o0

Io lo C
> <O
+
CD Re 4 Vo
gmVe —
O
B
Rl B RO
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O
+
(TD Rc < °
ZmVe )
O
L G
Ry ) Ro
The s/c transconductance:
1 _gm
Gy = \?_ =Zm
1 VO:() Ve

The input resistance:
R. XL &‘L r
1 c
e le

The output resistance:

Ro,="°| =R
lo Vi:O

o/c or unloaded voltage gain,

C

— Vo gmVeR ¢ R
dy = _— =E8mN\c
V. . |/ V
1 10 = C
_1o mVe _
T = =8mle
11 VO:O Ve /I‘e

124



1o _gmVe _

a. = I

i q Vo0 Vo/to =Emle
Since,r, =2 , then a.=gm %o »
gm gm

For the CE configuration: R, =1y =g¢
m

Og
gm

For the CB configuration: R, =r.=

Ri ce> Ri cB

_ Oy 1
R1 _CB Bo Rl _CE 1_|_BOR_ CE

4_cB~%o
a; cp~Po
4 cB<% CE
__Oo . 1
% CB Bo R4 CE 1+Bo ai_CE

In terms of 1/p resistance and current gain, the
CE amplifier performs better than CB.
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Common-Emitter Common-Base

1‘“ C
AAA l \ 4
C :
. B L |l c i gmV]
o%—a +—¢ * s <o @) CHT gl‘u
+
Vi * RC BC \ 4 4
diSe Qe 2 T | 2

Vo
Common-Base v, ;= Vl§ Te G,)ngl Tw LG ch

(o, L g & \ 4 L & O

B

C, 1s between B-C. At high freqgs., capacitive
components are dominant.

For CE, C, 1s between 1/p and o/p. Hence, at
high-freqgs., there will be a feedback from o/p to

1/p.

For CB, 1/p 1s at E and o/p 1s at C. Therefore, C,
will not cause a feedback at high-freqs. CB
circuits are used for high-freq. application.
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Until now we have assumed that 1, 1s negligible.
In practice, r, has a significant effect on G, and
R; when the CB stage is operated at sufficiently
high current levels.

E le iO 10 C
Oﬁ—é n > < <_|)_
_|_
\A Ie Ve gmVe R
o - C 4'°
B
+
Vb -
— rb =
R, 1 Ro
The s/c transconductance:
_ iO . nge
Gm - —_—
Vi VOZO Ve+Vy
KCL at B,

le = 1ip + nge

\V4 \Y%
e = J:l
re rb +nge

Gm= 1
1+£re-gm]rb
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From Equation (3.29), 1. = S

1
gm"'r7t

1 _ 1
L

Comparing this with the transconductance of the
CB circuit if 1, is neglected (1.e. G, = g) shows
that G, becomes lower when r;, 1s included.

E le io 1, C
y4
N\

> o
§ + T

—i\;i re Ve gmVe
_ ) R v
> C 4'°

The input resistance:

1
R =Vi—Vp +Vve [}%‘gm\’e]rb tVe [re'gm]rb +1
[ . - . - . - 1

S P le le 1
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\Y 1
1o 1o 1o 1

R. ZI[rl-ngrbH}re

Since :gm+1 and r,=20 | then
gm

Ogo

51+1
gm

_ 1 Olp —
R. —[(gm +rn-gm}rb +1]g4ml— i

Comparing this with the input resistance of the
CB circuit if 1, 1s neglected (1.e. Rf%l) shows
m

that R; becomes larger when r,, 1s included.

At high current level, 1.e. IcT, r, 4 as

rn=ﬁ‘l=B°—V”E . So, 1f 1, 1s small enough that it
gm IC

is comparable with 1y, then 1, should be included
in the analysis.

Example: If r, = 100 Q, B, = 100 and Ic = 26

mA, then rn=gQ=1Og>élzn6m=IOOQ. Hence, 1y
m

=1, when I¢ 1s high.

129



In CB configuration, R, = R¢

In CE configuration, R, = Rc¢ // 1,

If Rc > o, Ry cg=wand R, cg =1,

Under this condition, R, ¢ > R, ¢k

Besides using the CB as high freq. amplifier, it
can also be used as a current source whose
current 1s nearly independent of the voltage

across it (1.€. 1o = gmVe)

3.3.4 Common-gate (CG) configuration.

Vbp
R
S D< °
o
T 2T >
Vi T Vo
(o) G (o)




R
S D< ©
P 1T %
Vi T Vo
o G o

I/p signal 1s applied to the S. O/p 1s taken from
the D. G is connected to the ac gnd.

