NP
TR VA7
ST B Buck—Boos t L #e iy [ R 48 5 W B e vl
A sRALE
ST VA @ PR /e
b BT
PRFHOM: Wi ; e

20090531



Wz

i E

BIEEHRRF AR EROARIRT, WRREREERFEMERER KSR, FIE
KARBIEITH R, ERADREE. AN, URERMTEES. Sl THEES
BE&E. BB ARRREL AT B A FEREARE M E. Eahit s et g s
SRIBFMIE DC-DC BH BT K At i H, WTEK R 5.

WG T R E SR I XTEL o AT Rl b, ERIVOFF RIS A B ERING K, ®RFT —3K
BT ERREHNT R ES LS. SHEEARERMIL, ESIRUENRMARS HFAFE
RRH . BF. R XFN TSI REFE, KA KR ATRIES R OB R 4%
FEARMIAEER, BATRSIEMFRERE, MET IR0, XEERMTTAREAS)
VI REMLBEAR, BFEAREDRABENRE. VIS RO, HRMTT A RER
BBMIIRY, HRHTEANFXGHAREDERN/MESHEY, FE5RE. FTEIELZME
SRRMET . BIEMBAMEN, ATHERFREK AR R E B KA, HiRA R EAHLR
EUERML R, BEHXNRARASHFENREERE, X TEFZMIERKTRIABRERS
AT T R A At

WICKH CSMC 0.5pm TZ5M T X &S R4 80, KA Candece Spectre S 4T
%%ﬂ%ﬁ%wﬁm§%ﬁ%ﬁ$ﬁ1Mmbﬁ#ﬁ%ﬁ8%@%5%%%%%%A%ﬁ%£&25~
5.5V HVEEA, i EEIREE 3.3V 2L, ERTHAREME. AR T RNEIEBESY 85%,
AN REEBRAEA S6mV, CEETHMKRITEFR. 2T BUCK-BOOST BiARMH#H33M
FHERTE, O A IS LB, FHAME MP3 A, SRS EIE T IS MR,
BB Tl 21 ea bl NIMH et 7 A U SEA A 2 o
KEiA. DC-DC ##:8% FHREL i Btk RS8R



Abstract

Abstract

With the rapid development of functionality and performance of the portable devices, the power
management s-ystem performance requirements have become more sophisticated. For example: longer
battery life, higher power density, smaller volume, more reliability and etc. The Li-battrey is widely used in
portable devices for its high energy density, low self-discharge current and low cost. So a buck-boost
topology is worthiness to enlarge the output voltage range of the battery. It will maintain the battery life.

In this thesis, based on the comparative analysis of the traditional buck-boost topology, a current-mode
buck-boost converter is designed based on the four-switch topology. which can achieve non-invert voltage
transfer converter with small value of L/C compared with the traditional buck-boost topology. And the
converter works in different modes at different supply voltages to reduce the number of workong switches
at the same time. So it can improve the efficency of the converter. Firstly, the article analyzes the key
technologies of the buck-boost system, including the switch point setting of the buck-boost system and the
realization of the switch scheme. Secondly, the power stage of the buck-boost system is analysed, based on
which the small-signal linear model is obtained, and a conclusion, when the loop stability of the boost
system can satisfy the requirement, the other models has also been requested to meet the stability of system,
is made. Finally, the stability of three working mode of the buck-boost system is analysised and designed.

At last, all the circuit and the system are accomplished in CSMC 0.5um technology and simulated in
Candence Specter S. The switched frequency is IMHz, and the designed efficiency is 85%. The simulation
results show that the output voltage maintains about 3.3V while the input power voltage is between 2.5V~
5.5V.In the same time it can get the lowest efficiency of 85% under three models and the swiching ripple is
S6mV under typical load level, and almost all expected specifications are realized. The converter based on
buck/boost technology is widely used in protable devices such as palmtop computers, handheld instruments,
MP3 players, digital cameras. Also the switching regulator makes the product ideal for single lithium-ion,
multicell alkaline or NIMH applications where the output voltage is within the battery voltage range.

