Handout 2 for EE-203

Bipolar Junction Transistor (BJT)

Sheikh Sharif Igbal

(Ref: Text book and
KFUPM Online course of EE-203)

(Remember to solve all the related examples,
exercises problems as given in the Syllabus)




Chapter 5: Bipolar Junction Transistor (BJT)

Text book: ““Microelectronic Circuits by Sedra and Smith

5.1: Device Structure and Physical Operation

* BJT is a three terminal device that can operate as “Amplifier” or as “Switch”

 Voltage between the two terminals is used to control the current in the third terminal
* BJT consist of three semiconductor regions: NPN or PNP

Metal Table 5.1: BJT Modes of operation
contact
i q Application Mode EBJ cBJ
Emitter Collector
(E) (C) Amplifier | Active | Forward | Reverse
_ Cutoff Reverse | Reverse
Emitter—base Collector—base Switch _
— junction . junction — Saturation | Forward | Forward
Ve (EBJ) Base (CBJ) Vg
(B)
C
)2 n P Collector |
E Emitter Base Collector C
Emitter region region region
!Base E
B Symbols: NPN and PNP

Figures from text book




Active Mode of Operation of an NPN transistor:
N-Type material: Arsenic, Antimony and Phosphorus (group V materials)

P-Type material: Aluminum, Boron and Gallium (group III materials)

Forward-biased

Reverse-biased

Figure from text book
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Fig 5.3: Forward current flow in an NPN transistor biased to operate in the active mode

(Very small reverse current, due to drift of thermally generated
minority carriers, are not shown.)



* The EMITTER is heavily doped and have high density of electrons. But the
base 1s thin, lightly doped and has low density of holes. So, the current flow (i)
between the forward biased emitter-base junction 1s mainly due to electronics
flowing from emitter to base. This process emits free electrons into the base.

« Among the emitted electrons in BASE, around 5% recombines with available

holes and escapes into external base lead as Ig,, (ig=ig;+ig, 2 ig is due to majority holes)
Remaining 95% base electrons acts as a minority carriers and are swept away to
collector region by the electric field of reverse biased collector-base junc. (fig)

 These electrons are then collected by more positive collector terminal that
constitute collector current (1,). THUS: (ip) = (ip) + (i)

space charge layer
kiun.il: charges not shnwnj
>
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The Collector Current (i.):

V' BE

\

Base Current (ip):

iB— B

VBE

ic Ig Vg

= —.¢

p

Emitter Current (i):

9

1p = 1. T 1,

\

* Here, n = 1; Saturation current, 102> [>10-* A and thermal voltage, V; =25 mV

* Note that ‘1.” 1s independent of Vg, for V5 20. So collector behaves as an
ideal constant current source where the current is determined by V. (fig 21 slide)

o= B/(p+1),

* Since, 1-=0Qlg ;

1c = Pig

and

where “B” is common emitter current gain constant for a particular BJT

(19 29

o’ 1s common base current gain

* So the Emitter Current is given by:

/

VBE\

)

EXxercise BJT-1: For an NPN

transistor having 1.=10-1 A,
B:].OO &VT:25mV(at room temperature)
Calculate Vg for i-=1.5A

(Solution: 0.643 V)




The PNP Transistor operation in Active mode:

Forward-biased Reverse-biased

S =i+

Veg | C Vae D

Note that the PNP transistors have Vg ; whereas the NPN transistors has Vg

Figure from text book




Summary of the BJT relationships in active & saturation modes

Active Mode
C C
Veg * n Vec - p
b= bt
¥ P : n
Ve -| M Ves 4| P
i ]
v__ ¥ _ﬁ'H.
IC_ISE e L i —?EC
zczﬁiﬁ I =Gl
R i
= o s A
Eaeip 841

For the pnp transistor, replace v _ with »

BE

EB

Saturation Mode

Ver/Vr

t.=1.e
but 1.<8i

EE =3C+35,

1, # 01
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o 02%



5.2.3: Dependence of current, voltage, temperature and the Early Effect:

: ; in & g Active Regon of operation
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The collector current ic without the early voltage effect 1z given by £ = IS’E BE i

m
B Inctrease in WCOE causes the base width to decrease due to ihcreased reverse biasing on
collector-rase juncticn.
B Cince IS 1= mversely proportional to the base wndth, it increases with the decrease m base wadth
m i-:: 1z directly proportinial to Is and therefore increase i Is also ihoreases the collector current.
This 15 called early woltage effect and the new equation for i-:: 15 miwven by
I_C:ISEPEE,-”P’T [1+F€E ] - =AEanni2
€ = N W
| Therefore the cutput resistance seen mnto the collector 15 defined and 15 mwen by
_ = -
S [ 97 :| i F:j-"'__.-fl Exercise BJT-2: If a BJT has
2 e o stant e V,=100v and I.=1mA, find r,




