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»  Course Learning Outcomes

Apply the basic law and theorems of electronic devices to describe
their basic operation.

Apply the basic law, theorems and methods of analysis to solve
complex problem related to circuitry.

Work in a team and communicate effectively.
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Small Signal Circuit Analysis

to determine the initial operating values of I, I; and Vg (Q-
point). The Q-point which is in the middle of the DC load line is
the optimum biasing condition of an amplifier

DC Analysis
to ensure that the DC output voltage is in between the AC output
voltage . The AC input voltage will make the AC output voltage to
swing near the DC operating point

BJT

to determine the values of input impedance (Z), output
impedance (Z,), voltage gain (A,) and current gain (A))

AC Analysis

For the purpose of analysing AC operations, the transistor can be
replaced with a small signal equivalent circuit model when it is
operating in the active region (having linear attributes)
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AC Analysis =TT

e Inputimpedance, Z,
Output impedance, Z,
Voltage gain, A,
Current gain, A,
Power gain, A,
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)) AC Analysis =7

(

Obtain AC equivalent circuit by

z
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» Function Of Capacitors In Amplifiers

Coupling capacitors
are used to transmit
an AC signal from one
node to another

Rl
22 kQ

Qe  UNIVERSIT| TEKHOLOGI WALAVSIA
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Vec Coupling capacitors
+12'V provide DC isolation
between two nodes
Rc
1.0 kQ IC/3
oV
I\ out
2N3904 -
Bypass capacitor is
used to short circuit AC
signals to ground (while
Ry —= ¢, not affecting the DC
560 () operation of the circuit)




»  DC Analysis

] Set AC source to zero.

(1 Replace the coupling capacitors and bypass capacitor with open
circuits.

Vcc
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AC Analysis

Q Set DC source to zero (ground)
3 Replace the coupling capacitors and bypass capacitors with short circuit

Q Analyze the AC operation
R, Re
I?S
| %a

R,
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AC Equivalent Models

) Linear transistor can be replaced by AC equivalent model.

2 Transistor AC equivalent models are:
Parameter-h Model
r, Model

Parameter-y Model

________________________________________________________________

AY

________________________________________________________________
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» Transistor AC Models

The simplified Hybrid-w are

shown in relation to the
. Baclb l Baclb
transistor model Y
Bo——¢ B —
An important Hybrid-m is r . § I'n b
It appears as a small AC
resistance between the Base L £

and Emitter
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Hybrid - T Model

I ic

oC B? —3C

. Vi +
L " G
B+ \ y Vi Ve >, @ o Vo
i | ° Biy,

7 € -

Eo oF T E° °E

Voltage Controlled Current Source

R

fe M T " O
) In the Current Controlled Current Source (CCCS) model = Bi,
 In theVoltage Controlled Current Source (VCCS) model = YnV:
J Internal output impedance,r, is very high & can be neglected(open circuit)
J Equivalent voltage temperature,V; = 26mV at room temperature (25°C)
J EarlyVoltage ,V, = 200V
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Hybrid - T Model

o

I
IN4124 %

E E
KT
= V; =—=26mV
r_'zl gmzl"’: IC roz.YA.:@.(K q v
g. vr 26mV / C / c k - Boltzman Constant (1.38x10%° J/K)
q - Electron Charge (1.6x10"" C)

g, - Transconductance T=273° + T Kelvin

V, - Early voltage |

V; - Voltage equivalent of temperature -;.;..-:-:-;-;if—:i’ff —

T g q p _ﬁ»-—-:;_. . = — Vg
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Hybrid - ® Model

— Ic C B |b_. — Ic C
—0 —O0
+
M <> gmvné s Vo Vi M <> Blb ; e Vo
O O O
E E E
VCCS Model CCCS Model
EQUATION TO REMEMBER!
1V, I
B = hfe I, = :I_ g, = v rn _ B
hoe C T gm
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Transistor Configuration
 Transistor configuration — is a connection of transistor to get variety operation.
[ 3 types of transistor configuration:

= Common Collector (CC).

= Common Base (CB).

= Common Emitter (CE).
(1 Common means the circuit has a single reference for both the input voltage to the

transistor and the output voltage

I C
——T e — .
I P I il
E I Ie ¢ B_ I8 Vi B_IB Vic
e—=pr|(N|PI— e *— | N (out) N (out)
Ven Ven ViR e Ver p
{in) o) {in}) (1n})
. o ® ! o e — -
B B E E C C
(c) Common collector
14

{a) Common base i(b) Common emitter
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Common
Emitter

Input terminal Base

Qutput Terminal Collector

Common {Gnd) Emitter

Common
Collector

Base

Emitter

Collector

 ——— s

Common Base

Emitter

Collector

Base

_ —
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Transistor Configuration
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Example
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Determine the configuration of the following BJT circuit?

VCC
12V
T OUTPUT - C
RC C2 s e ~
Rs § 2.4kQ) 20 IF
INPUT - B . ( )
S c \ + °
,,,,,, 10 kQ o :
“‘ LR \I
WV, G R
C, laq = 30pA 50 uF : 100Q
: k 10pF +—€ 0
. Vin > E
15 mv\C& Re § Res
6000 2kQ =, _,~
“ — Vee —— ___. .
“ :. '12V

L 4

. . . ay -“
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Y  Exercise

Determine the configuration of the following BJT circuit?

+ 5 Y

° = I I-:.‘IF-F °
T
-
S

Rz

H:nurnn ':E
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Y  Exercise

Determine the configuration of the following BJT circuit?
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Common Emitter

Q Input— Applied to BASE

Q Output — From COLLECTOR

Q High Voltage Gain, A, and high Current Gain, A,
Q Phase shift between input and output is 180°

What is
phase shift?

Voltage V Voltage V,
- - Phase shift 1 o

"0 . :‘ ‘\‘. 'l ‘l "' ‘\‘
: : : . : ! : '
o 7 2nr o am (M) “ o ® Zx 3w am L(MS)
[} [} (] ] h [} [} [
L} .l |‘ : “ '. “ ',

——
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» Common Emitter: Fixed Bias Without By Pass

y Capacitor
° :
) Re
CyEn T I—
— | - y
RZE =R, ‘ Ry = R, = I R =
Vs Vs )

CE Amplifier DC source grounded and capacitors
are shorted
3 Set all DC source to zero/ground
Q Replace the coupling capacitors and bypass capacitors with short circuit

d Rearrange circuit to make it simple and draw the AC equivalent circuit.
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Common Emitter: Fixed Bias

HYBRID m MODEL

Input impedance: Output impedance:
Zi= Rg| 1y Z,= Rc

21



Common Emitter : Fixed Bias

Voltage gain: Current gain:
v b
A\/s z |I
R
Vo = —OnVs (RCHRL) i, = c (—g,V,)
— Z y Rc + R,
" Zi+Rg Ve Vi =k
A:OXVTEXVi AI:IOXTCX\_/i
Ve VoV Ve Vi
R
AVS__gm(RCHRL) ZI i — - ngI
.+ R Rc + R,
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» » Common Emitter : Fixed Bias (Exercise)

O Vee-8V Vege=0.7V
Bpc= BAC= 100
V; =26 mV
Rc
Rs 2kQ)
< i, Draw the AC
I Cy g equivalent circuit
AY — - and find Av and A..
/| ~ 1
+ — R =,
V, @ 1 kQ °
Z; — Zo
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» » Common Emitter : Fixed Bias (Solution)

1) Draw the DC equivalent circuit — ground all DC supply and

short all capacitors.
2) Draw the AC equivalent circuit

+ Qm Vy

W wfE wzn @ 3R 3R

|
|
Nt

24
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Common Emitter: Voltage Divider Bias

1 Voltage Divider Bias

VCC
0 —
=R = Rc
., T = . o
Il ¢ o I
: I\ I\
? RS ? Rz ? RL RS R é RL é
2
V, C\\D ?RE - C; v, Re = 0
CE Amplifier DC source grounded and capacitors

are shorted
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Common Emitter: Voltage Divider Bias

- - Transistor & —.In
model
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Exercise

Draw the AC equivalent circuit for the following voltage divider bias
circuit:

o Ve
15V
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Common Emitter: Voltage Divider Bias Example

Determine the values of Z, Z, A, .., A Ays A; and A, for the amplifier circuit below.
Given V,=200V and /. = 2.37mA
Vv
© 20V
R1 é Rc
8.2k 4.3kQ C,
Rs |C/1 I(
—AMN Iy ¢ '\1 B =120
.| 600 - i N
L
Vs@ Vin R, Re — . 10kQ > Vou
h I—> _ 1.51@% 1kQ ™ B
| @
Z = Zo
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Solution

Rs
—W\
600Q

+ . N
VS@ Vin R./IR, V= [P <¢ OmVz Io Rc RL Vout
[ . ]
| T |
= Z,

Inputimpedance: 7, =R,|R,||r, = 8.2kQ1.5kQ1.32kQ2 = 647 Q)

Outputimpedance:  Z, =r ||R. = 84.4kQ)|4.3kQ = 4.09kQ

o

Vv

U = —g,,(r,|Rc ) =-(912mS)(4.09kQ2) = —373

in

R, 10k
out Av(oc) (_ )( ] = —-265
V, Z,+R, 4.09kQ2 +10kQ2

In

Voltage gain: Ay =

<<

A, =
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Vou Z 6470
— _out _ ! = (—-265 =-137.5
As AV[ +z.j { )(600Q+647Qj

Current gain'

Z 6470
_ lou —(-373 = -17.13
A= i AV(OC)[Z +R j ( )(4.09k§2+10k£2j

" R 6000
- *T=A > =(-17.13 =-8.24
As i A(R +Zj ( )(6OOQ+647QJ

S i
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» Common Emitter: Unbypassed R

The removal of the bypass capacitor results in:
1 anincrease in the input impedance, Z & output impedance, Z,
 a reduction in its voltage gain, A,
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» Common Emitter: Unbypassed R;

jn’
-::+ : 1y o o
. + +j +
Input impedance: | N §r7, b gnV.
Z, =Ry|Z, a — B T <«
Z, ' Zy
Z, =r_+(B+1)R, v nﬁg gﬁ.{,
Output impedance (ignorer,): ) }le=nVs.
Z =R, i} | _
: ’ = ’
Voltage gain: _
R Current gain:
Vv g,.V. .
Av(oc) = V_O = _TTC Z,=r, +(B+1)Rg A — Ii _ gmrnRB _ BRB
i_ Zap ! R.+Z, Rg+Z
— gmlbrnRC — _ ngC
i(r +g.rR.) 1+g.Re Current gain from voltage gain:
V R Zi Zi
Av(oc) =—0=——= gRe >>1 A :AV(OC) :AV(OC) D
V. RE Zo +RL RC
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Common Emitter: Unbypassed R.
To determine Z_ using imaginary voltage source (alternative approach)

OmVr i
m I TEST
<+

L

o (itesT— OmVn)
SR S
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— VTEST

ZTEST
I TEST

VTEST ~ (ITEST B gmvn)rO + ITEST RE

X lestlo = 9V alo +lest Re
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» Common Emitter: Unbypassed R,

| = Re X |
- TEST
RE +(r7c +RTH')
—R._r .
V. =-—ir = E n X |
S
T T FQE +_rn +‘FQTH- TEST

. —Rgr. . .
VTEST — ITEST ro o gmro R X ITEST + ITEST RE
c .

+r_+Rq,
. r-R.r
:ITEST|:rO+ S0 e +RE}
R.+r +R..
E T TH
V r-R.r
"ZTEST:-TEST_rO+ ImloRel, +R,
R.+r +R..
ITEST E T TH

WLy = (Legst HRC) ~R¢
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» Example of Common Emitter: Unbypassed R.

Determine the values of Z, Z,, A, oo Aw Avsr Ay Ais and A for the amplifier
circuit shown below. Given V,= o0 and /. = 2.37mA

Vce
© 20v
R, § Re
8.2k 4.3k C,
Rs |C/1 K
AW -120
AN t ~ P
.| eooa | - N
RL
v Vin R2 § RE § 10kO. Vout
h |—> 1.5kQ 1kO -
| o 9
Z. = vi
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Example of Common Emitter: Unbypassed R

M
600Q2
+
V § o <¢> OmVx
+ + - =
Vs . Vin Ru//R» Re RL Vout
. I
Input impedance: Z Zo 1 Zo

Z, =r_+(B+1)R; =1.32kQ + (121)(1kQ) =122.32kQ
Z, = R|R,||Z, =8.2kQ[1.5k[122.32kQ2 = 1.26kO
Output impedance: Z,6 =R, =4.3kQ

Voltage gain: A, = Vo _ _ OnRc __(912mS)(4.09kQ) _ ,
)y, 1+g.R.  1+(912mS)(1kQ)

in
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Y  Exercise

Draw the small signal ac equivalent circuit. If +V .= 12V, V, =00, V. =
0.7V and 3 = 80, calculate the values of :

(a) Input and output impedances
(b) Voltage gain A, and A

+ VCC

22k
33k

oV

ot
TS

500 &) Y v’ 10k
' N

* 12k
® .
Vs
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»  Exercise

Given P =hg =200, Vge=0.6V, Vg
= 10 V, V,—>oo, A,/(dB) at middle
frequency = 14dB.

(a) Draw the mid-frequency AC
equivalent circuit.

(b) Determine R, and Rg,.

(c) Determine the amplifier input
impedance, Z.

(d) Ratio of i /v..
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Rz § Res
5 KO c. =
. \l 3
Vi @ ’—> yl
REZ
z

Re, = 56.6742 Rg,= 7.27k2,
Z,= 2.86k42 i, /v, = 4.99mS

38



