Bipolar Junction Transistor (BJT):
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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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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 rorward Bias rorward Bias
four regions (modes).
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.
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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 | | 5 | |
Increased. | | | |
VBE VCB
v" The forward biased BE-junction causes the electrons £ c
in the n-type emitter to flow : this &_l
constitutes the emitter current I'.
B
v As these electrons flow through the P-type base; they | |

STEB‘HQf%‘EﬂI‘JﬂT‘&Wh holes in p-type base. | |
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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[ n -
minority carrier; I .50 lg A, ¢
Minority 1 |
/ Hvee B ve

vic =alg + Icpo

\

Majority
0998 > a > 0.9
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E n |p| n I ¢
IE IC
Ic = alg + Icp, | b1, |
Ip = Ic+ Ip vy, B Vg
Ic = a(l¢c + Ip) + Icp,
. a 1
”’IC=EIB+EICBO
a
et Beta, B_E
wlc= BIg+ (B+1)Icp,
I = BIg+ Igg, If o =0.99 ‘ B =99

a

B —
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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,
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Input characteristic curve:

Vce + +
- <v> ?‘f Vee
-

Ve = 10V

Vee = 1V
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iB(t) = IBO (e erT

Is = B Ig,
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Output characteristic curve:
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Output ‘7% Vee

Saturation ..—""
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Ig = 120 A

100 yA

80 uA

60 xA

40 4A

20 pA

g = 0
& Vee (V)

\

Cutoff region
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1. In the cutoff region :
IB — IC —_ IE —_ O
2. In the active region :

I = alg
Ic = B 1Ip
It = g+1)15
Ve =0.7V , SI ., npn
Vgr,=—-0.7V , SI |, pnp
Vee > Vegsae =0.2V  , SI
Vee < Vegsae =—0.2V , Si
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3. In the saturation region :

Vee = VeEesat

Ve, =0.8V , SI, npn
Vg, =—-0.8V , SI, pnp
—d—
ic (mA) s = 120 4A
Satyration - 7} pun RN
regon 5 -2l

l’ 80 4A

sl L

npn 4o

pnp co— U e

3 PE | 2oisiea iy
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Example:
Find the Q point Vigo , Ico 3k<_Rc

200K

—ANN—2—
Rp

| c
_+
1 B |E
|+ = 5V
Ves | | — =

A

o

P n

el

|

-

=]

S
=
-

Since the base emitter junction Is = (;
= forward bias; the transistor could be
either in the active or the saturation f»h
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BT

» Assume that the transistor in the active region:

I 5_0'7—00215 A
B~ 900k m
Ir= BIg =100+0.0215 =2.15mA T
—N\VN—
KVL 10 —_ Rclc + VCE i Ry |/ R, +Vcc
—_ . —/\/\/\, B=100 —_—
VCE — 10 RCIC 500K H |1{]V
Ve =10 — 3k +2.15mA - [ ' L
. —_| Vs I Q 2.15mA 3
“Veg=3.55V > Vepo = 3.55 V

?l'ﬁliﬂﬂﬁylﬂ'lEB%omVCE,sat >>>The tran_sistor IS In the active r@ﬂ@)@tﬁbd By: anonymous



Example Findthe Q point Vigo , Igg R e,
AN

Solution: Vv
Since the base emitter junction is = AARE _m 2
forward bias ; the transistor could be |, RB !
either in the active or the saturation

region r % -

» Assume that the transistor in the active region =

KVL: 5=200klz+Vgg+2kly KVL: 10 =Rl + Vg + Relg
VCE —_ 10 — RCIC — REIE

It = g+1)15
SVeg=4.63V
o 5—0.7 00107 mA Sincé' Vg > VCE sat
57200k +101 %2k ME .The transistor is in the active region

A 4 =4.63Vand I;p =1.07 mA
Ir= Iz =100%0.0107 =1.07mA ~ ¢ ¢e
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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
Vee — VeE sat

Ic= IC,sat — R
STUDENTS-HUB.com C
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I Csat
p (

Ic

et define: Ig(min) =

ICjﬂt

-
IB.mr'n. IB

IC,sat
p
+ If Iz > Iz(min) the transistor is in the saturation region.

