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Two-Stage CMOS Op-Amp Circuit
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Two-Stage CMOS Op-Amp Circuit
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Common

Amplifier Stage

Source

Two-Stage CMOS Op-Amp Circuit

Os I—I—I—|r_— 5 ’—"ET@ single-ended output:

[REF

¢/ A =_gml(r02 ||r04)

D, H D, (Q4): Common source

1 current source load:
0 Ii& l—ﬂa&

Ay =-8,6 (r06 I r07)

—V;
? Total gain

Ao = AIAZ
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Voltage gain of the first stage
(Q,, Q,): Differential input,

| :] n
& & 1= " Voltage gain of the 2nd stage
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Example:

a1 |a2 [a3 a4
WIL 190108 | 20/0.8 | 5008 |5/0.8
% |t } I 1l Os I Inum
Q5 |as |a7 |as
. WIL 1 40/0.8 | 10/0.8 | 4/0.8 |4/0.8
o— O Inum
lREFC)
Iner = 90 PA, V,, = 0.7V, V,, = -0.8V
o HnCox = 160 PAIVZ, 1 C,, = 40 PAIV?
l V4l =10V for all devices

g Vpp = Vgg = 2.5V
Find Ip, [Voyls [Vgsls 9ms T for all Q’s,
voltage gain,

input common mode range,
output voltage range.
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Solution: DC Parameters

+Voo L gy = 90UA
I, = W/L)s =90uA
T Wi,
W /L),
]D7 Ile——
WD),
Iy =1y, =1y =1, =%5= 45uA

101 = %Auicox (%)Wov |2
|VOV1| = |VOV2| = |V0v3| = |Vov4| =03
|V0V5| = |VOV6| = |VOV7| = |VOV8| =03
[Vos| =[Vor|+[Vi]

NMOS:|[V|=03+0.7=1.0V
PMOS :|V;s|=0.3+0.8=1.1V

—Vss




Solution: AC Parameters

+Vop
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— 211)
" Vol
Qs = 2% 45uA 103V =03mA IV
s =2x90UA/03V =0.6mA |V

8

A =—gm](ra2 ||r04)
=-03%x222/2=-333V/V
A, =_gm6(r06 ”rm)
=-0.6x111/2=-333V/V
A =AA =1109V/V
=201og(1109)=61dB

s
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Solution: Input Common-Mode
Ranges

+Vop

—Vss
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Input common-mode voltage range:
Maximum: Q; near edge of saturation
|V1)55| = |V0v5| =03V

Viemmax = 25 _|V0v5| - |VGS5|
=25-03-1.1=1.1V

Minimum: Q, near edge of saturation
Vo ==Vee + Vg3 =-25+1=-1.5V

|v031| = |Vc;s1 | -

~Vpsi = ~Vas: = 0.8

Vip

—Vp =—Vg —0.8

\J =V =V, —08=-23V

icmmin




Solution: Output Ranges

+Vl)l)
QFE’ ‘l:jQﬁ Output voltage range:
] I I Maximum: Q, near edge of saturation
[Voy,| =03V
) Voma = 2.5=|Voys| =22V
O, Minimum: Q, near edge of saturation

o Vomin = =Vss +[Voye| ==25+0.3=-22V
—Vss

A Four-Stage Bipolar Op-Amp

+I5V

R, =20 kQ Ry=23kQ

VW—>

R =20k0 S
b3 Ry =3k0$
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A Four-Stage Bipolar Op-Amp

First

Differ:

Pair

HI5V

s R, = 20 k) 4
=20 kQ > 2 b3
=20 > R, =3k02

ential

Differential
Pair with
Single-ended

>
Rs=15.7 kni_

=15V

20-11

R,=23kQ
3rd Gain Stage
Common Source
with Degeneration

4rd Stage:
Emitter Follower
Output Stage

Ry =3kQ

¢4

0.5 m/\\l/

DC Solution

T1SV

0.25 m/\¢ \L()QS mA 1 mA ¢

$20kQ
20 kQ b3

+10 V

Os
9.3V

%

025mA  TIOV F10 v

=0.7'V

\L().S mA ¢,2 mA
&%y

+0.7 V

15.7 kO S
<

¢ 0.5 mA ¢2 mA

=18V
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