Keywords: DC-DC  buck-boost current-mode automatic switch synchronous rectification
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BRKBEN Vit Ve HELERMILBERME, XERXMRIAENATEHEARES.

Ql De
LI ~ -
=
Ll | >
V., T D ILl L C = R ‘2 Vo
+

& 2.17 Buck-Boost H3.E &
—. Cuk
Cuk ZEHe iR 0 BAR L IBF S A PR R et s iR R, HEUHT R TIARILE, B2l 218
inli:h g

Ly C L2
f Y YY) IL fYvyyYy —_
— " <+
i) iL2
Va T pHf @ ¢p, &T, REV
T
P 2.18 Cuk ¥ #5851 % ¥

e BB B A e 8 2 0 B 26 19 A 7 X9 18] (B Ton 1 To) RIS [ B P AT 1) BOTF SRS A T
BN Tor=DT,, #IEF AN Tog=(1-D)T, D AL ELL.

(17 Too WiTE, SLi Q1 B3, LM LIREME, ZHE D, WML, BABRAL L #5458
C IR AL Lo filifE, 4R St

FE Top I8, Q1 #iik, D, IEMRTIE, BHMNMLIEME. XETHBEMAR L ((RREHRR

16



B FFRAIENE A AR RO
7 Cy 7M., BT L, BOR LA R SR
BT, Cuk HBSTERTE Ton & Ton M, SN ML AR TN, Ho Ber e B A T
SREEE Cp Cuk BHRBIOBF AL, CRATHZES, [HASHEERERE— M5 AT
DC-DC 2EHe38, A BLIREAE R 38 RN 275/ FF X8 1RV ABI AN TR et AT o SRR R P A 15
TR IBAE R, LGSR R, BEDM— A RANSREE, I EMA BT C U RS
ToF, FAETREURAMRN, BT B O SN SRR RSN, 36 EL3C o FE#% R S A Buck-Boost
WAL RN, Fi, Cuk SRR FERRRES.

=. Sepic

AT PP AR L AR IR B ) R AHAE #e, T Sepic LI SEIR T B E R EIAEAE Bk, Sepic Zr#L 2R A3
A 2.19 FivR. '

L, C

_(YYM 1l

— +

ve

11

=
1!
1

pHL @ L3t &, RE

Bl 2.19 Sepic ¥ #u25

FIFEBR FF X ST 1K Ton SCHTR 114 Tom, T Sepic HABE AT AE Y«

(DFE Too $108), —HUERMARIE, WABTL R Ly A6, CUBIFFRE L, Lofkhe,
BB LA Cp 4.

O Tor §IE, ARG S8, IFAIE L AN Cy %M, L2 A8 D AR, b fste,
348 C T LI TR

Speic B BANSIIL T MR MIFARZE R, (B BRI HI 55 Cuk K00, B BABA C LA,
FHEHEAE, WA KGR MIROERA R & R R a0,
M. DUFFSTH/ BRI

B F ERTHBIFENGA, WFFT/BERD (VR H BHEH) SR ERMFRER, B
FHHSBIAK MBI A, K5 2.10, |

ETTRAOE, AR AT MRS AERIT 0, T3 A, C FIREBME, FFK B,
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Boost Buck-Boost Buck

> Vin

vout"dVl : Vout+dv2

B 2.21 SO e ds AR X (3]

HUEAT R, &7 RS WA RRE R AR ARRG CAERR, #RMABRELERT. T8
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Buck-Boost ( 1-D)(R+ "E) A
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KE3) 2R (3.30), -
ai, (0) =—mdT, 6
A 13

ai (T) = mydT, (3.33)

HAHR3.32)fK(3.33), 1B
. . m.
A (T,) =2i, (0)(——2) (3.34)
m,
R ST LAHESS
. . m
Aly ("7;) =aly (0)(_““2‘)” (3.35)
m

HE3I5SYBAA F A R my/my<1, TR G Domy/(mytmy), Bk, X T LIRS M BF
), SAEH D TR 0.5 LT, HATHKXT 0.5 BFHEMTHME.

