FEBH]:
A 1 (3. 25)
I, 282

L, BERBPENIEREARR:
L L ouse “Jaschuge 1y 11, =282:28:7:1:15 120y : 1y =1:2:4, I, :1y:1, =1:2:4, BT

EMOSE W K LR M HmT LLA S| Z P2 K

3.25 (AHER

HF sinoMOS 1pm 40V BiCMOS T Z %, R Hspice (F 1 T R v #) L Bf
THE. B8 RRFEEHESmE3.12:

312 MEBEHHERES
Fig.3.12 Frequency jitter control signal

AT, % EME ST LR BAEE 8ms ARFHTHERIE. RHESHN=fA
A St R A MR LA 3.13 ARG E AR ARNEE). 7L, ERSET
LAZE 8ms P #R % 40 b 4% 44.6KHz 25 P00 £ TF#Eh 1.6KHz, #%E v EXK.



R T ACFER LT ig

i
il
3
45 6k L

ful

o Zms S Sms Ema
Meanures (im) (TIME

— ™

B 3.13 i a8 4 £ a0 )
Fig.3.13 Simulation waveform oscillator frequency jitter

3.2.6 REEEit

A< TR B FF 2R P 5l e A o B T 10 A 3 2% FE B K B sinoMOS 1K BiCMOS
TESATRER . RIERTLT R AREE R S LU B A BRIk, W (B
FMZAR) — PRI, B 3.14 By R 0dd A X2 HahiREGEmE.

- 37 -



R R AR B A T IR

— e =

ot F A LE.F
= S Tl I

.i__;. =

= - g

- 1

- -i—_._ ey

.
=

LT Gt i
e g L= . Ny

3. 14 FFXMELERS ERE
Fig.3.14 Layout of frequency jittering oscillator circuit



RERT KPR AR

4 —35x PWM FFREIRS/HER

4.1 EFE%H

R R R PWM B AC/DC FXBFEHFEATY, RHERnE
. 4.1 PR

Freaquercy
Qe . Jiflerng

]
() Fie
= Fmi fruseceetfo ]
oo e £ ]

B4.1 PWEHAMIESHER
Fig. 4.1 Interior function structure of PWM chip

1
[ ]
o
=

O

[g]: [gl: [5l3

i g

ﬂ:E: l]:m
u[q. 'Ii]u'

4.2 PWMIGHHEHE
Fig. 4.2 Package of PWM chip




B A A B AR T R R R

Al RS A . RSB EM. PWM LLE S digs. MEHZHEE. Burst
WA, FIEHEERE. AR, SEMEREK., OCP & fME R, KKz
BB T (R AP e B,

BAEH—HE S5, B42 EPWMEBHIREEBESE,

E3IME X R Ih R IR 4.1 FioR.

*4.1 5IHEXRINEEGH
Tab.4.1 Pin definition and function

7/HE 5 i A
GND Ha
. RmAR. HRMARTREHENESBRT (5(6) &R
HE P G H.
VIN S kAR SRS AR, CUEEiTR gtk a RN,
RI EHEBAEAEENNE. RI SHAEH, HiTE P GEE,
RT RRERN@AN. &—4 NIC iR,
SENSE RN S A, HEEH MOSFET S frMEBL & k.
VDD ELifi iR
GATE | ThE A BB £ 30 B IR S L O

4.2 IEFRFNTHAEIEIR
(1) witHiEts
@ ZHmATERE: 85V~265V;
@ THREMLESRE: 12V-23V;
@ HLHEEITIEERE: —20°C-85°C;
@ HEEBERTERS,
® {3 5B /e B
M E AT R
@ AERAMER OCP & iEIME;
Rk b =, (Burst Mode)Zh g ;
©@ #=EEFh(Frequency Jittering)Lh &E s
© =BRGP
(2) TR RN A
© EHmK: AHTCRRAREAEIEASRTECNEAREEESEMEES



FOER T IR

FE 2 HE fL .

