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The r_ Transistor Model (small signal analysis)




Amplification in the AC Domain
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Steady current established by a  Effect of a control element on the steady-state flow of the electrical
de supply. system of Fig. 5.1,

The superposition
theorem is applicable for
the analysis and design
of the DC and AC
components of a BJT
network, permitting the
separation of the
analysis of the dc and ac
responses of the system.



BJT Transistor Modeling, ,

A modelis a combination of circuit elements, properly chosen, that best
approximates the actual behavior of a semiconductor device under specific
operating conditions.

* Any electronic system has some important parameters have to be determined

o Input and Output Voltage
o Input and Output Impedance
o Input and Output Current
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BJT Transistor Modeling,,

 The ac equivalent of a transistor network is obtained by:

Setting all dc sources to zero and replacing them by a

Replacing all capacitors by a short-circuit equivalent

Removing all elements bypassed by the short-circuit

equivalents introduced by steps 1 and 2

Redrawing the network in a more convenient and

1.
short-circuit equivalent
2.
3.
4.
logical form
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The r, Transistor Model (CE), ,
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Finding the input equivalent circuit
Jor a BJT transistor.
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BJIT equivalent circuit,



The r, Transistor Model (CE) ,,
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Improved BJT eguivalent circuit.



The r, Transistor Model (CE) 5,
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Defining the Early voltage and the owtput impedance of a transistor.



The r, Transistor Model (CE) ,,
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r. model for the common-emitter transistor configuration
including effects of r,,.



C.E. Voltage-Divider Bias,
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Voltage-divider bias configuration.
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Substituting the r, equivalent circuit into the ac equivalent network of Fig. 5.20.
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C.E. Voltage-Divider Bias,
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FIG. 5.27
Substituting the r, equivalent circuif into the ac equivalent network of Fig. 5.20.

’ R]HE ].l,r” — _{ﬁf."?}[-ﬁ{" f‘“}
R' = Ry|Ry =
R, + R, V. v R.
F ﬁrﬂ 1 Ur' Fe
‘Er' = R 'E}'{, ir"'r' F,2= 108
Vﬂ' - _rB - [RC |J"”]
Pre 1807 phase shift
Eﬁl — Hﬂ""}!
.-‘11. _ E _ _Rf_'”rﬁ'
Lo = Rp Vi Fe
Fo=10R: 11




Configuration £; £, A;
Fixed-bias: Medium (1 k€}) | Medium (2k{}) | High (=200) High (100)
= | Rglpr. =|Relro | | _| Relr) || _ BRars
(ra + Rc)Rp + Br.)
= ﬁr‘_ = RC
=B
(Rg = 108r,) ir, = 10R:) =
(ry = 10R.,
(r, = 10R0) Ry = 108r,)
Voltage-divider Medium (1 k) | Medium (2 k() High (—200) High (50)
bias:
= [wirde ]| =[rdr]| _ [ Bwirar,
I b (r, + RcNR | Ry + Br,)
v BIR,|Ry)
—_— ir, = 10R.) = = | A
v, & : R |R: + Br.
_ (ra = 10R() (r, = 10R.)
Unbypassed High (100 k{}) | Medium (2 k{1) Low {(—5) High (50)
emitter bias:
: =| Relz, =| k¢ _ | BRy
;T ) Zy = Blr. + Re) | (any level of r,) Ee + 4
N —
\J/ .'|;. I = | RglBR; =
Vi > (Rg = r,)




Configuration £; £, A, A;
Emitter- High {100 ki) Low (20 1) Lowi=1) High (=50)
follower:
= | RylZ, =| Relr, - Re | _ BRg
i Rg +r | R+ Z
_ﬁb— Ly = Bir. + Rp) =| r -
- £
— =11
=|R
.EIIERE E:-EE o rr}
(R == r,)
Common-base: Low (20 £1) Mediom (2 k1) High (200) Low (=1)
4%7 : = IH.EI'-i_- = Rf . Rl:' =| =]
=7
. =|r,
(Rg = r.)
Collector Mediom (1 k{}) Medium (2 k12) High (=200) High (50)
feedback:
= Fe = RfIRF — _E — BRg
1 R¢ - r Ry +
=+ = (ry = 10Rc) ‘ r+ BRc
A -
{r, = 10R-) _ E
(ro = 10R) (Rr > Ro) =| &,
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Configuration A,, = Vo[V Z. Z,
Voo
=R Re) Rglgr. R
R'L- rE
: A
; S S T oV,
R, v, z U Including r,:
i
+ I I: ;HL
v, m T -(RLIREIFJ} Rﬂlﬂﬂ: R-I'_'Irn
- J Fe
+ v
~(Re IR R, |R,18r, Re
Fe
Including r,:
=(R; | R
RelKelra) R [R:1r. Relr,
Fe
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Configuration A, = Vo /V; Z; z,
RE = R|Rg R; = R|R|R:
— . R;
=1 Rilr:l|gire + Rp) | Rel gt
Including r,: -
= | RilR:|Bir. + RE) REI(F‘ - r,)
= ~RelR Relr. Re
=—
Including r,:
"[RLlﬂr:lf]'
= — REIT;- R-I'_'Ir-:l
Fe
—(Re|Rc)
— R R\ B(r. + RE) Re
Rg
Including r,:
=R |Rc) B
— RilRa|Bire + Re) = Rc
E
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Configuration Ay, = V[V Ffl £,
Yer
i
=R, |R
~(RelRo) RlBtre + Ry, Rc
Rg,
Including r,:
.'.
=R | B)
v, —(ReIRc) Ryl Bir. + Rg) = k¢
RE,
—(R |Rc) Rr
— Brol— ¢
Fe |.I‘i.|_-|
Including r,:
.l.
=R \R||rs) R
h'r_‘ ( LI L_I ¥ ﬂr'"_F RL—IRFIFE
- Fe |-'4v|
=(R.|Rc) Ry
it = R-|R
R, BRe| 4] ARF
Including r,:
—{R.|Rc) R
= = = RclRr
e Ty
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