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bR RF A AL ABSTRACT

Automatic Generation Method of Low-order Models for

Analog Integrated Circuits with Applications

ABSTRACT

Nowadays, analog integrated circuit (IC) design still depends heavily on man-
ual analysis, which greatly impedes the entire SoC design process. As one indis-
pensable part of analog IC design, reliable macromodel for analysis lacks system-
atic and automatic generation procedure. This thesis discusses the relation be-
tween circuit topology and a symbolic method call Graph-Pair Decision Diagram
(GPDD). The topological simplification is proposed with an efficient symbolic
algorithm for automatic low-order model generation. According to the experi-
mental results, the simplified model matches the original circuits in performance
and topology to good agreement. The validity and robustness of proposed method
have been verified by circuits with various topologies and sizings extensively.

The proposed model generation method has been applied to two scenarios.
The first problem is to automatically construct the time-domain model for large-
signal analysis, and the typical slew-settling behavior can be captured by the pro-
posed model. The other one is to analyze common mode rejection ratio (CMRR)
and power supply rejection ratio (PSRR) with symbolic calculation and sensitiv-
ity analysis under multi-port construction. In the thesis, relevant test results and

algorithm performance are provided.

KEY WORDS: Low-order model generation, topological simplification,
graph-pair decision diagram (GPDD), time-domain model, common mode
rejection ratio (CMRR), power supply rejection ratio (PSRR), symbolic anal-
ysis



EfRGERF RS L B %
H 3%

H E i
ABSTRACT ii
B F iii
& x vi
= X vii
$—E it 1
1.1 BRI AR 1
1.2 SO TTE: . 2
121 SO yEmE . . 3

122 WHEHRFEW (GPDD) M54 atrad: .. .. . 4

1.3 HEEREISAGRIITER . . 7
14 BRI SEZS 8
1.5 FESTENGETLHE .. 8
#£-E EF GPDD HYHKEE (LR 9
2.1 GPDD HHIJCERAE . . 9
22 GPDD SHUEIRINEEHIMIXT NV RER . . 11
23 ZIRIMEEIE . 14
24 FEALBUBIE M - 15
2.5 REBINGE 18
E=F EHERBIRERMEMAE 19
3.1 JOMFEEMEREUTE . 19
3.2 EERIEBAERTTE 21
321 JUEETALFESERE ... . 22

322 fAARERRIECAOT . L. 24

— il —



B S SR I B Yol e
3.3 BHEZEEIIF S BER B NOTE 26
3301 ABGEMEHEASRIT T 26

332 FEAREHEET T T 28

3.4 [ETERUAEEERE RS 31
3.4.1 AL BRI 32

342 ZMEBEEEMELGRON .. 34

343 JOPREENESRESST .o 40

344 CFFSBTIRECILES .o 43

345 [FEALEHEETRIER AR 44

3.5 AREINGE L, 44
FEME ZiHOMERSEARHAERER 46
4.1 FHEEESNEI S EIEIELLAE . 46
42 CMRR Fl PSRR fEZui A& FRITHETTE .o 47
43 LRGN S BRI e MEE R 49
431 2y OIS TTEROE PR R I [ S RS e beE ... L 49

432 HURETTEH TS EOUCIEBIRE S 51

44 KRFENGE . 53
FHE FRiE 54
50 FETAESEIHA . .. ., 54
52 JEEERFFSTTIL .« o, 55
B A BUER SRR T E L5 AR 56
Al FFSHETE S . . 56
A2 ERSEMTCIMEHETER . ..o . 56
A3 MR AR FREIUES ... . 57
A3l AFETRETUE 58

