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Abstract

In this thesis, a novel operational amplifier (OPAJesign
methodology by using the relation of overdrive-agkt and current
regulation is proposed. The proposed design metbggdas advantages
of easy design, reduced iterative refinements,iegige to many operation
amplifier circuit structures, and so on.

Based on the proposed design methodology, opeshtEonplifiers are
designed for four configurations including two-stagtructure, cascode
structure, folded-cascode structure and rail-tb-raput structure. In
addition, four operational amplifier structures dasigned for both TSMC
0.35um and 0.18m process technologies by using the proposed design
approach for instance. The simulation results fuibet the requirements of
specification for different operational amplifieordigurations and process
technologies. Therefore, the proposed operation lienp design

methodology is valid and practical.
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Voutmax :VDD _VTHZ _VTH4 (2-38)
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SR= 278V, (2.47)
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éﬁ%oﬂf“w%ﬂ%ﬁm%aﬁiwﬁi.rﬂmw% LR -k
FEOT S LB SRB AR E LR AT RRATE R DB R
Wi -

%231 2k tcANMOSE fufllvrd p 3y BB AFHE
Size(W/L) Intrinsic Gain

4u/0.51 219
8u/0.5u 224
12u/0.5u 225
8/l 333
16u/1p 333
24u/1p 333
12u/1.50 431
24u/1.51 431
36u/1.5u 431
16u/2n 519
32u/2u 519
48u/2 519
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BRHE §FIARS Tl BRTROERRE S RLR AL
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HSpice & 74 (T 2k 4 47 K- Ha BT i anE@ » 2 BH T T
Roo SR BB FEL T F AT AT 2PENRITEOT I
RIS 0 s BT R 2 SRR T LS| T AN o ot £
i AR o MR BT RS PSSR Ak
RA o RFLE LT SR E R RBEFRG P

/f#)’t\:)% ’ I% 77'""!1\,—» IL)'L);‘I; mi f"‘ @%ﬁm% 1\ o

IPa R - m?’:ﬁfﬂﬁﬁi\? e B2 affe g fo
g% 0.18um & 0.35um & AR kR o B s e fh DT B IR e B
2157 0 ARG fAhed 31w o g A TRERS UL 3V i@
Voo £ Vs 5 & +1.5Vs —15V> B 7 K d (2.30)8% kb7 3+
Bt % i 220A 0 B 30uA - Y RIS X F LR MR g
Fo P LMUFERBERTELL lumE 0.2V, 7 K FF 75

DR AR FRLR -

4 32 FE L BHR¥E2 -

Specification Requirement
Supply Voltage 3V
DC Gain = 80 dB
Phase Margin = 60°
Gain-Bandwidth = 10MHz
Common Mode Rejection Ratio = 80 dB
Slew Rate = 20V/ us
Input Common Mode Range = 2V
Output Swing = 2V
Loading = 5pF
Power dissipation = 1mwW
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H ko4 ML 2 M2 2 73 MLI-M2 & - @ ¢+ T feeh PMOS
TrgLf o m PMOS & 0.18m fWAe™ - FUE LR Z lum ¥ 3 4
BAORPE TR T RGL A B L 0.46Ve F 0 T LML
Ferabefow RS E 3307 F0 ML-M2 ik-F &7 B 5 Vsar
= VipptVoy = 0.46V+0.2V=0.66V> & M1 ~ M2 hfli & ~ 5 1& T & Ve
=Vp1=Vg, =Vp,=0.84V > # F 4| * HSpice k& {7 fg - #4717 3| eh
- TR - B PMOS T S48 o 4k (FEEA TR R o 3.2

#7710 Netlist 4 ehde 4o

Netlist:

M1 VD VG VS VB PCH W=& L=1p M=1
VD VD GND 0.84

VG VG GND 0.84

VS VS GND 1.5

VB VB GND 1.5

.0p

% 33 Mlg M2endkiTgair %%
Device M1&M?2
Tech. TSMC 0.18m

Size u/1p
Region Saturation

Io 11.7454.

Vs -660.0000m

Vbs -660.0000m
VBS 0

V1h -458.4255m

Vov -201.5745 m
Om 98.204(
Jds 560.7221n

Netlist # b # HT Ko ML 7R W=8u £ qWA-Teh > p ¥ 4
2 [

N ~ N 2
R, Y- ¥ 1Y

jas!

)j_l- — It = ) IIRA
TRE D BT S ArED
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RRABTAETOHMEE A BEM G REFARE - d £ 3.2
TR HHMEITALTR o xlET O Ip 5 11.7454A > A ﬂ} K
HEHET AT MLy M2 § &M E T 5 lpas /2= 150A 5 5
AEER g e 15uA R R * A BT I T S ehl G kb

Mg enT &R E FA W(Width) ¢

(3.4)

HE
|

B Ipp » A ER I 1L.7454A > Iy Bl 2 & fe IR A& T 0N
TR W=8ux(151+11.745)=10.21 » £ %

Mo o~ Netlistdhmig b » REL 17— HITBLIFTE @ F2LH

N‘E’r

15uA » > B 7 F R ik

FiITEE T oneniE 15.0051A » 4c# 33477 o g AR ht A A
TR R 2P E IR AR 0 R R A E D BT R g4 E o

% 34 BrisehM1le M2 eh® < B3k iTBEA 47
Device M1&M2
Tech. TSMC 0.18m

Size 10.2/1p
Region Saturation

Io 15.005L

Ves -660.0000m

Vbs -660.0000m
VBS 0

V1H -458.6379m

Vov -201.3621m
Om 125.5656
Ods 716.9955n

¥ NMOS T & 48 M5 2 M6 ek 3+ M5 22 M6 &_% 7 fie
R T B NMOS enfet TR L A1 3 048V 8 * e 58
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780 M5 4R~ sdm TR Vos=Vps=-0.82V> M6 e R T R %

$ - BTRAEE S T 8 ME R ETRAARE o b b i

&
FERBEEAEE M5 M6 hiafET g AL - L@ BB A
fEY TR E OB T BBRT IR R

im0 eB RS EFTED F§ TR M6 2 R 4 R

TR EHRGETE C 4 AR- KA M6 iR T R W

M5 22 M6 £_3 4 ™ fit e » #7120 ¥ Tk Vps=Vpe=—0.82V ¥ & 5%
APl > Bk IFEES $Tdodk 345757 o