5.3.3: Q-point/Biasing point: Location of biasing point affects maximum allowable signal swing

i i
# Instantaneous load lines < ? Limited + SWil’lg of V. as Q_
ce

point (i, & Vg) is close to V¢
1 (this case is for Low R,

355

{
I
| 1
! |
0 0 | | -
| !l V{ = : VCC Ver
| |
| | |
Upe ~J 1| ! Uy I Uypr
, ! | | +swing | -
(See figure 5.26)
Time Time Time

5.4: How to solve NPN or PNP BJT-DC circuits

B 1 not specified, assuune that the transi1stor 12 worlking 1in active mode.

m UUze the sumple constant-3"_ model that 15 used for diode. 1.e. take

i T tor forward biased base-emutter junction.

m Analyvze the curcuit usimmg current-voltage relationslhiaps for active
mode operation.

m Checl 1t the matial assumption of active mode operation was correct
by veritying that the base-collector junction 1s reverse biased.

m It the active mode asswunption was wrong than use the saturation
mode cunrent-voltage relationslaps for analy=as.



Clalculate Ic, Is. Ie. Vo, Ve of the following 'npn' civrcuit. p = 200

V.=10V
@ (
Assume
R.=2kQ = |Active
imode =
R =22DkE) n CBJ=>RB
- EBJ>FB
V=4V o - AVAYAY e :
P VBB
n
Solution: =
Base current is found as
4+ IR, +Vp =0
W -V e
—1_ —_BB pe _4 Dj:lEMA
R 220

B
Collector current is found as

I.= Blg = (200)(15pA) = 3mA
Emitter current is found as

=I5 +T.= (B + 1)Iz=3.02mA

Collector voltage is calculated as

Ve Ve IR =0== V= Ve - IR

V. AV -
T e

Since V_, = "‘-B

TRANSISTOR IN ACTIVE MODE

R_=220kC2
1B "i.;}: i
=4V [+ =07 || =
I

+ | Vec=10V
+ | Vec=t10V

| <

== Base-Collector junction 1s reverse biased



Find Ic. Ie. Ie. Vo, VE of the following "'npn transistor”’ circuit. B = 200

Ve -=10W

Lt ]

R.=2k{x

Assmne Actve Avssmmne Cuatoff

Find thhe bias point detail of the following npn circuit, take B = 100
- Assume Active Mode V=SV
of operation = Vg=0.7
R _=0.5kC} B — ﬁ— I — xIFE — 4 261 (Step 3)
2 B+ 1
res = _ It _ 43 eua
(Step 5) IB = 1 A Ve = Voo - IcRo =287V (Step 4)
—————__—= p
- - =
= 0.7V VE = -0.7V (Step 1)
R, =1k = VYE-VEE _-0.7-(3)_ 4 3mA (Step 2)
BE 1k
Solve

- Since CBJ is RB,
examples 5.4 t0 5.12 Vpg— -5V - Initial assumption was correct




5.5: Biasing single stage BJT Amplifiers: - Operating point or Q-point (i. and v.¢)

Find thve doe Dias poimnd (operatimz point) of thhe following cirowit
VWee-— 1SV V=15V

L

Assume

Rn Active mode

. ALLLLJ

1

YWeB

R,,,—50k

Applving VL around the base emitter loop

IE
Vee=IeRB+ VBE+IERE Smce IB=

M p+1

Simece IE= A Vi =1.29mA

Re+ [RB/(p + 1)]

NowIB= =00128 mA

B+1

NowICc=pI =128 ma

=

8= Ve + IERE = 4.57V .
e oth Is1= (Ve - VB) / RB1=0.103mA
Ve= Vee - IeRe = 8.6V : Ts2= (VB - 0) / RB2 = 0.09mA



Find the bias point detail of the following npn circuit, take B = 100

Two supply Biasing V=3V
R, _=0.5KkC 2 ICc= ﬁ— IE = o&IE =4 26mA | (Step 3)
= B+1
Eien =) IB= 5 = 42.6pA
RESTER, ) e L Vo =Vcc-IcRc =287V (Step 4)
Vg=3.57V
- -
£5 0.7V VE=-0.7TV (Step 1)
R . =1k£2 l IE= ETE];:;;EE = U;_l_-: =) = 4 3mA (Step 2)
Exercises BJT-3
Vo= -5V