A32 N E BRI A o B A R R L 58

S TRk 60
B gt 65
WAL E & RFEARIEXL 67

— v —



LS RF AL A B x

1-1 FEARBHUER B ITRE . ... 2
122 5L mAs . 3
1-3 RCEPER BB MW FIGE oo . 5
1-4 RCKBIEP RS AR 0 oo 5
1-5 RC HESH GPDD 547761 . . . . . . . . . 6
1-6 GPDD RAEHIN . . . . . 6
2-1 FAEMIRBUERB O IR 9
2-2 Nullor TCHRFS . o 10
2-3 FFSIRBUERE AL N GPDD BT .. 11
2-4 RLC HES/REE . . . 13
2-5 FFS I IRBUEE AL N GPDD S5m0 . . . . . 13
2-6 ZURIEBIRTE . 14
2-7 ZURHEEEEI GPDD 458 . ... 14
2-8 MU SO . . . . . 16
3-1 JUHFA RS EOE AR R . . 20
3-2 JUHFEEMETFENREE . ..., 20
3-3 BRI AR R MARAE L 22
3-4 REHIRUFEAEJRIR oo, 23
3-5 HESEZNEEFEFSERIE I . 25
3-6 Slew-Settling iHF2 . . . ... 26
3-7 GBS . 27
3-8 HPIEETRLRRIRRBREIAIE 29
3-9 Slew-settling IIFEHFHIANE g, AL .0 00 29
3-10 STPREUE . . . . 31
3-11 MOSFET #/f/ME S R o . 31
3-12 WIBECRA IS . . ., 32
3-13 TGS/ IME SRS .. 33
3-14 JCREMMMIOEEUIRmNY Less ... 33



b SR KA AT X B %

3-15 AREMM IS E/IMESHEEE ... 34
3-16 AWM IOE IR ges .. 35
3-17 B PEIMHEE RSB 35
3-18 Hrafiidimhasn it/ MBS /B . .. ... 36
3-19 HrEEMhE Ry e tb i .. 37
3-20 HrSHEIMHE AR A Nullor 2525 . . . . . ... 37
3-21 Voltage Buffer tMERIM U FRORAFHIGE . . . ... ..o L. 38
3-22 Current Buffer #MERI WP BRI . . . .. ..o L. 39
3-23 Voltage Buffer tMERTSBEM/MESHEE . . . . ..o Lo o 39
3-24 Voltage Buffer *MERTISBUMA NN FIZEE . . o oo oo oo 40
3-25 Current Buffer #MEREEIW/IMES BB . . . .. ... 40
3-26 Current Buffer #MER RN HLRECE . . 000 o L 41
327 1 5 ROTAEE T RBS A/ IME S B .. 42
3-28 2 S RO RIBS A/ IME S .. 42
3-29 MISTIUBHYT Slew-Settling ST EAE R 0000000 44
3-30 FrELPEIEMHS BRI Slew-Settling I ELZER ..., 45
4-1 FEEEIRIEEACEITEILE S 46
42 L7 iEMiE CMRR & PSRR I GPDD £544 . . . . . . . .. ... ... 48
4-3 WHISIAH) CMRR K PSRR BRI SRR oo . 49
44 HrEILFEIMHEEY CMRR o PSRR WIAFRN AR . ... ... 50
4-5 WIS HUE R Wy IBUBEATEER ..o 51
4-6 WIS HUE R W MBUBE DTSSR ... 52
A-1 AR TR REIRES .. . 58
A2 FAEARTAEIA G RBIRES . . 58

—vi—



L R K F A P &k Ok

2-1

3-1
3-2
3-3
34

3-6

4-1

43
4-4

= E
HES SO IR BUE RS . . 10
WGE AR R T A AC TN, . . 32
P& mhs A B T AR ACHINY, . 36
WGeOR SRS 41
WGETIARE RS o 41
AR W SOeoeFEE T oo 43
e e O R | s ot R 43
W Is i A FRh A i S L A BT 2SR RE A L L 49
r &I E A B SR i S s O A I 2SR RE A L L L L L 50
Wy ) DC SUBEE AT g5 S AR, . . o 52
We 1) DC SUREE AT 5 S AR, . . o o 52

— vii —



b SR KA AT X F—% it

F—F #it

AT H S AR R B BT IS, 5 tH H s R b i T LA B st iy
RS A B RCRAR N A () T (R A- 5P o 7 43X — [ R E R R D 2
550, FRIZENGFF BN R . RJFM AR EZNE, o SCEAR L

