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Last Lecture → Amplifier Circuit Model

Ideal Assumptions…
• Ri = ∞ or Ri >> Rs

• Ro = 0 or Ro << RL

… is  the description of the amplifier’s terminal 
behavior, neglecting internal operation / 
transistor design

Amplifier Circuit Model

Input Source Load

Amp. 
Loading Loading
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Last Lecture → Types of Amplifiers

Voltage Amplifier Current Amplifier

Trans-conductance Amplifier Trans-resistance Amplifier

Gain → Av [V/V]
Ri = 
R0 = 0

Gain → Av [A/V]
Ri = 
R0 = 

Gain → Ai [A/A]
Ri = 0

R0 = 

Gain → Av [V/A]
Ri = 0
R0 = 0

Ri>>Rs R0<<RL

Ri>>Rs R0>>RL Ri<<Rs R0<<RL

Ri<<Rs R0>>RL
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Problem D1.49

A designer has available voltage amplifiers with an input resistance
of 10kΩ, an output resistance of 2kΩ, and an open-circuit voltage
gain of 10V/V. The signal source has a 10kΩ resistance and
provides a 10-mVrms signal, and it is required to provide a signal of
at least 2Vrms to a 2kΩ load. How many amplifier stages are
required? What is the output voltage actually obtained?

Amp
#1 

𝑹𝒊 = 𝟏𝟎𝒌𝜴

𝑹𝟎 = 𝟐𝒌𝜴

𝑨𝑽𝟎 = 𝟏𝟎 𝑽/𝑽

Amp
#2 

Amp
#N 

𝑹𝑺 = 𝟏𝟎𝒌𝜴 𝑹𝑳 = 𝟐𝒌𝜴

𝒗𝑺 = 𝟏𝟎𝒎𝑽𝒓𝒎𝒔

𝒗𝟎 ≥ 𝟐 𝑽𝒓𝒎𝒔

𝑨𝒗 =
𝒗𝟎
𝒗𝑺

≥ 𝟐𝟎𝟎 𝑽/𝑽

𝑨𝒗 =
𝑹𝒊

𝑹𝒊 + 𝑹𝑺
𝑨𝑽𝟎

𝑹𝒊

𝑹𝒊 + 𝑹𝟎

𝟐

𝑨𝑽𝟎

𝑹𝑳

𝑹𝑳 + 𝑹𝟎

𝑨𝒗 =
𝑹𝒊

𝑹𝒊 + 𝑹𝑺
𝑨𝑽𝟎

𝑹𝒊

𝑹𝒊 + 𝑹𝟎

𝟑

𝑨𝑽𝟎

𝑹𝑳

𝑹𝑳 + 𝑹𝟎

• 𝑵 = 𝟑

• 𝑵 = 𝟒
𝑨𝒗 = 𝟏𝟕𝟐 𝑽/𝑽

𝑨𝒗 = 𝟏𝟒𝟑𝟎 𝑽/𝑽
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Input / Output Impedance

• No dependent Source
Rth → series / parallel combination

• Dependent Source
Place test source Vx=1V at terminals

Rth =
𝑽𝒙

𝑰𝒙
=

𝟏

𝑰𝒙
• For Rout turn “off” input source!

Rout

Thevenin’s Resistance

Rin

Rin → input impedance

Rout → output impedance



8/16/2019

Electronics I
5

Example 1.4

Rin Rout

For the following circuit derive an expression for the voltage gain vo/vs, and evaluate its magnitude for
the case Rs=5kΩ, rπ=2.5kΩ, gm=40mA/V, ro=100kΩ, and RL=5kΩ. What would be the gain value if the
effect of ro were neglected? Calculate the value for the impedance seen by the source and at the output
terminals.

𝑨𝒗 =
𝒗𝟎
𝒗𝒔

=
𝒗𝟎
𝒗𝒃𝒆

𝒗𝒃𝒆
𝒗𝒔

=
𝒓𝝅

𝒓𝝅 + 𝑹𝒔
−𝒈𝒎  𝒓𝟎 𝑹𝑳

𝑹𝒊𝒏 = 𝑹𝒔 + 𝒓𝝅 = 7.5 kΩ

𝑹𝒐𝒖𝒕 =  𝒓𝟎 𝑹𝑳 = 4.76 kΩ

for 𝒓𝟎 ≫ 𝑹𝑳 →
𝑨𝒗 = 𝟎. 𝟑𝟑 𝟐𝟎𝟎 = -66 V/V

= 𝟎. 𝟑𝟑 𝟏𝟗𝟎 = -63 V/V
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Input / Output Impedance

For the circuit provided find the expression for the input and output resistances, Rin
and Rout respectively.

𝑹𝒊𝒏 =
𝟏

𝑰𝒙
=

𝟏

𝒈𝒎

𝟏

𝟏 +
𝟏

𝒈𝒎𝒓𝝅

for 𝒈𝒎𝒓𝝅 ≫ 𝟏 → 𝑹𝒊𝒏 ≈
𝟏

𝒈𝒎

gmvπ

-

vπ

+

+

v0

-
RL

vs ±

Rin

rπ

Rout 𝑹𝒐𝒖𝒕 =
𝟏

𝑰𝒚
= 𝑹𝑳


