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1.5V 70dB 100Mz CMOS Class-AB &2 8 HMZEI[of MA

A 15V 70dB 100Mz CMOS Class-AB Complementary Operational Amplifier

s3]

(Kwang Min Park)

Abstract

A 15V 70dB 100Mt CMOS class-AB complementary operational amplifier is presented. For obtaining
the high gain and the high unity gain frequency, the input stage of the amplifier is designed with
rail-to-rail complementary differential pairs which are symmetrically parallel-connected with the NMOS
and the PMOS differential input pairs, and the output stage is designed to the rail-to-rail class-AB
output stage including the elementary shunt stage technique. With this design technique for output
stage, the load dependence of the overall open loop gain is improved and the push-pull class-AB
current control can be implemented in a simple way. The designed operational amplifier operates
perfectly on the complementary mode with 180° phase conversion for 15V supply voltage, and shows
the push-pull class-AB operation. In addition, the amplifier shows the DC open loop gain of 70.4 dB
and the unity gain frequency of 102 Mg for Cr=10pFlIRL=1MR parallel loads. When the resistive load Ri
is varied from 1 M2 to 1 kR, the DC open loop gain of the amplifier decreases by only 2.2 dB.
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Fig. 1. Rail-to-rail complementary differential

input stage.
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Fig. 2. gm versus Vcm.

9 4uy Aol 15V FFAoR
287 At AeE EANAHY A

o] F&3| wAY, =EE Vdd #ZAF Vss HA
Atolel dAEE EWRAAEY F7F AFHojof

Fry, RE RG] W& EANAEE A gee 3
S$oE AZHAY FHE& AEstoqof 3] &
o, BF IS HE3: ¥E AAFTE Y A4
e EYX2EH £& Agste Ao B} AL
Holth, wehr B =gdAE 15VY FFAGLe
2 3% uFEH EAEL FI) A 29 1%
7ol vdd #3 Vss ¢l Alelo] ) 37) <)
9 EdANAHTe] dAHEE 7129 folded
cascode && W HHYE MN2IE doE WY
3t rail-to-rail AR ¥ A5 AASG

2.2 Rail-to-rail class-AB &3¢
A& AY 2vE fstde FLe FAHF
Zty HUZEARFE FIFY & A=FH Y
AAsteof gt} o[ & 3 AAFEI|Y 29
de HAF Lol T2 L Fig FHIH A
AFzA5Yo| +43% class-AB & do] A
|5 o] vtEA 3o,
71Ee AUTFr] eHEE
o2 FAHAE H, oY N & dHe
ol olEo] Rgio] AA F£ZHolH, Bt

g oo

745

AN AZRA 583 =E R, Vol. 15, No. 9, September 2002

el E oS50 < 40 dB °]& #AFUE
o]tk &AM olg B olE LaxE
3t7] f38 F7 oj5do] AHEE E gle H, o
E AA=g 3 w3, o=l 3 2WE FohA
1A Hol HAH, ARG AAFE7Y dAde
A 3A 7} B3l
TE42E Z¥ge| digte® R V. Dongen
5& elementary shunt stage 7/H& AAAE
#{6], o1& shunt stage®] degret AA MNLF
Zo|Eo] Halo HY d F&HHo|d, 2¥Yyd
27yl FE7e) Aol AddTE AHo
e 9ol PSRRe| di&] tha Heksirie 9
= /AR Utk olE g vAdE sAdsty] Y
B =E8dMe #HA  AdE-AHzmz= Y
(grounded gate—cascode compensation) 7]%[15]<
st Babo i FE5YI PSRRE FA4
AAANE £ =E sgaen, o|& %3 R V.
Dongen %°] 3@ di5Fy] 24 & &
sl e &8y 13 FAE FAHFe] 4
3 218" A Rzt AHAEH Cz8 AAZ} A=
A nFu o] JMEdy, Agow A7 A
A3 &4 %L poise EXHY As 5& HAY F
AATh AP FaF BAAS fE JEY BAY A
A E Cel 9ol J4FEINY ¥l A shunt
staged] UGz A AHANE C2& F71st
Ae d, ol JAZTEZ Y JAHdRE AN
7] $18 Adsso.

olgid BA JIHEE AMREA class-AB &%
o] 74585 E MAY rail-to- rail FHHLE oS
29 39 e

o] 13 39 £¥g AN EWAX2E M3,

Cb Ibias
M16 E

Ce2

o o

Biss o113

Vout

2% 3. Rail-to-rail class-AB 3¢,
Fig. 3. Rail-to-rail class-AB output stage.
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Fig. 4. Overall schmatic of the designed op—amp.
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Table 1. Component values (W/L, im).

Component | Value | Component Value

M1 520/1.6 M12 16/0.8
M2 520/1.6 M13 16/0.8
M3 520/1.6 M14 160/0.8
M4 520/1.6 M15 16/0.8
M5 16/0.8 M16 24/0.8
M6 16/0.8 M17 24/0.8
M7 16/1.6 Mi18 1.6/0.8
M8 16/1.6 M19 1600/0.8
M9 16/1.6 M20 160/0.8
M10 16/1.6 Cel 3 pF
Ml 16/0.8 Cc2 3 pF

AAE 29 49 AAFEy) =29 Fodd
548 og 29 59 vl A8 d4as
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Table 2. Performance of designed Op-Amp.

Supply voltage

15V

DC open loop gain

704 dB for 1 MQ |} 10 pF
68.2 dB for 1 k@ || 10 pF

Unity gain frequency

102 Mz for 1 M2 Il 10 pF
105 Mt for 1 kQ Il 10 pF

Phase Margin

57° for 1 M@ || 10 pF
56° for 1 kR || 10 pF

Slew rate
(for 1V step, 1kQII10pF)

36.2 V/us for positive
38.3 V/us for negative

0.1 % settling time
(for 100 mV step, 10pF)

294 ns for positive
24.0 ns for negative

oo | gi@ciE
PSRR(Vdd) 68 dB at 1
PSRR(Vss) 55 dB at 1 kit

Offset voltage 187.2 WV
Input-referred noise 28 wv/J/ Hz
Total power dissipation 69.9 mW

Rz 10wz 10wz e 1OGK 1

a3 5 FAFSTHEA (C=10pF)RL=1MRQ).
a) Vin+ = ac +1V, b) Vin+ = ac -1V,
¢) Vin- = ac +1V, d) Vin- = ac -1V.

Fig. 5. Frequency response characteristics
(CL=10pF|IRL=1MR).
a) Vin+ = ac +1V, b) Vin+ = ac -1V,
¢) Vin- = ac +1V, d) Vin- = ac -1V.
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38 6. 2MNF 2 SHEA (1000V step, CL=10pF).
Fig. 6. Response characteristics for small-signal
steps(100mV step, Cr=10pF).
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Fig. 7. Output current vs output voltage (Ri=1kQ).
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