Bipolar Junction Transistor (BJT):



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.



There are two type of BJT:

» npn type

> pnp type
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Transistor structure:

» npn type
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Transistor biasing:

Region Base-Emitter Base-collector
junction junction

v" In order to operate properly as an amplifier,
It’s necessary to correctly bias the two pn-
junctions with external voltages.

Forward Bias Revers Bias

v Depending upon external bias voltage
polarities used; the transistor works in one of
four regions (modes).

Forward Bias Forward Bias

Revers Bias Revers Bias

v" 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.

Revers Bias Forward Bias




In active region

v The base region is thin and lightly doped

v The emitter-base junction is
forward biased, thus the depletion
region at this junction is reduced.

v The base-collector junction is

revers biased, thus the depletion
region at this junction is
Increased.
B
v' The forward biased BE-junction causes the electrons | ‘ | ‘
In the n-type emitter to flow ; this | |
constitutes the emitter current I'. VBE VCB

v As these electrons flow through the P-type base; they
tend to recombine with holes in p-type base.



v" 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 Iz 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 I

v There is another component for I, due to the —=— n |p EI_
minority carrier; I .50 lg A, ¢
Minority 1 |
e e B ve

Vi =alg + Icpo

\

Majority
0998 > a > 0.9




E n |p| n I ¢
T Ic
Ic = alg + Icpo ' b1, |
Ip = I+ Ip vy, B ves
Ic = a(l¢c+ Ip) +I¢p,
» a 1
”’IC=EIB+EICBO
a
Let Beta, B_E
“lc= BIpg+ B+ 1icp,
I = BIg+ Ik, If o =0.99 ‘ B=99

a

- fa=0995 MHEE) B =199

B =



In active region:

IC — aIE + ICBO
Ic = BIg+ (B+1)Icp,
Ic = BIg+Icg,

IE — Ic‘l‘ IB

Approximate relationships:

IC = aIE EIE
Ic= B1p

I'g ~g+1)1,




Input characteristic curve:
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Output characteristic curve:
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1. In the cutoff region :
IB — IC —_ IE —_ O
2. In the active region :

I = alg

Ic = BIp

Ig = g+1)1p

Vege =0.7V  , Si |
Vegr=—0.7V , Si

Vece > Vegsat = 0.2V
Vee < Vegsat =—0.2V

Si

npn
pnp

Si

3. In the saturation region :

Vee = Vegsat

VBE=08V ,
VBE=_O8V ,

npn

pnp




Example:
Find the Q point Vigo , Ico

Since the base emitter junction is
forward bias; the transistor could be
either in the active or the saturation
region




BT

» Assume that the transistor in the active region:

I 5_0'7—00215 A
B~ 200k m
I, = BIg =100 +0.0215 = 2.15 mA sk
— A=
KVL 10 —_ Rclc + VCE i Ry |/ R, +Vcc
i = AN - 101 —
Vep =10 — RI, A ~ -y
$Vep =10 — 3k « 2. 15mA + I I <
. S v I =2.15mA =
’Q’VCE=3.55 V > _355 vV

»Since Veg > Vegsar >>>The transistor is in the active region



Example Findthe Q point Vigo , Igg R e,
AN

Solution: 1K

Since the base emitter junction is — '\/\/\/_If. P T T
forward bias ; the transistor could be | . |
either in the active or the saturation , r %M L
region

» Assume that the transistor in the active region =
KVL: 5=200klg+Vgg+2kly KVL: 10=R I+ Vg + Rglg
VCE — 10 — RCIC — REIE

Vep=4.63 V
5—0.7 Since Vg > Vegsat

T 200k + 101 + 2k 0.0107mA ~’The transistor is in the active region

Ic= Bly =100+0.0107 = 1.07mA =~ 'cre = H0o3Vand lee=1.07ma

Ig - +1)1p

Ip




Second method:

1) In the active region:
Ve —Vpe
Ig=
Rp
IC — BIB 1 1 ———

Vee =Vee — R,

2 ) In the saturation region:
VCE — VCE,sat =02V , Sl ; npn

B Ve —VeEsat
I C — I Csat — R
%




I Csat
p (

Ic

et define: Ig(min) =

ICjﬂt

>

Ic
,sat
IB.m:.'n. IB

4

+ If Iz > Iz(min) the transistor is in the saturation region.
+ If Iz < Iz(min) the transistor is in the Active region.