LM RME, STFAE, FARESER, ShBBREHRaIN, £ =nTs &, &
YR

ai, (nT,) =ai, (0)(- 22" (3. 36)
m

Wk, WREZEFRE. FRRERAT IR SREE, FEE N5 D>0.5 TR ML,
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3.4.2 FHEHMEMIER

M BRSPS L, T8 MR ETHEAMEO L E. Fik, RO, WU
WERBRAHT IR, SEAMER B, MARREAMEMOER: SELK, SAMELHARLN
R RIMISLE L X B AR BT 24T 06, FEMASHEAMLE, xR s
T

iL(t)
3
m
Ai(0) 37, -
my ',_T' AN gl N
o mpNTf AL (T,
1 | | 2 T 1(Ts)
' - t
(D+d)Ts

B 3.12 RHEAME SR FIXT o R R
BRFHEAMER RN m, RBIATHR K BRI & ZHHREN:
I, =1,+(m +m,)DT, (3.37)
WA E B BAMER S E LRI K R K«
I, =115+ 83, (0)+(m +m,)(D +d)T, (3.38)

BAR (337 (3.38), A/ 5

ai, (0) = (m, +m,)dT, (3. 39)
FIE AT 3.
a8y (I)) =—(m, —~m,)dT, (3. 40)
M (3.39) #1(3.40) T LATS i«
2h (1) _m =y (3. 41)

41, (0) m +m,

HARIEAFEARE, FE (mp-my)<(mitm,), B, m,=0.5m; RFIBAMLMINEFE. FRLHI
R RIS, FIE R BATRSAMEN AT, FIEMGTAR, KEREHTHS. S MR
FHEGMERE R BAREILE 3.2, AFFITLEL, BARSIMENIER SR
RBARRAR, BESMEXT AR SIFTHER, SEABERSZHE%. MBRASE
H, BEMEATHMERERRK. BAMA R AR A E R IME, SRS
BRI, A PR T SIS Ha T 2 B S R B M T, BRI R Y Vin,

RBKIFZBITIME, MEPE m,=0.5m,=DV,/2L.
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NP AR a3
® 3.2 MR TR R AR

T AR REHAE PR E
RRER (my-m,)/(my+m,)<1 0.5m;<ma<my, m2=DV,/L
FHER (my-m,)/(my+m,)<1 0.5my<ma<m,, m2=DV;/L(1-D)
FREER (my-mg)/(m;+m,)<1 0.5my<ma<m,, m2=DV,/L(1-D)

3.5 RAHHITBART

- 5B 220 MRM ARG HEEE T RPUR. BREDEZNEM b, BT Bk RRHSE
BRI Fis Frn HEFEREY B G

Vm

Fr—==—=="=7-=———=--"

A 3.13 £F PWM FIF/E4 DC-DC () PCM REHL
MEFTTUE S, BORERMCIEHINNSG, SRENLCSHMTHESE. K. il
A, B WAL EES—BHE, BRGNS BB N S e R A
2K DR GRS S0 A & WL R G 0 (P FR AT B, SR B 0 A W FR PRI 2% BUA B 5 L A7

3.5.1 BEMKIKIT

L RAEFRATII A

B FIF R AR A — 5 B FF SRS W1 e A 5 R R A D 301 o G o, 0 (8 1 SR
EL ANIEAN A1 JSE K 1, TR 02— A B O TR R 456, 0 T 08 100 el T SRR 03 B T4 R G 0
REF—MN Z 83 S s, Bk, BHBIATAER Hy(s)2 022,

2 2 .
K T T,
+=1-F545 ¢ 3.42
3 2 St (3.42)

H, (s)=1+
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BEE ST A BB A YR
AT Q=2n, orn/Ts, HRFHFNMMAAE fow2 AT —HILG RHP T, 251 IEE
i, RAEFRATIIR AN

