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orig. p. 1

Series (o) – Series (I) Feedback Topology

• Suitable for transconductance Amplifier

original drawing, p. 1

original drawing, p. 1
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Two-port equivalent circuit

original drawing, p. 1

original drawing, p. 1

Io
V1

= A

original drawing, p. 1

β = Vf
Io

Rif = Ri (1 + Aβ)
Rof = Ro (1 + Aβ)

Af =
A

1 + Aβ

orig. p. 2
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Shunt – Shunt feedback topology (Transresistance
amplifier)

original drawing, p. 2

Ao = Vout
Iin

original drawing, p. 2

original drawing, p. 2
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Close loop equivalent circuit model

original drawing, p. 2

orig. p. 3

original drawing, p. 3

original drawing, p. 3

β = If
Vo

Rif =
Ri

1 + Aβ
Rof =

Ro
1 + Aβ

Af =
A

1 + Aβ

Example 2
Analyze the circuit below and calculate vo

vs
, Rin, and Rout
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original drawing, p. 3

ignore ro! (VA = ∞) β = 100

original drawing, p. 3

Ix = 12 – VC
4,7 kΩ IB = Iy – 0,07mA

IC = 100 IB ⇒ 100 Iy – 7mA = IC

Iy = VC – 0,7
47k IC = Ix – Iy = 12 – VC

4,7k –
(VC – 0,7

47k

)

100
(VC – 0,7

(47k)

)
– 7mA = 12 – VC

4,7k –
(VC – 0,7

47k

)
orig. p. 4

VC = 4,95V

IB = 0,015mA gm = IC
VT

= 60mS

IC = 1,5mA rπ = (β + 1) · 1
gm

= 1,66kΩ

a) Feedback type: Shunt (o) – Shunt (I) (Transresistance)
b) Feedback Network:
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original drawing, p. 4

c) Calculate R11, R22, and β

original drawing, p. 4

original drawing, p. 4

If
Vo

= – 1
47kΩ = β

d)

original drawing, p. 4
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original drawing, p. 4

A = vo
Ii

⇒
∣∣∣∣∣∣∣∣∣∣
vo = –60mSgm1 vπ1 (4,27k)
vo = –256,2 vπ1
vπ1 = Ii (10k ∥ 47k ∥ 1,66k)
vπ1 = Ii · 1,38k

orig. p. 5

vo = –256,2 · Ii · 1,38k
A = vo

Ii
= –353,6 kΩ

Ri = 1,38k
Ro = 4,27k

Af =
A

1 + Aβ = –353,6k
1 + 353,6k · 1

47k
= –353,6 kΩ

8,52

Af = –41,4 kΩ

Rif =
1,38k
8,52 ⇒ Rif = 162Ω

Rof =
4,27
8,52 = 501,2Ω

Rin =
( 1
162 – 1

10k

)–1
≈ 165Ω

Rout = Rof

vo
Ii

= –353,6 kΩ

vo
vs

= Af
Rs

= –4,14 [V/V]
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Example
Analyze the current amplifier given below and calculate: vo

vin
, IoutIin

, Rin and Rout
Assume β = 100 for small signal, ∞ for DC

orig. p. 6 VA = 75V

original drawing, p. 6

original drawing, p. 6

IC1 = 1mA IC2 = 0,38mA ro = VA
IC

gm1 = 40mS gm2 = 15,2mS
rπ1 = 2,5 kΩ rπ2 ≈ 6,6 kΩ

ro1 = 75kΩ ro2 = 75
0,38 ≈ 197kΩ

a) Feedback type : Series-Shunt
b) Feedback network out two port parameters
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original drawing, p. 6

R11 = 13,4 kΩ

original drawing, p. 6

R22 = 10k ∥ 3,4kΩ ⇒ R22 = 2,5 kΩ

orig. p. 7

β = If
Io

= –3,4k
13,4k ≈ –0,25 [A/A]

original drawing, p. 7

original drawing, p. 7

A = Iout
Is
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vπ1 = Is (10k ∥ 13,4k ∥ 13k ∥ 2,5k) = 1,55k Is
vbe2 = –gm1 vπ1

(
75k ∥ 10k ∥

(
6,6k + 250k︸ ︷︷ ︸

(β+1)(2,5k)

))
≈ –320 vπ1

Iout ≈
vbe2

6,6kΩ
100 + 2,5k︸ ︷︷ ︸

2,57kΩ

· 89

Iout
Is

= –192,4 [A/A]

Ri = 1,55 kΩ

Ro = 2,5kΩ + 6,6kΩ
β + 1︸ ︷︷ ︸
101

+ 10k ∥ 75k
β + 1︸ ︷︷ ︸
101

= 2,7 kΩ

Af =
A

1 + Aβ
1 + Aβ = 1 + (–0,25 × –192,4)

1 + Aβ = 49,1

Af =
–192,4
49,1 ≈ –3,92 [A/A]

orig. p. 8

Rif =
Ri

1 + Aβ = 1,55k
49,1 ≈ 31,5Ω

Rof = Ro (1 + Aβ) = 2,7k × 49,1 ≈ 132kΩ
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