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

+Vop

A g A Voltage gain of the first stage

(Q,, Q,): Differential input,
Qsjf ] —[ e o U P
| ‘ k single-ended output:

¢/ A1=_gml(r02 ”r04)

- -
HEQ' szH t—"  Voltage gain of the 2nd stage
- CD D, | 4D, (Qg): Common source with

current source load:

A, =8 (ro6 ] r07)

Total gain
A, =AA,




Example:

o a1 Q2 |a3 |4
5 [:J ':j WIL 1 50/0.8 | 20/0.8 | 50.8 |5/0.8
o I o. N in um

y Q5 |Q6 |a7 |as
i Ly WIL 1408 [100.8 |4/0.8 |4/0.8
o—| 0, 0, —o ——o IN Uum
| .
IreF C\Lb D, "——”———0 Dy
Irer = 90 PA, Vi = 0.7V, Vi, = 0.8V

o || o —[ 0 MnCox = 160 MA/VZ, 4,Cox = 40 pA/V?2
[Va| = 10V for all devices
Y VDD = VSS = 2.5V

Find Ip, |Vovl, [Ves|, gm, 1o for all Q’s,
voltage gain,

input common mode range,

output voltage range.
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Solution: DC Parameters

+Vop Iper =90UA
(W/L),
I, .= =90uA
QSE= 1E|Q5 ﬁ'l:j@ . (W/L)S 3
W /L
¢/ ID7=EW/L;7=9OMA
8
_ + |
°_'r__Q' QZL—.I'_O Ce | Iy =1p, =1ps=1p, =I_=45MA
Irer C\Lb D, "—_”———0 D, 1 2
&EF«»——]E)Q‘1 —|ELQ6 IDl = Eluz ox( )|VOV|
Y V0v1| = |V0v2| = |V0v3| = |V0v4| =0.3

V0v5| = |V0V6| = |V0v7| = |VOV8| =0.3
Vos|=|Vor | +|VI]

NMOS :|[V;5|=0.3+0.7=1.0V
PMOS: |VGS| =0.3+0.8=1.1V




Solution: AC Parameters
21,
8

+Vpp m |V0V|

814 =2x45uA/03V =03mA/V

&

-L
SEES
o~
S

8,58 =2%x90uA/03V=0.6mA/V
A Vil
= j + | i I
o—| O Qz‘ —o & ——o Y 1OV
Vo, =—— =222k
"‘“@ S S — 45uA
o, |, o V—[ 0 Vs g = _IOV =111kQ2
NuA
v ~Vss Al =_gm1 (7'02 ”7"04)

=-03%x222/2=-333V/V
A2 = _gm6 (r06 ”r07)

=-06x111/2=-333V/V
A =AA =1109V/V A

A _/R\
=

( é( ~2010g(1109) = 61dB il
BSAC



Solution: Input Common-Mode

Ranges
+ DD
f Input common-mode voltage range:
QE; JELS ,EJQ Maximum: Q near edge of saturation

Viss| = [Voys|=0.3V
icmmax 2.5- |V0V5|_ |VGSS|
e o3 bt 225-03-1.1=1.1V

IREFCD D, t————¢ Minimum: Q, near edge of saturation

v ==V + V. =-25+1=-1.5V

o || o —A[ 0o
| |VD51| = |VG51| -

_V — e — —

v

th

—Vp ==Vs —0.8

1% =V, =V, —08=-2.3V

Icmmin
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Solution: Output Ranges

O

o—{ )

Output voltage range:

Maximum: Q, near edge of saturation
V| =0.3V

=25- |VOV7| =22V

Minimum: Q, near edge of saturation
= Vs +|[Vyy6|=-25+403=-22V

VO max

vo min




Folded-Cascode CMOS Op Amp.

(for inspection only)
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741 Op-Amp Circuit

Reference First stage Second stage Output stage

by

L2

current

IVCC(+IS V)

Out

|
|
| R, =
| 5 kQ
Y | I
| 4
| Ry =
| 50 kQ
Vg (—15V) |




Functions of Various Transistors

* 01, 012, and R generate a reference bias current, Ipgy.

* O10o Oy, and Qg bias the input stage, which is composed
of O, to Q-.

* The second gain stage is composed of O, and Q,, with
0,55 acting as active load.

* The class AB output stage is formed by Q,, and Q,, with
biasing devices Q5 Oys, and Q,y, and an input buffer

Q53

* Transistors Qys, O,1, 0,4, and 0,, serve to protect the
amplifier against output short circuits and are normally
cut off.
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