F= VT"- =k-R,-H.(s) (.43)
L
T KO BN EHILE, R, V-2,
2. RGAGHRE
BT RBIFHIZHI R AR, B, ThIRGANA D) A3 B SO 40 I OB A RUEE
HE, MUHBLEAR, RIGFANIARENER. TRAEL TR
CR +n)r+1rD) . LC(+R)

Als)y=1+ ; % S
n,+r.DD + DR, v, +r,DD + D*RL

(344)

ﬁ:q]9 Ye=T¢c “ T
() EMANEERBOEMET, S5 AL B E A BAFTE R Gy b

. a+30-5) .
G =_2)_  Yw & % (3.45)
i ‘;(S) (1-D)? A

@) EMABERBYRETERRMET, &R RS ESHRE8 Gy

S
b oy U

o

i) RA-D7 A

(3.46)

di

LA,

D'2
y Zy=——
rC L

1

= (347
C(r.+R)

(R-r, nR)—%, z,

3. AR R
B 3.14 R ARBAME R EE.

B 3.14 BgaMERER

B my REIERAES BB LR 8 TR, m RE MO E, d BR
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L DN AR HE 03
A D BN, ve RFHEBILE Ve AN, SRR RILETER, TS S

m-d-T+m, -d-T=V, (348)

(A DIEE

d 1

= 3.49
(m,+m)-d-T (m +m)-T (3.49)

m =

P-4
vc

4, BB s B A i3 2]
A& BFIARGHERT, d LB AT LR B R ER B 25 0

L=F-F, -Gy, (3.50)
FREL, MBS A8 .
G;=31=E££i (3.51)
ve 14T,
L2 S A B ECA -
L 1
*“R K 7 - F 6 (3:52)
v D*-T(M-0.5+——-)
D" T-R
a+3)a->) 1 1
Z, Zy
4 = ’ F =, =
Hrp Fp(s) 145 h<S) S +_~i Q 7(M-D ~0.5)
wp G)”Q. W:
L
M-05+—
a)p:D'3_T +D3.T-R, G)”=£=gg1y M=l+m_c’ D=1-D'
L-C I, 2 m

B Fi(s) o AT LA 0 B0 th o0 o A S TP SR AR TP e — X SLHAR A, SR 0e, Q BTk
I RIBIRME. HAMEH —CIA A LHP F1 RHP B/, SRIZRME 3.15 Fig, TLRRIER
MMAFN QH, X MMAR, IURAENSRHRANEWA, SEHAL AR SRR 315,
RYEWN RS, WRIOMEERN. B M L8N, 4 M SN, Hh—MEHR
RE B PRI ALES, R ERE, S—ABHES RO S SRR, M
WRIALRAETE LRSI WAR S, TR TR0 WAL RS HIN . S22BI B MHRIBE Q=1, /81
M=0.82/D'c Matlab (i LA R AN 3.15 FUR. RINIMERUEET, & £,/2 44 W 8 isRIEZE, M=6
P RIEHEISS, RLEELL—B RE. M=40 If, RL/E LC IWEMELHR T =ik, 5
L AR BEAR
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Bode Diagram

8

N
o o
1

-20- B
40 - M=40

Magnitude (dB)

Phase (deg)
-
[~
=
<.

10°

10* 10° 10
Frequency (Hz)

B 3.15 AEIAHBaME B T R 205 B RS i
-3.5.2 BIEIFRRGH

LI BE BV SE MU R L HEAT B R IR 3. BATENS R4, A RRIKE, B4 A,
R OO — RS ER , BRETR OB B R S — W R BGEAT ML . HIR R R R P
M&E, B LC\ESIRMARL A NZH, HEZT, SR aERS R F e —, 767

AHEFARGER T, BOFBRHBAA.
1,=G,-G,-f (3.53)
G CREHAAE P RITTER, RERFEREERIMENE G, MTIEDBEEN SIS
W URABIIBIE, IMEMLY G, KA 3.16 Firsk TB SRR (OTA)Y P T AME R 445K 4 % .

