Electronic Circuits BJT Transistor Modeling

« A model is an equivalent circuit that represents the AC
characteristics of the transistor.

Prof. Nizamettin AYDIN

« A model uses circuit elements that approximate the

naydin@yildiz.edu.tr behavior of the transistor.
http://WWW_yildiZ_edu_tr/~naydin * There are two models commonly used in small signal AC
analysis of a transistor:
.. P — remodel
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: Common-Base Configuiraitiom
The r, Transistor Model g
| =al ,226mV . .
c=ale e Ie " £ > .
» BJTs are basicallycurrent-controlled devices; therefore the f model Inbut impedance:
uses a diode and a current source to duplicate the behavior thfe P P '
transistor. Zi=re
. B B
« One disadvantage to this model is its sensitivity to the D@el. This Output impedance:
model is designed for specific circuit conditions. Z,CwQ
ds, L
Voltage gain: £ | €
Ay = 3R gRL 4 4 r=arn
Te Te 1
Current gain: ’ b
Aj=-a0-1

i . . Common-Emitter Configuratiom
Common-Emitter Configuratiom
1 s
The diode r, model can be . L '_> . . T | bl P
replaced by the resistor . [ Input impedance:
¥ | o Z, =pre ¥ e
l.=(B+1)1, 08, l Output impedance: b l 5
b b
Zy =1y 00Q
_26mv °o~'o
fe = | i ; Voltage gain: I 1.
e : 2 — . Ay =_L o> =
| : ]
' <
'es: } e Current gain: 23  re=on
‘ Ai =Blr = l
b b b b
more...

Copyright 2000 N. AYDIN. All rights
reserved.



Common-Collector Confliguiratiom

1 I
— —

Input impedance: ‘ |

Z = (B+1r,

Outputimpedance: b I B
Z,=rlIRe

Voltage gain:
A

— —
R¢ e

v =
Rc+r,

A =p+1

1' |
Current gain: "3 I I=al,

The Hybrid Equivalent Model

The following hybrid parameters are developed and used
for modeling the transistor. These parameters can be found
on the specification sheet for a transistor.

* h;=input resistance
» h, =reverse transfer voltage ratio (VV,) OO
« h; = forward transfer current ratio (I ,/I;)
* h,=output conductance

I = 1,
=y i .
+ +| l +
v, AGVIER 307 hy v,

Simplified General h-Parameter Model

=
=

‘ hel; Vo
|

« h;=input resistance
« h;=forward transfer current ratio (I J/I;)

I o V. inFRaeamet ez Nibmbd |

Common-Emitier
hie =Bre 5 B I, I,
= o mm— . o — .0
hfe =PBac
I b e = B } e
Common-Hase
1 . 1. yé
L = e -
hip =re |
hip =-a O-1 o I § =
.

The Hybrid TtModel

The hybrid tmodel is most useful for analysis of high-
frequency transistor applications.

At lower frequencies the hybridmtmodel closely
approximate the r, parameters, and can be replaced by
them.

Common-Emitter Fixed-Bias Configuration

Vee
* The input is applied to the base T
« The output is from the collector
X >
« High input impedance e $ Re
« Low output impedance :; Ry b4 * i
<
High voltage and current gain . c———v,
Phase shift between input and - # 6
output is 18C° vio—)— .
G z,
—
A E

Copyright 2000 N. AYDIN. All rights
reserved.




Common-Emitter Fixed-Bias Configuration Common-Emitter Fixed Bias Calculations

Input impedance:

1y
Z;=RgllBre kN ﬁ -~
Zj DB’e‘ Re210Br, +z b ‘ c ?/” 4
A
Output impedance vi Ry Br. { Bl, 1, Re L
Zo=Rcl|T, . =
o=Rcllfo T l I 173
Zo DRC‘ ro210R ¢ = = - h -
Voltage gain Current gain:
V (Rellro)
Ay f=-mEe oo BRam
i e [ =
Re li (ro+Rc)(Rg+Bre)
A, =-—C
VT g [ 0210Re Ai Dﬂ‘ 1 210R: R 210r,