Ig(min) =



BJT as switch: § o
Example: . 22K Vo(0)
Find 1, (t) for the input given below: VWV iﬁ o
V() -

ORI

T Vo Squre Wave

12'% | |

— P Time

—12V

Amplitude




Solution:

+12V

“Let V() = +12 volt 22K

Calculate Vi, &Ry,

+
— 100K

—12V

- B =30
=30 v, _ _100k+15k
.\l Ren = 15k // 100k =150k =

Vih = 8.9volt  Proof!!

Since the base emitter junction
Is forward bias; the transistor

could be either In the active or
the saturation region




» Assume that the transistor in the saturation region

_ Vee—VcEsat 12 —0.2

I-=1 = — — +12 v
C C ,sat R 2 2k 5.36 mA
Ip(min) = ~2% = 22202 = 0. 18mA Run 2K
P B =30
V,,— Vg 8.9-—0.8 ol li
Ip= — =0.62mA -t L
B Ry 13k T -

+ Since Ig > Ig(min) the transistor is in the
saturation region.

‘/VO = VCE,sat = 0.2 volt

vI;=5.36mA



» LetV;(t) = O0volt
+12 v
éz.zx

15K

100K

Rth=13k

—12V —V;,=1.56

Since Vy, = —1.56 volt

Base emitter junction Is revers biased the
transistor in cutoff region

VVe=Veg=12 volt , I, =0mA

+12 v
2K
+
B =30
v,



The circuit acts as inverter or not gate

Amplitude

T V(1) Squre Wave

12V

input NOT gate truth table
Input ~l>o Output

Input Ouatpuat
O 1
1 O

Vo(t)

output




Transistor biasing circuits:
1. Fixed current bias circuit

KVL . VCC — RBIB + VBE

Vee — Ve

RB




Transistor biasing circuits:

Example: Design a fixed current bias circuit

using a silicon transistor having
B(min) =25, B(max) =75

SuchthatI. = 1mA ,and Vg = 5 volt
given V.- = 10 volt

Solution:

Using equations of the fixed current bias
circuit:

IB — VCCR_BVBE ) VBE =0.7V

Vee = Vee — R,

— (1)
—(2)

From eq.2:
5=10—-R.(1mA)

>R, = 5kQ
Ic = BIp
Let B = 25475 _ o

the average between max && min

f _IC_1mA_20 p
From eq.1l
Vece = Vg 10-—-0.7
B="pR— "R
B B

> Ry = 465 kQ



Transistor biasing circuits:

+ If B — 50 >>> RC — Sk.Q, RB — 4‘65kQ ,IC — 1mA, VCE= SV ‘
BUT:
+ When g = B(min) = 25
For:
Iz =20p4 75= p =25

I¢=0.5mA 1.5mA> I; >0.5mA
Vep = 7.5V
NOOT

+ When g = B(max) =75
Ig=20uA
I =1.5mA
Vep = 2.5V

¢ The fixed current bias circuit is not a very satisfactory circuit of obtaining

good bias point stability.



Transistor biasing circuits:

2. Collector to base feedback bias circuit:

KVL:VCC — RCI+RBIB +VBE
I:IB+IC

_ Vee — Ve
R+ (B+ 1R,

Ig (1)

Ic= BIp

KVL : VCC = RC(IB_I_IC) + VCE
Vee =Vee —RcUp+I¢) ... (2)




Transistor biasing circuits:

Example: Design a collector to base feedback bias From eq.1:
circuit using a silicon transistor having I, = Vee — Ve
B(min) =25, PB(max) =75 Rp + (B + 1R,
: . 10-0.7 I =920
Such that I, = 1mA ,and V¢g = 5 volt given V¢ = Rpt(501 )49k’ BT A
= 10 volt
Solution:
25+75

