Transistor



1-Emitter-stabilized circuit

This circuit is also known as fixed bias circuit with an emitter resistance
. Figure (1) shows the location of resistor, Rz. This circuit is more stable
because Iz is not fixed as shown in previous example (fixed biased
circuit). Ig will change if f change, which causes operating point to
experience changes but not a much as fixed bias circuit.
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Figure (1)
An emitter-stabilized bias circuit



The DC analysis to determine the operating point of a circuit shown in
figure (1) is as follows:-

Using KVL for the input loop (figure (1))
Vec-IpRp-Vpg-IgRg=0
Substitute Ir= (8 + 1) I into above equation, it becomes

Vee—V
Vee-IgRp-Vpe-(B + 1) IgRg=0 and IB:RB+(ﬁ+f)ERE

Therefore I, =B Igand Ig=1.+Ig=(f + 1) I
Equation for the output loop in figure (1):-




Vee-leRe-Veg- IgRE=0
Therefore Vog=V..-I.R.- Iz Rg
Or Veg=V..-I.(R.+ Rg) if an assumption I, = I is made.
The DC load-line of this circuit is shown in figure (2). It is difference as
compared to a fixed bias circuit load-line is the I;(s4¢) value, where
V,

Ic(saty= = The same effect as revealed as shown in previous
Rc+RE

lectures will happen if R. and I/.. experience change.
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Figure (2)
DC load-line for an emitter stabilized bias circuit



2- Voltage-divider Bias

Another bias circuit is voltage divider circuit (figure (3-a)). This circuit
can be simplified further as shown in (figure (3-b)) using Thevenin’s
theorem for the DC analysis to determine the transistor operating
point. For this, an equivalent of Ry or Rgg and V3 or Vg that can be
seen at the base terminal should be found.
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Figure (3)
a- Voltage divider circuit b- simplified circuit

Figure (4) Voltage divider circuit
(a) Input loop (b) output loop



Using Thevenin’s theorem, the following obtained:

Ren = Ry | |Ry and Vi, = Voo —2

€C R1+R,

Using KVL for the input loop (figure(4-a)):-

Ven — Ig Rep- Vg~ Iy Rg=0but [g= (B + 1) I
Hence:-

Ve — Ig Ren- Vg- (B + 1)1 Rg=0

Vru—VBE
Rry+(B+1) Rg

IB:



So that

I.=BlgandIz=1.+Iz=(B+1) Iz

Equation for the output loop figure (figure (4-b)):-
Vee-IcRc-Veg- IgRg=0

Vee= Vec-IcRc- IgRE

Or Veg=V..-I.(R, + Rg) with an assumption I. = I .
The DC load line for this circuit is same as figure (2).



The voltage divider bias circuit is very stable circuit. It does not depend

on the value f if circuit parameters, i.e., resistance values are chosen
correctly. This is shown as follows:

For voltage divider circuit, it is known that: [, = —LH—"BE
Rry+(B+1) RE
Normally 8 > 1, an assumption of (f + 1) = 8 can be made.

For a good amplifier, (8 + 1) Rg > R;j, therefore R;; value can be
ignored.

Then
__ Vru—-VBe Vru—-VBE
Ig = =
RTy+pB RE b RE




Vry—=V Vry—=V
I.=f IB=,B( TZ REBE) [ = THRE BE

The equation of I, clearly shows that it does not depend on . But

condition (f + 1) Ry >» Ry, must be complied. Since I.does not
depend on 5 value, therefore V. is also not depended on £.

3- DC Bias with Voltage feedback

This circuit is also known as collector feedback bias circuit. A bias circuit
is shown in figure (5).
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Figure (5)
Bias circuit with a voltage feedback



At node X, using KCL :I/=Ig+ I,

[g=Ip+ I

Then current that flows through R, is emitter current, I, so I/=Ig
Using Loop I:

Vee I¢ Re-Ig Rg — V- [ RE=0

Known that Iz=(f + 1) I

Then, V.. — (B+1)Ig R, —Ig Rg — Vg — (B + 1) IzRg=0

_ Vee—VBE
BT Rp+(B+1)( Rg+ Re)




Hence, I.= B Iz and Iz=1.+Iz= (B + 1) I
Equation for loop II:

Vee-IgRc-Veg- IgRg=0

Vee=Vee- Ig(Re+ R¢)

Or Veg=Vee- Ic(Rg+ R()

With as assumption I, = I



Q1l- For a given BJT:Iz =50 uA and I. = 3.65 mA . Find the dc current
gain :Bdc ’ IE; adc?
Solution:-

I, _3.65ma _3.65 x1073
'BdC_IB ~ 50uAa  50x10-6
Ir=1.+15=50x107°+3.65 X 1073=3.7 x 1073 mA4

I. 3.65ma 3.65 x1073
@ac= I;= 3.7mA - 3oxi0-3 ~ 0-986

=73




Q2- For given NPN BJT circuit shown in figure(6) ,if 54.,=150. Find Iy, I,
Ig, Vg, Vcg, and Vep?