A0HT R M3 M4 T2 L5 AP S ERATRE
Mg A2 H o ka2 2 NMOS e Al i k3-8 NRET R - #71U
A1 Vps=Vpe=—082ViF 5 50> 2 6 F TR T o LB = B
gﬁg&?@/} B 5 Vps=Vps=0.84V ~ V3=V =0V » Vg=Vg = —
0.82V: it {7 L im v $ 2k (FBELS 48 % 4ok 35977 « BlY ¥ i g
N2 B4 M3~-M4 hfpf & B Vre=0.65V> $1iEs%w B 5 0.2V e 3 >
W-RiET R Vog b s 0.85V: d 2t n e 2% @ap £ 0.03V #7rl #-%

LEFBI o
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Device M5&M6
Tech. TSMC 0.18m

Size 3.3/1p
Region Saturation
Io 30.2852

Vs 680.0000m
Vbs 680.0000m

VBs 0

V1H 483.5568m
Vov 196.4432m
Om 250.355%
Jds 1.3236u

%36 LHH M3~ MAnt ok irBA T8 %
Device M3&M4
Tech. TSMC 0.18m

Size 2.0/1p
Region Saturation
lo 15.01814
Vs 820.0000m
Vbs 1.6600
VBs -680.0000m
V1H 651.8614m
Vov 168.1386m
Om 138.5811
Ods 448.7827n
E'JB.“’;JE’%—@&KT?KA,\ﬂ ";{g\.alﬁ_‘igs’g_r?"":‘&mi/@
’}ﬁélgspm&»L, Y- %7 m;‘}t ﬁi*ﬁliﬁxflj*ﬁ??m%]‘\vﬁ
s VA ,E AN l'ﬁ i\a%‘j#g P—':§xry v B BiFE B AT & ﬁ_‘; A e f?ﬂl‘l

;U 4 5F B4 i (Miller Compensation) 4e » 5 ##4¢ i 7 815 m@?‘l dr=h s
R T EE s s E ol A R S O B SR RN e L
B> ¥ &4 - B RHP % 2:(Right Half-Plane Zero) t&gti4 4 & 7] ;2
PRILFEF B FLRF A 5 - sonfyg dd ¥ i o #0-

BEF A BB - B RHPE B ¥ x BRI A 3 > - 44p 2if
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'S 60%50 5 A B 0 BT (2260 R 0 BRI A E AR
<o FREREN 10 GB AREE 2285 GBRF > ¥ 1 5] 60°
e i B D107 GB R BT £ 0T el

Ome 2109, (3.6)

HY 0na?? Omg~ W5 % o M4 2 M8 engg 3 ie » d 3t 2 vy 748
M4 i 8 5 gne=1381 # M8 i F grg=1.38m- £ 5 445 T
& (Offset \oltagek £ ¢ 0V » v fi % 5 1.38meng 58 ¢

B AET i g B T S M7 s iR R i |y JE £ 3 Ipg » BIFE2K £
WA TR EEZEREAO0V, M8 &2 M7 T S~ Bk FELL {74
ded 360 3T o doid o 1T B B URY K 4 B W 21

EEHHE A 37 R E TR R TR T Vg e s AR
fi’r*"» 19 ’ er#ﬁ T o Y b‘fif"?F[-?,E!P e T/Féf_ééf‘?‘&' AS @i&;‘l—ﬁjaﬂ'ﬂé’

—

TRERART 5 F (AAPIT

4 37M8 % M7 ehe « Bk (v $7 52 %
Device M8 M7

Tech. TSMC 0.18m

Size 11Q/1p 17.3/1p

Region Saturation  Saturation
Ip 167.4579 167.837%
Ves -660.0000m 680.0000m
Vps -1.5 1.5
Vgs 0 0

Vry  -458.4443m 483.0890m
Vov  -201.5557m 196.9110m
Om 1.3898m 137.33

_Gus 6.0546. 4.51024
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£ 383 Rl kit ITES

Device M1&M?2 M3&M4 M5 M6 M7
Tech. TSMC 0.18m

Size 10.2/1p 2.1u/1p 3.3W/1p 3.3W/1p 17.3/1p
Region Saturation Saturation Saturation Saturatioibaturation
Ip 15.00424 15.0008 30.000Qx 30.0016 166.7643
Vis -659.9928m 819.8982m  678.8640m678.8640m 678.8640m
Vbs -659.9928m 1.6599 678.8640m680.1018m  1.6084
Vss 0 -680.1018m 0 0 0
V1h -458.6379m 651.8835m  483.5570m483.5567m 483.0640m
Vov -201.3549m 168.0147m 196.6328m196.6331m 195.8000m
Om 125.5616. 138.4968 249,159  249.1719 1.3694m
Qs 716.9622n 448.4621n 1.3142 1.311Gu 44219
Device M8

Tech. TSMC 0.18m

Size 11Q/1p

Region Saturation

Ip 166.788(

Vs 659.9928m

Vbs 1.3916

VBS 0

V1h 458.4693m

Om 1.3860m

Qds 4.4219u

BB LIRS PR T 0 B A KT RIS > ok
w21 & 0 B s K @ A B ¥ 8 (2.25)- (2.28)(3.6)
Z 3 FEDN C=0.2X, =1.1pF Re=1/9,s=1/1.3898m=0.7KQ » B~
1.1pF 22 0.4KQ Ki& {7 & 38 »Tic fcfit o 2 78 suae Bt S % 4o B
3.6~3.9475F » ¥ M- &A@ 4 390 1+ §u 0.18um Az kgt
Wk APk ET R 0.3umE AR WA 322 R E IR -

oo TUEER pLEF R VI H - HApié oo

44



Gain (dB)

Phase Margin (deg.)

Voltage (V)

80

60

DC Gain

=84dB

40

20

GBW=16MHz

180

140

100

60

PM=51 deg.

20

10

0.8

0.6

0.4

0.2

100 1K 10K 100K 1M

Frequency (Hz)

10M

W 3.6 & Bt fk2 4% F&4p =if "L PM (0.18um)

100M

+S\R= 6V/ius

-SR=24V/py

.