+ If Iz < Iz(min) the transistor is in the Active region.
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BJT as switch: iz
Example: SR
15K ) 0
Find V, (¢t) for the input given below: A A A j_ﬁ =30
V;(t) =
C") 100K
E T Vi(t) Squre Wave 12V
= =
.412 V | |
—p= Time t
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Solution: iV

“Let V() = +12 volt 22K

R, .
Calculate V,,, &R, B=30
+12V Var| + Vo

15K -

: - B =30 «
A I R =
+ = Vnb = 8.9 volt Proof!!
- 100K
12V Since the base emitter junction
. Is forward bias; the transistor

= could be either in the active or

the saturation region
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» 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 S
P I\AA,_F B =30
Vth — VBE 8.9—-0.8 Virl + Vo
Ig = = =0.62mA —— =
B Rry 13k T - )

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

\/VO = VCE,sat = 0.2 volt

v I=536mA
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» LetV;(t) = 0volt
+12 v
+12 v
éz.zx’
R,,=13k
100K - 3 =30

15K

—12V —V,;,=1.56 =

Since V;, = —1.56 volt

Base emitter junction Is revers biased the
transistor in cutoff region

STU‘SEK?ST-ILVB%m: 12 volt IC = 0mA4 Uploaded By: anonymous



The circuit acts as inverter or not gate e —

Amplitude

T V(1) Squre Wave

input NOT gate truth table
Input ~l>o Output

Input Ouatpuat
O 1
1 O

Vo(t)

output
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Transistor biasing circuits:

1. Fixed current bias circuit

KVL . VCC — RBIB + VBE

Vee — Ve
Rp

IB:

Ic= BlIp

KVL . VCC — RCIC + VCE

Vee = VCC — Rclc
STUDENTS-HUB.com

The criteriais Q POINT STABILITY
A ICQ /AB and A VCEQ / AB

*+VCC

=

IC
RB
IB g i
ICl
RB
IB

ﬁ
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From eq.2:

: : L 5=10—-R.(1mA)
Example: Design a fixed current bias circuit > R, = 5kQ

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

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

Transistor biasing circuits:

Let B = 25475 _

the average between max && min

SOIUtion: IB — I—Czﬁz 20 HA
Using equations of the fixed current bias From eq.1 >0
circuit:
S ; =VCC—VBE=10—O.7
Ig = R Vg =0.7V — (1) B Rg Rp
Vee = Vee — Rel —(2)

STUDENTS-HUB.com > Rp = 4&%5[8&1 By: anonymous



Transistor biasing circuits:

+ If B=50>>> R, =5k, Rg =465kQ I, = 1mA,V =5V ‘
BUT:
+ When g = B(min) = 25
For:
Ig =204 75> p =25

I =0.5mA
¢ m 1.5mA> I, >0.5mA
NOOT
+ When g = B(max) =75
Ip=20yu4
¢ The fixed current bias circuit is not a very satisfactory circuit of obtaining
sTUBRRE Bias Perit stability. Uploaded By: anonymous



Transistor biasing circuits:

2. Collector to base feedback bias circuit:

KVL:VCC — RCI+RBIB +VBE
I:IB+IC

_ Vee — Ve
Rg+ (B+ 1R,

Ig (1)

Ic = BlIp

KVL : VCC = RC(IB_I_IC) + VCE

Vee =Vee —Rc(Ip+l,) ... (2)
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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, P(max) =75 Rp + (B+ 1R,
_ _ 10-0.7 I. =20
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(Ipt1e) There is an improvement over the

5=10—-R.(1mA + 20pA) fixed bias circuit.
S’?UBEN?I‘S@H%%om Uploaded By: anonymous
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Transistor biasing circuits:

3. Biasing circuit with stabilization resistor (Rg):

KVL : VCC = RBIB + VBE + REIE
Ig = (g+1)15

_ Vee — Ve
R+ (B+ 1R

Ig (1)

Ie= BIg
KVL: VCC = RCIC —+ VCE ~+ REIE

Vee = Vec — Rele — Rglg - (2)
STUDENTS-HUB.com
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Transistor biasing circuits:
Example: Design Biasing circuit with stabilization resistor