Design pnp BJT circuit such that Vec = 2.5V, Take [ = 60

Applyving EVL around the emitter collector loop

V. .=5V
Voo =IERE+ VEC it
== E= 1.25mA =
R.=2k0 § l Ie
il R.=277 VEB -
i IE -,.[] =, j.L > ‘hﬁuﬁr - HFEC= 2.5
o ? o Vapt @¥ e -
In
Apphying KVL around the emitter base loop l Ic
Voo =IERE+ VEB + IBEEB + VBB

== RB= 190k£2 =



Solve the given curcuit to find Exercises BJT-3:
{a) T and I,

{(b) Prove that the transistor 15 working in active mode.

: - : T T . e V=9V
{Hint : Find ~ c anc W B and 1f s R B- oC 2
the transi=tor 15 worlang m active mode)
R, =27k § R =2.2k2
Answer: 1m.=3.21mA
I.=3.178mA 1 B =100
I,=31.78uA Ry,=15k 3 R, =1.2kQ

For the collector feedbacls curcuit, the BIT used 15 specified to have B

values 1in the range of 20 to 200. For the two extreme values of B (p =20

and B =200) find oa anc Vo

(Hint : Apply KWL m the loop starting from V- to B to Vo to B to ground)
Vo o=0V

A Answer For =20 For =200

IE=1 44 1mA IEZﬁ S A

Ry=100k2 T'-n?E:_l. AN - E:::' 534N
e | r F —f~ 2 5
A" B 14\ A" B 6.2\

_ Re=1k02 :
Exercises BJT-4: i Solve example 5.13 & related exercises




5.6: BJT Amplifiers, Small-Signal Operation and Models :

In lmear amplitier the output signal 12 equal to the mput s1gnal multiphed by a

|
constant. The value of this constant 1= vsually greater than vty
B To operate as an amplifier, the transistor must be biased m the active mode.
B The biasmg problem i1z that of estabhishing a proper value of constant dc
current m the emitter or collector of transistor.
B The operation of transistor ag an amplifier 15 lnghly mfluenced by the value of
the bias current also called operating pomt
~ l R, equivalent = l R, equivalent R,
: circuit & circuit 9 Y :
‘p — il < h: —— —...Eb L~
e L :l:" N T
i ) CcC - g CC _< : =5
BF = ; - he :
vh % 5F l‘i"E e VeE lIE Vi ls‘*’
BE 5 F BE -l-_ i
W == \ == \ ==
variable Meaning DC Analysis

Lo Vg DC values
oy s Instantaneous ac values
L Ve Total instantaneous values

!
A Hiif
5 BE T o
IC—ISE =
L
IB =—ﬁ FC=VCE=VCC_ICEC



Veg =V EE + Vi
Voo (F e
S Rl BE™ "he T
in=1.¢ =l.¢
EFE:'E"IVT =;C€vbe’;pri"

<

D bias cwrent I{-1

Using Taylor series expansion for e

:
1! 1 1
= lgase e L liRbeRig
¥ 7 ¥
% i i \

The total base current is therefore given by
i B = I.C
p

D bias cmrent IB

ac signal cwrrent ih

! =I£
W _

DC bias current IE ac signal cwirent i i

1d g 1
Thus, =—_C1"E:e =y, =,
a Ve & i

(I vhe<<V.. (small signal approzimation)

vald for Vi <10
g

i, =r 1+1E —
(i 2 I

D bias cmrent I{w

T
ac signal current i :

ok
I =?T'sz =EmVie
e IC’
where gm 15 transconductance, &y == 7
g
:
v s
as b - _bE = 2 =7
'y En IB
where 1 1 the small signal mput

i

The total enutter current 1s therefore given by

<

regiztance between baze and enutter,
looking mto the base

-
lr" = 1} e = i == E
E .
L Ig
where 7 13 the small signal mput

resistance between bage and enutter,
looking nto the emitter

= lr‘E

_~—

1
Simce o= 1 =
N Em



5.6.6 and 5.6.7: Small-Signal Equivalent Circuit Models:

:T./, - i ST R I(- lb saEea 2 G S
I- — : ::::.::f:EE .:. : 5:5:11555 - :. .: ::.:.:...'.:_ - :-. "9" E_.::::.:”f - - . E.::::.:..--. -
. . ::':. :._:. ”: | : :. . .:' .::':”' ' s : .' . .:..:
I.f;- . s . ._:'5:_';:.'.:' | _::_'.;E E.:. .:_'::f
—_— s o . N f :
1rlIhd: : I 35._55.5 :.:.::. - :11.
‘|.-’ .E o S e i
be l & (b)
Vi

=1
—_ E E

Two different versions of simplified hybrid-IT model for the small-signal operation of the BJT.
(a) represents the BJT as a voltage-controlled current source ( a transconductance amplifier)
(b) represents the BJT as a current-controlled current source (a current amplifier).