F 4

0.5p 1p 1.5p 2p 2.5p
Time (S)

W 3.7 & =ik 2 i # 5(0.18um)

3p

3.5p

4p




Vout (V)

) / [ [ [ A

1 I L L I L

s [ [ L [ L]

y [ L] ] L] [

y | I N R
i an S

| \ \ \

ot I I Y

osh || | | | \ ]
NI || | || |

b ] | | | | | |

5 EAVINNAVANNAVIRNAVIENAY

I 38 & & i 2 # 21 #45(0.18pm)

/ o
1 / zsu
./ 4 -
0.6 / / 22n
0.4 / 200
0.2 / 18
0 / 16p &~
0.2 / 14;;%
o L4/ o
. ! / 10p
-0.6 / "
-0.8 // o
1 I "
12 e 0.5V LAV |y,

Common Mode Input Range (V)

W39 & el 2 > % 4 F(0.18um)
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% 3.9 & & B A7 403K 3 aokat o8 % (0.18um)
Specification Initial Design

Technology TSMC 0.18n
Supply Voltage +1.5V
DC Gain 84dB
Phase Margin 51°
Gain-Bandwidth 16MHz
Common Mode Rejection Ratio 89dB
Slew Rate 24V/ us
Input Common Mode Range —0.5~+1.5
Output Swing +1.4V
Loading 5pF
Power dissipation 0.68mW

ML % TSMC 0.3um g f2k 2 enfichii 8 &% ¢

% 310 A &8 (7R i gk T84 47(0.35um)

Device M1&M?2 M3&M4 M5 M6 M7
Tech. TSMC 0.3pm
Size 10.@/1p 3.9/ 6.7u/1u 6.7u/1p 37.3/1u
Region  Saturation Saturation  SaturationSaturation Saturation
Ip 15.011L 14.8182  30.204%  29.923@ 170.7208
Vas -950.0000m  900.0000m 770.0000m 770.0000m 770.0000m
Vbs -950.0000m 1.4500 770.0000n600.0000m 1.5
Vss 0 -600.0000m 0 0 0
V1h -752.8433m  715.8837m565.2282m 565.6026m 564.1522m
Vov -197.1567m 184.1163m?204.7718m 204.3974m 205.8478m
Om 125.3652 135.4969 256.062Q0 254.2334 1.4274m
s 1.43621 645.3016n 1.5526 1.8084 7.2737
Device M8
Tech. TSMC 0.3pm
Size 15¢4/0.8u
Region  Saturation
Ip 170.7528
Vas -950.0000m
Vps -1.5
Vgs 0
V1H -738.0332m
Vov -211.9668m
Om 1.3556m
s 144767
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% 3.10¢ M52 MG::EH 7* I & ~ chp FlH_ 5 7 & 445 M6 #i 1K

5‘5’7/5\ /@*ﬁﬂ,@ _&L,.L 7!9"3 MS“‘T}g‘J’KT‘Jﬂ_‘/;I ;'Q'E-_)I‘ﬁ"(/ﬁ’\‘ 2o M6

Sk — iR T RS R FI AL
202Ve TH L H LA B TRISTIFFIRLSAITESE ©
% 311 & & & &tk {4 endk (8L A $5(0.35um)
Device M1&M?2 M3&M4 M5 M6 M7
Tech. TSMC 0.3pm
Size 10.6/1pn 3.9/1p 6.7u/1p 6.7u/1n 37.3J/1u
Region  Saturation Saturation  SaturationSaturation Saturation
Ip 14.8602 14.86020  30.000Q  29.7204 169.4364
Vas -948.8059m  900.2464m 769.2026m 769.2026m 769.2026m
Vps -948.8059m 1.4514 769.2026n%99.7536m  1.4793
Vgs 0 -599.7536m 0 0 0
V1h -752.8511m  715.8233m565.2296m 565.6029m 564.2012m
Vov -195.9548m  184.4231m203.9730m 203.4490m 205.0014m
Om 124.6681 135.6922 255.2132 253.3944 1.4221m
s 1.42561 646.3093  1.5458& 1.7988 7.251Qu
Device M8
Tech. TSMC 0.3pm
Size 105/1
Region  Saturation
Ip 169.436%
Ves -948.8059m
Vps -1.5207
Vgs 0
V1H -737.8671m
Vov -210.9388m
Om 1.3503m
_Gus 14.3416
BT RERFHAER i 7Ty ekt 0 d (2.25)~ (2.28)% (3.6)= 3t

¥ 174 Cc=0.22C . =1.1pF Rc=1/gg=1/2.4951m=0.4007K2> 2~ 1.1pF

2 0.4KQ

o % I8 3T HodE4cB) 3.10~3.13% 7 > ¥ AT H B R4t 4 3,120
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Gain (dB)

Phase Margin (deg.)

Voltage (V)

DC Gain=72dB

GBW=17MHz \

180

140

100

60

PM=58 deg.

20

10

100

1K

10K
Frequency (Hz)

100K

M

W 3.10 & 2 e fi 2 48 W& 4p 18 +2(0.35um)

0.8

0.6

0.4

0.2

+SR=

27V/us

}SR=24VI|1§

N

1p

1.5p

2p
Time (S)

2.5n

B 311 & 5 fi 2 i & % (0.35pm)
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1312 & 5 e i 2 8 21 4 45(0.35pm)
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0.6 ! 22:
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A
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313 & s f§ 2 8§ » % Hoft 1(0.35pm)
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4 312 & o £ ekl HoBE A % (0.35pm)

Specification Initial Design __
Technology TSMC 0.35mn
Supply Voltage +1.5V

DC Gain 72dB
Phase Margin 58°
Gain-Bandwidth 17MHz
Common Mode Rejection Ratio 81dB
Slew Rate 24V/ us
Input Common Mode Range —0.5~+1.5
Output Swing +1.4V
Loading 5pF
Power dissipation 0.69mW

YR 0 A kR B - R B T P <

2 PBCEFAMARTERANPERART R TR PR § - BT
LI A2 RS e R LA FEwH 0 T 333 3588
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wy

33 dEREi
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i iz TRERACR 2577 R F K4 3130 & o
TREMHL U5 BV &P Vop# Vesh Bl +15Vs —15Ve %R
TV 2¥ (2465 k5 5 > & ¥ F1] lgas=100uA o T S £ &

BESET RERE lpym 2 0.2V BEFR P E TR £ BELENTR
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4