Current gain from voltage gain:

z
Aj =—Av%

remodel

Common-Emitter Voltage-Divider Bias Common-Emitter Voltage-Divider Bias
Calculations
i ' Input impedance: i
P LS y i g
I eri, fe 2 —
, ' v Z, =R'||Bre % KSR pre B gr,  $K -
Y 5 e - s 5 5
W—H—_o_| % Output impedance - P *
e B Hy Current gain:
7 o ] i 5 Zo=RellT
T“T" e T S Ll zunR | . Ajzloo R
1 z ” R (e} g Re = _ o URc¢|r,210r: L T o *ROR +Bre)
P s = E 2! BR’
+ + Voltage gain Aj _ﬁ RTBre 1o 210R¢
r. model requires you to determine, r, and r, _Vo _-Rcllro |
Avs Vi re Ai =ﬁ Dﬂ fo210Rc ,R"210Br,
A, =Yog_Re
VIV D_Te fo210Rc Current gain from voltage gain:
noa 2
i . . Impedance Calculations
Common-Emitter Emitter-BBéess
Configuration ;
Input impedance: = L j"‘ I
Zi=RgllZp ¥ ‘ "
¥ ) Zp =Pre+(B+1)Re x Z T oo,
2. : 4 b e
S = } . Zy, OP(re +Rg) o ey .
L Sre w O Zp OBRg . |
S ky o A . b L=,
L"_o\ 7, 74 £ s
A & v R Re v - =
= - - -
Y D_llli {’F‘/“ Dl Output impedance:
e ke Zo=Rc
2 - =
o Ry
Z -
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Gain Calculations

Emitter- Fallower Configunraiiiom

i

|

) > b c
. —_ L] Iy +
Voltage gain: e =i ‘ %
V, R Br. ¥ B
Av=ye=-BRe a2 | = 7 =
Vi Zy £y ‘. Z
A -ﬁ __ RC ‘ v, Ry 3 Re v v; Ry
V-VI - rE+RE Zh=w’e+RE) ‘/‘:lﬂﬂ)r,‘
_Vo - _Rc g —
Ay -7] D_E‘thRE = 1 = Z
Current gain: Current gain from voltage gain
| BR z ¢ This is also known as the common-collector configation.
Aj=0= . Aj==Ay o « The input is applied to the base and the output isaken from the
i Rg+Zp Rc
emitter.
* There is no phase shift between input and output.
Impedance Calculations i i
P Gain Calculations
c Voltage gain:
Input impedance: v o i )
= N
A, =—2=_"E "b
Zi =RglZp VTV TRg+re +
=Bre+(B+ Vi
Zp,=Pre + (B+1Re Ay =12 DY R ooro R e o Re
Zp OB(re +Re) ! —c
Z, OBRg & 2
, Current gain .
n-_PBRe
Output impedance: ! Rp +Zy, Yo
Zo=Rellre " \ =
Current gain from voltage gain:
Zo E“e‘RE»re + L’( gZ, geg
Aj=-Ay——
Vi ’-\LI Re - i v Re
Common-Base Confiiguiraticm Calculations
Input impedance:
LN Ly Zi=Rellte LN
+ E ¢ 1, + b 2
+ The input is applied to the — 5 4 5
R R -~ ance <
emitter. v 7 :, 3 . Ske R Output impedance y — =: Re
« The output is taken from the = Ve = Ve Zo=R¢ Ly b
collector. e T
¢ Low input impedance
* High output impedance. Voltage gain
* Current gain less than unity. e 3 ¢
V, aR R e =r
« \Very high voltage gain " Ay =\7° =r7c UTC + 7 W [ T’ %
. £ 5 = ¢ i e e ' 3l
No phase shift between input e— = i o Y Sk S, 1y e
and output. DS ,fr, - . —- / >
% :;Rk n 4 i SR: ¥ urrent gain _ [ B

Aj =IT°=—u o-1
I
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Common-Emitter Collector Feedback
Configuration

This is a variation of the common-emitter fixed-bia configuration
* Input is applied to the base
* Output is taken from the collector
There is a 180 phase shift between input and output

B :'55: C -~
o + ‘I,,‘T‘ T‘/ !
s 1 } s 27,
T - !

Calculations
Input impedance:
Te
Zi=
1,Rc
B Re
Output impedance
Z, ORc IRk
Voltage gain
=Vo__Rc
AV VI e

A =lo. BRe
"7 TRe +BRc
I, ~R
A|=T°I:IRF
i Cc

Collector DC Feedback Configuration

« This is a variation of the
common-emitter, fixed-bias
configuration
¢ The input is applied to the base
¢ The output is taken from the
collector
¢ There is a 180 phase shift
between input and output

Calculations

. fe
i
1,Rc
B Re
Output impedance:
Zo ORc IR
Voltage gain: Current gain
ay =Yoo Re aloo BRE
Vi re Ii  Rg+BRc

| R
A,:*”IZIRfF
N o3

Two-Port Systems Approach

This approach:
* Reduces a circuit to a two-port system
* Provides a “Thévenin look” at the output terminals
Makes it easier to determine the effects of a chaimg load

With V; setto 0 V-

Iu
=Z,=
Zty =Zo=Rg -~
+ = - +
The voltage across Z; A\, A Z;
the open terminals is Vi NL ™ INL A
Erh =AWNLVi —
o—

where A is the
no-load voltage

Thévenin
gain

Effect of Load Impedance on Gain

This model can be applied to
any current- or voltage-
controlled amplifier.

Adding a load reduces the
gain of the amplifier:

Ay=Yo=_Ri

oL a
V; R_+R, M
Zi

Aij=-A, RL
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Effect of Source Impedance on Gain

The fraction of I L
applied signal that |_> A
reaches the input of * [ N * > = | -
the amplifier is Vs e 124 N\ Al
; _RiVs = ‘ z o

"R +Rg ~L

The internal resistance of the signal source redusehe
overall gain
\Z R
Ay == AnL
Vs Ri+Rg

Combined Effects of Ryand R, on Voltage

Gain
Effects of R [ 5 I,
S -
A =Yo _RiAwWL A I Y i
YTV, TRL+R i *
i L o v. 0\ v, R n, Aug Vi R, v
R, - =
A=Ayt | - | ,
- <
Effects of R_and Rg:
V, R; R_
Av =Y. TR +R. R A
s i*RsRL+Rg
Rg +R;
Ajg ==Ayg——"
Is Vs RL

Cascaded Systems

* The output of one amplifier is the input to the nekamplifier
individual stages

capacitors
+ The DC calculations are independent of the cascadin

« The overall voltage gain is determined by the prodet of gains of the

+ The DC bias circuits are isolated from each otherythe coupling

« The AC calculations for gain and impedance are intelependent

R-C Coupled BJT Amplifiers

Input impedance, first stage:

Zi=RylIR || Pre

Output impedance, cond stage:
Zy,=R¢

L

Voltage gain:

A, = RclR4lIR o[ Bre
w= .
e

R
Ayp=—C
fe

Av=AnAyv

Cascode Connection

This example is a CE-CB
combination. This arrangement
provides high input impedance

but a low voltage gain.

The low voltage gain of the
input stage reduces the Miller
input capacitance, making this
combination suitable for high-

frequency applications.

Darlington Connection

The Darlington circuit provides a very high
current gain—the product of the individual

current gains: ’
Bo=BiB.
The practical significance is that the circuit 2
provides a very high input impedance.
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DC Bias of Darlington Circuits

Base current: ee
g =vec ~VBe
Rg +BpRe }e
Ry
Emitter current; ¢
le=(Bp+1)lg CBpls | s t
Emitter voltage: _Q
Ve =1gRg
ng F
Base voltage: B
Vg =Vg +Vge B
=

Feedback Pair

This is a two-transistor circuit that operates likea
Darlington pair, butitisnot a Darlington pair

c
It has similar characteristics:
* High current gain &
* Voltage gain near unity
+ Low output impedance
* High input impedance
E

The difference is that a Darlington
uses a pair of like transistors,
whereas the feedback-pair
configuration uses complementary
transistors.

Current Mirror Circuits

e
Current mirror circuits
provide constant current
in integrated circuits. ’xl Ry l’
0, o

Current Source Circuits

Constant-current sources can be built using FETs, Bs, and
combinations of these devices.

leOle

more...

Current Source Circuits

Fixed-Bias Configuration

Vee
Input impedance: ik
Zi =Rg|lhie
P
2 Rc<’l I,
Output impedance Rm; 1
< ————
Zo = Re [|1/hoe Ii o}
— [
— [
Voltage gain: * C, ®
—
A =Yo o he(Re 111/hee) oz
AVA hie - =
Current gain:
.o = =
1277 00 + 2 [ z=temn. [h
VR e ‘ hely Q@ hye Re v
_ | - -
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Voltage-Dividier Configuiraticm

Input impedance:
Vee
Zi =R'||hje b

<’w

Output impedance
Z, ORc

Voltage gain:

A, = Me(Re l11/hoe)
v h\e

Current gain

hieR’

Aj=-—tel
' R'+hj

Emitter- Fallower Configuraiiiom

Input impedance:
Zy =hgRe
Zi=RollZp

Output impedance
hie

Z, OR,
o0 E”hfe

Voltage gain
Ay Yoo Re
Vi Rg+hie/he

Current gain:

heR
A= e™B
Rg+Zy,

Z:
Ai=—A\,R—:E

Common-Base Confliguiratiom

Input impedance

i Iy, hgy L
Zi =Rg lIhip —— —
+ te
Output impedance —= 95 ‘:Rc
Z - 4
Zo=Re ¥ )
- Ve == Vec
Voltage gain
A, =Yoo _huRe
v=-2=
Vi hip s ¥ [ t.
Current gain ey Ay o b i ke

A ='|—°=hﬂ, 0-1 = 1
I

Troubleshooting

Check the DC bias voltages
v If not correct, check power supply, resistors, transistor
Also check the coupling capacitor between amplifier
stages.

Check the AC voltages

v If not correct check transistor, capacitors and the
loading effect of the next stage
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