1.1 EIUE KR EIEIT A ERA

a2 SOl B AN A Fe 5 130 O W O IR T, TR Bl FEL B I T HO PR
PER AR T B s SR . RIS, ORI B DhREA B A R —Hut i T, A
H#3)) T SoC (System-on-Chip) BEAN Ik, X HLES A THH K B 2 IRDE S BREK [1]. E A5
JCHR B T B K BB 57, B R BT RSO S B R B T BT TR E T
SoC iR, FINORIE T EEgtEre Sl &t Hh ) BT B3ME (Electronic
Design Automation, EDA) RO , B AR R R B ST AR B ot e S AL
Wt [2]e BCFHESAERMETHRRE, WMHEKLSEE. ik, HIlfi ML, BaNM
1] EDA T BN B2 Fr. BRIb2Ab, #UFSE S BT TP (Intellectual Property)
BRI Hr, A LARRAA MO DHRERCE AT B, ROK T 8 1 20 F i LR g A T L i i
Tho SRIMARXT B Y, DL L B P 1 S5 A B REARR A0S 1 DRIVEE LA BT AN ] B 1 142
2 242 R R — B 580 1P AR A T IR [1, 3]0

DL B LB AR IR SoC T A X N R TETR Y 10%-50%, SATTIX N4
AR AT 50%-90% HIEF[A] FH TP ER 73 B3 S (4]0 7 HLAEAE i TR A0) Fa i
By EER, ATRE SR I B, S0 T I oA . AR B B S 1964 At
ALK (5], EARA—EHEEEN-1PE TR R NIRRT 4h, 28
JE R ARG BARYEREFEPR , 45 S BT FE g DO RERCR B MBS IR . A )E, S
PERE, 1EIFAIER RS, LG mERITHSIR, METTHSE. G A ThRERIR,
RN AGZHTT R, &5, TLatmEE, IREriRE, g2 1Th) #7457
T BRI SR ], B R R S B LA 44512 -

a) ERREDFRLENNTIHHEBOHEE], St BB, Kol
N LR NS A BT -

by EARBEEATELZRIE , MISITHAR —FHMEER ) AR EERIET .



b SR K A A F—F 4t

Q 7) /e Vsin Gavea Y (4
I‘ \ 3 & © En p
E‘i ——— m:r OVix R
Brainstorm
Ideas

Design Block-Level System

B Design Component-
L Level Circuit

a0 30
Time 5]

Verify Desien (with Simulations) Design Physical Translation (Layout)

B 1-1 R ARBE I & R AR (4]

Fig 1-1 Basic analog integrated circuits design procedure [4]

c) B LB BAEAEAE B R B], Rl A RGBT B, AT 2R R
REKRMI AR, ok 7R3 .

FTLAVEE], B A S th TG R = TH R BT TR, S 30T
TN S, BT ARG NS AR R P il o o, AEADL L s ) SR A S Y
— e WERAFAE RGN H ML AR B ERAST 35, A 20850 TR s a5 N 4t
=, SR A RS ST BRARR T . [RIR, ph T A A R AR RT LA AT R T
TF28, Bk IR SR CIRUEICR AR, T 1 g sat i ititintg. 7
S, B SRR LAE R0 BRI RCR , et s ST LA 24
HAT Z AR R Gett H Sh AL FLIBSEASTT SR — e R B A0t Akt i =~
250, XEIREBSTRCRA H 2R EE M.

1.2 HSLahAE

HAr, Sl s B3R H LD SPICE A 2E Al ZUEA 5 B T.E. [6], 11 Cadence
2 H]H Spectre LAA Synopsys HJ HSPICE {5 H.ax 5. ZUEAT E s LIRS E Bt BB R
AL R A AR F O B T o SRIMEUE DT BT A KR [ B T H A A5 R 5 g
T AT UE N, ARME M LB B 07 B 45 SR L B T A O BBV SR B I 25 R . 1X =

2



B S ELE DB A F—F 4

SR TR, FRREL R AR R TRIN, EATERBOTHSIERER RIELT,
SUREXS LT IBMEE T E H AR, DA RIPr 2R AR RETR IR, o0 T S X —IH
e, ASCRAAF S A BT IR R AT o0 A