(7 BT D2 g (FEEA 4T X M R 2t £ 3,140
% 313 FE &+ BHRHE2 -
Specification Requirement
Supply Voltage 3V
DC Gain = 60 dB
Gain-Bandwidth = 20MHz
Common Mode Rejection Ratio = 80 dB
Slew Rate = 20V/ us
Input Common Mode Range = 0.5V
Output Swing = 1V
Loading =5pF
Power dissipation = 1ImW
% 314 HEEHEFTT HSWHD FH TS 17458 % (0.18um)
Device M1&M?2 M3&M4 M5&M6 M7&M8
Tech. TSMC 0.18m
Size 34/1p 37.9/1p 6.20/1u Su/1p
Region Saturation Saturation Saturation Saturation
I5) 50.0514 50.039% 50.129% 49.512%
Vs -660.0000m -840.0000m 970.0000m 850.0000m
Vbs -660.0000m -840.0000m 200.0000m 650.0000m
Vis 0 0 -1.3000 650.0000m
V1h -458.6379m -645.6866m  773.9048 m 644.2327m
Vov -201.3621m -194.3134m 196.0952m 205.7673m
Om 418.8394 430.0839 359.504Q 391.114%
s 2.3916u 2.12131 83.1767 2.3055
Device M9&M10
Tech. TSMC 0.18m
Size 10.@/1p
Region Saturation
Ip 100.192%
Vas 680.0000m
Vbs 680.0000m
Vgs 0
V1H 483.2779m
Vov 196.7221m
Om 825.2104
__Gus 4.2927
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4 315 & & 3 e fi 14 3 (e BLA $5 5 % (0.18um)

Device M1&M2 M3&M4 M5&M6 M7&M8
Tech. TSMC 0.18m
Size 34/1u 37.Q/1u 6.20/1n 5u/1p
Region Saturation Saturation Saturation Saturation
Ip 49.9327 49.9327 49.9327 49.9327

Vos _ -659.7179m  -839.6782m  969.5161m  850.8712m
Vos  659.7179m  -839.6782m  200.1200m  651.3551m
Ves 0 -659.7179m -1.3005 -649.1288m
Vin -458.6380m _ -645.61556m  773.9938m  644.0420m
Vov _ -201.0799m 170.2295m  195.5223m _ 206.8292m
O 418.327L 429.6151.  359.3672  392.720@

Ods 2.3873 2.118Qu 82.2843 2.3192

“Device  M9&M10
Tech. TSMC 0.18m

Size 10.@/1p
Region Saturation
Ip 100.000(

Vs 679.7673m
Vps 679.7673m
Ves 0

VrH 483.2780m
Vov 196.4893m
O 824.410Q.
G 4.28651

Bofd o MU RRRR TR T R T AR IR B RS R 2 AL

23 W;%m B 3.14-~ i & 5§ AT [E 3_15\%7]5‘*3;@7515&«;?@
3.16\@%1% i’—%s‘fgr@f}:ﬁk“ﬂ B 3.17 F#KFEEFRE LT £ 3160
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Time (S)
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4 316 e 2 A 453K 30 R % (0.18um)

Specification Initial Design
Tech. TSMC 0.18m
Supply Voltage +1.5V

DC Gain 60 dB
Gain-Bandwidth 12MHz
Common Mode Rejection Ratio 100 dB
Slew Rate 19V/ us
Input Common Mode Range —0.5V~+0.6V
Output Swing —0.7V~+1.3V
Loading 5pF
Power dissipation 0.6mwW

T Ok &2 0.35um B AR B K GE 7R 0 d 2 0.35um B A2 4
W2 iRk RRRE A TRTEMS Vo R ERTRAE A
0.16V~0.18V> # 3.17 5 & * TSMC 0.3um @ A2 H ki (7 T fu 14 =
PrB AR R E R RE LSRR SR TRA TSR
R R4 3.18-

Bofd o Mg AR AR AR T L R ARRL OO > Bl K 4 BT

TR 3.18~3.20 * @ E k&t 4 3.190

£ 317 PREHEFT HWP S FITHL 1705 % (0.35um)

Device M1&M2 M3&M4 M5&M6 M7&M8
Tech. TSMC 0.3pm
Size 39.4/1n 40.2J1p 15.20/1p 17.5/1p
Region Saturation Saturation Saturation Saturation
Ip 50.0651 50.013@( 50.1686¢ 50.0614
Vs -930.000m -1.0900 940.0000m 890.0000m
Vbs -930.0000m -1.0900 200.0000m 170.0000m
Vgs 0 930.0000m -780.0000m  -610.0000m
V1y -746.1110m -906.2766m 766.9724m 728.9178m
Vov -183.8890m -183.7234m 173.0276m 161.0822m
Om 440.5317 447.8817 457.2781 470.149%
_Gus 5.236Qu 4.818& 45.26661 73.864(
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Device M9 M10
Tech. TSMC 0.3pm
Size 29.0W/1n  29.9/1pu

Region Saturation Saturation

5)

100.2733 100.1908

Ves _ 740.0000m 740.0000m
Vbs _ 740.0000m 610.0000m
Ves 0 0

Vi 566.9320m 567.2043m
Vov _ 173.0680m 172.7957m
On  977.718% 978.8764
s 55658  6.06941

4 318 £ % i e i 14 el (e B A 452 % (0.35um)

Device M1&M2 M3&M4 M5&M6 M7&M8
Tech. TSMC 0.3pm
Size 39.4/1n 40.2J/1p 15.20/1p 17.5/1p
Region Saturation Saturation Saturation Saturation
Ip 49.960Q 49.960Q0 49.960Q 49.960Q
Vs -929.7639m -1.0898 939.6312m 889.8029m
Vbs -929.7639m -1.0898 200.0192m 170.1717m
Vgs 0 929.7639m -780.3688m  -610.1971m
V1y -746.1128m -906.2432m 767.0537m 728.9631m
Vov -183.6511m -183.5568m 172.5775m 160.8398m
Om 440.0104 447.6223 456.5954 470.0491L
Qs 5.2281 4.8154 44.8174 73.230641
Device M9 M10
Tech. TSMC 0.3pm
Size 29.0/1n 29.9Q/1p
Region Saturation Saturation
Ip 100.000Q 99.920(
Vs 739.7215m 739.7215m
Vbs 739.7215m 610.1971m
Vgs 0 0
V1y 566.9326m 567.2038m
Vov 172.7889m 172.5177m
Om 976.31811 977.4909
Qs 5.55641 6.0561

57



100G

Q
(—]
—
& & <
= o
= =
(o\]
S 2 :
I v
A
=]
Of-b-dododod-if-—--1 —b-b-bdb-b-t-t-iz
=}
—
=
—
/ v
>
=
—
4
=
—
2 2
8 —
Lag]
I
=
- —
g g
6} =
@)
a
=
o S o o @ o o S [ — I — B — I — B — R — I — )
=+ o o F o 0 o 0~ T O O S N e R
L L el L e e e T

(gp) uren

(“Sap) ursaey aseyq

Frequency (Hz)

# +(0.35um)

1=

2

W 3.18 i e jh 2 A AL W & 4P

[
|

T2sp

-SR=18V/ps

“1sp
Time (S)

Ty

[ +SR=14V/us

152 b lan O 4

0.5

3n

2n

1p

...................................

