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Construction

• 3-Layer Semiconductor 

device

• 2 p- layers and one n-layer or 

vise versa

• pnp or npn types

• Two pn junctions , each of 

them can be either forward or 

reverse biased

• This results in 4 possible 

modes of operation
ENEE236 Analog Electronics
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pnp

npn

Bipolar junction Transistor _ 

(BJT):

BJT:

1.It’s a semiconductor device that can amplify electrical 

signals such as radio or television signals.

2.     Its essential ingredient of every electronic 

circuits; from the simplest amplifier or oscillator 

to the most elaborate digital computer.

3.    It’s a three terminal device; 

Base, Emitter, and Collector.
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npn type

pnp type 

There are two type of BJT:

Transistor structure:

npn type pnp type 
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Depending upon external bias voltage polarities used; the transistor 

works in one of four regions (modes).

 For transistor to be 

used as an Active 

device (Amplifier); 

the emitter-base 

junction must be 

forward bias, while the 

collector-base junction 

must be reverse biased.

Transistor biasing:

In order to operate properly as an amplifier, it’s necessary to correctly 

bias the two pn-junctions with external voltages.

In active region 
n p    n

The base region is thin and 

lightly doped

The emitter-base junction is 

forward biased, thus the 

depletion region at this junction 

is reduced.

The base-collector junction is reverse

biased, thus the depletion region at this 

junction is increased.

The forward biased BE-junction causes the electrons in the n-type

emitter to flow toward the base; this constitutes the emitter 

current 𝑰𝑬.

As these electrons flow through the P-type base; they tend to 

recombine with holes in p-type base.
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There is another component for 𝑰𝑪 due to the minority 

carrier; 𝑰𝑪𝑩𝑶

𝑰𝑪 = 𝜶𝑰𝑬 + 𝑰𝑪𝑩𝑶

Majority 
0.998 > 𝛼 > 0.9

Since the base region is lightly doped; very few of the electrons 

injected into the base from the emitter recombine with holes to 

constitute base current 𝑰𝑩 and the remaining large number of 

electrons cross the base and move through the collector region to 

the positive terminal of the external DC source; this constitute 

collector current 𝑰𝑪

Minority

If α =0.99  β=99
If α =0.995   β=199

If α =0.99  β = 99

If α =0.995   β = 199

𝑰𝑪 = 𝜶𝑰𝑬 + 𝑰𝑪𝑩𝒐

𝑰𝑬 = 𝑰𝑪 + 𝑰𝑩

𝑰𝑪 = 𝜶 𝑰𝑪 + 𝑰𝑩 + 𝑰𝑪𝑩𝒐

𝑰𝑪 =
𝜶

𝟏−𝜶
𝑰𝑩 +

𝟏

𝟏−𝜶
𝑰𝑪𝑩𝒐

Let Beta,  β =
𝜶

𝟏−𝜶

𝑰𝑪 = β 𝑰𝑩 + (β + 𝟏)𝑰𝑪𝑩𝒐

𝑰𝑪 = β 𝑰𝑩 + 𝑰𝑪𝑬𝒐

β =
𝜶

𝟏 − 𝜶
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𝑰𝑪 ≅ 𝜶𝑰𝑬 ≅ 𝑰𝑬

𝑰𝑪 ≅ β 𝑰𝑩

𝑰𝑬 ≅(β+𝟏)𝑰𝑩

In active region:

𝑰𝑪 = 𝜶𝑰𝑬 + 𝑰𝑪𝑩𝒐

𝑰𝑪 = β 𝑰𝑩 + (β + 𝟏)𝑰𝑪𝑩𝒐

𝑰𝑪 = β 𝑰𝑩 + 𝑰𝑪𝑬𝒐

𝑰𝑬 = 𝑰𝑪 + 𝑰𝑩

β =
𝜶

𝟏 − 𝜶

Approximate relationships:

Basic BJT Amplifiers Circuits

BJT DC Analysis
• Make sure the BJT current equations

and region of operation match

VBE > 0,    

VBC < 0,    VE < VB <VC

• Utilize the relationships (β and α)

between collector, base, and emitter

currents to solve for all currents 
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Basic BJT Amplifiers Circuits

C-E Circuits I-V Characteristics

Base-emitter Characteristic(Input characteristic)

CCEvBEB vfi


 )(

 

 

𝑖𝐵 𝑡 ≅ 𝐼𝐵𝑜 𝑒
𝑉𝐵𝐸 𝑡
ɳ 𝑉𝑇

𝑖𝐵 𝑡 = 𝐼𝐵𝑜 𝑒
𝑉𝐵𝐸 𝑡
ɳ 𝑉𝑇 − 1

𝑖𝐶 𝑡 ≅ 𝐼𝑆 𝑒
𝑉𝐵𝐸 𝑡
ɳ 𝑉𝑇

Basic BJT Amplifiers Circuits

C-E Circuits I-V Characteristics

Collector characteristic (output characteristic)

CiVC BCE
fi  )(

AμiB 40=
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Basic BJT Amplifiers Circuits

C-E Circuits I-V Characteristics

Collector characteristic (output characteristic) CiVC BCE
fi  )(

Saturation

Vsat

Basic BJT Amplifiers Circuits

C-E Circuits I-V Characteristics

Collector characteristic

 

Saturation occurs when

the supply voltage, VCC,

is across the total

resistance of the

collector circuit, RC.

IC(sat) = VCC/RC

Once the base current is high enough to produce saturation, further

increases in base current have no effect on the collector current and the

relationship IC = IB is no longer valid. When VCE reaches its saturation

value, VCE(sat), the base-collector junction becomes forward-biased.
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Basic BJT Amplifiers Circuits

C-E Circuits I-V Characteristics

Collector characteristic

Cutoff

When IB = 0, the transistor is

in cutoff and there is

essentially no collector

current except for a very tiny

amount of collector leakage

current, ICEO, which can

usually be neglected. IC  0.

In cutoff both the base-emitter

and the base-collector

junctions are reverse-biased.

 

Basic BJT Amplifiers Circuits

C-E Circuits I-V Characteristics

Collector characteristic

linearity
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𝑽𝑪𝑬 > 𝑽𝑪𝑬,𝒔𝒂𝒕 = 𝟎. 𝟐 𝒗 ,    Si      ,    npn

𝑽𝑪𝑬 < 𝑽𝑪𝑬,𝒔𝒂𝒕 = − 𝟎. 𝟐 𝒗 ,    Si      ,    pnp

𝑽𝑩𝑬 = 𝟎. 𝟖 𝒗 ,    Si      ,    npn

𝑽𝑩𝑬 = −𝟎.𝟖 𝒗 ,    Si      ,    pnp

1. In the cutoff region :

𝑰𝑩 = 𝑰𝑪 = 𝑰𝑬 = 𝟎

2. In the active region :

𝑰𝑪 = 𝜶𝑰𝑬

𝑰𝑪 = β 𝑰𝑩

𝑰𝑬 = (β+𝟏)𝑰𝑩

𝑽𝑩𝑬 = 𝟎. 𝟕 𝒗 ,    Si      ,    npn

𝑽𝑩𝑬 = −𝟎. 𝟕 𝒗 ,    Si      ,    pnp

3. In the saturation region :

𝑽𝑪𝑬 = 𝑽𝑪𝑬,𝒔𝒂𝒕

Example:

n
p

   
 

n

Find mode of operation and  the Q point 𝑽𝑪𝑬𝑸 , 𝑰𝑪𝑸

Since the base emitter junction is 

forward bias; the transistor could 

be either in the active or the 

saturation region
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In General

1)In the active region:

𝐼𝐵=
𝑉𝐵𝐵 − 𝑉𝐵𝐸

𝑅𝐵
𝐼𝐶 = β 𝐼𝐵

𝑉𝐶𝐸 = 𝑉𝐶𝐶 − 𝑅𝑐𝐼𝑐

As : 𝑅𝐵 ,  𝐼𝐵 ,   𝐼𝐶 ,   𝑉𝐶𝐸

2 ) In the saturation region:

𝑉𝐶𝐸 = 𝑉𝐶𝐸,𝑠𝑎𝑡 = 0.2 𝑣 ,    Si      ,    npn

𝐼𝐶= 𝐼𝐶,𝑠𝑎𝑡=
𝑉𝐶𝐶 − 𝑉𝐶𝐸,𝑠𝑎𝑡

𝑅𝐶

Assume that the transistor in the active region:

Since 

𝑽𝑪𝑬 > 𝑽𝑪𝑬,𝒔𝒂𝒕 >>> The transistor is in the active region 

𝑽𝑪𝑬𝑸 = 𝟑. 𝟓𝟓 𝑽𝒐𝒍𝒕

𝑰𝑪𝑸 = 𝟐. 𝟏𝟓𝒎𝑨

KVL:     5 = 200𝑘 𝐼𝐵 + 𝑉𝐵𝐸

𝐼𝐶 = β 𝐼𝐵 = 100 ∗ 0.0215 = 2.15 𝑚𝐴

𝐼𝐵 =
5 − 0.7

200𝑘
= 0.0215 𝑚𝐴

KVL:     10 = 𝑅𝐶𝐼𝐶 + 𝑉𝐶𝐸

𝑉𝐶𝐸 = 10 − 𝑅𝑐𝐼𝑐

𝑉𝐶𝐸 = 10 − 3𝑘 ∗ 2.15𝑚𝐴 = 3.55 𝑉𝑜𝑙𝑡
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Let define: 𝐼𝐵 𝑚𝑖𝑛 =
𝐼𝐶,𝑠𝑎𝑡

β

𝐼𝐵 𝑚𝑖𝑛 =
𝐼𝐶,𝑠𝑎𝑡
β

If  𝐼𝐵 > 𝐼𝐵 𝑚𝑖𝑛 the transistor is in the saturation region.

If  𝐼𝐵 < 𝐼𝐵 𝑚𝑖𝑛 the transistor is in the Active region.

Determine Mode of Operation 

of BJT?• Solution 1: 

• 1)  Since BE junction is forward biased ==> Q1 can be either in 

Active (Linear) or Saturation mode

• Assume it is in Active Mode

BE

EBEB

)I(1I                       But,

I .k 2VI . k 2005





200k

5V
10V

3k

2k

IB

IE

VBE

+

- +

-

+ -

+

-
+

-
VCE

VBC
+

-




k 2 ).(1k 200

V-5
Ifor  Solve BE

B


μA  10.7
kΩ 402

V 4.3

k 2 ).100(1k 200

0.7-5
I

B
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mA 1.0807

1)Iβ(I

mA  1.07

μA) 7(100).(10.

βII

BE

BC











CE(sat)CE

CEEC

V V 4.63V

V k .2 I- k .3 I-10





circuitoutput  from V find  weNow CE

200k

5V
10V

3k

2k

IB

IE

VBE

+

- +

-

+ -

+

-
+

-
VCE

VBC
+

-

mode activein  

operates BJT  that theso required is which biassed

 reverse isjunction  BC at the verify thalsocan  we

 trueis assumption  theand mode activein  is Q1 

biased reverse isjunction  BC

V 3.33VV

V 3.930.74.63VVV

V-VV

V k .2 I- k .3 I-10

CBBC

BECECB

EBCBCE

CEEC









200k
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• 1)  Since BE junction is forward biased ==> Q1 can be either in 

Active (Linear) or Saturation mode

• Assume it is in saturation mode: 

mA  1.96
5kΩ

2.010
I

II    assume

V.2kΩI.3kΩI10

C(sat)

C(sat)E(sat)

CE(Sat)E(sat)C(sat)









200k

5V
10V

3k

2k

IB

IE

VBE

+

- +

-

+ -

+

-
+

-
VCE

VBC
+

-

mode activein  isit actually  and ,  wrongis

 mode saturationin  BJTat earlier th made

 assumption  the  I II

 since

B(min)B(sat)B(actual)


μA  19.6
β

I
I

C(sat)

B(min)


IC(sat)

IB

IC

IB(min)

Saturation ModeActive Mode

x

B(actual)
I

)previously found (it wasμA  10.7I

IB of  valueactual  thefind  weNow

B(actual)


OR   Second method: Assume Saturation

BJT as switch:

Example:

Find 𝑉𝑜(𝑡) for the input given 

below:
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Let 𝑉𝑖 𝑡 = +12 𝑣𝑜𝑙𝑡

+

-

Calculate 𝑉𝑡ℎ&𝑅𝑡ℎ

+

-

Solution:

𝑅𝑡ℎ = 15𝑘 // 100𝑘 =
100𝑘∗15𝑘

15𝑘+100𝑘
= 13𝑘

𝑉𝑡ℎ = 8.9 𝑣𝑜𝑙𝑡 Proof!!

Since the base emitter 

junction is forward bias; the 

transistor could be either in 

the active or the saturation

region

Since  𝐼𝐵 > 𝐼𝐵 𝑚𝑖𝑛 the transistor is in the saturation region.

𝑉𝑜 = 𝑉𝐶𝐸,𝑠𝑎𝑡 = 0.2 𝑣𝑜𝑙𝑡

𝐼𝐶 = 5.36 𝑚𝐴

Assume that the transistor in the saturation region

𝐼𝐶= 𝐼𝐶,𝑠𝑎𝑡=
𝑉𝐶𝐶 − 𝑉𝐶𝐸,𝑠𝑎𝑡

𝑅𝐶
=
12 − 0.2

2.2𝑘
= 5.36 𝑚𝐴

𝐼𝐵 𝑚𝑖𝑛 =
𝐼𝐶,𝑠𝑎𝑡

β
=

5.36𝑚𝐴

30
= 0.18𝑚𝐴

𝐼𝐵 =
𝑉𝑡ℎ − 𝑉𝐵𝐸
𝑅𝑇𝐻

=
8.9 − 0.8

13𝑘
= 0.62 𝑚𝐴
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Let 𝑉𝑖 𝑡 = 0 𝑣𝑜𝑙𝑡

+

- +

-

Since 𝑉𝑡ℎ = −1.56 𝑣𝑜𝑙𝑡

Base emitter junction is revers biased the transistor in cutoff region 

𝑉𝑜 = 𝑉𝐶𝐸 = 12 𝑣𝑜𝑙𝑡

𝐼𝐶 = 0𝑚𝐴

The circuit acts as inverter or not gate 