Let B = = 50 the average between
max && min As before we can proof that:

I = I_C _1mA

B—ﬁ—_so— 75= [ =25

From eq.2:

Vee =Vee — Re(Ip+1e) There is an improvement over the

5=10—-R.(1mA + 20pA) fixed bias circuit.
> R. =~ 4.9k )

1.19mA > I, = 0.68mA




Transistor biasing circuits:

3. Biasing circuit with stabilization resistor (Rg):
KVL : VCC = RBIB + VBE + REIE
Ig = (B+1)15

_ Vee — Ve
Rg + (B + 1)Rg

Ig (1)

Ie= B1Ip
KVL: VCC = RCIC + VCE ~+ REIE

Vce = Vee — Rele — Rglg .. (2)




Transistor biasing circuits:
Example: Design Biasing circuit with stabilization resistor

(Rg) using a silicon transistor having From eq.2 :
B(min) =25, P(max) =75 Ver =Vee—R.I, — Rely
Suchthat I, = 1mA ,and V. = 5 volt given V- = 10 volt
‘ ¢k SVE Ve > R, = 3kQ)
Solution:
In this circuit we have 3-unknwons » Fromeql: Ip= RZiC“;er‘;ZE
(Rg,R., Rg) & two equations! ;’-’i
w2 VWe must make a new assumption : > Rp = 365k()

Vee > Vig >M

c = =~y i B=>50 Proof that :

let VRE — Vee — 10 = 2 volt 75 > ﬁ > 25
5 5
Vee = Relg | 1.349mA = I = O._5575_5mA
, There iIs an improvement over the fixed bias
> Rp = —— = 2kQ circuit.




Transistor biasing circuits:

4) Voltage divider bias circuit:

a) Approximate method:
Ig Very small >» I =0

IC = aIEzIE

Vee =Vee — Rl — Rglg

V.. Voltage divider

The Q point is completely independent of the Beta



+Vee

Transistor biasing circuits:
b) Exact method:

R1R,

R.. =
th ™ R, +R,
R,

v, -2y

KVL Vth —_ RthIB + VBE + REIE

IE: (B-l—l) Ip

[ = Vin — VBE
E2 Rth
B+1

+ Rp



Transistor biasing circuits:

Using approximate method, we get:

Vg —Vgg
Ig, = Ry

Where:
Vp=—12_y
B Ry+R; °€
Using exact method, we get:

Vi —Vpg
IEZ — Rth
p+1 1 R
Where
_ Rq4Ry _ Ry
Rth o R1+R2 " Vth - R1+R2 VCC

Tomake Igy = I -
R¢n
B+1
R¢n

B+1

Ry, K (B+ 1)Rg

+ Ry = Rg

1,

K
. J

& Rg

_ (B+1)Rg
th — 10.2030.




Example: Design a Voltage divider bias circuit
using a silicon transistor having

p(min) =25, L(max) =75

Such that I, = 1mA ,and V- = 5 volt given

VCC = 10 volt

Solution:
1

0 1 volt

Let VRE —_ Vee 10

10
Vee = Rglg

! = 1k()
1.02mA

__ (B+1)Rg
10,20,30..

+1)RE .
- ,where g = 50

>RE:

From: Ry,

KVL.: VCC = VCE + RCIC + REIE
> R, = 4kQ)

To find R¢, R,,we need to find Ry, V4,

We find V;, =1.72 volt
We have : Vi, = 1. 72 volt && Ry, = 1k

From:

_ RiRp _ Ry
Rth o R1+R2 and Vth o R1+R2 VCC
We get:

>R, = 1.2 kQ



Our design @ B = 50

> R = 1k()
> R, = 4k()
> R; = 5.8 k()
> R, = 1.2 kQ
>, =1mA,
» Vg =5volt

But:

75> B =25
1.0067mA > I, > 0.982mA




. . . . +10V
Circuit using pnp transistor:

MWN—>

Example: solution 2K
Find I'g, Vgc,for the circuit below: A o
Vee =+10 ——VVV '
T 8K
Using thevenin’s theorem; 1 ——gy 6K
R1 - 10k Rr = 2K |
‘"R +R, 10+40
Vv R, Vv *0 10 = 8volt
— —_— %k —_—
th = R+ R, €710+ 40 vo
R, = 40 Re = 6k
KVL: 10 = 2klg + Vgg + Rl + Vip,
> Ip=0.625mA

Veg =-5V Whichis <-0.2V » Vgc = 5volt



Example:

Design the given circuit so that

Ico =2mA ,and V; = 5 volt
Giventhat Vg = 0.7 volt @ I, = 1mA
B=c

+15 v

4

- -15v




Solution:

ic(t) 1mA
P
mA
VBEZ = VT ln< >
B
% Virs = Vo In [ 2
VBE(t) BE2 — Vg1 = Vr 1N E
Vpe(t) 2mA
ey = Ise Vr Vg2 = Vpp1 + Vrln <1mA>
VBE
Ic=1.eVr > Vggo, = 0.717V

Ic
VBE = VT In|—
I

In our circuit I, = 2mA we must find the correspondingVgzz??
VBE @ IC = 2mA ’)7



VBEZ = 0.717 @ IC= 2mA

KVL VC — VCC — Rch

Ver—V
RC _ ( cC C)
Ic
(15 — 5)
R, =
¢ 2mA
> R, = 5kQ

15 — Vg
RE — I
E

+15 v

-15v



Example:

Find IE111E2 VCCA_ +15

o

2

?,k
o

50k 3k 2.
1 B =100

7k

th

=N

(I¢1—1p2)

Solution

R,y =

Vin =

_50+100 " .. 20
50+100 O

R1R,
R{+R,

R, __
R{+R, ¢

KVL.:

VCCA= + 1 5

x* 15 = 5 volt

50 +100

Vi, — Vg 5-0.7

Ig, =

R:n
B+1
= 1.28mA

33. 3k) + 3k

+ R ( 101

3

2\

202 kv
ZkIEZ + VEB — Sk(ICI — IBZ) —_ O




The first project



Automatic Light Controller
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BJT Ac-Small signal analysis using Graphical method:
Graphical method:

Ic

(mA) Saturation Region

(transistor “fully-ON")

KVL : VCC= RCIC + VCE

(transistor “fully-OFF")

60
1 VCC %0 Q-point
I —_— —— V —I— (active region)
C Rc CE Rc 40
30 -
‘ aff AN
10
ic(t)

' B
. o, ,me%i.;_ \;;M
01 2 3 4 § 6
ic(t),max Vegsa ;

DC LOAD ILINE

iC (t),max — ——  Saturation

> VCE(t),max =Ve¢e

Vee(t),max v Ce()

Cutoff



Small signal BJT amplifier:
DC Analysis:

From KVL.:

Vee—Vpe 18-—10.65
Ip= =

Rp 576k
> Ig=30uA

BUt: IC —_ BIB

> IC = 3mA
KVL:

Vee =Rl + Vg

> VCE = 9 polt

Ve(t) = 0.03sin(wt)

+18V

|| - T

V(D)

| | V,(t)
= 100

VBE = 0.65V

576k ?

ic(t)

omA
1CQ = 3mA \Q

AN

VCEQ = 9V 18 VCE(t)




ic(t)

omA

Q

N

VCEQ = 9V 18 VCE(t)

ICQ =3mA

Using superposition

Ve (t) = Vg + Vpe
lc(t) —_ ICQ + iC
Ve (t) — VCEQ + Ve

+18V

576k

lj/s(t)

VBE = 0.65V

=100

Vo (1)



Ac analysis:
Ac equivalent circuit:
3 =100 | .
o ;
™~ ()
+ 3 k
Vs 576k -

Vpe = Vi(t) = 0.03sin(wt)
Vg (t) = 0.65 + 0.03sin(wt)