W 3.19 ik e ik 2 i@ #& 3 (0.35pum)

58



1.4 AV - -
2 [\ [\ / [\
[\ [ [ I
. [ [ [ [
Lo [ I Lo
0 [ I I [
] | \ | \ P
0 ! \ | | [ \ [
e e e
& 04
1 | l [ l l \ [l l
gl BV 7N N N
- % N4 % N
5 A I [N S I N
| | \ [ | ! \ |
| — - — —
N B N B Y R
o WV
50 Toop 1500 2000 25000 300y 350 400y
Time (S)
W 3.20 & e 55 2. ﬁ 41 # 5 (0.35um)
y [ o
I 80
0.2 / /. iy
f /. on
0 / .
'] Vi 65
202 [ /. Se
— f 55n E?
Y '] / s
e J| / 450 2
: s a0p
0.6 I/ iy
0.8 !J/ 30]1
- ’.r 25n
-1 ’ 20p
! 15p
-1.2 / / 10p
Y -0.5V_1 0V S

Common Mode Input Range (V)

W 321 fritle fi 2 8§~ % Hof 1(0.35pm)

59



# 3.19 i £ 2 A7 4o 3okt BoRE % (0.35um)

Specification Initial Design
Tech. TSMC 0.3pm
Supply Voltage +1.5V

DC Gain 39 dB
Gain-Bandwidth 13MHz
Common Mode Rejection Ratio 78 dB
Slew Rate 14V/ us
Input Common Mode Range —0.5V~0V
Output Swing —0.6V~+0.8V
Loading 5pF
Power dissipation 0.6mwW

B 2 TRE AR 27957 0 R4 7 KA A 3200 7
R AR H 23V Vpp £ Vg B 5 1.5V —1.5Ve %R
Tnm T AE (246K ke B > 7 7 lgas=100A > Ig B2k 25 110UA -
THMWEEERSERTRER lum 2 0.2Ve & T &M h > & (72

A4 ded 321905 o

4 320 EH %A BRp2 =

Specification Requirement
Supply Voltage 3V
DC Gain = 60 dB
Gain-Bandwidth = 20MHz
Common Mode Rejection Ratio = 80 dB
Slew Rate = 20V/us
Input Common Mode Range = 2V
Output Swing = 1V
Loading =5pF
Power dissipation =2mW
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2321 PR EHRETT H WD FEL 7% % (0.18um)

Device M1&M2 M3&M4 M5 M6
Tech. TSMC 0.18m
Size 77.0/1n 4.9/1p 10.6/1p 10.64/1p
Region Saturation Saturation Saturation Saturation
Ip 110.0564 50.6153 100.1929 100.061Q
Vis -660.0000m 850.0000m 680.0000m 680.0000m
Vbs -250.0000m 2.1000 680.0000m 650.0000m
Vss 0 -650.0000m 0 0
1y -458.7324m 643.8419m 483.2779m 483.2849m
Vov -201.2676m 206.1581m 196.7221m 196.7151m
Om 901.729% 394.9932 825.21064 824.163n
Qs 38.052 1.2954, 4.29270 4.512%
Device M7&M8 M9&M10 M11&M12
Tech. TSMC 0.18m
Size 39.8/1u 7.3u/1p Tu/1lp
Region Saturation Saturation Saturation
Ip 59.9834 60.075% 60.425@
Vs -740.0000m 830.0000m 670.0000m
Vbs -1.2500 830.0000m 670.0000m
Vgs 250.0000m -670.0000m 0
1y -534.9691m 648.2171m 483.3388m
Vov 205.0309m 181.7829m 186.6612m
Om 491.7871 524.1627% 519.148%
__Js 2.2154 2.2399% 2.6547
#®FRE R E AR DTRY > RCEFEHT

i RN

B drdo £ 3.22975T o
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4 322 & B &R R 1S ok TRA 5 5 % (0.18um)

Device M1&M2 M3&M4 M5 M6
Tech. TSMC 0.18m
Size 77.0/1n 4.9/1p 10.6/1p 10.64/1p
Region Saturation Saturation Saturation Saturation
Ip 110.0536 49.9378 100.Qu 99.8756(
Vis -660.0000m 848.5942m 679.7673m 679.7673m
Vbs -249.9261m 2.0987 679.7673m 651.4058m
VBs 0 -651.4058m 0 0
1y -458.7324m 644.1489m 483.7800m 483.2845m
Vov -201.2676m 204.4453m 195.9873m 196.4828m
Om 901.6754 392.428% 824.410Q 823.4232%
Qs 38.1019 1.285Q 4.2865 4.4933
Device M7&M8 M9&M10 M11&M12
Tech. TSMC 0.18m
Size 39.8/1u 7.3u/1p Tu/1lp
Region Saturation Saturation Saturation
Ip 60.033Q 60.033( 60.033@
Vs -740.0739m 829.7548m 669.2474m
Vps -1.2511 829.7548m 669.2474m
Vgs 249.9261m -669.2474m 0
1y -534.9475m 648.0541m 483.3390m
Vov 205.1264m 181.7007m 185.9084m
Om 491.999( 523.9798 517.4087
__Js 2.2163 2.2391 2.6417

-

Bots o gt A3t 0.18 UMl fRH 2 A= 42k 2H i (TR A s e &

FARR O PR S S L AR E A L R H 3.220 B
i i e X TR 323 1 F p okt BEE A NIREE PR
B2 g NG R 324 MAp ik e 2~ R R E R
Bl 3.25; & #-3Bfpfpdn e i 2 A dn W b oka RS S R e &t 4

3.23-
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4 323 iy I e Al 2 A da3k 3R ok B0 2 % (0.18um)

Specification Initial Design
Tech. TSMC 0.18m
Supply Voltage +1.5V

DC Gain 69dB
Gain-Bandwidth 12MHz
Common Mode Rejection Ratio 113dB
Slew Rate 17V/ us
Input Common Mode Range —0.5V~+1.2V
Output Swing +1.2V
Loading 5pF
Power dissipation 0.96mW

WL F TSMC 0.3um A2 B ek 2= s i %

# 324\ PR et

2=

7T

% & Wb 4k (T84 17 ¢h % (0.35pm)