121 FSkpthAEER

AR 90 A, MR IRAT SUTET AR A T2 R (7], HEUE
WTEAFE, fF5 i BTk B/ Me 5 L i R A0S iR T R 3658
A, G AR B R ACEE AR TRk, 1 2fs i ee -

+ + s
VinCr\)_ CT \-/Out ST (S) = G iy \

A 12 AT itz
Fig 1-2 General symbolic analysis procedure

RO FL i A 7 A R I 2 BUET BEARERR 2 A AL, 22T LAURE N ELT L
=

a) " LVE IS IS -S40 50 R L T A L TR 2RO B O VE T, A
B TREIR AT 0 V8 B K A B 704

b) TERIEMRAT LR, (6B TREE R, LA RLBOmIE (5 A
FORAR, 5B AR P 7

) FILAH IS SRAFG 2 B9 A O LB BEATFRAL , FEAE B A HLB ST T R A A
BB DI RERIRZR G b THRERTSE B

MRS RIEA A28, L LE T E2FARINFR SR, AT
R KAE 8]+ FIFH Mason FEMSKAEE ZIEL [9, 10]- AR [11] 550 IXLEETEHD
AT DISR AR — etk g B G 3 pR L SR MOSFET HYFEZME risg, SKfes W <
IS AR ST BAR B AR M e A/ MBS 1AL I A&

SR, TRt T AT e, WG g RIS, A9t oA ar
ST RS 2R EERIG K, [12] SRR R 5540 07 2 b B ABEAC AT 1 30k



b SR KA AT X F—% it

S RAEARNAR L LR T AR5 T AR R B B, B SR M 2
BOEEME L — e BRI AT AR S AT o HORZHF S35, 5 it
i BT SR SR T TR E R RO, REEERFAMNZEDL, AFTF
TSR R, R AR HLAE S B AN AR B A 7 AT 5 75 o

1.2.2 WER%#R (GPDD) HFESothAis

AR VAT 540 20k A K BB 78T, Sheldon X.-D. Tan T 2000 4EFf T $2 H T
DDD (Determinant Decision Diagram) 77546 775 A1 H Cramer 35 W15 H EE A% Hi
PR, JERIH 0 PSE 1A (Binary Decision Diagram, BDD) Z#4) [13] JRAFAK 111 2
SRS FRIA R [14]. IXF T A ROZEAR 715510 2 5 B K A 28 6] 1Y A
B, AR H TR AT A5 A AR AR 22 BOAE . QWIS 7R 58 = A R4
R ) G R I AN AR RS IRE B, HOREE R —ERE.

2006 FHT, G. Shi S5 A$EH T WAL (Graph-Pair Decision Diagram, GPDD)
Jik [15-18]e BRI T BDD &544, XS54 mitfrRasitcss, MIfRIE 75
DDD 8 Y@ S RIF A . B, X R IT RIS 45 R T SR bl A F B A A
IR, B R THEE A58, HEKEERE, LUELat—1is
BOXAERUBE A S o [FIR ) 3207 B MBS AIE T XIS AR i L A5 B A7 5L KA =
H IR, AT AT AT 2 SRR i Y T S 2R

W JLAFEK, GPDD J5 ik MR SEEL T B2 i B A S5 2 T TS 8 T i 2 K.
[19-211 H{EH T Z )AL 7, MTTSEEL T X 3 R EE il FEL S AT 5 [22-24]
HR A5 A SR EE AT 7, AP SO BRI T TR, Tk 7 B3 EEEik
RSFREHE: (25, 26] 18372 Moment Matching 9 77 356 FELIS M S gE A TEAEE, 521
TSN H BE AR [27] SEIL TN OC RS FEBR 0 B, AAITIARE T 2 38HT GPDD {5 E
J7i; 28, 29] #t—2 44 H Y FHE) Sigma-Delta 3l &5 H o