+18V

§576k

Vo(D)
=100

C"j/ s(t) 1 )

VBE = 0.65V

wf D Ra (4)
.68 |
°.6¢ %f\\
o.6L ¢




. . A
Ac small signhal analysis e

P Spe @) /
0.68

©.6¢ %f\\
.61 ¢

_/A I \ VBE(
0.62 0.65 0.68
-t -
Assumption:

(B (4) An increase in vgg (t) by 0.03V will
Yo H it cause an increase in ip;) by 10pA
3op A k. WP
‘QOY\A +

A decrease in vgg (t) by 0.03V will

Py cause an a decrease in ig ) by 10uA



When: Vgg(t) = 0.65 ;ig(t) =30uA

Vee(t) =0.68 ;ig(t) =40pA

Vge(t) =0.62 ;ig(t) =20pA
Using:

ic(t) = Big(t)
Veg(t) = Ve — Reic(t)
When :ig(t) = 30p4 ; ic(t) =3mA
Vee(t) = 9 volt

When :ig(t) = 404 ; ic(t) =4mA
Ve (t) = 6 volt
When :ig(t) = 20u4 ; ic(t) =2mA

Vee(t) = 12 volt

A
Ig(t)

>

J TN

0.62 0.65 0.68

Vpe(



The output voltage is an amplified version of the input signal



Maximum possibility swing: <
OmA
I.(t) &
ICQ=3mA
................. oo e
Sy
l \ \ - 18 VCE(t)
VCEQ =9V
""""""""""" ‘l’[l
L W
N/ N/ —>
Vee (i
""""""""""""" / \/‘\
A Y B
\ \
------------ e
\ \
AN / AN / —




T +18V

Let R = 3.47M()
; 18 — 0.65 -y 3.47M 3k
B j— j—
3.47M
|| - +
I- =0.5mA 1 Vo ()
Vep = 16.5 volt V.0 b =100
T VBE = 0.65V
ic(t) 1
omA -
X S Rae )
o.68 |
0. 6§ ZA”PT
0 SmA Q 0.6 ¢
- N
VeQ=16.5 ° N .




ic(t)

ic(t)
6mA
Q
0.5mA l
) _ 18 Vee(t)
VeQ=16.5
A
vce




Maximum possibility swing:

I(t) &
................. et ettt
N Ly
oy by
|
--------------------- e
L W
\ / \ /
t
Ver(tf
""""""""""""" / \/'\
A U B
\ \
------------ e
\ \
LSV U s s

ic(t)
omA
0.5mA i
1."
VeQ=16.5 ce(t)




Ac load line: Voo = —(R,||RDi, :

ce —
+Vee .
T Vee = —Rgclc ;
§ Vee(®) —Vepg = —Rac(ic(t) — Igq)
Rp R,
' B To find i¢ jax(t) set Veg(t) = Vg sar =0
: _ VcEeq
V(D ! 1 R; > lc,max(t) = ICQ + R
DCC* L To find V¢g max(t) setic(t) = 0
‘ = > VCE,max(t) — VCEQ +Rg¢ ICQ

ticw

—ﬁuce + IC(t),max
Ac load line
- Rf
Ry,

VCE(t), max VCE(t)




For maximum symmetrical swing:

ICQ = E ic,max(t)

. Vceg
lc,max(t) — ICQ + R = 2ICQ
ac
> Igg = V;:f

For DC condition:
Vee = Relc + Vg
Vee = Racle + Vg
Vee = Rgclc + Ryl




Example:

Find Rdc ,Rac
R4 R,
AR,CA I
|
V. (D) % .
E

For maximum symmetrical swing:

> I = —XC
¢ Rgc+Rgc
Rdc — RC + RE

R, = R + (RC”RL)

Vceg = Rac * Icq



Ac small signal equivalent circuits for BJT configuration:

— <
" Two port *
x No independent - hi -
* ha1 iy h '
Hybrid parameters “h- parameters”: 22
h12v2 -