Device M1&M?2 M3&M4 M5 M6
Tech. TSMC 0.3pm
Size 80.4/1u 10.4/1p 22.4/1p 22.61/1p
Region Saturation Saturation Saturation Saturation
Ip 110.12021 49.7827 99.93311 99.7499
Vs -950.0000m 920.0000m 770.0000m 770.0000m
Vbs -250.0000m 2.1700 770.0000m 580.0000m
Ves 0 -580.0000m 0 0
V1h -748.6310m 715.9118m 568.4365m 568.8126m
Vov -201.3690m 204.0882m 201.5635m 201.1874m
Om 855.552 413.8917 858.22311 858.6004
s 80.554Q 2.0766 51712 6.1642.
Device M7&M8 M9&M10 M11&M12
Tech. TSMC 0.3pm
Size 43.0/1p 13.6/1p 13.4/1p
Region Saturation Saturation Saturation
Ip 60.109% 60.096% 60.02901
Vas -990.0000m 960.0000m 770.0000m
Vps -1.0200 960.0000m 770.0000m
Vgs 250.0000m -770.0000m 0
V1h -794.9055m 762.7597m 568.2159m
Vov -195.0945m 197.2403m 201.7841m
Om 509.1352 518.795h 515.4649
_Gus 5.9042 2.7531 3.141Q
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4 325 & 2B ik e i 14 endk 1T BEA 47 2 % (0.35um)

Device M1&M2 M3&M4 M5 M6
Tech. TSMC 0.3pm
Size 80.0/1u 10.4/1p 22.4/1p 22.61/1p
Region Saturation Saturation Saturation Saturation
Ip 110.108% 49.90711 100.000Q 99.8143
Vis -950.0000m 920.2424m 770.0768m 770.0768m
Vbs -249.8547m 2.1704 770.0768m 579.7576m
VBs 0 -579.7576m 0 0
1y -748.6321m 715.8542m 568.4364m 568.8132m
Vov -201.3679m 204.3882m 201.6404m 201.2636m
Om 855.329& 414.3909 858.501(4 858.8661
Qs 80.7463 2.0797 5.173% 6.1697
Device M7&M8 M9&M10 M11&M12
Tech. TSMC 0.3pm
Size 43.0/1p 13.6/1p 13.44/1p
Region Saturation Saturation Saturation
Ip 60.1945 60.1945 60.194n
Vs -990.1453m 960.2578m 770.3193m
Vbs -1.0196 960.2578m 770.3193m
Vgs 249.8547m -770.3193m 0
1y -794.8816m 762.8299m 568.2153m
Vov -195.2637m 197.1701m 202.1040m
Om 509.523% 519.206H 516.1587
s 5.9115 2.7557 3.146%

B s 02t 30 TSMC 0.35 umill #2 B2 4= ek 37 38
A % 2 i W Ap = 'L R
BORTE .27 R ok Bk HE
H s e &Q«L%l

IR P e R R F R ot &

&R AR R
3.26~ B dp P fis 2

P fpde e i 2 g DAL B R R] 3.280
F & BB 3.29; 7 -4 > TSMC 0.35 umigl £2. 5 ez 38 fp fp 3% % ik 2.
. 3.26°

ﬁ:
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# 3.26 34 % e iy 247 de3K 3 A0 BB % (0.35pm)

Specification Initial Design
Tech. TSMC 0.3pm
Supply Voltage +1.5V

DC Gain 54dB
Gain-Bandwidth 11MHz
Common Mode Rejection Ratio 95dB
Slew Rate 17V/ us
Input Common Mode Range —0.4V~+1.1V
Output Swing +1.2V
Loading 5pF
Power dissipation 0.96mW

35 I > B R

PO U~ R B0 B2 DR Ao 2847 0 R F K7
W4 327 THREREARR T H 23V Vpp ¥ Vg B % +1.5V
-15Ve BT RT 24 (2468 Kk FE > T 1 Igas=100uA » Iz P& %
1I01A - T B F £ R 2 ESRT RER lym 22 0.2Ve & T Ko

Wz ivgbs 478 %40k 3.284757 o

4 327 EE %A B2

Specification Require
Supply Voltage 3V
DC Gain =~ 60 dB
Gain-Bandwidth = 20MHz
Common Mode Rejection Ratio = 30 dB
Slew Rate = 20V/us
Input Common Mode Range =+1.5V
Output Swing =+1V
Loading = 5pF
Power dissipation = 2mW
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# 3.28 it > 2T E S Wb PR IFRL 47605 % (0.18um)

Device M1&M2 M3&M4 M5 M6&M7
Tech. TSMC 0.18m
Size 77.0/1n 5.3u/1 10.64/1p 42.7/1p
Region  Saturation Saturation Saturation Saturation
Ip 110.1266. 50.0516. 100.103% 59.9927
Vis -660.0000m 840.5842m 680.0000m -728.1250m
Vbs -251.8750m 2.0887 659.4158m -1.8417
Ves 0 -659.4158m 0 251.8750
1y -458.7319m 645.8192m 483.2827m -535.3672m
Vov -201.2681m 194.1808m 196.7173m -192.7578m
Om 903.0844 409.2304 824.5019 514.1164
Qs 36.828% 1.3276 4.439 2.1587
Device M8&M9 M10 M11&12 M13&M14
Tech. TSMC 0.18m
Size 6.2/1n 67.9u/1u 36.24/1u 12.34/1pu
Region  Saturation Saturation Saturation Saturation
Ip 59.9934 99.9712 49.98564 109.9831
Vs 751.1980m -660.0000m -839.8276m  680.0000m
Vbs 657.6109 -660.1724m -2.0910 248.8020m
Vgs -248.8020m 0 660.1724 0
1y 550.0691m -458.6379m -645.3742m  483.3772m
Vov 201.1289m -201.3621m 194.4534m 196.6228m
Om 484.4176 836.5758 424.2840, 864.1844
__Js 2.7041 47762 1.7897 66.880L

r2pt H A TSMC 0.18untl Az iz fh = (FBEA 47 enE % 8 (7 4

FRUH R S R (TR TR R o F RS R R e Bt 4 3.29
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4 329 & & P » B 1 15 cdk 1T BEA 15 5 % (0.18um)

Device M1&M2 M3&M4 M5 M6&M7
Tech. TSMC 0.18m
Size 77.0/1n 5.3u/1 10.64/1p 42.7/1p
Region  Saturation Saturation Saturation Saturation
Ip 110.0564 49.762( 100.1057 59.942%
Vis -660.0000m 840.0000m 680.0000m -730.0000m
Vbs -250.0000m 2.0900 660.0000m -1.2500
Ves 0 -660.0000m 0 250.0000
1y -458.7324m 645.9458m 483.2826m -534.9691m
Vov -201.2676m 194.0542m 196.7174m -195.0309m
Om 901.729% 408.0599 824.522¢ 511.9473
Qs 38.052 1.3231 4.4352 2.2674
Device M8&M9 M10 M11&12 M13&M14
Tech. TSMC 0.18m
Size 6.2/1n 67.9u/1u 36.24/1u 12.34/1pu
Region  Saturation Saturation Saturation Saturation
Ip 60.46641 99.9703 50.0763 110.0624
Vs 750.0000m -660.0000m -840.0000m  680.0000m
Vbs 1.2500 -660.0000m -2.0900 250.0000m
Vgs -250.0000m 0 660.0000 0
1y 550.2268m -458.6379m -645.3310m  483.3769m
Vov 199.7732m -201.3621m 194.6690m 196.6231m
Om 489.2454 836.56971 424.6781 865.713Q
__Js 1.7222 4.776% 1.7918 65.518%

Bofés o 1upt A3 TSMC 0.18umil] 47 H jir2_ 4= 402k 2L ig (7 ﬁ’ﬁi”ﬁ’l@?}

» e jn iE
T 3 R
#ﬁ%ﬁﬁﬁ%ﬁﬁ%

‘0 Rr 2

=S T~

Fas BEARR DR > AR S R 2 AR A =g
330 #BApdpit e fi 2w @ F TRV H 331 U F w ik B
GO T W) 3.32 Pt~

fi2 B~ £ HEg B B 0 B 3.335 1 44 TSMC 0.35 umil 2 44 jie2.

FUBHFUB ~ L 2 A7 ARG R BORS % R R 80 4 3.300
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3 330 FuEHRUE ~ B2 A 03 ok HOBE R % (0.18um)

Specification Initial Design
Tech. TSMC 0.18m
Supply Voltage +1.5V
DC Gain 60dB
Gain-Bandwidth 12MHz
Common Mode Rejection Ratio 42dB
Slew Rate 15V/ us
Input Common Mode Range +2.2V
Output Swing 1.2V
Loading 5pF
Power dissipation 0.96mwW

% ¢ % TSMC 0.3um %] 24 sk ﬂiiﬂfﬂiﬁﬁ] N I a0 2=
# 3.31 g > 2T R & HWIb P IFRA 708 % (0.35pum)
Device  M1&M2 M3&M4 M5 M6&M7
Tech. TSMC 0.3pm
Size 80.6/1u 10.9/1p 22.71/1p 38.9Q/1u
Region Saturation Saturation Saturation Saturation
Ip 110.12020 50.2576¢1 100.1852 59.9535
Ves  -950.0000m  920.0000m 770.0000m -1.0000
Vps  -250.0000m 2.1700 580.0000m -1.2500
Vgs 0 -580.0000m 0 250.0000m
Vry -748.6310m  715.9480m 568.7851m -793.7683m
Vov  -201.3690m  204.0520m 201.2149m -206.2317m
Om 855.552%h 417.9017 862.220Q 486.972¢
Qs 80.554( 2.0969 6.186Qu 5.25651
Device  M8&M9 M10 M11&12 M13&M14
Tech. TSMC 0.3pm
Size 12.9/1u 69.1W/1n 32.8/1u 26.1u/1n
Region Saturation Saturation Saturation Saturation
Ip 59.949% 100.0629Q 50.074% 110.2963
Vs 840.0000m  -950.0000m -1.0300 770.0000m
Vps 1.2500 -470.0000m -2.2800 250.0000m
Vs  -250.0000m 0 470.0000m 0
Vrh 636.8413m  -747.3145m  -826.7344m 568.7354m
Vov 203.1587m  -200.6855m = 203.2656m 201.2646m
Om 506.585n 816.015n 413.0808 922.9107
Qs 2.6343 15.43464 3.6199 45.7849
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£ 3.32 & & pusiuds » B 15 cndk e BEA 15 5 % (0.35pm)

Device @ M1&M?2 M3&M4 M5 M6&M7
Tech. TSMC 0.3pm
Size 80.6/1u 10.54/1p 22.71/1p 38.9/1u
Region  Saturation Saturation Saturation Saturation
Io 110.289% 50.0934 100.1871 60.1894
Vs -950.0000m 919.6908m 770.0000m -997.8592
Vps -252.1408m 2.1676 580.3092m -1.5425
Ves 0 -580.3092 m 0 252.1408m
Vry -748.6140m 716.0258m 568.7844m -792.0043m
Vov -201.3860m 203.6650m 201.2156m -206.2317m
Om 858.773% 417.239% 862.2338 489.92971
Ods 77.783L 2.0919 6.1833 4.8981L
Device @ M8&M9 M10 M11&12 M13&M14
Tech. TSMC 0.3pm
Size 12.9/1u 69.1W/1n 32.8/1u 26.1u/1p
Region  Saturation Saturation Saturation Saturation
IS 60.1894 100.0644 50.0328 110.2069
Vs 841.6204m -950.0000m -1.0299 770.0000m
Vps 956.9920m -470.0999m -2.2818 248.0752m
Vgs  -248.3796 m 0 470.0999m 0
Vry 637.0681m -747.3137m  -826.7384m 568.7398m
Vov 204.5523m -202.6863m 203.1616m 201.2602m
Om 506.7121 816.028Q 412.901% 921.202%
__Gas 2.814Q 15.432Q: 3.6174 47.2737

Bt o 1u b A3 TSMC 0.35umil] 47 H jir2_ 4= 402k 2L i (7 ﬁ’ﬁi”ﬁ’l@?}
PREEE R BER AR EHEESZAABE P ER
)

334~ ipdp s mfi 2 @ i F L RATH 335 UK Bk B

)/

v AL
=R

%R

T KBRS PR~ e 2 B AR R RO ] 3.36 pust il » e
fi 2 B~ = BOE B T R R 3.37; 1 M-t TSMC 0.35 umfld Az 4wz
FUBHFUB ~ L 2 A7 43RG BORS S R R B0 4 3330
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3 333 FuBHRUE ~ AL 2 A 403 ok HOBE R % (0.35um)

Specification Initial Design
Tech. TSMC 0.3pm
Supply Voltage +1.5V
DC Gain 53dB
Gain-Bandwidth 12MHz
Common Mode Rejection Ratio 33dB
Slew Rate 11V/ us
Input Common Mode Range +2.3V
Output Swing 1.2V
Loading 5pF
Power dissipation 0.96mwW

36 #

FAPRY A TR TR I E AR e A B LT E %
CEooau G A el il - Wi e g s
B v fEiE B 2k B 5 44 w2 TSMC 0.18umez 0.35um# 46 %l f2 3

3 B AR TR Rk R
FER S e A 0 2 TR N RPN o LR
A RN D TR T L S R B R R (TR T
%’@ﬁ%ﬁ@ﬂi@’éﬁéﬁﬁéiﬁ~%%lmim’Eﬁi
BE kN ART IS E LT RALE g A BV et
o~ R D OR HHPA AR RRRS N Al

e
BOFATRAZZEN A—hETREREFRH B g &R

e

FAPDRIAGLADLE > o p ez A—RETROLE
RIS T R B 0 RS ERTE FEAR

.
HHehe 4 N@ELT e T ROLEF R T HWRPLH T -

78



41 &

w

=
1»»
i
fie
=

%
3
o]

e i b - 'jﬁz- 2_ % 3.1 3.8% 'j'Jﬁ e l)"J‘:Il Igiase S 34 - 11 @ SR
2 GBW b & 2l ah ¢ R a0 F oL morhpt 2 b B Fat e

:#3 PM(Phase Margin) PM ¥ *ﬁ“ ol R Mok R KR

MHFR AR e PP AR FTFERT R BF R 312 311
A 03m @A™ » LRHF R mFH M B LFLR

v B
I CRHLE M ¥ R G S ATERR T SRR
s 0.18m £ 0.35um B A2 T o SR (S 12 R A
BERRT R4 41° 0B 2 3F sk SRS % T3 B 4.1~4.8

241 danEiEFliihAideHBERE N

Device 0.18m. 0.3%um
M1&M2 8.8um/Ium 55.2um/4um
M3&M4 1.7um/lum 17um/4um
M5&M6 2. 7um/lum 8.um/1um

M7 55.7um/0.6um 156:m/1um
M8 9um/0.6um 48.:m/1um
Cc 1.1pF 1.8pF
Rc 0.8KQ 0.8KQ

IBIAS 26},LA 40},LA
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% 42 B it {send B2 BRE S

Specification Require 0.18m 0.3%um
Supply Voltage 3V +1.5V +1.5V
DC Gain = 80 dB 80dB 81dB
Phase Margin = 60° 60° 60°
Gain-Bandwidth = 10MHz 14MHz 12MHz
CMRR = 80dB 88dB 89dB
Slew Rate = 20V/ s 21V/ s 21V/us
ICMR = 2V —0.5V~+1.7v —0.5V~+1.5V
Output Swing = 2V +1.4V +1.4V
Loading = 5pF SpF 5pF
Power dissipation = 1mW 0.6mwW 0.9mW

42 ez Bk

=5

4 3128 3.15-3.18 & 0.18um Az 3% > 3 & eh GBW
fo SR Flpt ¥ lgiasih & T M- S W 3 < o dept g T MESRT R
R LiEa &2 GBWe @ f 0.35um WAzt A A i & 3 F e
# # >~ GBW - CMRR fr SR> F > & 3 4c Ignsfra S8 ¢ < &
pp ek v o fdk e & 0.18um 2 0.35um WAL T o S 8 D
AR P RRTIEERE A 43¢ B & ki S HCORHRE &7

B 4.9~4.165 F82 4 4.4

243 FREEERGMEHABE T ERBRE IR

Device 0.1am. 0.3um
M1&M2 51um/0.5um 78.8um/1um
M3&M4 56.81m/0.5um 80.4um/Ium
M5&M6 9.3um/0.5um 30.4im/1um
M7&M8 7.5um/0.5um 35um/Ium

M9O&M10 15.9um/0.5um 59.8m/1lum
Igias 12QuA 120uA
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% 4.4 B tsendp iR fh2 oo R E

Specification Require 0.18m 0.3%um
Supply Voltage 3V +1.5V +1.5V
DC Gain = 60 dB 75dB 62dB
Gain-Bandwidth = 20MHz 22MHz 21MHz
CMRR = 80dB 114dB 102dB
Slew Rate = 20V/us 23V/ us 22V/us
ICMR = 0.5V —0.7v~+0.6V  —0.6V~0V
Output Swing =1V —0.7V~+1.3vV —0.7V~+1V
Loading = 5pF SpF 5pF
Power dissipation = 1mW 0.72mW 0.72mW

43 ez kgt

o 3,19~ 3.22¢2 3.25> ++ 0.18um A2 T rR b enT B 0 T 0
FEehti> 3 GBW 22 SR> F]pt gk A H R T R L 8L A o @ 1Y
0.35um @ A2 #73K 3H en F o %ﬂﬁﬁﬁ“ﬂfﬁGﬁNﬁSRiﬂ’ﬁﬁ
JtE e B E 0 Flt o 444 0.35um ®WAR TR I T B B PR
BRTAE R LR o B kA 0.18m & 0.3um T AT o
BB SR SR BERD AL 459 5 H & I8 i S

WS % 7B 4.17~4.24% #1234 4.6

£ 45 BEPRERE RSP A BRT N

Device 0.18m. 0.3um
M1&M2 140um/lum 193um/1.5um
M3&M4 8.6um/1um 32um/1.5um
M5&M6 19um/Ium 54um/1.5um
M7&M8 70.7um/lum 103um/1.5um

M9O&M10 13um/Ium 33um/1.5um

M11&M12 12.um/Ium 32um/1.5um
I 20QLA 190uA
Igias 18QuA 200uA
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£ 046 Bt oS 2 v HIRE S

Specification Require 0.18m 0.3%um
Supply Voltage 3V +1.5V +1.5V
DC Gain =~ 60 dB 68dB 60dB
Gain-Bandwidth = 20MHz 20MHz 22MHz
CMRR = 80 dB 112dB 102dB
Slew Rate = 20V/us 27V/ us 33V/us
ICMR = 2V —0.5V~+2V —0.4Vv~+2V
Output Swing = 1V +1.2V 1.2V
Loading =5pF 5pF 5pF
Power dissipation =2mW 1.74mW 1.74mW

a2y

44 PRI~ K

g £ 3.26~ 3.29¢ 3.320 3+ 0.18im /AR T R AT R R
etz g GBW {r SR F]pt M-k = H g BT R L &R o @ 1Y
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Vout (V)
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Specification Require 0.18m 0.3%um

Supply Voltage 3V +1.5V +1.5V

DC Gain = 60 dB 60dB 60dB

Gain-Bandwidth = 20MHz 20MHz 30MHz

CMRR = 30 dB 39dB 37dB

Slew Rate = 20V/us 33V/us 30V/us

ICMR =+15V  —22V~+2.2V —2.2V~+2.2V

Output Swing =1V +1.2V —1.2Vv~+1.1V

Loading = 5pF SpF 5pF

Power dissipation = 2mW 1.92mwW 1.92mW
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