Vi Two slightly different versions of what is
known as the T model of the BJT. The
_ circuit in (@) is a voltage-controlled
V current source representation and that in
- (b) is a current-controlled current source
+ representation. These models explicitly
Ve | i g = show the emitter resistance r, rather than
Ve the base resistance r, featured in the
hybrid-n model.

Solve example 5.14

E  Figures from text book




5.7.3:Common emitter Amplifier: DC analysis to find I, I, Iz, Vg, Vo and Vi

Vee A

UL analysis

/[ capacitors

A
|
H—AW—s
= 0
A
/T capacitors
<
vs)
l —
o9)

O
{HLIL |
[
[
=
e =
[l
3
=0
. [
r————— [ ]
e
.
V =

Lets assume the BJT is operating in Active Mode. Thus, [-=a.l;, I-= B.I and a=p/(+1)
Since I;=ImA ; I;=I;/(B+l)mA ; Vg=0-13R;; V=V;-0.7;
Now I~=al;=B.Ig)/(B+1) ; Vo= V- 1R and if CBJ remains RB then assumption is OK

Exercise-5: Find the operating point if V=V =10V, R.=8 kQ3, R;=100 kQ, I=1mA & =100
Solution: Q or operating point is, [-=0.99 mA ; V=03 v (as Vg=-1v, V. =2v, V. =-1.7v)




5.7.3:Common emitter Amplifier: AC analysis to find Gain, Input & output Impedances
( R.. i -'

]
il Ry

Figure from text book

\ AC analysis: shart circuit caacitars, GND all OC veltaoe sources and 070 all OC current sources

R_-'_-' — o I~ e -l;"-f,-,- II + o
I?_H_iq_l {Ruif II _|I"'-__:J — - r e F‘H . LI_;-I
TELRg + ) + R, T g rRemember,
since w, = arcl v, = —g,,elr, |l Rl &;) ro=IValllc
The voltage gain. A _, — _‘:; = —g,.(r ol Rl &,;) ngIC/VT
] r.=V{/lg
The output resistance. R,, = R Il ~, -

— (R,l':i' ” 'F-:-'r}
- (R ll 2>+ R ;.

S

= T g

Cr

overall voltage gain . g e, |l Rl &,

F

Exercise-6: Find R; R, A, & G,; if R, =R, =5kQ, R;=100k, R =8k; [.=1mA, I;=0.01mA, V,=100V, V.=25mV

in? “out’

Solution: R=2.43 kQ; R_ =7.4kQ, A =119 V/V, G =-39 V/V (as r ,=2.5K, g,=40 mA/V, r,=100k)

out



Review of CE amp: v

- S/C DC voltage source

output
coupling vu:ultage - O/C DC current source
capacitor
R, Cc

Find model
i parameters
] \ Ri (e On)
L signal i C) +
= soutce o bypass DC analysis: O/C capacitors AC analysis: S/C capacitors
pe ¥ capacitor &find I, Ig, Ig, Vg, Ve, Ve &find >R, R ., A, A
The tran=iztor =shown has =100 and V=10V
Wa=1007.

{a) Fmd the dc wvoltages at the base,
enutter, and collector.

(L) Fnd g__.r . andr_. M. e
L o AAA—]

| j
(c) Draw the =mall =ignal equivalent 2k 'R loi Bk
ciwrcuit using hybrid-n model (with 1 ) Ve |_

0
3

and find the voltage cain i
(cl}) Neglect r_ and again find the voltage

cain and find the percentage error EXxercises-/:
between (c) and (d).
Hint : When performing dc analy=i1s open cucuit all the capacitors. Notice that
TE=I=11mA. When performmg small =i1znal analy=i1z short cocut all the
capacitors and open circuit the dec cwunrent source T

Answer : (a) -0.1V, -0.8V, +2V (b) 40mANV, 2.5kC2, 100KkE2 (¢) -77 (d) -80 +3.99%