NI R X R T TR A 4

i 1.1. RC HE%H] GPDD #4i& 7~

S EN -3 7R ) RC I g g FELE , TX B A BRI B MU A F s 22 HL 2
PR S R A A R A ARYE FRLBS A5, Mg an A U R I, G FEE TR S
REFRL, HEBEETT B RGBT A . T B RR A THH C R FRATH
Mg SR AR S22 XORIEATAR IR, JFEN GPDD S5 RIHR T f . X H T2
RS A BT, WOy B RS RETR (VCVS), 7R H IR 2568 VC F1 VS

jj_J.o



b S K AT A F—% it

B 1-3 RC &8 8 K 3 B xF B R 46 B
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Fig 1-4 Spanning tree pairs in RC low-pass filter
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Fig 1-6 The evaluation rule for GPDD
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gEnTn N R
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Fig 2-3 Calculation rule for GPDD under limit value
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Fig 2-5 GPDD structure example under limit value
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Fig 2—6 Multi-Port circuit example
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Fig 2—7 GPDD structure for multi-port circuit example
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Fig 2-8 Two-stage opamp for sensitivity explanation
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RKTA-TH W SR, HS 0 KPR ROT A RUE N TT 55 G i
FOIRE, EERAMRE H (s) KA FRFR:

N(s) Ni(s)Y + No(s)
D(s) Di(s)Y + Dy(s)

FATAE Lt L AR s € A EZ I3 801 N (s) FIEE D (s)
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Fig 3—1 The impact of element value on gain and phase margin
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Fig 3-3 Entire procedure for low-order model generation
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Table 3-2 AC Response for each node in folded-cascode opamp
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Fig 3-22 Two-stage opamp schematic with current buffer compensation
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Fig 3-24 Frequency response comparison for two-stage opamp with voltage buffer compensation
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Fig 3-26 Frequency response comparison for two-stage opamp with current buffer compensation

& 3-3 mAIEHR TR A
Table 3-3 Common parameter sizing for two-stage opamps

ZH
R E RV, | 112V
AR O, pF

FirA MOS EHIK L | 0.5um
SR Vdd 1.8V

& 34 M BIZERGRE RT 7%
Table 3—4 Sizing strategy for two-stage opamps

2 05 RN %E [ 150 % | 2 50T
NI LENES 0.9V 0.7V 11V
W (M) 20um 40pum 25um
W (M) 20um 40pum 25um
W (M3) Sum 1.5um lum
W (M) Sum 1.5um lum
W (Ms) 48 um 12pum 10pm
W (Ms) 30um 33.5um 32um
W (M) 144pm 144pm 144pum
R, 1.75k€2 1.75k€2 1.5k
C. 350f F 350fF 250 f F
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Fig 3-27 Simplified small-signal circuit for two-stage opamp with st sizing method
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Fig 3-28 Simplified small-signal circuit for two-stage opamp with 2nd sizing method

R EMEZR3 -5 R B AT ROT T S A AR B ICH cane T canr BIFERTATIY 18
RENHOCHEEENEHMEAR R o XU I TTHR A U A sk N, MO T
PR, HAS N, BIRERRZIEEN . 53 /ha] LG 21 B AR Al A T Y S B I
Fek b T — BRI, ABFFREAES R T HE A NTEEIN AN R I B AR B fRT AL R
VR 2R DREE O AR A — s AR, ARZERSTREOLT, 28R LA
fgiafr, BAKREIAEE.
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Table 3-5 Symbol order of opamp under different sizings (Symbol with smaller No. is more significant.)

Gio [0 SRR [T SRR [25RTITR
1 X X X
2 Cc 9me 9me
3 9me Cc Cc
4 Cy Cy Cr
5 R, R, R,
6 Imi1 Tds7 Imi1
7 E1 Cgs6 E1
8 9ma4 gmi1 9ma4
9 Ey by E,
10 9m3 9ma 9m3
11 Im2 Ey Tds7
12 Tds1 9m3 9m2
13 Tds7 9m2 Tds1
14 Cys6 Tds1 Cys6
15 Tds6 Tds3 Tds3
16 Tds3 Tds6 Tds6
17 Cab2 Cab1 Cab2
18 Cab Cab7 Cab1

344 EUHSHERNRILE

i, /NG T ARy BRI R B e RO [ B i, BARE DL 36, 154401
FEL I HH RS B [ 2 LB A AN R B RE X LA 2 Y A 20 S HSPICE
WA TR 2. 7] LUEBIERTA B2 R b 80 s H B A o> 2
B OUURT 3-4 AARRT 1-2 22, XFERUSI O B 28 i LU AN F Tl
25 PSRRI SR 1 VR R

K 36 WIHIF TR Rk
Table 3—6 Model order comparison between original and simplified circuits

e Tt P TRy 70 HEL I
RRRE HOR L | 2R B | B | B
Pr & IS
WEAMEN IR
Voltage Buffer #Mz M ZE i
Current Buffer #M 5T

N N OO

N NN~

3
4
3
4

~N N N ©

43—



L EHEERFMEFILR L FE2F BEMERCHEBEAENT X

345 FSLREELERNRER

HAERATETXS PO T R I T 1 P IS e, (329 IR T AEANTA] S
B pREVER T BB HY Slew-Settling T 4. FTLAEE] Sy (z)~ Sy (z) F1 Sy () £ Slew B
BERILH T RAFAON AR AL AT o TSy () IR 1E 6T F S ASUE I [R] A9 Ay
o X HEIFBCAE A Ss (x) BIHIZe, [A2hH HSPICE 7 B AYEL. o] LLEZ LA
HRET SR XL R A E AT st et 230 T —ERINE, B b/ Nk
Fr—80. WOrT AT Sy (v) 3 BUS T R A B i (DR

121

>
>°0.8
0.7 m— MOSFET| |
—_—0 =S,
0.6 —g, =S,
_gm=SZ
05 _gmzs4
L

0.4

L L L L L L L L
0 01 02 03 04 05 06 07 08 09 1
t/s %1078

B 3-29 % ZE AL A 49 Slew-Settling B 3545 A 45 %
Fig 3-29 Simulation Results of slew-settling behavior for two-stage opamp model

FERHT &L hE ) s s, FROTEIMEA Sy (o) FAEATN, HESATTLL
JIiF] 1 HSPICE >Rk, (B4R NE3-300 X BEER - IOMEAIREE, R H A I
TR, X EESRRERE I N RN IZ I R IR AR T A A S
R FF AN BEAR S Mo T H B A N S, 100 B P Sl 2 T YA AT A7 A — S )i, 7528
B2 AT IR IE

3.5 ARE/NGE

R Kot AR S SR AR M (4 9 B AT T AR, IO T I
AR B DR DA T T R R B 0 o 2B R SRR B AR B T AN ] A s
), RRRSTSHUEN T IRAT. W5t 52 ARt 7T LA B4 S 17 [
W AT HAS G MM T S R AL, I ARSI 40 B, 5T Hs TR
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Fig 3-30 Simulation Results of slew-settling behavior for folded-cascode opamp model
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a) AT LAERRZE AR B S SR, B TR i TRE AT A
by FEIIRE ) RIS EIRE ARSI AT, AT E SR P it — 2t

c) 1FEIAY T 4 R B B T R H i rR R LB TR, A BT ORI e T
G5 ¥ A SR TCHE X I 2 LB ) [ 7L

d) ERITAEERREN i, R R 2 B TR R 7 2

TN, ARERT LIS O I SR AR AT T R, RIS AR A B s ARG
Prst, R T H BRI R T %, FE TR T T XA R AR T
HA AT AT SR, FFHAER iR Al LAE 2040, ARy S 2 H i it ml LA
X FLES A EAT 04T o FTLAFE 21 H AT AF-5- A I S 8T A R 37 5 EE A B Tx 7l 40 FL i A LA
JEIE T, (B V22 FRES AP AR S0 AT IR XE R 0o e 20— 2D ad i AR 2 pR KA LR
ARG )= HTEEVE AT HL A A 0 7 S 3 TR I
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FNE ZimAWENSLARTERER

ANEEXS 2 v I FL ARG BT IR R, TR R REA BT X 2 3w 1 1R L T A ASEADL
FRL I T o B 5 FR SR (LA o

4.1 RN LS R L A 2B

IBRECRAR SR 7 2253 ¥ 2a Wi |5 LA K AT BUAR AR AL, 3 B st A ok o5
o LR JUAEXSE B AT B BT AV S5 I BN ST R, TR F g s
{55 B SZ MDA HE 2R A I BHOR AT AERE TR =y A EEK (474910 H BN X M 5 T
favraY B Zh b4 Bh T E AR 5T LA Ol | S0 75 2 FE Y /Y C BT R 2R 28 A L % 0
Mr AR THe S 540 B

FRAE [411 H B AE L, PTHR R B 4—1 H B 7~ 72 H LA ] LY (Common Mode Rejection
Ratio, CM RR) FNHJEHNHILL (Power Supply Rejection Ratio, PSRR) HJE Yo

Tem
- + +
@ - - Udd

+ Tout + Vout

+ Tem +
Vem Vem Vb

B 4-1 HAE 34 b B b R34 rhE S
Fig 4-1 CMRR and PSRR definition

BB CMRR HYE S, W41 MR, — P EMBERREA W ED A
S, INRAE P S A BN EIE S B EDME S W vg M ve,, EERFSHIE
BRAIIEAEER 7y, AR A BATAT LIS B AL A e 5 5 I ERER AT o, = Ayvg; TR
WS 50 v = Acmveme XH Ay F A, HER T IS RIS 45 o AR 2 R LIKS
CMRR & SN ZE 8 a5 LA ag B FEAEL, 20 R s UPi .

Ay

M =
CMRR i

(4-1)
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AL H PSRR HE L, WME4-1A MR, Il IR D 45 L — /M55
WD vago B2 H PR RAL SR RIS 5 rT LAFOR N oby, = Apgvaa, 1IXEH Ay AR
VIR k. MOAT LUK PSRR E SO ZEE o LB s AV ELAE, I N SUR .

A,
Ap,

AT LUA BB CMRR A1 PSRR #2& id/ME 511 HA5 2], #0T LME 5105
MrAS 2N M 25 5o [ AT UG 242508 CMRR A PSRR IS FE AR 2 3 825 A,
A T Apg o 1K =25 B4 HA 340 A I FE T, ELA [R]— o 1 AU S 2 B —19 frds
I ERE2.1, AR RT LA AR GPDD 223 1 AR50 447 774 CMRR F1 PSRR
HATHT

PSRR =

(4-2)

4.2 CMRR #1 PSRR # Zix O#E TRIITE A&
CMRR 71 PSRR 5T S 80 K 3 /4 A\ it % -

1. Z5MH A\ EU R 2R RS A,
. LR B4 HH 30 SR PR35 A,
3. WU SRt S P PR35 A,

Tk = 2R N H S T SRS 50 o RIICERF S A A i fe v, A7)
RSB N R TG H 3 40 VCVS B2 43, RIATSE A5 MR it . X =42
TR RS Xy X F X, =551, K320 0fF 51 iEl i, vl
302U T H4-21) GPDD 4544

X H )T GPDD 25 Nay, New, Nps T D XV~ GPDD 1 s k. AT
i AT AR S0 45 SRk 11575 %1 CMRR F PSRR F{E. A4 H4E GPDD FSRAEHRLN
AR S TR R B, AT DS 2 B = A as v R O A R

Nay
Av = XLAU — —8184555¢ f.]f(g)) (4—3)
Ncm
Am =5 = _323556f;(D)) (4-4)
Nps
ApS = )(Lpq = —3835¢ ff((Dp)) (4_5)
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B 4-2 % 3% v % kA% CMRR A PSRR #) GPDD %4
Fig 4-2 GPDD Structure for multi-port construction of CMRR and PSRR

A, H4 CMRR 1 PSRR HE L, AILAE{X CMRR 1 PSRR £ GPDD H 15
wmr:

N
CMRR = 818284f( Av)

4-6
7 (New) o

_ (NAv)
PSRR = 81838455f(Np5) (4—7)