V1 = hq1i4 + hypvy -

i, = hyqiq + hyyv,

hy = ';—11 v, = 0 Short circuit input impedance, Q (h;) ,
l
hy; = Z—: i; = 0 Open circuit reverse voltage ratio, (h,) +
hy, = i—i v, = 0 Short circuit forward current ratio, (hy) )

h,, = ;—22‘ i; = 0 Open circuit output admittance, G (h,)



Transistor configuration:

1. common emitter: Ac output
//"“signal
Ac input il
signal b hio,he,, 0., R,

/
\
»
®
{
3 o

2. common collector

Ac input
signal b
h

/
\
»
®
rH n

hse, Nyey e

Ac output

-~~~ —signal
, g
-

s
/
\
AN
{

Ac input
signal

\

~ —

A
/

3. common base

Ac output
~~ T —signal

/
-

hbe hbe hrb: hﬂb



Common emitter & common collector:




Common base:

Vep = hibie T hrbvcb

o = hfbie + hopVep




h-parameter typical value:

h;. = 16000
h,, =20%*107°C
hfe —_ 80

h.,=20x10"*

h,, =20%1076 0 - 0;

We replace hi with open circuit.

oe

h.,.=20x10""* " 0;

We replace h,.,v . .with short circuit.



Approximate BJT models:
1) Common emitter & common collector:

np

n
C
b I/l 5
I\ﬂ_e
C
+

—
h

pnp
fe

e
by w—
+
' hfe hie
hie a
o

Ve _BVr _ B+ DV

€Iy I Ig

+

C



2-commom base:

hie = (hfe +1)h;




BJT ac amplifiers:

1-common base amplifiers:
Find :
1. voltage gain
2. Current gain
3. output impedance
4. Input impedance
a) Dc analysis:
_10—-Vgg 10-0.7

12 v




BJT ac amplifiers:

1-common base amplifiers:

+
b) Ac small signal analysis: C—)
Ac small signal equivalent circuit: T 10v 12v
- Vo = = = =
1. Voltage gain A, = -
VO — hfb ie(4‘k) e I, C .
VS . hfbie li +
1, = — + ib 4 k Vo(t)
) hlb C—) %5 k %
V he,(4k b "
A, =-2= P _ ees1 1 1 L L
Vs hib - - -
hfe
hfb —

V isin phase with vV,



2. Currentgain 4; = —

lm

o = hfb le

. _ . 5k

e = ling ) Th,

A; = ok hg <1

‘" Sk+hy P
3. Input impedance Z;

V

Zi — _—S
Lin

. Vs N Vs

T

Vg
— = (5k|lhp) =

lm

.HD hib 4 k Vo(t)
C sk

Z; = h;, Very small;



Output impedance Z,, hepin | +
CD hip l ak Vo®
Z, Is R, seen by the load T 2k )
b

V 1 i 4
Z,=—|v,=0 = = = =

It

. e c - I |
It =_T_hibie ole li i ¥

4k hip 4 k! V(—)
. 5 k |
le = L
Vr b
— =4k (Large) = = = = -




Common base amplifier

1o

Vo hgp(4k)
Av:VS= hib =286>1 CD 5 k
A; = ok hg <1
‘T Sk+hy 1P ——10v
Zi e ie
Zi = (5k||hp) L I -_—
—
Z; = hy, (Very small) +
— 5 k
Z, = 4k (Large)

V,(t
b ¢ 4k o
T].Z \'"/
C _‘Zo
hfb lo [ +
hib 4 k Vo(t)




The effect of R

Vo = hfb io(4k)

I, =

h;p

Vi = (5k|| hip)/((5kl| hip) + Rs)V

Z;

V. = %
‘T Z.fR, 'S

A — VO . hfb(4'k) Zi +
VS vy hyp  Zi+Rs -
a1 62.5 R, = 50Q
Vs T 10.4 R, = 10kQ =

R,
A

{ Ip)

A/ -
+ 5k 4 k Vo(2)
_ |
"1 T
Ac small signal equivalent circuit:
RS e I, C
— o
+ hfb lo [ +
hlb l 4 k
Vi 5 k Vo




V0=286Vl AAA e I,

v, = 2
i=Z R, 5 k
Z, L 1

V, = 286V, ~—
° Z;+ R,

Z; Must be as large as could be E[}_Lj ﬁ?