The trans=siztor shown has PB=100 and - ; Ve =10V
e EXxercises-8:
{a) Fmd the dc wvoltages at the base, R

enutter, and collector.
(b) Find g__. 1. and 1_ nﬁ—lﬂﬂkﬂ 'I'DD
(c) Draw the =mall =ignal equivalent .,._

cucuit usmeg hybrid-t model "'

and find the voltage gain AvV=wv_/ v, T ==

Answer: (a) O0.7v, Ov, 3.1v. (b)) 22 mpASN, 1.09 EL2.10.8C02 (¢) -3.04

5.7.4:Common emitter Amplifier with R, (emitter resistor): Controlled voltage amp

Ve \

Re Ces ) I=oa.lg,
— [.=p.I
e, Co . /(B +1)
"“':'“***”*} < | and
—y > > gm:IC/ VT’
- e ’ r.=V/lIg;
) g Ry :

S, 3 T 1
L L ! =

Exercise-9: Find the operating point if V=V =10V, R.=8 kQ3, R;=100 kQ, I=1mA & B=100
Solution: operating point, 1-=0.99 mA ; V;=3.7v (as Ig=1mA ; Vg=-1v, V. = 2v, V¢ = -1.7V)




The amplifier input resistance . R, A R.
L E..-'

eand Ta"@ :.I;ﬁ.lf_f'ﬁ"'RE,J

— input resistance at the base . R,
z(B+1)R emitter

ase

Thus, R, = (,B + 1)(r,+ R,) . Remember, r,=V,/I; & Resistance reflection rule R,

— input resistance looking into base is (B + 1) times the total resisiance in emitter.

R, (with R, included + 1)(r,+ R, R,
Thus, b . )z (B+ D, e) =1+ =1+g,R,. ; Remember,g =1V,
R, (without R ) (B+ 1)r, r,

The output resistance /K, = K, (asr,of T-model is neglected to ease solution process)



5.7.3:Common Emitter (CE) with Emitter Resistance (R,): AC analysis (cont’d...)

1 (R R oi (Rl R (Rl R;)
The voltage gain A, = — = ,'[ ¢ L .‘( Ol o STk
T, fp-{-r{*-t-RFJl ff}ff'{’-f'RF,} ‘;-U_|_1F1?E
A = M » 1If a=1
N r.+ R,
The cwrent gain A, = E _ e _ _ QR;yt, — Ryl Ry)
- E." T"rl"""-lll."IF:I-;‘}'U‘J -{"Ilf Fet 'E
A= -B -+ if Ry= R, -0=1 and Rypy=(B+1)(r.+R,))
The overall voltage gain ., = Vi -A_ = Kin e(Re L Ke)
ﬂ“jf—’ H + Rlﬂ Fl__, -+ HJ_,

The resistance R, in the emitter introduce a negative feedback =» see pg 474

. The mnput resistance Ry, is increased by the factor (1 + g, R.).

2. The voltage gain from base to collector, A, is reduced by factor (1 + g, R.).

3. For the same nonlinear distortion, the input signal v; can be increased by
the tactor (1 + g, R.).

4. The overall voltage gain is less dependant on the value of §3.

Exeruse 10: if Iz=1mA, 1=0.99mA, R .=225Q, Rz=100kQ2, R =8kQ, R, ~RL =5kQ, =100, V;=25mV,
Neglect r, to FIND Ry, Ry, A, G, & Sol: R=20.16 kQ; R =8 kQ, A =-12.18V/V, G =-9.76v/v




5.7.5:Common Base (CB) Amplifier: Unity-gain-current-amplifier or Current-buffer

v DC analysis
o

\  Lets assume Active Mode.
Vg=0; Vg=V;-0.7;
[;=1mA ; Iz;= 1./ (B+]) mA;

> I[=olg=@.Ip) / (B+1) ;
Ve=Ve- IR and
if CBJ remains RB

{ ) then assumption is OK

.
1 EE

AC analysis: For the AC equivalent circuit given in the figure in the next page,

L ] - - E— - ..,' o S » — :- ol & 1 L ] b
['he input resistance R, =Fe and output resistance Ko = R - (with r, neglected )

The low R, cause the mput signal to be severely attenuated.