Vg —
gm Vea
Vref
_T + R,
== C2
I C
<
B 3.16 B OTA SZILA PT R 48

oM P 2% i) A i ek 5Ok -
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FREANZE TR

K -(+s/w)
G = - 3.54
o (5) s-(+s/a,) (3.549)

e

K=mBn -t LA 1 (355)
(C1+Cz) RI'CI R C C

FEARHARGSHTOERA, W25 G, PHBWATATEN, WIE T, 5L F——8
RE, BEAERE. Woll 21, M 02 ZEZ AMNBMEGEHE 2 8/0), FBSHE k&
T, B HARARRE, DRIEENABMIEE. St Matlab X T, HIBEUE, & 8% k548
)% k,=-20000 B, T, HIARALIEES 59.4°, XHRE T BARLEMBE I, (FELERWE 3.17 FiR.

Bode Diagram
50 e o . T T —

[
T

System: Tv
Gain Margin (dB): 11.4

; !

!

At frequency (Hz): 1.49e+004 ' <i

| Closed Loop Stable? Yes ) i
~100 - ! ~1
i

Magnitude (dB)
én
(=]

_150 PR S NPT D S B T Ly al L FEPWEEY ) B S SPI YT T D Iy
360 : : ' : . ;
= 20—
g *.
o )
= agpt _| SystemTv L
g 180[— Phase Margin (deg): 59.4 ! !
= Delay Margin (sec): 3.55e-005 | ;
o 90 At frequency (Hz): 4.64e+003 | N
Closed Loop Stable? Yes i
[ 1 | SRR PRI RTTe s gl L : }
7
10° 10° 10 10° 10° 10 10°

Frequency (Hz)
' B 3.17 BHBIEE T S5meeE
RYELEIRIE, WLLRHREHMABRAAMER KT .

n ___20000, w =——=w, oz (3.56)

(€, +C,) ="RC, '’ ””_R(C C,

1
He, wye 2 B HEDHIH 8kead/s. 114.58krad/s. HR(3.56)F LB H C/C=143, B
C=159.87pF, M C,=12pF, R;=1.17MQ, g,=3.44ps. ML Geaﬁ’lﬂff—%l’”ﬁﬁﬁ%ﬂﬂF@NSF)f

Ne
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Bode Diagram
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r e PR | 1 Ao 4 A ] Ll 4,
10 10 10° 10° T 10
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B 3.18 *MEFIZE Gea BISANGRFER] :
LETH- B YR EA RATEAMEMS OmASYE, B 310 4 THEH-H Gan #
ER% G SRZRINEEIYE T, WSMREEME A .

Bode Diagram
100 —r T

‘ g
0]
/.

Magnitude (dB)

Phase (deg)

10° - 10 10° 10
Frequency (Hz)

B 3.19 At AMEPIS S R0 PR e 25 AR e
HE 3.19 )@f/i?, Gea PRITARIFOINH T Goe THIRE S, BMFBIELTF MBI RS, &
UETRAEMEE M. B 320 A 321 S HABREMR, FHEEHMRT, RSN 0MRT
Mgk, EETTEIEL, MR AT M 59.60% 69.9° RLFaE. MTTHHET Rbie=
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RATKE TAEMA- SR8 L
P AR A RES R A B AR E

Bode Diagram

100 7 ; T .
o
2
(]
S ;
a !
F System: Tv2 '
> -100- Gain Margin (dB): 47.4 -
s . At frequency (Hz): 4.41e+005 ]
' Closed Loop Stable? Yes \ :
=200 I L : i
45~ T . , |
80— 1
:,m\ ) 1
z 135~ : ‘ System: Tv2 —:
@ Phase Margin (deg): 59.6 !
E MWBO— - — - Delay Margin (sec): 1.256-005 "‘;
o 2255 At frequency (Hz): 1.33e+004 -t
) , Closed Loop Stable? Yes v
. P
270 I 1 . e~—
10 10* 10° 0t
Frequency (Hz)
B 3.20 FRRHR T S5 BRI 28 1SR 1 )
Bode Diagram
50 T T T T T ‘_V"_’

S
/
|
|
|
!

