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Transistors

Lesson #10
Chapter 4
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Small Signal Equivalent Circuits and 
Parameters for the BJT

• If the variable portion of the input signal is small (in amplitude), it is 
possible to approximate the (non-linear) transistor as a linear device by 
representing it by an equivalent circuit

• Here’s how we do it:
– Recall

– Since the base-emitter junction is a forward-biased diode and the current 
that crosses this junction is IE, then we can use the Shockley equation
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Small Signal Equivalent Circuits and 
Parameters for the BJT

• Then:
• Before we continue let’s define the following notation:

– A lower case signal (voltage or current) with upper case subscripts 
represents the total of the DC portion of the signal and the AC 
portion of the signal

– An upper case signal with upper case subscripts represents the DC 
portion (the Q-point)

– A lower case signal with lower case subscripts represents the AC 
portion

iB(t) = IBQ + ib(t)
vBE(t) = VBEQ + vbe(t)
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Small Signal Equivalent Circuits and 
Parameters for the BJT
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Small Signal Equivalent Circuits and 
Parameters for the BJT
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Small Signal Equivalent Circuits and 
Parameters for the BJT

• Here is our equivalent circuit:

• Here is a second version equivalent circuit:
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Small Signal Equivalent Circuits
Example

• We see that we have capacitors 
and extra resistors.

• The extra resistors represent 
– the load to the next stage (input 

impedance of the next stage)
– the source resistance (output 

impedance of the previous stage)
• The extra capacitors are to:

– protect the DC design of our 
amplifier 

– allow the passing the AC portion 
of the input signal from the 
source to our amplifier and on to 
the load (coupling capacitors)

– eliminate the loading of the 
emitter resistor for the AC signal 
(bypass capacitors)

VCC = 15V

RC 1kR1 10k

β = 300

RE 1k
R2

500 RL

2k

RS

vin = 0.001sinωt

+

-
5k

+
vo

--

+
vi

--



BME 372 Electronics I –
J.Schesser

277

Small Signal Equivalent Circuits - Example
DC Analysis

VCC = 15V

RC 1kR1 10k

β = 300

RE 1k
R2

500 RL 2k

RS

vin
+

-
5k

• For DC the capacitors are open-
circuits so for DC analysis the 
circuit becomes the same circuit as 
we have just analyzed

• The components not affected by the 
DC voltage are “grayed out”.

• The next step is to perform the AC 
analysis. 
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Small Signal Equivalent Circuits-Example
AC Analysis

• The next step is to perform the 
AC analysis by

– Shorting any DC voltage sources
– Opening any DC current sources 
– Shorting the capacitors
– Eliminating any resistors which 

are shorted by the capacitors (e.g., 
the emitter resistor

– Connecting the source, source 
resistance, and load resistance

– Replace the transistor with its 
small signal equivalent circuit.

• Short circuits are drawn in thick 
lines, the removed capacitor is 
“greyed-out”, and the equivalent 
circuit is in red.

• This circuit looks too messy, 
let’s redraw 
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Small Signal Equivalent Circuits-Example
AC Analysis
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Small Signal Equivalent Circuits-Example
AC Analysis Alternative Method for Ai
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Small Signal Equivalent Circuits-Example
AC Analysis

RL
’RB

500

RS

+

-

vin = 0.001sinωt

rπ β ib+
vi

--

+
vo

--

mVtvv
RZ

ZA
v
vA

v
v

v
v

v
vA

RZ
Z

v
v

v
RZ

Zv

v
v

v
v

v
vA

k
rR

rRrRZ

r
R

v
vA

io

sin

in
v

in

i
v

in

i

i

o

in

o
vs

sin

in

in

i

in

sin

in
i

in

i

i

o

in

o
vs

B

B
Bin

L

i

o
v

 sin4.764.76

4.76

7.

19.1||

109'




































ii ib

Zin



BME 372 Electronics I –
J.Schesser

282

Small Signal Equivalent Circuits-Example
AC Analysis
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Small Signal Equivalent Circuits
Emitter Follower Example

• We see that the load is across 
the emitter resistor

• The extra resistors and 
capacitors are represent 
– the load to the next stage (input 

impedance of the next stage)
– the source resistance (output 

impedance of the previous 
stage)

– Coupling capacitors
• Our analysis plan

– First, DC analysis to determine 
Q-point and equivalent circuit 
parameters 

– AC analysis to calculate the 
gains

vin
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Small Signal Equivalent Circuits
Emitter Follower Example DC Analysis

• Remove the circuit elements which are 
not affects by the DC voltages

• Opening the coupling capacitors
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• Next, use the DC equivalent circuit for 
the active region and then write KVL for 
the base circuit

• Redraw the circuit and replace the base 
circuit with its Thevinen’s equivalent
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Small Signal Equivalent Circuits
Emitter Follower Example AC Analysis

• The next step is to perform 
the AC analysis by
– Shorting any DC voltage 

sources
– Opening any DC current 

sources 
– Shorting the capacitors
– Connecting the source, source 

resistance, and load resistance
– Replace the transistor with its 

small signal equivalent circuit.
• And Redraw to simplify
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Small Signal Equivalent Circuits
Emitter Follower Example AC Analysis
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Small Signal Equivalent Circuits
Emitter Follower Example AC Analysis
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Small Signal Equivalent Circuits
Emitter Follower Example AC Analysis
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The BJT as a Digital Switch
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 Then,
7.

 if Cutoff,In 

in

• Operating between cutoff 
and saturation (i.e., 
bypassing the active region), 
the BJT acts like an inverter.

• From this behavior, logic 
circuits such as NOR gates 
can be developed
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The BJT as a Digital Switch
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Switching and Timing

VOL
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tr = rise time

tf = fall time

td = delay 
time 
(propagation 
delay from 
High to 
Low)

ts = storage 
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(propagation 
delay from 
Low to 
High)
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Homework

• Probs. 4.40, 4.42, 4.43, 4.45, 4.46, 4.51, 
4.53, 4.54, 4.56, 


