. General Concepts for Differential Amplifiers

A. General Structure

IBIAS

B. Biasing
« Assume input current to device is\Qj = V|2; Rc1 =Reo =R

+

|, = \_./.__.___\.{9_1': ..\./.i-

1 R- R-
+ +

| = \/_—\/02: V_

2 Re  Re

lBias=l1+12=2V/Re
 This condition yield¥g; =Vgo =0 and =1, =1gad2
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C. Differential and Common Mode Signals

vt v+

Vo1 Vo2 Vo1 Vo2
1 - - 2 1 - - 2
y T 1 y
V' 1 L L Viz I_Zd — e - I?d
IBias Vi ? Iias

v
@ (b)

» Write the input voltages in terms of the differential and common
mode signals

Viz = Vic t Vid/2
Viz = Vic Vig/2

» Write the differential and common mode signals in terms of the input
voltages

Vid = Vi1 - Vi2

Vie = (Vig+ Vi) / 2
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D. Example

» Decompose a single ended input voltage into its differential and
common mode parts

V+

V+
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Il. Small Signal Analysis of the Differential Amplifier

A. Bipolar Differential Amplifier with Resistors

V+
=Re Re=
- + +
Vo1 Vo2
Q]_ - - Qz
O] L1 [on

« Set large signal bias voltage sourdgs=V,,= 0V
. Set|B|AS= 2\/+/RC SO that\/01 = V02 =0

* Finite output resistance tf;5pgis modeled withrgy,
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B. Small Signal Model for Purely Differential Mode Input

* Viz = Vigl2, Vig = Vigl2, Vic = 0

* Assume,>> Ro

* By symmetryi; = -5, Gm1=9m2=9m: fm =2 =n

* v, = 0 for a purely differential mode signal

_ id

Vo1 _ngC_z_
V.

_ id

Vo2 ngCT
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C. Half Circuit Technique - Purely Differential Mode Input

v V.
od id
> = ImRcz
Vv
_ od _
q4m = % B _ngC
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D. Small Signal Model for Purely Common Mode Input

* Vi1 =Vi2 =Vic,Vig =0

+

e ooy

Vor Vo2
Re= =R
VX
§ Tob

o g =lg> V= (ig +i)lop = A1lop = Aolgp

‘él Vciz
+ +
ré vV gm\‘r[l l RC§ § RC l ngr[z V‘E § rTT
v he L v
§ 2rOb ; 2r0b
0
a = Evol Vo2 ? e
- L L
cm ic I]l + 2gmr ok
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E. Common Mode Rejection

» Figure of Merit for differential amplifiers

CMRR=§g—m—Dl+2 r o
=2 0 “mforg

cm

* Largerg, ----> Large CMRR
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lll. Frequency Response of Differential Amplifiers

A. Differential Mode Frequency Response-Half Circuit

+0

L Gern =m Do =re

NIES

l

* DC Response

\ O r ]
od_ 5 T F 00y R
Vig or +R§jD CO

» Use Miller Approximation to find frequency response

_ i i
Cp = CptHi+g REC

T CO

R CT = (RSIIr]T )Cr

1
_(l‘*’) 0- nT { —T] u 0 0 }
Vid o +Rsmggm D 1+ jomRslr g Crnt gt + 9mRoaCy]
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B. Common Mode Frequency Response - Half Circuit

b i
W i :
.
C—V = l o =R
V() ] Ve
A= —Lc.2
* DC Response
VocD ImRc

Vic 1+ gmzrob

* In common mode half circulg ---> C¢/2 since it must be 2X the

iImpedance
. 2rOb
E 1+ jor ,.Ce
Y08 () = m'C.
Vie 1+ 9m%E
e ForgZg>>1
V -R
ocC, . C .
— (jw) O=—=H +jor_, CcH
Vic 2robD Ob™EL]
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C. CMRR Frequency Response
* Recall CMRR isyy{acm

e AtDC
a
dm 0 0
S = + =
CMRR 3 D1 ngrohj ngrob
cm
[ Al
dB
ImRc
@ -20 dB/decade
_1 w
R log scale
| Acm | TCT
dB
() +20 dB/decade
RC/ZrOb —/
1 w
CMRR TobCe log scale
dB
gm2rob
—20 dB/decade
(0
-40 dB/decade
1 1 w
rooCe RrCr log scale
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