(HEF Model-of BJT : Model is a two port network (TPN) consists of RLC voltage source
& current source. Each and every component in BJT model represents physical

phenomenon or characteristics of transistor, - .

Step by step formation of model : - o

(1) Let us develop HF model of transistor connected in CE configuration
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~ B',C,E' are idealized internal. base col]ector and emxtter 1, — base spreadmg
resistor i.e. a resistor between base terminal and mtemal base, sxmllarly r. & 1. can

also be deﬁned. These resnstances are very small. o e
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Input characteristic of BJT indicates that as Vg increase, Iy increases exponentially.
Inverse of slope of characteristic at Q point represent input resistance of BJT. This
point is represented in BJT by connecting a resistance between B’ & E'. This is
known as input resistance of BJT.

1 :AVBE| I —> 1 to 3kQ)
slope Al IAVC£=0 | ' . T
4) As Vcg increases, width of depletion region D Y 4 /
increases, width of base B decreases, electrons & J8< ——
hole recombination in base region decreases. .. BI- Pl v | =T AL
number of electron drifting to collector increases. i £ [’ Aveg

hie =rﬂ' =

9]

This increases Ic. It-means as Vg increases, Ic "_FJB,' ) n
- - - - t
increases. This is due to early effect & provides ~

slope of charac. This phenomenon is shown in the N Yeg

model by connecting a resistance r, between
C' & E'where.

, o 1| AV
° sIopeIQp‘ : AICI
r,—~>40 to 80kQ

5) BIT is a current control device. Output curregt I & b B c Ye ¢
is controlled by input current Is. [ = gm Vi | ] (%)
4 Ny

AIB=0

ie. It = help. = PIg. This charactcﬁsﬁc of . ¥ 3
transistor is shown in model by a dependent .
current source. _ , ‘ %

ﬂ or hfc—>20 to 300. VCE:Vcc—-IcRc
.—ilgj:. Ic} e . OIP' { indicates
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As Vg varies, Ig varies since I¢c = Blp, Ic varies this ~—p—» 4 "

changes Vcg. Variation in Vg changes reverse bias b Tu. GD‘ﬁmViT- .
potential across Jgc. This causes variation in base ™3 _ ['7.
width, which finally changes Is. It means change in | E/
output i.e. Vcg causes change in input (Ig). This - re
indicates feedback between output to input. This- . e
internal feedback of BJT is represented in model by - B
connecting a resistance r, between input & output

[C' & B'] 1, —> 4 to MQ '

Scanned by CamScanner




7) Junction Jgg is reverse bias. This causes an 5’ -T a< (RB) /
appreciable depletion region to exists across ¢ |P
junction. Depletion region doesn’t have any free : .
electron in it. .. this behaves like insulator and +’ @ ,—
works as dielectric, while P region and N region T 1=
works as plate with +ve and —ve charges. This | '
forms a capacitance between C’° & B’. This is

known as transition capacitance (Ct or C,,). T £Rc
L\e = =
8) AtLF }/\u time per cycle is more. _f‘_ x5 Accomulabon
Therefore time available for electron to diffuse 4+ of boles
through Jgg, move through base region and drift HF z==-==" 1
to collector is large. But at high frequency time / © j—vc = :
per cycle is less. HF . JRZ:L: | - ,
| ‘BG%W}?‘ W " Jaccomulahon oF elcchroms

. electro.h- coming from E did not get enough time to diffuse through Jpg. Similarly

holes coming from collector did not get emough time to diffuse thrqugh forward
" biased Jgg. This causes accumulation of electrons on E side of‘JBE, v_vhlle holes gets
accumulated on B side of Jpg. This phenomenon of charge storage a;oPnd forward
biased Jpg is represented in model by a capacitor between B’ & E known as

diffusion capacitance C, or Cp. B ' e
= T with transition & diﬂilsion'cépacitance is shown below.
Final BJT model w1thtran.5'1. o Pk _ : |
‘”T’msl:f ' [ .
Y ' 25
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Dwsa%Ye  ExAcT HF MOP
, . ,
: | stra i JT. . cTec
ternal stray capacitance of BJI. o <
. & C, — are known as I\ _ ,

* C -3 = I B d
1 capaci ) . .

 * model of BJT =MF modell: Iﬂl:; — ;‘:dti?ces r Ip i cu Ga}_T

* Appro imate HF Ddel : the € ' Vb 5 — - o fr Yeg

. above Ty, Is, T can be taken as short because they be 1. ’[211 ¥ J

7. can be taken as open due to.- L

are very small. 7,,, -

ioh value. Now =~ N : 7
'mg‘;}s C=CE=E - Go - Glledo bk
‘B’ o o B ]

- HF cuw%ars 4 cccfaaf‘ance
Co s cap, appews only T BIT]
. _ " Ahat o .ni'ga«u‘ld ina wﬂﬁ"‘
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*

Circuit diagram of %pliﬁer with all stray

capacitance.
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connected caps
stray caps

— in pf.

* Cci, Cca, Cg — connected capacitors

Cr ,Cx, Cee, Cui» Cwo —> stray, parasmc
| fictitious capacitor. - -
— in pf.

Vg CWI | = 4

3R L |
1 R > RET Jee |
[STATUS OF CAPACITORS IN DIFFERENT FRE UENCY RANGE

* DC—- (f=0)— XC—

= —> all connected and stray caps are open.

2rf C
1 .
* ¢LF) > 1 uency (few bertz) -> X
CT. very low frequency ( ) c oy (Hertz) (;Jf) nelther very low
* nor very high .. connected capacxtor arc consxdered
1 .
X = very hi . at LF stra ito
T (Hertz)( pf ) ry high | Y capaciiors are open.
* MF — Mldﬁ'equency (few.100’s.of KHz)
S—— 1
> X = very low
¢ 21 00x103Hz)(/1f) |
-. connected capacitors are short, X, = . : =hish .
| 27 (100x10°)(/) h |
~. stray,capacitors,are open... o
— , . . ‘ ‘ 1 °
* HF . mghﬁequency (100 s.of MHZ) Xo= =very low
Al | 27:(MI£:)(yf) ey

: 1
X = =hi
2B ()
. sugy caps are nclther short nor open but consxdcred.

2 connected capacitors are shoned :
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