Solution:-

Vge = 0.7 Volt
_Vee=VBe 5V =07V _
Ig= Re  10KD 430 uA

I.= By Iz=(150)(430 pA ) = 64.5 mA

I.= 1. + I5= 64.5 mA+ 430 uA =64.9 mA

Veg = Vee- 1. R, = 10V —(64.5 mA )(10002)=3.55 V
Veg =Veg - Vgp =3.55V = 0.7 V=2.85 V
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Figure (6)



Q3- Using ideal BJT switch of 5,4,=200 , V--=10V and Ip=20 uA.

1) Find the value of base resistor R required to switch the load “ON”
when the input terminal voltage exceeds 2.5V and Vzg=0.7V.

2) Calculate the R, of point (1).

3) Find the minimum base current Iy required to turn the transistor
Fully -ON “ (saturated) for a load that requires 200 mA when the
input voltage increased to 5.0 V. Also calculate the new value of Rp.

{
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Figure (7)



Solution:-

1- R =Vin_VBE=2-5V —-0.7V - 90 K0
B™ g 20 X10~6 '

2- For ideal BJT at saturation V. = 0 Volt
I.= B4, I5=200x 20 x 107°=4mA

R = VCC_VCE= 10-0 -95K0
¢ I, 4x10-3 '
3- At ON state, the load current is equal to I,
I. 200mA
IB £ = i =1 mA

“Bac 200
Vin—=-Vpe 5V —0.7V
RB= —

Ip 1 %103

=43 K.



Q4- For fixed bias circuit shown in figure (8), if Rg=240 KQ, R.=2.2
KQ, [;.=50.V..=12 V. Determine

1-Ig, I
2- Vi
3-Vy, V,
4- Vg



Figure (8)



Solution:-

_ _Vee—VBg 12V =0.7V _
1—Ig= Re 240K =47.08 uA

I.= B4, Iz=50 % 47.08 x 107°=2.35 mA

2-Veg =Vee-1. R, =12V —(2.35 mA )(2.2 KN)=6.83 V
3-Vg= Vg =0.7V

4-V.=V.r =6.83V

5-Vge=Vg-V-=0.7V - 6.83V =-6.13 V




Q5- For figure (10) Determine:-



Figure (10)



Solution:-
1' VCC=20 V
2-1.=8mA - R

Vee=V
3_ RB= cC BE —
I
B

Vee 20V
c=

I. 8mA
20 — 0.7
40 x 10-°

=482.5 KN

=2.5 KN



Q6- For emitter-bias circuit shown in figure (11). Determine:-
Ig, 1., Vcg, Ve, Ve, Vg and Vg,

Where:-

Vee=20V, Rp=430 K, R;=1 KN, R.=2 KN, [,.=50
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Figure (11)



Solution:-
_ Vee=VBE  _ 20—-0.7 _
B Rp+(B+1) RE _430K.(2+(5o+1)(1K.Q)_40'1 A

I.= B4 Ig=50x40.1 x 107°=2.01 mA
Iz=1. +I3=2.01 mA+40.1 uA =2.05 mA

VCE - VCC- IC RC- IE RE =20V —(201 mA )(2 K.Q) — (205 mA )(1 K.Q)
=13.93V

Ve =Vep+ Iy Ry =13.93+ (2.05 mA )(1. K2) =15.98 V




OrVy =V, -Vg
Vp=15.98-13.93=2.05V
Vg =Vg + Vg

Vg =0.7+42.05 =2.75 V
Vec =Vp-V¢

Ve =2.75- 15.98=-13.89



Q7- For circuit shown in figure (12),R; =39 K, R, =3.9 K , R, =10 K2,
RE =1.5 K.Q, ﬁdc=100, VCC=22 VCC

determine:- Vg , I

Solution:-
Ren = Ry | |R2
(39)(3.9)
R, = 39+ 39)-3 .55 KN

_ VecRs _(22)(39)_,
th = R, +R, (39+39)
_ Vru—-VBE
[ =
Rry+(B+1) REg




2-0.7
lp = 3.5K+(101)(1.5K)_8'38 ud

I.= B, Iz=100 x 8.38 x 107°=0.84 mA
Vee =Vee- Ic( Re+ Rg)
Veg =22-0.84 mA(lOK.Q +1.5K02) =12.34 V




Figure (12)



Q7- For circuit shown in figure (13),R. =4.7 K2, Ry =250 K2, R =1.2 K,
Lac=90, Vcc =10 V. Find I, V.g. Repeat previous example if f;,=150

Solution:-
VCC_VBE

BT Rp+(B+1)( Rg+ Re)
10—-0.7

IB:zso +(9041)(1.2+4.7) =11.91 p4
I.= B4 [5=90 % 11.91 x 107°=1.07 mA

Vee =Vee- I.( R+ Rg)
Vop =10- 1.07 mA(4.7K+1.2K)=3.69 V
If B;,=150




Vcc_VBE

“Rp+(B+1)( Rp+ Re)
10-0.7

IB:zso +(150+1)(1.2+4.7) =8.89 ud
I.= B4 Ig=150 X 8.89 x 107°=1.2 mA

Vee = Vee- I Re+ RE)

Verp =10- 1.2 mA(4.7K+1.2K)=2.92 V
Level (4. increase 50%

Level of I. increased by 12%

Level of V- decreased by 20.9%

I




+V

R (a)

Figure (13)