The effect of Ry

_¢ | v
+

- + 4 k R

Vo = hyy ioakliR) () L
7 T |

h;p

I, =

Vo  hep(4k||Ry) | | o
A, = V_ — h. Ac small signal equivalent circuit:
S ib

A = 0.7135 R; =10Q _> | . . '+
v 1204.4 R; = 10kQ heple ll
<+> 4 k R;




The effect of R andR;

Using thevenin’s theorem:

R,
V, =
R, +2Z,
Z , Must be as small as could be;

AVo Vs




2) Common emitter amplifier:
3.8

A

h;, = 928 0 20k
Find: he = 50 “

I/
=50
™~ Vo(t)
10k 1
2.2k 1k
-

=

1. voltage gain “
2. Current gain 1

3. output impedance Q) .
4

Input impedance

+
Vi

—AAA

y L, = Ac small signal equivalent circuit:
i T —

Ls

b : :
Ly ., 3.8k — o io
0 felb * 378 T 1k ok 150k S <> l V,(t)
. 10K||10K||50k @ ok 8 12
ie¢le

lp — Ll .
® 7 " 10k||10k||50k + hy, L




Vo — _hfeib(lkl |3 8k)

. Vi
lp = —
hie
>4, == —42.7

> Z; = 10k||50k||h;,

> 7, =3.8k

Zi

For Common emitter amplifier:

Noot

Ay | > 1
|4;| > 1 Noo,
Z; Large
Z, Large

10k '

|Zo
C +
By . .
V(D)
10k| | 50k <> 3.8K 1




I mpedance reﬂeCtiOn: Ac small signal equivalent circuit:

KVL :
—V1 + (R1+hie)ib ~+ Rzie + Vo = 0

_ V1 — V2
" Ry(1+hge) + Ry + hy,

lp



Base equivalent circuit:
B V1 — V2
R,(1+ hs.) + Ry + Ry




Emitter equivalent circuit:




Collector equivalent circuit:

- Vx + V1

Vx = R3 hfe ib



3) Common collector amplifier:

250k

T Vee

hfe — 50
h'ie —_ 1K
B =50
‘ +
Vo(t)

Ac small signal equivalent circuit:

1K

‘ l% ib C
VVV L —
Vi hfe Lp
+ 20k | | 250k<, /e <>
_ 5 k
e ®
- F




AN

v v, — Ape iy
+ 250k <S, fie <>
A, =V_° <_ 20k | | 250 .
S
Vo =1k =i, L R .
o = (1+ hyo)i = - 1
e ( fe) b 1K v,t)
To find i, ‘ base equivalent
circuit: | L -
K Zi
| (20K][250K)i;, ANN—T—
ly = ;
® " (20k||250k) + by + 1k(1 + he) |V, lim i,
C 20k | | 250k Rie
. Vs T
tin = 1k + Zin = v

Zin = [(20K||250K)]||[hie+1k(1 + Ay, )] 1K(1 + hy,)



. Vin
l. f—
"™ 1k + [(20K[|250K)]||[h;e+1K(1 + Ry,)]

1K X
AW
Vi L: ib
» Zi, =13.66K <t t 20k | | 250k Rie

>A,,=I'/’—"=0.9149 =

in

||I
-4

i 1K1+ hy,)
> A; =2 =13.9

lin



To find Z, ;emitter equivalent circuit:

R, = 1k\\20k\\250k

. (20k]||250k) .
th = (20k||250k) + 1k ™

R:p

h  Lp
NNN—

®

1K

e




AAAZD Lp ¢
Emitter equivalent circuit: - iy
e
O - B
: Vi \F 5k
TofindZ,wesetV;, =0 ‘ _
o V =0 e
th Rth hie . ‘
(1+hg) (1+hg) = =
/ / o 1K
4—
I;L (1 Rtil; Yy (4 hl/ez y <
[ ° + e + e
Z, = 1k|| Ren + hic 1K ! f
1+ hy,