!
I
[
l

. Gain Margin (dB): 21.1
At frequency (Hz): 2.58e+004

Closed Loop Stable? Yes \
Kl (e it FEuUntt I T WRETil L L

Magnitude (dB)
g &

,150 sl - Lol 1 i Il _
360; T au
|
~ 27— ]
5 0 . o
k- i i System: Tv3
o 180— - — - — - Phase Margim(degyr699 — - — - — - — - — -
8 ! Delay Margin (sec): 4.3¢-005
f 90— At frequency (Hz): 4.52e+003 ]
. Closed Loop Stable? Yes
[ B TV S R T P al M
10° 10’ 10 10° 10° 10’ 10°

Frequency (Hz)

B 3.21 JHRE AL T SRR 75 0 SR 1 1
B, BAOREMEHIERM DLW, AYRGBRIMER L, B e RA N BRI
W, HRELBEN, REMEREREYT BRI, EEELHSY, HRLERHLSY
MHRGEMBEE, RTHE RGN ARG LR R .
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SPITE RYEYUE Rt

BNE ARG

FEEM AR E R HOER L, 2T 0.50m CMOS TE,, 3t R4 EE BB ARRIAT T VA4
HAngit, IFRA Candece Spectre S X BT THH . GIREHAMERYE., REMAREY. Ry %
M. VI AEHCHEE, RBARIEE . SER RIS LI K Buck-Boost BBV RAHORIR I B
FZAE IR L B
4.1 EAEBERERIT

B RER BT E— B BB AR S H B EE. RN, Ethhp
PRRERRR AR E L. ZRIRERATR, R ARMBIR A, B
4.1, IBJRRFF Vas Vo I RBALEARAS . M BRI BB R E TR, — 85 2R R, M85,
BE Qs QIMEHERENEEREL, MIMERAEE Vi RENR, REERERE: 5—HIL

Fiit P Rp KIEBUL, EE Q MRS RERLLLE], BEiiAHT ARERE. M, KRR MR
BB M3, AT RP=ARH B Vere EFARFM R, TS B EML BB EM.

Vz - M= Ml
Vit -

Va

Vref

B 4.1 sk A BRI
411 EEBEMET

BB RE NS MEREH IR EATRAME LR, SERIEEN AL REHNEE
Bz —. fedds mﬁﬁlrﬁﬁ%ﬁiﬁﬁiﬁk-ﬁlﬁm‘mw, i B A FAR R R A AR A B AR R
BE. RN, BIFEHROTFR0r ZMA, MERUBORT AELELE. KIFEMAT AR
Re. sk, ASCEAHT —FMETIRE. (AR A oo R AE VIS (R 3t .

W 42 7R, M. M R 47K PEAK HJREAE, L0 ARTT AT @B R R bl pA KEL
rmﬁm%ﬁaMﬁmmﬁmﬁﬁﬁﬁﬁothuhmﬁﬁwwﬁEmkMyhhﬁﬁﬁﬂ&ﬂz,
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FHAZ TR -8 X
AT A 52 0 DX B e S 5 M A O L . BT ARAE UK, AIAEAR B B IR R 1R R D
MS1~MS5 45 RaHH, MdkeFRRE, WA LMEEY, 233 MS2~MSS 418K
ms%ﬁm MS1, MT{E MS1 Fill, e MSt 1 M, B4 RA I e I R IEE NS, 4
WERBTRE: BRREFTEN, A FAREFR, FAREE MS2~MSS 4R 8 7R
MS1, % MS1 &8k, BEEBEAEEM, TERFHERL.

