CHAPTER 7

Differential and Multistage
Amplifiers




7.7 Multistage Amplifiers

Why Multistage Amplifiers?
e The first stage is usually required to provide a high input

resistance in order to avoid loss of signal level when the
amplifier is fed from a high resistance source

e In a differential amplifier the input stage must also provide
large common-mode rejection

o The middle stage is to provide the bulk of the voltage gain,
conversion of the signal from differential mode to single-
ended mode, and the shifting of the DC: allow output to
swing both positive and negative

o Final stage is to provide a low output resistance in order to
avoid loss of gain when load resistance is low: source
follower / emitter follower
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7.7 Multistage Amplifiers

7.7.1 A Two-Stage CMOS Op Amp
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7.7 Multistage Amplifiers

7.7.1 A Two-Stage CMOS Op Amp - Voltage Gain

First Stage:
QSE éz? Ai = _gml(r02 ” r-04) (7146)

Second Stage:
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7.7 Multistage Amplifiers

Example 7.3
Q, Q [ Q| Q Qs Qg Q, Qg
W/L | 2008 | 2008 | 508 | 508 | 400.8 | 10/0.8 | 40/0.8 | 40/0.8
+Vop
E ET E lper =90LAV,, =0.7V,V, =-0.8V
o |+ o —A o
#,Co =1604A/V?, 11.C = 40uAIV?
IV, |=10V,V,, =V = 2.5V
Ieer
Find Iy, [Voul, Vsl Omr For Ar Ao
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7.7 Multistage Amplifiers

Example 7.3

&

Ieer

| ge =904AV,, =0.7V,V,, = 0.8V
£2,Co =1604AIN 2, 41, C,, = 40pAIV 2
IV, [210V,V,, =V = 2.5V

Find Iy, [Voul, [Vasls Om T Ar A,

Ai = _gml(roz ” ro4) =-33.3V/V

AZ = _gm6(r06 ” r07) =-33.3V/V

Q, | @, |a, | a |a | a | a | aq
W/ L 20/0.8 20/0.8 5/0.8 5/0.8 40/0.8 10/0.8 40/0.8 40/0.8
Io(LA) | 45 45 45 45 90 90 90 90
/ |VOV|(V) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Vedo | 141 1.1 1 1 1.1 1 1.1 1.1
Om 0.3 0.3 0.3 0.3 0.6 0.6 0.6 0.6
(MAIV)
N (o)! 222k 222k 222k 222k 111k 111k 111k 111k
1 WILNZ [V HV. [+[V. | 2A IV | 1=V, |/
_E(lucox )( )\/ov GS 11 Vov t On D ov o —1Va D
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7.7 Multistage Amplifiers

Example 7.3 o _
The lower limit of the input common-mode
is the value at which Q, and Q, leave the
. saturation region:

T

Vo, =—25+1=-15V
O 1] O — 7 vV

in_lower — -1.5-0.8=-2.3V
| 7
! The upper limit of the input common-mode
sl o, 7\:],_-; o is the value at which Q; leaves the
Ce saturation region:
e (} D, -H|—< Dy 9
Vgps =0.3V =V, =2.5-0.3=2.2V
o | y, — s
Lﬁ Dl Vg, =V, =2.2V
Vg Vo =—1.1V =V, =2.2-1.1=1.1V
Vin_upper :11\/
Vop <V, € Vg <Vgs =V, < Vs <V, Highest output:  v__-|V,,,|=25-03=2.2V
PMOS: vy, <[V, | Lowest output: _v_+|v,, |=-25+03=-2.2V
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7.7 Multistage Amplifiers

7.7.1 A Two-Stage CMOS Op Amp: Frequency Response

Ce
|
|
+ D, D
o—0 & O
+
vfr." Gml Vf'n' ‘ﬂ‘}l —_ l‘,:1| 1’. 2 GJJJI vr'l RE — Cﬁ ILJ
o——0 — — — — —— r——

C,=Cys +Chs +Cryy + Cypp + Ce
C, =Cus +Ca7 +Cpa7 +C.
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7.7 Multistage Amplifiers

7.7.1 A Two-Stage CMOS Op Amp: Frequency Response (cont.)
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o——0 — — — — —— r——

GVig + \% +sCV,, +sC.(V;, -V,) =0

1

G,,V., +\é—°+ sC,V, +sC.(V,-V,,)=0

m27i
2

vV, Gmr@mzlscc)Rle

V4 145 R +C,R, +C.(G,,RR,+R +R; +SZ[C1C2 +C.(C,+C)IRR,
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7.7 Multistage Amplifiers

7.7.2 A Bipolar Op Amp
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7.7 Multistage Amplifiers

7.7.2 A Bipolar Op Amp (cont.)

157V
0.25 mA ¢ ¢n_25 mA | mA ¢ \'r | mA
2.3 k0O
— 20 k) 3 kN
F12 TN
) : +12V J’ !
+10 V & N
+10 V |1 mA
L 4 2
24} 10
— ¥ [ = Qs _ 3
A c ; ' 10 V
s {).2§ m l}_233111.5« _)\7 5 m.-'\l
¢.f}.5 mA —0.7 V ” 10%
286kng| 2 .
) : +0.7 V 0
—143V ¢(”'} mA \1,2 mA 8 I\AS
1 ' 5 5 u:.-"\\L
\ I/Qi Qﬁ (
Q'J 4x Pd 1
AA I\ L* 157 k00 <
0.5 m.»'\¢ * 0.5 mA \; 2 mA
2 'y Y Y
—15V
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Homework

7.80,7.85,7.88,7.92,7.93,7.94, 7.97
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