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| AC Analysis

AC analysis of a B]T Differential Amplifier involves

determination of
1. Voltage Gain
2. Input Impedance

3. Output Resistance
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| AC Analysis of Differential Amplifier

Important consideration for AC Analysis

1. Both Q; & @, are identical B]Ts Rc %

Resistances R¢; = R¢; = R & Rc1 = Rc» = R, c1 Co

2
3. DC supplies will be grounded
L

B]Ts are replace with equivalent r-model ]
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AC Analysis - Voltage Gain

Vo
V1=V,
Vo = 1c1Re — 1c2R,

Differential Voltage Gain A4 =

KVLinloopl: V] = Rgipq + Tpipqg + (lp1 + ie2)RE
KVLinloop II:  V, = Ripy + Tpley + (ie1 + le2)RE

Substitute i, = 1 and lpy = ez
B B
le1 . . .
Vi = Rg ? T Teler T (lel + leZ)RE
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V, = (?S +r, 4 RE> ip1 + Rgiyy
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AC Analysis - Voltage Gain

Consider typical values Rs/f = 50/100. Let’s

ignore Rg/f as Rs/ <K Rg &1,
(e + Rg)ier + Rgiep = V4
Rpie1 + (1. + Rp)iey =V,

Solve using Crammer’s Rule

et RE ] [zell _ [Vll
Te + RE leo VZ

Determinant of resistance matrix

Te +RE RE

A= R  1,+Rg

— (Te + RE)Z_RE'?

Vi Rg

Al: Vz Te+RE

= (Rg + 1)Vy — V3Rg

Current i, is given as

A (Rg +1,)Vy —VaRg

T AT (+Rp*-RE
R |74
A,= GO (Rg + 1)V, — ViRg
Rg Vs

Current i,, is given as

- A, _ (Rg + 1)V, — ViRg _
“ A (+Rp*-RE ¢




AC Analysis - Voltage Gain

Output voltage V, = R (i;1—i.7) o 2Ry +1.)Vs — (2Rp+1.)V,
Put values of i, and i, o r2 + 2R,
v =R ((RE +1.)Vi — RV, B (Rg + 1)V, — REV1> _p (2R + 1) (Vy = V)

’ “\ (. +Rg)*-R; (e + Rg)?—Rj ¢ ¢ 1, (1, + 2RE)

b =R

<REV1 + T'eV1 - REVZ - REVZ - TGVZ + REV1>
(o

V—RC(V V)
(. + Rp)?—R2 R

e

Finally, Voltage Gain the Differential

o

. R <2REV1 + TeV1 - ZREVZ - T‘eV2>
Cc

- 12 + 2Rg1, +R% —R: Amplifier is given as

V4 R,
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AC Analysis - Input Resistance

Input Resistance at first source of a Dual Input Since (Rg=~ 3k) > (1, ~ 30) therefore,

Balanced Output Differential Amplifier are given as r.+ 2Ry ~ 2Rz and 1, + Ry ~ Ry.

Ry = lV—l =- V}ﬁ = % Finally, input resistance is given as
b1 V5=0 el V,=0 el ly,=0 ° ,
Putting the value of iy, i1 = 2he
o BY:
H Similarly, Input Resistance at second
V2=0 input terminal is given as
. ,Brevl(rez + 2RETe + Rl% B Rl%?)
o (Rg+1.)V; R, = Vs _ Pre(re +2Rg) 26
2 - - _ - e
_ Pre(re + 2Rg) b2y, o Rg + 1,

R.. =
tl RE +T'e



AC Analysis - Output Resistance & Current Gain

Output Resistance is measured at the collector
terminal with respect to ground
Ry1 = Ro2 = R¢

Current Gain of a Differential Amplifier is undefined.

Differential Amplifier is generally used as Voltage

Amplifier and not as Current or Power Amplifier.
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| Numerical Problem

A Differential Amplifier with has R, = 2.2k, e

R =4.7k2 , R¢y =Rs; =502, Vcc=+10V, !

Veg = —10V, p =100 and Vg = 0.7. Determine Rclg RCZ§
its (a) Voltage Gain (b) Input Resistance (c) *__ o __*
Output Resistance or | VTV

Differential Voltage Gain formula is
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4 V, Rc @/l RE
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However, 1, = at room temperature. But I =?
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| Numerical Problem

+10V

During DC Analysis we following expression to

determine I

_ Vee — VbE _ 7
(Rs/B+2Rg)

Putting given values

B 10 — 0.7
~ (50/100 + 2 * 4.7k)

Ic

Iy = 0.989mA

Further,

B 25mV B 25mV

_ _ — 25.30
e = T T 0.989mA
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| Numerical Problem

Using Voltage Gain formula

Rc  2.2kQ)

= = 86.96
r, 2530

Ad:

Input Resistances are given as

R;; = R, = 281, = 2 % 100 * 25.3Q0 = 5. 06k

Output Resistances are given by

ROl — NNy — RC —_ ZZkQ
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