ESERER R, X5 GPDD WfiE 8 H T8 —k . HEHE A TS5 T
fH, Mg A,, CMRR 1 PSRR WHUELE R AT LA H R Lk 77 GPDD 2514 [F] I 15
2, WA TIFER A XA THERCRAE 2 AU H B — 255 50 T R AN RTA T (8]

RHEEE — s P B T T s, A A HE S BRI ANTE , CMRR 11 PSRR
P AU B mT DA N A TS 2 -

Sens (CMRR,W;) = Sens (A,, W;) — Sens (Aem, W;) (4-8)
Sens (PSRR,W;) = Sens (A,, W;) — Sens (Aps, W;) (4-9)

XTI AT ZRAG =AM IRURYE, RVAI 752 CMRR AT PSRR (MU [F]
N, BT A R RIAAER 4 GPDD BT, Jir LT A R SRS HH S A 25 2R o
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Fig 4-3 Frequency response for CM RR and PSRR in two-stage opamp

K 1 /IME 5 LB Te 2808 i HSPICE MOEUIE 7 B 45 A5 2], FF A EAE R 11
GPDD %5#). 1THE15%I1 CMRR F1 PSRR 4020 b it £ 15 4371 [ 4—4r 7R A
LI 25 B 2515 HSPICE MIEUELZE RV 4, Frlh GPDD fF54Lit &M & K2 f
NP

& A1 P YRR A I G B 5h v My e ah 2 MR AR PLAR
Table 4-1 Comparison between separated and multi-port constructions for the two-stage opamp

T |GPDD|  H4Ji&E T [A] (1)
FIE A, B GPDD 2251 522.0
R AL, 9 GPDD 2615 408.7
FMAHE A, 7 GPDD 3933 632.0
St 8799 1562.7
% ¥ 1 #41% GPDD 4871 730.1
DCHEAE T 44.6% 2.1x

FATRGE ATV R LB REATIE ] 2235 1 F43E 15 21 B GPDD =45 R B3
BHOG, IATER =M A,, Ao, M1 Ay 203 B0A4IE GPDD 2519, FREiAH Y R
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Fig 4-4 Frequency response for C'M RR and PSRR in folded-cascode opamp
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Table 4-2 Comparison between separated and multi-port constructions for the folded-cascode opamp

oL |IGPDD| A& [H] (s)
FNEAE A, i GPDD 24228 155.2
o A, B GPDD 25706 122.0
A AL, ) GPDD 32918 173.6
)SS2n 82852 450.8
% ¥t 1 ¥1& GPDD 35424 78.7
HOHTERE 57.2% 5.7x
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Fig 4-5 Sensitivity results of W} in two-stage opamp
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Fig 4-6 Sensitivity results of W in two-stage opamp
K 4-3 W, 4 DC #LE L5 M7 45 R RARAL
Table 4-3 Sensitivity analysis at DC of W;
— Wi = 20um Wi = 30um
1R - _ . H
\ 8 BRI H BURE o

A, 2.84K (69.1dB) | 0.502 | 3.41K (70.7dB) | 0.401 | +20.0% (+1.6dB)
CMRR | 2.07K (66.3dB) | 1.162 | 3.05K (69.7dB) | 0.802 | +47.3% (+3.4dB)
PSRR | 3.87K (71.8dB) | 1.665 | 6.92K (76.8dB) | 1.237 | +78.8% (+5.0dB)

& 4-4 W #) DC SR JE 5 H7 28 R AARAL
Table 4—4 Sensitivity analysis at DC of Wy
- We = 30um We = 31lum 2
fiiks W e | [gmE|  oF
A, 2.84K (69.1dB) 443 3.04K (69.7dB) | -0.20 | +7.04% (+0.6dB)
CMRR | 2.07K (66.3dB) | 6.1e-8 | 2.07K (66.3dB) | 9.4e-8 +0% (+0dB)
PSRR | 3.87K (71.8dB) | -7.63 | 3.32K (70.4dB) | -2.83 -14.2% (-1.4dB)
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