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ENEE2360  Analog Electronics

1

Instructor : Nasser Ismail

Small Signal ac Equivalent Circuit

 In order to simplify the analysis, we replace the 

Transistor by an equivalent circuit (model)

 An AC model represents the AC characteristics of the 

transistor.

 A model uses circuit elements that approximate the 

behavior of the transistor.

 There are two models commonly used in small signal AC 

analysis of a transistor:  

• re model

• Hybrid equivalent model
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Two-port networks

 Suppose that a network N has two ports as shown below.  

How could it be represented or modeled? 

 A common way to represent such a network is to use one of 

6 possible two-port networks.  

 These networks are circuits that are based on one of 6 

possible sets of two-port equations.  These equations are 

simply different combinations of two equations that relate 

the variables V1 ,  V2 ,  I1 ,  and I2 to one another.  The 

coefficients in these equations are referred to as two-port 

parameters.

Network N 
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Note that I1 ,  I2 ,  V1 ,  and V2 are labeled as shown 

by convention.  Often there is a common negative 

terminal between the input and the output so the figure 

above could be redrawn as:
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ENEE234 – Circuit Analysis

Uploaded By: Malak ObaidSTUDENTS-HUB.com



ENEE2360

BZU-ECE

11/26/2022

Instructor: Nasser Ismail
First2022-2023 3

7

Development of the h-parameter model of BJT:

For A BJT the equivalent h parameter model can be 
described by the following equations:
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:equationsparameter -h
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Summary:
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z-parameter model

y-parameter model

h-parameter model

Note:  This page is for information only
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BJT Configurations

• Common Emitter

• Common Base

• Common Collector

Terminated Two port network

Includes source and load

Common Emitter Configuration
(inverting configuration, provides voltage and current gain)
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Simplified Model

Detailed  Model
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Common Emitter and Common Collector

Configuration
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Value of hie

Base Emitter is a pn junction similar to a diode 

hie is the dynamic resistance of the pn junction

In a diode: 
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Common Collector

Same Model of Common Emitter will be 

used due to the similarities between them 

and for simplicity

(provides current gain and no voltage gain)
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Common-Base Configuration
(provides current gain and some voltage gain)
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Simplified Equivalent Circuit

Common-Base Configuration
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BJT Amplifier Analysis

When Analyzing Amplifier Circuits, we usually 

want to find some or all of the following 

quantities with and without Rs: 

1) Av=Vo/Vi,  small signal voltage gain

2) Ai=io/ii,     small signal current gain

3) Zi Input Impedance

4) Zo Output Impedance

C1 +

-

10V 12V

Zi Zo

BJT Amplifier Analysis

Solution: (with Rs=0)

We draw the ac small signal equivalent circuit    

Capacitors  ==> replaced by short circuit

DC sources are killed  ,

analysis DC from calculated bemust    I

I

V
h
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EQ

T
ib  1h fb 

E

+
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DC Analysis
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With Presence of Rs
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Example: Common Emitter (CE)
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AC small signal Equivalent Circuit
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AC small signal Equivalent Circuit
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Collector Equivalent Circuit

AC

AC

V3

R3C

Note: there is no reflection from emitter to collector or 

vise versa since the ie and ic are almost the same

Common Collector Amplifier
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CC Amplifier as a Buffer

• The value of load resistor RL affects the voltage gain Av, 

• This effect is called loading effect and can be substantial

• A buffer (interface) can be used between the amplifier and 

the load to reduce this loading effect and keep the high gain

• CC Amplifier is also known as Emitter Follower
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CE 

Amplifier

Uploaded By: Malak ObaidSTUDENTS-HUB.com



ENEE2360

BZU-ECE

11/26/2022

Instructor: Nasser Ismail
First2022-2023 19

CC Amplifier as a Buffer

• The buffer must have the following characteristic:

• The above characteristic are present in the CC amplifier

the load to reduce this loading effect and keep the high gain

lowZ
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I

I

V
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-
RL

+
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CE 

Amplifier

Buffer

(CC Amplifier)

ZoZi

Example
• First we consider effect of load (RL)  on amplifier voltage gain

• Then we use  a buffer and see its effect on reducing effect of RL 
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Amplifier + Buffer + Load

Now let us look at the new circuit with the buffer
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Base To Collector Feedback

Exercise : Find AV, Zi and Zo

Base To Collector Feedback

Exercise : Find AV, Zi and Zo

IF
hie RL

RL
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Base To Collector Feedback
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Design a common emitter amplifier using a transistor having 

𝛃 𝒎𝒊𝒏 = 𝟒𝟖𝟎 , 𝛃 𝒎𝒂𝒙 = 𝟏𝟓𝟎𝟎

To provide a voltage gain
𝑽𝒐

𝑽𝒔
≥ 𝟐𝟎𝟎, between a small signal voltage source having a 

resistance 500Ω and load 𝑹𝑳 = 𝟓𝒌

𝑹𝑬  

𝑹𝑪  

𝑹𝟐  

𝑹𝟏  

+𝑽𝑪𝑪  

𝟓𝑲 𝑽𝒔(𝒕) 

𝟎. 𝟓 𝒌 

𝐶𝐸  

+

-

𝑽𝒐  

C1

C2Zi Zo

The common emitter amplifier design:

Solution :

Its specified that 𝒁𝒐 =  8k

Its specified that 𝒁𝒊𝒏 ≥ 𝟓𝒌

Ac small signal equivalent circuit:

𝑹𝑬  

𝑹𝑪  

𝑹𝟐  

𝑹𝟏  

+𝑽𝑪𝑪  

𝟓𝑲 𝑽𝒔(𝒕) 

𝟎. 𝟓 𝒌 

𝐶𝐸  

+

-

𝑽𝒐  

𝒊𝒃  
ℎ𝑖𝑒  

𝒉𝒇𝒆𝒊𝒃 

b

𝟎. 𝟓 𝑲 

+

-

𝑽𝒊  𝑹𝟐||𝑹𝟏  

 

𝑽𝒐  

+

-

 

𝑹𝑪  

e

𝟓𝑲 

Zi
c

𝑽𝒔(𝒕) 

Zo

𝑽𝒐 = − 𝑹𝑪\\𝑹𝑳 𝒉𝒇𝒆𝒊𝒃

Solution:

𝒊𝒃 =
𝑽𝒊

𝒉𝒊𝒆

𝑽𝒊 =
𝒁𝒊

𝒁𝒊 + 𝑹𝒔
𝑽𝒔

 |𝑨𝒗| =
𝒉𝒇𝒆

𝒉𝒊𝒆

𝒁𝒊

𝒁𝒊+𝑹𝒔
𝑹𝑪\\𝑹𝑳

𝟏 >
𝒁𝒊

𝒁𝒊 + 𝑹𝒔
> 𝟎. 𝟗

 |𝑨𝒗| =
𝒉𝒇𝒆

𝒉𝒊𝒆
(𝟎. 𝟗) 𝑹𝑪\\𝟓𝒌

Let 𝒈𝒎 =
𝒉𝒇𝒆

𝒉𝒊𝒆
= =

𝟏

𝟐𝟓.𝟔𝟗𝒎
= 𝟑𝟖. 𝟗𝟐 𝑰𝑪𝑸

𝒉𝒊𝒆 =
𝜷𝑽𝑻

𝑰𝑪
=

𝒉𝒇𝒆𝑽𝑻

𝑰𝑪

𝑰𝑪𝑸

𝑽𝑻

Zo  = 𝑹𝑪

𝒁𝒊 = 𝑹𝒕𝒉 || hie = 5k 
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 |𝑨𝒗 = (𝒈𝒎 𝟎. 𝟗 𝑹𝑪\\𝟓𝒌 ≥ 𝟐𝟎𝟎

𝑹𝑬 =
𝑽𝑹𝑬

𝑰𝑬
= 𝟑𝒌Ω

 𝑹𝟏 = 𝟑𝟒. 𝟐𝟐𝒌

 𝑹𝟐 = 𝟏𝟏𝟔. 𝟓. 𝟔𝒌

∴ 𝑹𝑪 = 𝟖𝒌,      then 𝒈𝒎 ≥
𝟐𝟎𝟎

𝟎.𝟗(𝟑𝒌𝒍𝒍𝟖𝒌)
= 𝟕𝟐. 𝟐

Let 𝒈𝒎 = 𝟕𝟕. 𝟖𝟔 , then 𝑰𝑪𝑸= 𝟐𝒎𝑨

Since 𝑽𝑹𝑪 = 𝟏𝟔𝑽; let 𝑽𝑪𝑪 = 𝟑𝟎𝑽

Let 𝑽𝑹𝑬 =
𝑽𝑪𝑪

𝟓
= 𝟔𝒗𝒐𝒍𝒕

From : 𝑰𝑬 =
𝑽𝒕𝒉−𝑽𝑩𝑬
𝑹𝒕𝒉
𝜷+𝟏

+𝑹𝑬

𝑽𝒕𝒉 = 𝟔. 𝟖𝟏 𝒗𝒐𝒍𝒕

𝑽𝒕𝒉 =
𝑹𝟐

𝑹𝟏 + 𝑹𝟐
𝑽𝑪𝑪

𝑹𝒕𝒉 =
𝑹𝟏𝑹𝟐

𝑹𝟏 + 𝑹𝟐

Its specified that 𝒁𝒐 = 𝟖 𝒌

𝒁𝒊 = 𝑹𝒕𝒉 || hie = 5k 

∴ 𝑹𝒕𝒉 =  26.45k

𝑹𝑬  

𝑹𝑪  

𝑹𝟐  

𝑹𝟏  

+𝑽𝑪𝑪  

𝒉𝒊𝒆 =
𝜷𝑽𝑻

𝑰𝑪
= 6.165K

Example :

𝑹𝑪  

𝑹𝒇  

+𝑽𝑪𝑪  

𝑽𝒔(𝒕) 

+

-

𝑽𝒐  

Ac small signal equivalent circuit:

𝒊𝒃  
ℎ𝑖𝑒  

𝒉𝒇𝒆𝒊𝒃 

b

𝑽𝒔(𝒕) 

c

𝑽𝒐  

+

-

 

𝑹𝑪  

e

𝑹𝒇  

𝒊𝒇 𝒊𝒐 

𝒊𝒃 =
𝑽𝒔

𝒉𝒊𝒆

𝒊𝒐 = 𝒉𝒇𝒆𝒊𝒃 + 𝒊𝒇

Find voltage gain

𝑽𝒐 = −𝑹𝑪𝒊𝒐

𝒊𝒇 =
𝑽𝒐 − 𝑽𝒔

𝑹𝒇

𝑨𝒗 = −

𝑹𝑪
𝑹𝑬

−𝑹𝑪

𝒉𝒇𝒆

𝒉𝒊𝒆

𝟏 +
𝑹𝑪
𝑹𝑬
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