Startup circuit VDD
i
' !
|
MS4'] Mszr]h —4%1\451: A M; |p——d[ M,
E .
R
J SRR
)
MSs |- ms3 ] i M, L M
|

—
s

B 4.2 HBzha i A mE R

w

I = (f)l Doe"os/"Vr 4.1
AH, o AGLEHKMSH.
FTA:
Iy = (%)1 I DOleVm/"VT - (Zli,,—)l I Dole(l”mym)wr ' (4.2)

/4
Loy = (Z)z 1 Dme"m/n"r (4.3)
H, Ipor=lpoze BREH M; 1 My HB KBRS S 1, H4 k=(WALY(Wi/Ly), T:

Iy =1y 44
B EHELAB:
Iow=1y= %’:l Ink 4.5)
MA@ STTLLEH, fMtdis VDD £X, RS M M M AEKH K B%. HRARAIL M
B 4.3 fiR, VDD=13V K37, VDD=3;6V i, fmE RGN 500nA, MERILE] VDD=5V fEHAH®
TRZEL Ny 20nA, it AR 5%,
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IR RESYR M T
600n * /lout

400n ;
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~ 20@n |
0.89 F R T N Loens ]
2.8 2.9 4.6 6.0

Voo (V)
K 4.3 BfifmERRHELSER
4.1.2 EANRIT
T EHARHREE RPN ENA, TESBHEARERNLEERELER. i,
BB B RA TR IR, BIZAET BN\ BT s A B Ak B s, B
FREEISEH, U REALSHER LSRR N 258 P 258 M AT BL
Ty TALKH rail-to-rail F4H. N BEZH3TH P EE SN MBS B2 R WE 4.4@).

IR
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M3 |p- M4

im—["M1 . M2 [} inp

@N EEAFHRA () P EHASHIA
4.4 FRIER

MBI 44G). QFBETLUE, P EAAMAREHNBEUEMHLET N ZHHAL
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X AU 7 — A TR RECRVE, B SBBNERET B V0K F . WA 8,
T AMAHOKRIRIERE, SO 4.1 PO Vo O IT Vo SEGE BRI TS,
BB BIRILD, B VLRV, BB, BTULER MR, XA

M, N TS LR R
BFSL, ASCRM P AR RIE I, BULERINE 45 TR, (U813 8048, AIBLIAE 53,
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HHT N AR 24 i
LTI 350KHZ, HIFEIE Vi=3.6V B, MFEHIE 10pA.
o =t dB28("Nout")

.O L
~ -76 t . . R

o2 phase("/Nout")

- 200
T o :

1 99 19K ™ 100M
freq { Hz ) :

4.5 BHEPIE TR A AR I Y
41.3 HiEEMRT
BER 4.1 PRESHCHBAZRE, W V=V, EE Ra=Rp, ATLUKEB M R, HETK:

1=tV Vryy (4.6)
R R

ﬁtp nA Qzﬁ] Q Rﬁkﬁ#%ﬁiﬁzwo
PR FE R AR :

Yo Vom 4.7
RB RB

Inp =
HEE My My M M3 BAHIFAMR A, BUl ho-he=hoe REFMEEEAE Vedh:

R (R
Vig =R -(Tno +1z5)=R, - Vo jans Lon | o R LY, Inn+Vg 4.8)
RO RB B Ro

WL A Re. Ry M o B IE SRR BRACH, BT LUERIL B Ve BRETR. B
4.6 AL HE R A TR LKA .
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M :] F I—I — IF 47
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BNE AoBYalB Rt
7 B S AE PR % A R F
1. HRYF R R S b
BARAF: BUREESE VDD M 0 ZB4LE] SV, BN R 20C. u B RNE 4.7 Fior.

1.60 [ /Vref
[
1.2 +
T 800m [
490m |
pog |
2.0 2.0 4.0 6.0

voo (V)
B 47 EREHNBESBMABERNXR
AL SRAT AR Y, tt BERURY, 24 VDD=2.5V B, sa B W] 1E % T4F, Mt EUER R0 1.2V, »
% VDD M 2.5 346 5V B, HyEAEBEAZLT 3.3mV,
2. B
WiIREK A BIFRER 3.6V, FBEM-40CAELE 101°C. .