@ RFHHE: TMEREEFESAAERGS, MEOXIG R EBHEEEE.

@ PWM HLHI3E: #iT b FB S e iit(s S8 SENSE Imsiiitia {5 5, P=E&E5 5k
#: MOSFET AXE M XRES.

@ RIIGTHBRREE: HERAME MOSFET JF5% I I3 R B) ™= A s Bk, B 1E OCP
FE B R AR 1R A I .

® FEMERE. BIRFEFTEOEILFES 8N SENSE SHEHRMES L,
{RIEE &7 e D>50%0t R mfae i, BRIERES.

PEP SR FHRMEMNRE—ENEEAEL, #EMTHEBIERN
FE L, WTM{EERTIRAEEES .

@ Burst EXiEHIEE: ERABNTAREAT, SHEHBRED N TESE,
BT RM e, BEEGEVLIhEE, RREEREMENE,

OCP SHEMEREE: FRAEATEMMMENERT, BOFBLEERE
HNELR) OCP iR FiE, FREEEMIIREHE, RRARGHEMT.

PORzh k. KA EESSERMEER, FASERSH EMI.

@ FEFRPOVP)HES: By it s s .

4.3 BHEEREHPHE
43 h PWM #EHIE 0 A B .
pC
— T I Out
'e? L+ - ! y
VIN YDD 1 !

v

RT GATE

MIC

. @ r"” BENSE A
I-Fl aND i i

B 4.3 PW 550 8%0 i ne e B

Fig.4.3 PWM Controller chip application circuit

- 4] -



R I R A B R R R T IR B R

(1) BahHi

@ HEEMH:

v0 pvec 0 pwl 0 0 100u 22

Cload gate 0 In

tran 20u 200u uic sweep temp-25 125 30

@ R&ER:
M 2?“[3 # I_pm_m=1ﬂ'3uiﬁi.r ?:U]E 44-

Bewuli Cimd

B B ] 54
Fultages Oeald igwes)

W44 BEIHRMHR
Fig. 44 Simulation of start-up current

(2) TR

@ PhiREMH:

Vp=3.0V, £ Puc=16V TERHA VDD B
@ fHELER:

{BE 27°Cs I ypp Operation=2.36mA, 1M 4.5.



KR T CEM A

. — 6
_ Pl “
.......... e e |-.m-. ||+|. - |“
i i ¢ i§ i
| P

- T R — R St CERY EEES Lo | ..

IR , H
T - .r._.rr:_n.r:-...wr-... ._.._M...u ..:_n .M.. =] *

SEREEREERE v .
| SRRRRRR RS §
ol (W AN TR I | 5
H H I 1 H H H ' | -

R SRR ERRE 3 X
o _-m--.+--+--w-. _ﬂ_ R °1 :
m P i BEERRE
t i | { _ i ik -
4] R e mmeEs IR [} i
P ; BHER | 1 ] ! i - .m 2
; - EERERERREN N § 4 :
i 10 OO O O O o e L I T A 1
N 1 A S S e S I e
EERRERREREREE EERRRI R E 3 °
SEREERRERERRARE! o
1 u _-“ . "f " |._. _. -Wl -.r |.w..-._-||“|....-|._|| T .|..n.|| |..T + e il m
SIS RERRERIRRERE 8 = m
m i f B b | i 1 i1 | o
it ﬁ : I 9 R AN ﬁ - & =
i ' & " El Ll - : " 1] o
P F b6 0 ¥ 61§ & 4 & & § ¥ B & -} 4 TR
%. m . ot L
-S-EE- Lt S AS L0508 FUF Sl S B ﬂm.m. e
= N
m g o m
s g’
—
CORFT

B 4.6 FBMWEMEHR

Fig4.6 Short circuit current of FB pin



HL IR R A AR T P RS

@ HREGR:
B 27°C, s shor=1.46mA, N 4.6.
(4)FB FregrafE
@ (FEEMF:
v0 pvee 0 pwl 0 0 100u 22 v pad® 0 0
vl vin 0 pwl 0 0 100u 23.5 v10 padl0 00
v2 pgnd 0 0 vil padll1 00
v3 pad3 00 *vi2fb0 1.7
v4 pad4 0 5 v13 sense 0 0.2
vSpad500 Cload gate 0 In
v6 pad6 0 5 Rosc RI1 0 24K
v8 pad800 Rtmp RT 0 50K
@ HELER:
B 27°C Vin open =3.76V, mE 4.7,
T EE'E'Ed'_!n
|,., IR, | T T ——_— -
I
_uf
: ~EET ;Emﬁ WOx O M

4.7 FRRFEEE
Fig4.7 Open loop voltage of FB pin

(5) OVP Fifa] g 48

@ (HEEMH:

v0 pvee 0 pwl 0 0 100u 22 200u 30 300u 0
v12fb03

v13 sense 0 0.4

vBpad8 00
Cload gate 0 In




FOEHE T RFW A

|

T " Y . N
i i | H 1]
+ i H =
- ——errEmETaE ' PR ] PCLETER | =
b F < - r prmr ey = s ——p e
+ a 1 " ] . ]
[} " " i -
i E i " v ' u
4 L) " ] -
E " H ' "
& i ' ' 1 ]
- 1 ] [} '} L]
L T - L] - - — e
i . ¥ 1 H
4 ] [} i ]
4 L] 1} .
' i i ' P o
. L] 15 1 | ]
- L} L 1 .
o { 8 1 1 i
L L L LRl T LT Ty - ——— s —— re
L, 1 [] E [ L] ¥
' i | B i ] i
H H H b i H H
' ' ] 8 ' Ll '
' 1 H ¥ H H H
' 1 ¥ ¥ H H
B i i i 5 \ i H
Ll Tt R PRI ERCR SRS (R . R,
| I i ' M H H H '
H ! [ i L] i
1 I [t P - [l
' ¥ H . H
i 1 H y I 1
') i [t 1 - [
: i b ' l '
WSS e — aTrErsmmmaTTreEE
1 1 E ' L] ¥
[ | P ' i i
' ) B 1 " L
' 1 E ] ] ¥
‘ ! 4 [ ' ] i
' 1 B 1 i i
4 H b i ] H
R A TR A e ey FESCR—. .
H i [ ; i ] ¥
H ¥ H i ] H
I 1 i [ i ] ¥
i ] i Ll
i 1 H H !
i | H ; : i
F al = L] L ' -
t T T 1 ¥
) I L] [ v ¥
' ' H v H "
[ 1 ' - ¥ 1 ' I "
¥ ¥ ] " ' [} { E L]
' i 1 - i " H i [ § 1
[ i i i ' i B i
1 ' i ¥ . i b -
2 as + - P PR F ap {“FEF IS, S i x == AR
[ i H H [ ¥ . i i u H
) ¥ i . ¥ ¥ ] ¥ 1 E L ]
¥ L} 1 [ " E " 1 E L
[ i 1 F ' ¥ " i B i
¥ ¥ L] ] i ¥ ¥ 4 E [ ]
¥ L [ + L] 4 . L]
H 1 i H H H
L -k - - i - - - .- i e ——— -
' r a ] ] ] ] q
' 1 i i B i i
F H + H ¥ H H H H 1 H H
5 ¥ H ¥ H H H H H F M
¥ 1 i ] ¥ i i E [
H H H H H H H \ B H
: . . : ! ; } . | F ol
4 e e - g .. D L LT B T e It I S
' 1 H H H i ¥ H 1 H H H '
¥ | ] ¥ 1 } r ¥ ! )
" H H H i H H H H H . |
' I H H i 1 . ' i | i
' ¥ I 1 1 1 " 1 ] 1 |
' H ] — ' E "
# 1 ] B i &
EEE Ry B T Trrrerberomd
i b ' ' H ' . ' 4 i
¥ i i b i i s
i H 1 1 .
H
L2 L T L] T L g L - L
-
L] L ] L] I [ F4 i 1% (1] F 4 i |
.
Valtagrs Qia) [pwee]

@ RS E:
EE27°C, Vorr on=26.1Vs Vorr o =22.6V, W Vorr =35V, E4S.

(6) VDD iz
O fhREEMS:

4.8 OVP #FE] e
Fig4.8 Hysteresis curves of OVP circuit

v0 pvee 0 pwl 0 0 100u 20 200u 40 300u 50
@ fiEER: &E27°C, mE49.




R R WA T I TR

A R Z K R ARE S HER

EEEEEEEEE Tl i
Pl i H i . H : ¥ 1
. e et it :
0T LT -
m : m : b i m
i - | 1 I
: | : . | ||
. i Ll = B SRS R S 5 B A T
: i o
H 1 | 1
H H | H 3 X
- H 1
Pa o - lﬂl.-.ll- ﬁ-‘.-..-. -— Il.h |.m||
A g i
: “ N . . i
. : : ;
oot ] i P
-.ml i lM....._ ----------- S— il Bl i .n:...lum_:...:..
" :

LI ] - WAl

N

|
| i
i i i _ {
sdnamiEsan g gy oy . : - sxafonnafavadunrag
“ o R B “
[ i s |
SR “
Ll ]
BEEERERE m “ . b
EEEEREEEEE PLE
ETTS TTERT PR B T Bl RELE SEELS EE |.n-|_ - S LT e sadfasaal)
- H | 1 : - B
' ot P10 - { 1
A O A A O :
SRR EREEEEEERERRE
& L] P ] " I . " ] . " -
I T o F R B | 1 : i
r L = 1 £ 4 4 m .r i i i -5
e II-.-._. 1.....m.||u -...|.m.| - rm..l 5 _ : T ] i i ! 1
I * & ¥ B B i 5 9@ : i
E i 1+ F i 11 Fd d
t ¢ 3 0 bk o i i i
O O - i
P S O S i :
. 1 H H H H H H H
R e O T s o o L R A
A | i m
EEEEEEEEREEREE
A T o T TR CeegeraRgERaEqe

Berudt Qaml VRS

H4.9 VDD fkfr

Fig.4.9 VDD clamp

ZEMGAGRAUERZER TIERSRY, £27H TR LIFRHRE, IEEnER e,



JOER T RFMA-F A

2

(1) B4

R B AIRR, BREEEEARAT TR NS, NBETHRERREM, &
MAERBEEERIEFNEHBAR, FRALSSEIETFREMNEET SRR S
EmfAz —, BEERENABER LR, DEERD, BEFSRNHANEHRN
HFREMAREPATRPUEENRET. BFRENREN CERBSAEETEE
R ER K T B bliE S5 k.

HTEREZENNALG. 2BRUATFERRNTESSELEE, E8BRT~R
AR R AR E R R . BEREREE. e, ik, EE. &
. mAMEETE, AMAARTHESTES, ANtSaEEERNHEENTE.
BE. IRk F . S5 ENF 0 R IEE 5 AR B TR ),
RERUBEEAN R EiR, REMBEBERFHEENNTIELITEEK, ™EER
THTEEMERSFGANTSE. EXHHRT, R EFERTIMtMRFEER
SRR A AR R .

AR LEERE, RAXHEAMN M REERERBBENARIRETTEANS
i, FEREERREERRTN I —RSHETEREER U FIBER T
tEgE.

RE, AR TEEMAEE. HTHRERMNBREREELCFHEERN, ST
GRS R I TAER shim e e, DI R mT R R TER M Blahiish, Mid TH
TEEEMENITE.

=, EAELENBEERTRBEALM T RENERE, R aEEmEY
BB AREHBEEE TP, EREEFARESBXHIMBEOENTENFRN
. HMESERRETECH FENRE T, SE5REaEFIIELE, it
TGTE it 2

—REHE CMOS HIEREBRERENE. ZHEES AT XEREFEEHERE
ERERERE, WiTRERN 1.25V. DHERRA, HEBHEEEEENE
R ZE A 2.08mV, & F R #(-40°C~150°C) 4 15.6ppm/°C, B IFEIPHILL(PSRR) A 61dB,
HIWRESEIE, B—FERE. MEERE. HOEDEMEAER.

AT EFRAMEHSFE AN RC IRHEBEE ., ZRBEERTFRETCHELHE
HFIREME. RFFPOHEN 4.6KHz, £ EUH(Sms)P LB HSEP.LHEER D,
$E{Eh 1.6KHz,

__l!_"il'..



HEEERAARRA RN T IR A

P R B A simoMOS 1um 40V BiCMOS T £ &1, #4231 T Hspice (i L%
if. Hspice WHGERVEAPHEBERTMAE. BEAETR A OB RBREATE6E.

BfE, IBEMESRHET T REAR, it U R G, £H T 41U
AR A O TEN PWM FXEFELR X . BTXAT LAFHTEREAY
BOESRSb, BICA R, (TEEREH, BN HARS S EEE
BTt mER, #ET O RFMNEEHENEIEEXK. &5 ET SinoMOS 4
# ) 1um40V BiCMOS TZ, R—HEEHMAE PWM S50, tEH8 13 1W, R
F DIP-8 &4, 7E 85V~265V B} ACEIATEEA, WLRH{EENHEI M. SHIEA
FHELZA AC-DC REHRIMFPIEBFEER. HTFERERAETFRE2BEFNSE
HEEILE,

2) B&

ELEMALEMERL, WHEIIMLENAFERAEZLE, FHE TS ITHES
HSiExwE., FTERNE:

O HEFERGIHHARBNERERT SOC(RENF), T—HNHAT EXR
WMHER, RE SOCHE.

@ HFMERADRAESFTE—SNTEE. LR aEERSE, #—PRARER.

@ ERPBEEIIEAETERETIERRIEE.



REB T KFMFAe I

& & X M

(1] EEF, FEKR EREFEEFQOFHTEEARAM). AL AR TFREXFHEE, 2004

[2] Van Wyk J D, And FredC L. Power electronics technology at the dawn of the
newmillenium-status and future [C]. Power Electronics Specialists Conference, 1999.
PESC 99. 30th Annual IEEE, Charleston, 1999: 9-20.

[3] kiR FxrUEBOKLEMALT]. &85FXK, 2007, 45(1): 1-6.

[4] Jacob R, Harry B, David E et al. CMOS circuit design, layout, and simulation, second
edition [M]. Boyce: Wiley-IEEE Press, 2004: 1-8.

[5] Blischke W. R, MURTHY D. N. Reliability: Modeling, prediction and optimization [M]. New
York: John Wiley and sons, 2000.

[6] Lee F C, van Wyk ] D, Boroyevich D. Power electronics technology: present trends and
future developments [J]. 2001, 89(6): 799-802.

[7] Schulman P et al. High reliability and the management of critical infrastructures [J].
Journal of contingencies and crisis management, 2004, 12(1): 14-28.

[8] Locascic J, Cho W. New ICs and control techniques for battery powered systems [C]. WESCOM,
1993.

(9] MIE=Z. BTFREACENTRERRITER(T]. KEFEHA, 2006, 35(3): 60-63.

[10] %k BE. SEsiBM]. b5 #FEUMH, 2001

[11] & #EHEREA HTEHETESCRERER([]]. a7 FERF, 2006 (6):
26-29.

[12] #Mg, ek, ERE. FXEEEARM]. b5 BRI HEHR, 2004.