U, R, r,

t.l."-l"_1 feﬂi:' + JF‘?l 'Ihlhi:' + IFl"’




5.7.5:Common Base (CB) Amplifier: Low Z.. makes it not good voltage amplifier
I

« C 2
O—e o0 U,

& jl-fl.'ll.] |
i,
Sk 3R

AC analysis

V" = =

ﬁ'i:__i
AN
Uia R:H '

— Figures from text book
. X U, . :
I'he voltage gain A, = — as and ;= — 1,7V,

i)
= o = Z(R. — g (R R
"'1':' - - - _‘:Ht’ H."J _ HJH{ [ f.]
T r
o r, (R~ R
and the overall voltage gain &, = ——g,, (R, R, = (RellRy)
R : R.. +r,

sig 0
Finally, a very significant application of the CB circuit is as a unity-

gain current amplifier or current buffer: It accepts an input



Exercise-11: Determine the voltage gain of the circuit given in figure (a)

(a)

+10 V
A

§10kﬂ

0.93 mA ¢

(b) Figures V{'om text book (¢)

Hints: Draw the DC and AC (using T-model) equivalent circuits (as shown in figure)

The DC solutions are also shown in figure (b).
The Gain of the circuit, calculated from figure (c) 1s, A=v,/v; = 183.3 V/V

Calculated = r,=27 Q



5.7.5:Common Collector (CC) Amplifier: Emitter Follower

DC analysis \ Assume Active Mode.
[=1 mA; I;=I./(B+1)mA
Vi =0-(Ip(Rp) ;
V=Vg5-0.7;

> [=o.Ig= (B.Ip)/(B+1);
Ve= Ve
1f CBJ remains RB

then assumption is OK

__




Rig B —j, Emitter to Base: (Rie//Rp) B _Ei.;.... AC analysis
Figures from text book  ——MAMAs O
(B + l)r, (B + Lr,
T"Ir'.l
O ©
Ui i ?'-I"-i.f__'\, RH ih, =}
[:IB _|_ ijﬁ H:.__i_g 4 irfﬁ r-:ﬁ + Ijr.r.? U”
(5 + 1R, (5 + 1R,
(% HH {ﬁ + ll[rﬂﬂﬁ.!’.}

Rin = R/ (B + Dlre + o/ ROV [|Go= 5, =R+ R, Rl Rp) + (B + DIr, + (7, JR,))

-—P‘ fe Base to Emitter — AN
il {Eﬁigﬂ?‘}?fﬁ}
(5 + 1)

)“45 Ry
Ehi:z'. + RH

G B o I{ﬂ I:"ﬂ.-.l-"ll.':.}."fl:'i"l.I'_-3"I
o J:-.ig ng -+ H-” I':R_‘.ipl.-'fr"'j?ﬂ} . Hum = Fy H [rt“ +
B+ 1 T F, T f-"'”f?rﬂx.:'




Consider the CB amplhfier shown m the figure. To
what value nmmst current source 'T' be set m order
that the mput resistance at enutter 'Ri' 18 equal to

that of the sowrce (namely 50£2)7 What 15 the
resulting voltage gamn from the source to the load?
Azgsume =1 and neglect early voltage effect.

Hint : Smce o=1, therefore Ir=Ic=I. Using

T-model, itz easy to =zee that B.=r. Find re
s b

m terms of I and put it equal to 50 to find L
Find the voltage gain Av=v /& from the i
T-model. Answer: I=05mA . A-=50

In the CC amplifier shown, the BIT used 15 specitfied to have [ values m the
range of 20 to 200 (a dizgtrezzmg situation for the cucut designer). For the two

extreme values of 5 (p=20 and [p=200), find
(a) the mput resistance, Ri
(b) the overall voltage gain, G,

The result will show wlhy electromc

L

34
iy

V=0V

L

100k S R,

M

engmeers want to design biazing
cucuitz  that are mdependent of

-

DkL2

'.:l
N
variations m [3 ‘

Answer %
Jﬂ _GV =10/1:=0.478 ; R1=9.8kL2
20l G, —vwov-0OR27  Ri—S03ko

I__,.-"'
[

DC=>» use KVL
VCC’ RB’ VBE’ RE

&

'll'

&
R, g 1k

l @
[ O

R, 21k




Exercise-14: For the following circuits, find the expressions for R;,, R, ,A,

out

VCC
A
$x.

(ﬂ OT-’”
R, B |:
R,
o)
/

e

e f ;

— R,

_—

7

Circuit 1 configuration Circuit 2 configuration

Assignment Problems: 5:21, 5.26, 5.72, 5.83(b), 5.130 ,5.134, 5.135,
5.143 and 5.141 =» Due on next week




Design Criteria of a BJT Amplifier (review):

ic A Load line

| = iB =50 G
ope R{:

Load line

| -
Slope R,

Time Fiqures from text book




Simulation Examples using the Spice software:




