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Simplified Structure
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Transistors Types & symbols
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Modes of Operation

For NPN Transistor o C
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Modes of Operation

BJT Modes of Operation

Mode EBJ CBJ

Active Forward
Saturation Forward Forward
Cutoff
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/Applications of regions of operations
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ﬁperation of the NPN Transistor in the Active Mode \
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The Emitter Current

» the emitter current IE is equal to the sum of the collector current IC and the base
current IB . : : : : : :
o =ig+ip, =i, +Pi,=(1+p)i, =i,/

I, =—=—c¢

o & ﬁ=1i, £ >>1
[, >1.>1 s
Iczﬂf azli, a <<l
I, =1,+1.=(+p), th
I,

Iy +
— a{ .
a, B are current gain
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Vg and Vi for Active and saturation
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Cut off Region \

AN il TR s 1a"ET( I EB junction is EB junction is
bias forward bias reverse bias
BC Junction is reverse [:[o8[V [ud(s] NI BC Junction is reverse
JER forward bias bias
Use a and B Use B s, ced |;=0
=1+ =(1+ B)lg Or B minimum =0
|= Blg= al, =l +1. 1-=0

o =(B/(1+ B)

B=a/(1- a)

V,.=0.7 V for NPN V,=0.7 V For NPN
V,,=0.7 V for PNP V,,=0.7 V for PNP
V=0.2 V For NPN
V,=0.2 for PNP

16/8/2022 Dr/ Ayman Soliman @



Example

The transistor shown in Fig. has B =100 and v, of
0.7 V at /. =1 mA. Design the circuit so that a
current of 2 mA flows through the collector and a
voltage of +5 V appears at the collector

Assume transistor operates in Active region
15—V, 15-5
I 2mA

i

Since I.=1 mA at Vg=0.7 , then

=5KQ

R.

I
Vigs =Vag = V7 *In( ul' )
'l
Vg —0.7=0.025%In(2/1) Ve, = 0717V =—-0.717V

Iy = I% =m0 101=202mA e
Ve=-0.717,V,=0, V. = 5

Since Vg >V Then EB, is Forward
R, = Ve = Ve = 0.717 +15 —T707KQ Sine V. >V Then BC, is reverse
Ie 2.02 Then Transistor operates in Active Region
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Example
For the circuit shown, given B=50, find
all currents and voltages

+F10V

Assume operate in active

Vg=0, V¢=-0.7 V
l.=(-0.7-(-10))/10=0.93mA

l.=a 1.=(50/51)*0.93=0.911764 mA
1,=1./(1+B)=0.93/51=0.0182353mA
V=10-I.*R.=10- 0.911764*5=5.4412V

10 kA2

=10V

Check EB
J BC,

Ve=-0.7v, Vg=0v, V. = 5.44v

Since Vg >V,

Then EB, is Forward ﬂ [
Sine V. >V,

Then BC, is reverse || |

Then Transistor operates in I 5 |

Active Region as assumed E | B C
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Example

In the circuit shown , measurement indicates V, sk
to be +1.0 V. What are a and 6 for this transistor? o
What voltage V. do you expect at the collector Vs o

Assume operate in active L .

T
=10V

Vg=1, V= Vgt 0.7=1.7 V

.=(10- V,)/5=(10-1.7)/5=1.66 mA
;= V,/Rg= 1.0/100=0.01mA

= I.—l, =1.66-0.01=1.65 mA

B=1./13=1.65/0.01=165 Check
a=(B/1+ B)=165/166=0.99397 Ve=1.7v, Vg=1v, V,=-1.75v
V=I*R-10= 1.65%5-10=-1.75v Since V¢ >V,

Then EB, is Forward

Sine Vg >V,

Then BC, is reverse
Then Transistor operates in

Active Region as assumed
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Example i
Consider the circuit shown, Bis
specified to be 100.find all node
voltages and currents

Assume operate in active

Vg=4v, V= 4-0.7=3.3 V
1.=(3.3-0)/3.3=1.0 mA

|=a 1.=(100/101)*1.0=0.9901 mA
l,=1./(1+B)=1.0/101=0.009901mA
V=10-1.*R=10- 0.9901*4.7=5.34653V

Check

Ve=3.3v, Vy=4v, V_=5.34653v

Since Vg >V,

Then EB, is Forward

Sine V. >V,

Then BC, is Reverse

Then Transistor operates in active region
as assumed
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Example +10V
Consider the circuit shown, B is

specified to be 100.find all node —
voltages and currents v

Assume operate in active

V=6V, V= 6-0.7=5.3 V o
I:=(5.3-0)/3.3=1.6061 mA =
lc=a1:=(100/101)*1.6061=1.59016 mA
lg=1c/(1+B)=1.6061/101=0.015902mA
V=10-1.*R=10- 1.59016*4.7=2.52625V

Check

Ve=53v,Vg=6bv, V.=252625v P
Since Vg >V, .6V

Then EB, is Forward

Sine V; >V,

Then BC, is forward

Then Transistor operates in —
saturation Region

=10 W

3.3 kil

16/8/2022 Dr/ Ayman Soliman




/ So, the transistor operates in

Saturation region

Vg=6V, V= 6- 0.7=5.3 V

.=(5.3-0)/3.3=1.6061 mA
Sine V=0.2 V, then V= V+0.2=5.3+0.2=5.5V

1=(10-5.5)/4.7=0.95744mA
;=1 -1.=1.6061-0.95744= 0.64866mA

\ B, .q= lc /1, =0.95744/0.64855=1.476
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Example
Consider the circuit shown, B is

specified to be 100.find all node
voltages and currents

Assume operate in active
V=0,

Ve=0-0.7=-0.7V
l;=(-0.7-0)/3.3=-0.5263 mA
The current pass in reverse direction, so
transistor is in cut off

Then 1.=0, 15=0, |.=0

V=10.0V

Vy=0.0 V
V,=0.0 V
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Example

Consider the circuit shown, LT
Bminimum =30
find all node voltages and currents : I:I
. . I
Assume nperate In saturation §
Vee=0.2V, Vgz=0.7 o
VE =V{: +D.2‘, VE=VE'U.7= VE -0.5 ¥
P T
EBC V.= 3.625V, Vg= 3.125V, V.= 3.825V
5-V. V.—0 V.+5 Check
1 == H”} + fm V,=3.825v, V,=3.125y,
V_=3.625v
5 _ K _02 = VE _ 0-5 —I— VE + 5 -?-Lnec::é >i}SVEOI"’A.ﬁ.’al'(:'l EBJ BCJ
1 10 10 Sine V. >V, PTNTP
V = 3.625V, V.= 3.125V, V.= 3.825V Then Tensstoroperstesin | 1" B | C
= 3625V, Vy=3.125V, V=3, I
|.=0.8625mA, I3=0.3125mA, [;=1.175mA Borcea= Ic / 5 =0.8625/0.3125=2.76

Which is much smaller than B_;.ium given
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Example
Determine the voltages at all nodes and

the currents through 100
all branches. Assume B = 100

Assume operate in active

V,,, = 15*50/(100+50)=5 V

Ry, = (100*50)/(100+50)=33.33KQ
5=I;*Rg+0.7+I.*R; :
5=1,*Rg+0.7+1,(1+B)*R,
5=1,%33.33+0.7+1,(1+100)*3 |
|, =0.012785 mA |
. =1.2785 mA

l. =1.29129 mA

V, =I.*R.= 3.87387 V

Vo=V, +0.7=4.57387V

V =15-1.*R.=15-1.2785*5=8.61V
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Small signal
models

Hybrid-rt
Model

J
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;:_.Hybrid-n Model




ﬁhe Hybrid- Model take ro into consideration
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"The T Model




ﬁhe T Model take ro into consideration
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