1.2004¢ ¢ /Vref

120016 |

2 E

~f.19088 |
1.19959 PR SR PP |
—19 20 50 89

B 4.8 Hith BE SIWEHIRFR
BHGERINE 4.8, TLVEHHREE 2SCELR, MlAEATTRERY, KT 25CHH
WRERFERERY, W 25CRAMT IR RE. MRISHILE R IEIR R 5 4 B R 2
H: T=-10C, Vref=1.19958mV; T=25C, V.=1.20036mV;: T=76.5C, Vref=1.19959mV.
RIEU EFIRBEAIPBRME, REBRERFIM TR

_ 1.20036/ ~1.19958V
1.20036V x[76.5°C +(~10°C)]

x10¢ =7.5ppm/° C (4.9)

4.2 REBKBEHE T

REBABRRE T H—PXRBEL, CRET RENESHENFBOREE. RiEL—%
41 '



TR KSR AR

PR IRZE TR BB HPARIMEM AT, B TIREBABMRITER, REWT:

1R ZETROK B3 10 4R MUNAE R B 45 s

DMNES T RIS TN 3.44ps;

IMRIUERE TR KA BARHI LT

NHHERIYIFE, MERIMFERLE BRI 3.2uA, EHMHIEHEAN 1pA;

5)AT ReM b RE H 5 B R, 'ﬁé%ﬁ%fb‘d%&ﬁﬁzkmmtﬂﬂz(smmﬂ”h

—HHREBRKA(EAVIH LRI, IR REMIRRIRSUIES, FAERMEE IR
H—7iH, EA MZAF—ERRERE, LMEM D QEERENZNGEET, Mgy, iR
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L X OTA 45y

MIERL B RIEGFS BTG R, A0 OTA KH Cascode UKL H), W 4.9 B,
My/M, 415 PMOS YN, KA Cascode STFRI I 518, 26 Mpa/Mys ZHHTH, M IREER B
155, T My B IHEHAT BN My -4 P Al N U5 Cascode HIFREEMHE .

HIE MOS BHIBE B RAR(W/L) =0 2kl LARZESSSTABS S 3.440s, RERN 1pA HE
ok, WL 120018, B TFEAFBAGRKLWLFHTFRA KA, BIL%G SRR
F R
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. VJ MUI;}F %[IMH
"W‘%h e 4 My
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B 4.9 ZA& OTA 4iHy
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M, HIEEAZ P 4.10 FroR.
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FNE FEHHOLE Rt
VDD
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M F kN
1
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M;y Ma M, My My
A
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<

Bl 4.10 HIFR SR B EEAR OTA 4iHy

B )R ) OTA S RS AR B4R B AN IR BE 0 R B TRV, 64 BIBETEVEZ S R Bt
REEPIS . FEIMEMAT, B R, PSR AR, W3R . R, REEUESHY
W, AT T4 RS ATEE MR K. RN, W R DA ZERRMIT, REEREHE SN
RUHER . 4, R R ALERBEIME STOSE, SR WM, B Ry, BZH GRS,
HEMERRRRFALE.

MFERIHEER, SRRBEA A, U My My, & BREREHID 0.5pA. BWESX M.
M, ] WLy 14um/Tpm, RIBLESHEOBSHEAR:

Emia =2k, W 1 L), 1, (4.10)

R RR gu2=10.6848.
WIS R G305 FHI K R

8 .
=20 4.11)
I+g, R (

m

AR TR 3.44uS NER, TLMEH Ry A 197KQ.
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Fii NF TR0 3

R, = &sTustsTusis | &miTist a2 (4.13)
B A
4,=g,R, @.14)
FERR ALK -
S SR S (4.15)
P 27(R, + R)C, )
AMEM R R T S R
1 1 1 1 .
= , = (e 4.16
ﬁ'zﬂ&q Sz 2ﬂ_RI(Cl cﬁ (4.16)
3. R R
VDD J 3.6V i, RERKBIFHMAFFLERIL RH 5100 4.11 FE 4.12 iz,
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