- - Vth
= O
Z, = 1k\\ <1k\\20f\+\§30k al hie) =36.80 | %



For common collector amplifier:

A, <1
as1 ( NoogO 7/}/om
Z, very small —N /1//

®

/

The common collector as a buffer:

Z; = very larg

Although the small signal voltage gain of the common
collector (emitter follower) is less than 1, it can be used to
Improve the total voltage gain of a multistage amplifier.




Common emitter amplifier

20k 1 k< hpe = 140
hiE‘ = 1K
I .
7 3 = 50 1 +
~a V,(t)
V;
¥ 5k
16 g

Ac small signal equivalent circuit:

L : .
~——

V;
CD 20k]| |5 Rie 1k v,
DC L el




Common emitter amplifier with R; :

V;
T Vee C"_

Ac small signal equivalent circuit:

20k| |5




Multistage amplifier:

Find the voltage gain

hiel — 1k, hieZ= 224"(,

ey = 140, hser= 100 A

T Vee

470 k
||
I

Ac small signal equivalent circuit:

AN

3! cl
\ i
Vi P Ip1 Ryelps
+ E hiel
= T 1Kk
=

el

Using thevenin’s theorem:

p

ZOké k
V.

[ —

1
C
¥ sk 2k T

b2

~ANN—
1K

\/

e2



To Find the voltage gain <+>

Vo = (3.3k\\50Q)( 1 + htpp)ip; )
470k

1K

lin

-140V;

b2 T T 470k + hyez + (3.3K\\50Q) (1 + hyez)

—14-0'Uin

i = T+ 470K\ [hiey + (3. 3K\\500) (1 + hypp)]

}Av::—OZ—SS

470 k




The common emitter amplifier design:

Design a common emitter amplifier using a transistor having
B(min) = 480, B(max)= 1500

Vo

To provide a voltage gain
500Q and load R;, = 5k

Its specified that Z;,, = 5k

> 200, between a small signal voltage source having a resistance

Vs

Solution :




Solution:
Ac small signal equivalent circuit:

Vo = —(Rc\\Rp)h¢,ip

0.5k

| | % |
| +
5K: v,
R, R

. V;
lp = —
hie

v.— 2y

‘" Z,+R, °
. _ hye Z; 0.5K
* |Ay| = hi ZiiR. (Rc\\RL)

Z O
1> >0.9 =/ Vs(t)

Z, + R, '

< h e
A, = ,,i (0.9) (Rc\\5k)

hye
Let gm = -2 =38.92 ¢




“* [Ayl= (gm)(0.9)(Rc\\5k) = 200

Let R = 8k, then: g,,>72.2

et Im — 77.86 , then ICQ= 2mA
Since Ve = 16V; letVee = 30V

Let VRE = % = 6volt

%
R; = —£ = 3kQ
Ig
min)R
R, = B( 20) L = 72k0

From:I; =

Vin—VBE

Rin
p+1TRE

Vi, = 7 volt
v, =22y
R1R,
R —
th R, + R,
> R, =93.9k

> R, = 308.6k



Example :

Find voltage gain

Ac small signal equivalent circuit:

e ipe—"1i
Rf b C 4-0
—\N\NV —
Vs(t) lb " hfeib +
I v“—| |‘“ R
+ Cv,
1 N y
<+Vs(t) 1 o L ej_ _
Vs
- L, = —
= v R b hie
0~ “hcho Re g, tre
by = Ryelp + iy 1 - _Re "Ch
i=Yo—Vs ’ 1+ 3
f Rf RE



Early voltage V,

-

_Vegg +Va

hoe Icq

1V,
hoe B ICQ

¢

V,=100,150,200

- ; - 1 .
If V 4 Is given, we must include — In
Ac small signal equivalent circuit:

V, = Early Voltage

—