(Rg) using a silicon transistor having From eq.2 :
B(min) =25, P(max) =175 Vegp = Ve — R, — Rl
Suchthat I, = 1mA ,and Vg = 5 volt given V.- = 10 volt
‘ ¢k ’ cc > R, = 3kQ)
Solution:
In this circuit we have 3-unknwons » Fromeql: Ip = RZ?(;L‘;ZE
(Rg,R., Rg) & two equations! ;’-’i
«an VWe must make a new assumption : » Rp = 365k )
Pl V V
~2Vpe 275 5 B=50  proofthat :
let Vg = ~<€ = 2 = 2 volt 75> B =25
Vrr = Relg 1.349mA > I = 0.55755mA

2 ~~
STUDRETS Tga Ao 2K

There iIs an improvement over the fixed bias
circuit. Uploaded By: anonymous




Transistor biasing circuits:

4) Voltage divider bias circuit:

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

V.. Voltage divider

The Q point is completely independent of the Beta

sTUBERTS§6UB fefe — Rele
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"'Vcc

Transistor biasing circuits:
b) Exact method:

W
I

[VCC

%

Using Thevenin’s theorem
KVL Vth — RthIB + VBE ~+ REIE R,

4 Rin "\
Ig - g+1) 1, AN\

— VCC

Vinh —VBE 1 R;

Igp =
Rth + RE —
STUDENTS-HE:cdm - aded By: anonymous




Transistor biasing circuits:

Using approximate method, we get:

Iy = Vg —Vge
RE
Where: Tomake Ip, = Ipq -
RZ Rth ~
Ve =R, + R, g1 e=Ke
Using exact method, we get: R;j,
R, B+ 1 < Rp
[ = Vin — VBE ('
EZ ™ R, Ry <K (B+ 1)Rg
B+ 1 + Rg
__ (B+1)Rg
Where: th — 1020 30.
Ry, =~ 12 Vi = —2—V
STUMENTR: HRIB.com”’ th ™ Ry+R,  CC Uploaded By: anonymous



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

p(min) =25, L(max) =175

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

VCC = 10 volt

Solution:

10
10

Let VRE = Vee _ = = 1 volt

10
Vee = Rglg

! = 1k()
1.02mA

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

+1)RE .
- ,where g = 50

= 1k()

TI IF\ TQ I_II 1B ¢

>RE:

From: Ry, =

eom

KVL: VCC = VCE + RCIC + REIE
> R, = 4k0

To find R4, R,,we need to find Ry, V4,

We find V;, = 1.72 volt
We have : Vi, = 1.72 volt && Ry, = 1kQ)

From:

R>
R1+R>

R1R;
R1+R2

We get:

R, =

and Vth = VCC

>R, =1.2 kJﬂoaded By: anonymous



Our design @ B = 50

» R = 1k()
> R, = 4k()
» R{ = 5.8 k()
>R, = 1.2 k()
»>I.=1mA,
» Vg =5volt

But:

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

<

&

]
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Circuit using pnp transistor:
Example:

Find I, Vg, for the circuit below:

VCC - +10

T

R1 — 10k Rr = 2K

B =100

R, = 40% Rc =6k
—>

SVpERTSVHUB.cWhhich is < - 0.2V

B =100

+10V

2K

MWN—>

B =100

solution
RTH
——AW
8K
Using thevenin’s theorem;  r+——gy
o _ RiRs _ 10*4Ok—8k9=
TR +R, 10440
R, 40
* 10 = 8volt

V., = Vor =
TR+ R, 710440

KVL 10 == ZkIE + VEB + RthIB + Vth

> Iy =0.625mA

» Vigc = 5volt

A

6K

—AW
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Example:

Design the given circuit so that

Ico =2mA ,andV, = 5 volt
Giventhat Vg = 0.7 volt @ I, = 1mA
B =0

+15 v

R

- -15v
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Solution:

ic(t)

1mA

P
mA
VBEZ = VT ln< >
I
Iy
VBE(t) Vg2 — Vg1 = VrIn|—
VBE(U) ¢1
1 ~ V
lcr) = Ise ' Ve = Vo 4 Vol 2mA
VeE 1 BE2 — VBE1 T 1N 1mA
Ip=1I.e"r I;=(69.144)10 Let Vy = 25mV

C
VBE = VT in (I_) » Vg, =0.717V
S

In our circuit I, = 2mA we must find the correspondingVgg??

V I = 2mA ??
STUBERTS-HOBEam Uploaded By: anonymous



VBEZ = 0.717 @ IC= 2mA

KVL VC — VCC — Rch

Ver—V
RC _ ( cC C)
I
(15 —=75)
R, =
¢ 2mA
> R, = 5kQ

15 — VBE
RE — I
E

S?U B@N%SZ—’&% .com

+15 v

-15v

Uploaded By: anonymous



Example:
Flnd IEl’IEZ VCCA: +15 SOIUtion

o

Rop = -8z _ 502199, _ 33 340
th " R,+R, 50+100

R,
V.. = V,r =
> k th "R, +R, ¢ 50+ 100

; ?
- 2‘ KVL:
Veg= +15

x* 15 = 5 volt

V=V 5 0.7
50k 2.7k E1 =R ~ 733.3k
3k th :
+ R (—) + 3k
8 = 100 2K B+1 E 101
1 Tert) ? = 1.28mA
R, Ip,

b
~ — Q2 kvL:
Q1

Ven | 2klg; +Vgp — 5k(I¢qy —Igz) =0
o ' ' 3k 2.7k I, = 2.78mA

B=100 L Uploaded By: anonymous
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BJT Ac-Small signal analysis using Graphical method:
Graphical method:

(ni‘i} Saturation Region

(transistor “fully-ON")

KVL : VCC': RCIC + VCE

60

50

Ie=—Vep + 7

40

R¢ R¢

Q-point
(active region)

30

Cut-off Region

|
| \
1
T

20

(transistor “fully-OFF")

ic(t) .

10

ic(f).max fpe——oaturation R

DC LOAD LINE

Cutoff

4/
Vee(t),max v Ce()

> VCE(t),max =Ve¢e

STUDENTS-HUB.com

| B
zz W o

lC(t),max —_ RC Saturation
Cutoff
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BJT Amplifier

Using superposition

STUDENTS-HUB.com

VBE = 0.65V
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Ac small signal equivalent circuits for BJT configuration:

— e

Two port
- No independent -

Hybrid parameters “h- parameters”:
vy = hq1i1 + hy2v,
iy = ha1lq + hyyv,

_ 7
hy{1 =—

| V2 = 0 Short circuit input impedance, € (h;)

h{, = :—: i; = 0 Open circuit reverse voltage ratio, (h,.)

h,; = i—i v, = 0 Short circuit forward current ratio, (hy)

h&TBDi;ZIZ-'JMTS—'-I-QU ©pem circuit output admittance, O (h,)

_’// hy1

+

hi,V;

o

h1i4
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Transistor configuration:

1. common emitter: Ac output
Ve ™ C //’“‘*s@nm
Ac input -
signal b hic) heoy Nypoy e
\\ A o '
H_ o
" 7
2. common collector
s N
Ac input
signal b
N P h‘f-‘f. ’ h;f-@. ’ h‘i"-‘f. ’ h-a-f.
o7 Ac output
:i. //‘“‘*smnm
\ -
hic ’ hfcr hrc ’ hoc

STUDENTS-HUB.com

Ac input
signal

\

N~

-

A
/

3. common base

e

g

Ac output

-~~~ —signal
, g
-

hip, hsp, Ry o
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Common emitter & common collector:
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Common base:

Vep = hibie T hrbvcb

o = hfbie + hopVep

Uploaded By: anonymous




h-parameter typical value:

h;. = 16004
h,, =20%107°C
hfe —_ 80

h.,=20x10"*

h,, =20 %1076 0 ~ 0

We replace hi with open circuit.

oe

h.,=20x10"* "0

STUWRI‘F@I?I[?BCC mrevceWIth short circuit. Uploaded By: anonymous



Approximate BJT models:

1) Common emitter & common collector: pnp
npn

s N © ( :
b I/'_
@ b._

I\q_ €
e
) J b. —— . C
— ! hfe
hfe + ht’e
® El ® -
ic = hge lp = B ip h _Vr BVr (B+DVp
ie — - _

> hiE.e = Ig I¢ I
STUDEN -HUBE:om Uploaded By: anonymous



2-commom base:

hspie

hie = (hfe +1)h;,
STUDENTS-HUB.com




BJT ac amplifiers: . B=200 .

1-common base amplifiers: é E__Z +
- +

Find : C_)

1. voltage gain ——

— 10 v 12 v
Current gain i 1 ‘

2
3. output impedance
4

. Input impedance - -
a) Dc analysis: m
10-Vgz 10-0.7 oK b 4k

= 1.86mA

I =

S5k S5k

10 v 12 v
v 1 1 1
Ry = — = 13.980 = =

STUDENT@QHUB.com Uploaded By: anonymous



BJT ac amplifiers:

I.I V l
1-common base amplifiers: e ( g_z-oozw . AU-: o
+
b) Ac small signal analysis: CD és ko §4 o Ve®
Ac small signal equivalent circuit: ——10v 12 v
' Yo = = = =
1. Voltage gain 4, = e
Vo = hyp i.(4K) G -\ .
VS , hfbie li +
l, = — ¥ ib 4k Vo®
© h C—) %5 K | %
vV he,(4k) = ]
A, = —2 fb( =286>1 _L 1 L L
VS hlb - = = )
— fe
hfb - hfe+1

STUDENTSI | B%Qase with V,
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2. Currentgain 4; =-2% n_| e i : 2 N

Lin b Lin - B _ <J+
> fble ll
: i Rip ak Vo®
lop = hfb le C:) 5k
. 5k b |
le = lin 5k + hib — = } = | = -
A=—F p. <1 hsp = e
i T Sk + hy, P I~ hgoiq
3. Input impedance Z;
Z; 1S R ,Seen by the source
v Vg
7. =3 — = (5k||hy) =
l i lm
n
i _V_+£ Z; = hy, Very small;
m -

STUDENTS- IlfUB cdth Uploaded By: anonymous




. PV

4. Output impedance Z, ——
heple |0 T+
CD hip l ak Vo®
Z, is R,,seen by the load T 2 _
7 b
Zo =—|Vs=0
IT - -

Vr —
I - 0 — h' i hfbie [
ke v 12 O
. 5k
le = : _
Vr

— =4k (Large) = — — =

It \ / =

STUDENTS-HUB.com Uploaded By: anonymous




Common base amplifier

1o
vs]

1
N
o
o
(@]

Vo hyp(4k) \ / *
= = =2 1 V,(t
A, =ye=—1p 86 > CD 5 ] G
A= X h, <1 :
‘T Sk+hy IP —— 10v le"
| Zi e I, C _ 20
Zi = (5k||h;p) L I — <
— hfb Lo I +
Z; = hy, (Very small) + hip l 4k Vo)
- 5k
Z, = 4k (Large) _

STUDENTS-HUB.com Uploaded By: anonymous



The effect of Ry _AANA, H ¢ ¢ \ / o H .
+
. + 5 Il — _/J K V,()
VO = hfb le(4k) <_> b 7 -
V; i}
e = 7— —_—12 v
le hlb 1 10 v
Vi = (5k|| hip)/((5Kkl| hyp) + ROV = = =
V i .y
. — "
" Z;+R, °
VS Vs hip Zi+Rs
A = 62.5 R, = 500 I e p— -
vs 0.4 R, = 10kQ = g =L =‘ .

STUDENTS-HUB.com Uploaded By: anonymous



V,=286V; —AA\N e L

v, = -1
i_Zi-I_RS S 5k
Z; L L

Vo = 286 V =
° Z;+R; R,

Z; Must be as large as could be E[b ﬁ?

. gploac_led/ By: anonymous

TG
[ ]

STUDENTS-HUB.com



0

The effect of R, |

Vo  hyp(4k||R)

A, =— = . . L
7 h;, Ac small signal equivalent circuit:

+

204.4 R, = 10kQ hepiol | 3%
<+> iy 1 4Kk R,
- 5 k

] _{ 0.7135 R, =100 — — N—
=

STUDENTS-HUB.com Uploaded By: anonymous



The effect of R;andR,

R | ,
T\ / :
Using thevenin’s theorem: Sk 4 4k R,
: Z :
—-|_—10v

17
Yv,, v, Ac small signal equivalent circuit:
Ay, . Vs - / " e i c 2 Vo(®
—
. . +
hfble l
— —_— hip l 4 k R,
- — - 5k
% B 4 v = | =
o RL + ZO Vo s \..,____ o j : —_—
Z,, Must be as small as could be; _
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2) Common emitter amplifier:

Find:

1. voltage gain

2. Current gain

3. output impedance
4. Input impedance

Lo
A==+
l is
_ . 3.8k
o= ~hrely * 3 g 1k
_ 10k||10k||50k
lp =

FUbERTS3BB.com

's ' 10k||10k]||50k + h;,

is(t)

T VCC
lo(t)
h e = 50 “ “ _
! 1 ( - % 1 y
| + L l\B =40 s+
V. Vo(t)
Ziok |
D, Q‘D ok % 29 k% 1k

= Ac small signal equivalent circuit:

l
— =

7 7 7 +
Rfelp i
hie l Vo(t)
@ o S10K| |50k a1
. J ]
i N ik

W
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For Common emitter amplifier:

Vo — _hfeib(lkl |3 Bk)

. Vi
ip =—
hie
>4, =0=—42.7

-2
A v

> Z; = 10k||50k||h;,
STUDENTS-HUB.com

» To find Zo > Zo — 3.8k

% \|Z°

— C +
g hye - i
hie Vo(t)
Vi 10k| | 50k 3.8K l
' 1k
- e

Zi Zo \

|
C +
e - .
Vo[®)
@ L el <> 3.8K 1
10k Ix Ia

== Uploaded Ey:'/anonymous



For Common emitter amplifier:

l I;ol((t)
Ay | > 1 =
A > 1 -
Z; Large
Z, Large
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I mpedance refIECtion: Ac small signal equivalent circuit:

R,
+
- JV1
KVL :
—V1 + (R1+hie)ib ~+ Rzie + Vo = 0
V1 — Dy

le = (hfe+1)ib lp =
STUDENTS-HUB.com Rz(l + hfe) + Ry + hy, Uploaded By: anonymous



Base equivalent circuit:

T . S
Rz(l + hfe) T Ry + Rie
’HE%R\\— _______ —
i 1
V1

STUDENTS-HUB.com



Emitter equivalent circuit:
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Collector equivalent circuit:

- VX + V1

Vx = R3 hfe ib
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3) Common collector amplifier:

T Voo Ac small signal equivalent circuit:
1K if” B
250k wyyy - -
Vv, hee U
+ 20k | | 250k <, /tie <>
1K " |l .
./
V,

+ 20k 1 B -+ y
T 1K v,
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v, — Rfelp
A ==Egl (?' 20k | | 250k <S, Mtie <:>
N = 5 k
V,=1k i, 1 - .
e i o S vt
To find i, base equivalent 0
circuit: =Lr - ‘\\\\

; /
| (20K|250K)i, ANV
Ly, = .
® " (20k||250k) + by + 1k(1 + hy)  |v. lim %

20k| | 250k Rie
. vS
lin, =

"1k + Z;,

Zin = [(20K||250K)]||[hie+1k(1 + Ay, )] 1K(1+ hy,)
STUDENTS-HUB.com ) Uploaded By anonymoL/lg/




Vin

i =
"™ 1k + [(20K[|250Kk)]||[h;e+1K(1 + Ry,)]

> Z,, = 13.66K

> A, = > =0.9149
> A; = =13.9

Lin

'1.:

STUDENTS-HUB.com

—%—01_

%zom |250k Rie

\J

1K(1+hy,)
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/ K ] c
To find Z,, ;emitter equivalent circuit: ’\}\/\/ L \ S
V, eib
Rth — 1k\\20k\\250k C”. 20 ||250k hie <$ %
L (20K|I250K) ; B
7 (20Kk||250k) + 1k " = ‘r=— |
R 1K v,
e Ren B ;. C ®
—_— _ —— -
<$fe ip B
+ hie
Vin T > K
e | ‘
S 1K =
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AAAZD Lp ¢
Emitter equivalent circuit: - i,
e

@
: V. N\ 5k
TofindZ, wesetV;, =0 th

* Vin = 92 h —— [
th ie

Zo
/ (T+hs) A+hg) \ =
A—AN

R, + h;
ZO=1k||< th le>

1+ hy,

1k\\20k\\250k + h;,
1+ hy,

Z, = 1k\\< ) = 36.8()
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For common collector amplifier:

A, <1
a1 ( Noogo TNO@T
Z, very small —N /1//

®

/

The common collector as a buffer:

Z; = verylarg

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.
STUDENTS-HUB.com Uploaded By: anonymous




Common emitter amplifier

20k 1k hse = 140
hiE‘ — 1K
I
J Jl +
Vo(t)
V;
. 5 K
16 g

Ac small signal equivalent circuit:

N

LD .
—— ;
v, felb t
CD 20k| |5 hie e
” .. \ e / -

STUDENTS-HUB.com Uploaded By: nymous



Common emitter amplifier with R; :

N
A
—VV\-
[
|
|

! <
Qo
N\
ND/

Ac small signal equivalent circuit:

STUDENTS-HUB.com

20k| |5
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/ Ac small signal equivalent circuit:

' L - cl IR °
Multistage amplifier: — - — hi
V; 8 ip1 felb1 felb2
1 1 =) hie [
Find the voltage gain { — 1 1K 70k L
n
) — el
hiel — 1k, hiez= 224‘k, = = = = +
, 500
Rfer =140, hye2=100 Common Collector ) R Vo
T VCC _
| Using thevenin’s theorem: = =
20k§ y 470k 4 _’V}/;}’ R e

||
I Q2
V.

1

e | :
+

: 3.3 Vo(1) -140V; *

<" 5 k% 2 k — e2 +

+
®
O

\/
i
~
o
~
"""h_,
]
|

____, v,
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1K h
_ L2 Je
To Find the voltage gain <+> Lin 470 k ol 1
140V, . =

Vo = (3.3k\\50Q)(1 + hge2)ip: -

_ _ 470k L
2 = Hin " 470k + hygp +
iez T (3.3k\\50Q)( 1 + hgey)

. —140vin
T Tk + 470K\ [higy + (3.3K\\500) (1 + Ry )]
> Av — II//—.O = —85
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The common emitter amplifier design:

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

V . . .
—| > 200, between a small signal voltage source having a resistance

Vs
R(,? Zo
2
L. .
% +
K v,
Rg

STUDENTS-HUB.com Uploaded By: anonymous

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

Its specified that Z;,, = 5k
Its specified that Z, = 8k T

zi

0.5k

Solution :




Solution:

Ac small signal equivalent circuit:

Vo = —(Rc\\Rp)hg,ip,

i, = —
b hie
Z;

Vv, =
Y Z; + R,
C h e Zi
* Ay| = 3= 7 (RA\\RY)
1> 2t S99
Z, + R, '

% |4,] = 72 (0.9) (Rc\\5k)

hfe _ 1CQ

sTUDERT LG = Corh,, VT

0.5k

38.92 I

5K v,
Rg

. R
B +
hie <>hf elb V,

R, 5K

' il
- Zo =RC
Z: =R hie =5k
hfeVT i th I |

hie = BT

Ic 1, Uploaded By: anonymous



* |4y|= (gm)(0.9)(Rc\\5k) = 200
Its specifiedthat Z, = 8 k

~ Rc =8k, then g,=>72.2

et 9m = 77.86 , then ICQ= 2mA
Since Ve = 16V; letVee = 30V

Let VRE = % = 6volt

%
Ry = —£ = 3kQ
Ig

Z; =R,, || hie =5k
hie =5 = 6.165K

C
Ven—V
From: Ip = R”’ BE

STUDENTS- HUB,;;—pi#RE

% Ry = 26.45Kk

+Vec

V., = 6.81 volt

v, — %2y
RiR,
R —
th "R, +R,

> R, = 34.22k
> R, = 116.5.6k
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Example : Ac small signal equivalent circuit:

Find voltage gain Ve ‘V@Q
R Rc¢ if - i
f b c | <2
—N\VW —
Vs(D) lb " hfeib +
| v“—| |‘“ R
+ cv,
| N y
<+Vs(t) 1 o L eJ_ -
Vs
——— lp = —
- v R.i hie
o “hcho Re gl
by = Ryelp + iy 1 - _Re "Chy
v, -V, v R,
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