[13] Lee F C, van Wyk J D, Boroyevich D et al. Technology trends toward a system—in-a—module
in power electronics [J]. Circuits and Systems Magazine, IEEE , 2002, 2(4): 4-22,

[14] Van Wyk J.D. Power electronics technology at the dawn of a new century-past achievements
and future expectations [C]. Beijing: Power Electronics and Motion Control Conference,
2000,

[15) &%, SFEH, & —frEHE s EREEHEHRHI]. MEFFS5HEN, 2003,
23(8): 161-162.

[16] Jiwei C, Bingxue S. 1V cmos current reference with 50ppm/* C temperature coefficient[]].
IEEE Electronics Letters, 2003, 39(2): 209-210.

[17] Doyle J, Lee Y J, Kim Y B. A cmos subbandgap reference circuit with 1V power supply
voltage[J]. IEEE Journal of Solid State Circuits, 2004, 39(1): 252-255.

(18] R, ERF WHURRBREEEFHRBENMN]. AZABFERFM, 1994, 14(2).

- 44 -



EIRETE AR RSN TR R

[19] Mok P K T, Ka N L. Design considerations of recent advanced low-voltage
low-temperature-coefficient CMOS bandgap voltage reference [C]. Custom Integrated
Circuits Conference, 2004.

[20] % Brd, «Eek BEEEFOSEERI]. B850k, 2001, 38(424): 52-53.

[21] Khan Q.A, Wadhwa S.K, Misri L.K. Power startup circuits for veltage and current
Reference with zero steady state current [C]. Proceedings of the 2003 International
Symposium, Low Power Electronics and Design(ISLPED’ 03), 2003,

[22] Gray P.R. Analysis, Design of analog integrated circuits [M]. New York: Wiley, 2003.

[23] Liod H.D, Dizon J. Current-mode control of switching power supply [J]. IEEE
transactions on industry application, 1995, (31): 145-148.

[24] Lee CH, Park H J. A cmos temperature independent current reference [J]. IEE Electronics
Letters, 1996, 32(14): 1280-1281.

[25] Widlar R. J. New developments in IC voltage regulators [J]. IEEE Journal of Solid-State
Circuits, 1971, 6(1): 2-T.

[26] Gunaway M et al. A Curvature-corrected low-voltage bandgap reference [J]. IEEE Journal
of Solid-State Circuits, 1993, 28(6): 667-670.

[27] Lee I et al. Exponential curvature-compensated BiCMOS bandgap references [J]. IEEE
Journal of Solid-State Circuits, 1994, 29(11): 1396-1403.

[28] Meijer G.M et al. A new curvature-corrected bandgap reference [J]. IEEE Journal of
Solid-State Circuits, 1982, 17(6): 1139-1143.

[29] Lasanen K, Korkala V, Ruotsalainen E et al. Design of a 1-V power CMOS bandgap reference
based on resistive subdivision [C]. Tulsa: In:Proceedings of the 45th IEEE Midwest
Symposium on Circuits and Systems, 2002.

[30] Bimal k B. Recent advances in power electronics [J]. IEEE Trans on Power Electronics,
1992, 7(1): 2-16.

[31] Bang-Sup S, Paul R, Gray A. Precision curvature-compensated CMOS bandgap reference
[J]. IEEE Journal of Solid-State Circuits, 1983, 18(6): 634-643.

[32] Ka Nang L, Philip K T, Mok ChiYat L. A 2-V 23p A 5.3-ppm/® C 4th Ordercurvature
compensated CM0S bandgap reference [Cl. Orlando :IEEECICC, 2002.

[33] Bk, —Fh BiCMOS MR BRIV (J]. WETFH, 1995, 25(4): 22-26,

[34] #ATE, BEEE. 0.18um EFANER IC WetHA, 45w /EH MRN8 A EB/OL],
http://wew. eetchina. com/ART _B8800365921_480101. HTH, 2005.

[35) #Fais, ME HH—HFHAMEFTFX BN M BEARMEART]. QEEARMN, 2006, 9(5):
40-42,

[36] EHBE, EKE, e BT FERE I O6HEMERFAL]). BTHA
1, 2006, 21(8): 97-102.

- &0 -



JOEB T KM

[37] Tse H K.K, Shu-Hung C, Ron 5.Y. et al. Compara-tive study of carrier-frequency
modulation techniques for conducted EMI Suppression in PWM Converters [J]. IEEE
Transactions on Industrial Electronics, 2002, 49(3): 618~623.

[38] skERE, KF(68, EoKE. BEEIHMBIFRERE DM AZRMET]. HiRES, 2008,
24(4) : 87-90.

[39] Lin F, Dan Y C. Reduction of power supply EMI emission by switching frequency Modulation
[J]. IEEE Transactions on Power Electronics, 1994, 9(1): 132-133.

[40] FSLE, HUME. DI RiRERBNOEHRGRATT]. KESE, 2004, 4(12): 7-9.

[41] 058, HEE. —FATAHEMRLN O0S F# P SHIB0]. ESE%M, 2008,
29(11): 2275-2280.

[42] X2/, st #ETXQWRGIRENTED]. R|iE#ESF, 2005, (4): 25-27.

[43] Jin-ho C, Dong-young H, Young-seak K. The improved burst mode in the stand-by operation
of power supply [C]. Applied Power Electronics Conference and Exposition, 2004.
[44] Allen P E, Holberg D R. CMOS analog circuit design, second edition [M]. Beijing:

Publishing House of Electronics Industry, 2002.

[45] Gray PR, Hurst P J. Analysis and design of analog integrated circuits fourth edition
[M]. John Wiley&Sons, 2001.

[46] ful4E. HefLl CMOS SRR BRI (M]. A%: WEWEAF MR, 2003

[47] Sanduleanu MA T, Tuijl A JM, Wassenaar RF. Accurate low-power bandgap voltage referene
in 0.5-um CMOS technology [J]. Electron Lett, 1998, 34(10): 1025-1026.

[48] Palumbo G, Pennisi 5. Feedback amplifiers: theory and design. Norwell, MA: Kluwer,
2002,

[49] Stone D A, Chambers B, Howe D. Easing EMC problems in switched mode power converters
by random modulation of the PWM carrier freguency [J1. IEEE 0-7803-3044-7/96, 1996,
327-333.

[50] Paul R G, Paul J H, Stephen HL et al. Analysis and design of analog integrated circnits
(M]. Mew York: John Wilev & Sons, 2001.

[51] Farhadi A. A new approach to analyzefreduction of RF conducted emission due to PWM
in a buck converter [J]. IEE CIRED2001 Conference Publication, 2001, 482(06): 18-21.

(52] Abraham I P. FFEEiRiftit(M]. 4L30: 7 TikbiAR#, 2005.

_51-



FEIRE R A e R R S T IR TR

BORMEFI R B R RF AL IR

{—Fp{EE CMOS 75 PR B LRI )
FORAE: B=%F

fEE: #HIEH HER BF

TR JOEE T KE L MEET
EIpEAL: RIEE T KW AR
RFEEE: 2009-5

- 52 -



KEBT XFELFAR

BOOA

B, ROBHRNFIMHERABENRFEEM. EXTXARE, HEMmREm
LTRIFFEET RN . WG RRU T RIFAZEIFFHRT &M, HHLER
ZHRSTZHANBBI G, SHEZMME, RERZENRLETRAFLS,
BHRRAEIHANBR, XERZHER, HAHEMBIREHEE.

FRICRERZ MR ZINKFOHET FRMN, MeXMEE,. FEHRRENE
B, H/3T M KE FRRAFHDAE. BRFERBH!

3R R g A E N

BRI FER I NFETEN CER AR R RAE S,

FAMEEBSLES. EF. THESRAE. ERXHRELED, FELIREME
BS5E#TTREFENMET, MR XMNFERRET ZRMEL,

BFES. WEFRABEFRSTRIOWHN.

RERFHBHRNEA, ROMNOXFEENRNGFERF THENESALT
IR L

-.-53_