The analysis of CG amplifiers can be simplified
if the model 1s changed from a hybrid-nt to a T-
model.

NN )
\Y% (@)
S| gm gS@) D S I AA [D
EmVpe /N )
a\>, N\
(8m+Zmb) Vsg

The body (B) 1s ac gnd, vps = vy because G 1s
also at gnd.
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is 1 iro o 2 1d
S < —N\N\N—=< } «— D
(b)
©
(gm"‘gmb)VSg
is 1 iro To 2 1
S < —A\\N—= «—D
(8m*+8mp) Vsg (8m+&mb) Vsg
G
l (c)
Figure (b):

Node 1: 1y, = 15 + (8mT Emb)Vsg
Node 2: 14 + (gmt Zmb)Vse = 1ro

Figure (c):
Node 1: 1, = 15 + (Zmt Zmb)Vsg
Node 2: 14 + (gmt+ Zmb)Vsg = o

Equal currents are pushed into and pulled out of
the G as the equations that describe the
operation of the circuits are identical.
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iS 1 iI’O I'o 2 1 d
S—<—4¢—«ANN———<—D
(gm +8mb ) Vsg <\L> C’I‘ (gm *+8€mb ) Vsg
G
1g 1 iI'O I'o 2 1 d
S +< —AN——9—<—D
1
ng (8m+8mp) CT) (Bm+&mp)Vsg
(8mT&mb) Vsg

If r, 1s finite, the circuit 1s bilateral because of
the feedback. If r, — oo, the cct. is unilateral.

Forr, —> o :

1 +
(8m+Zmp) (’D (8m+&mp)Vsg SRp 1’0

—
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3.3.6 Common-collector (CC) configuration
(Emitter follower)

o
_|_
R,
Vo
= —VEg =
A2 'S
+ + ' Vv T
Vs v. ™ gmV] =Boi; =
— 1
I §VI gro

I/p signal applied to the B.
O/p signal taken from the E.
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Rs B C
o—> —O
+ + l o\
VS > gmvl = BOI —_—

vs =1i (Rs + 1) + v
Vi =iy + Vg
Ri — Vj / ii

Hence, this circuit is not unilateral as the input
resistance depends on the load resistor Ry and
the output resistance depends on the source
resistance Rg.

To determine R; :

Ri = Vi / ii

. . Vv Vv
= Y0+ YO0

1i+B011 RL+ Io
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Rg B i C
o—> ) G
+ + d /N
Vs > | 2mvi=poj =

(1+Bo)= (v i) g

1.1

1.1
RL+r0

RL Io
1 1

1+Bo "‘I'Tc["_j—l
R. :ﬁj Ry o «enough.

L L1
Ry 10

1+By+15

1.
1
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1+B0 +r7'c[R1+1]

R. - L_To
L1
[RL ro]
_|_
i i Bol i
4+
[RL ro)
For R; with no load, 1.e. Riz\.li ,
1i RL:OO
Ri:(lJrBOjro—FrTE
To determine a, :
Rg B C
o—>—— £ o
+ + 1
Vs

v. ™ +ng1 =P

Overall voltage gain: a, = v, / Vv,
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R 1. C
A ;B, > o
+ + d . N
Vg V. - ngl =PBol; ——

Ro
Atnode E,
VS_V0_|_ — L_FL
= 28mV1= Vo
Rs+rp e RL fo
_ 1
Vs + rT[(VS VO):V L‘Fl—l— ]
RS+rTC &m RS+rTC 0 RL I.0 Rs—l—I'Tl:

Since gmrx = Po,

1 1

1 +
R

1.1 1+B0J

Rs+rr Rs+rr

1 . Po

RS +I1t Rs +1't

=4+t

=V
0 RL Io RS+r7T Rs+r7'[

Vg
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a =%1— R «enough
s (1,1, 4o
RL I.O Rs+r7-c
_ 1
| 1,1, 1+@0}
To Rs+r
1+Bo)| 5 ]RL 0 Rytrn
s+

Retrp | Retrp
(1+BO)RL (1+Bo)ro
_ 1
i rO(RS+rn)+RL(RS+rn)+1
[1+Bo)R 1o
1
(R +rp) 1o +R )
1B )R o
_ 1
_ (RSJrrﬂ) 1
(1+Bo R/t }

Open-circuit overall voltage gain,

+1

Yol
Yo R =00 (Rs+rn)+1
(1+Bo)ro
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1

(Rgt1y5) 0
(1+Bo R /it }

dy =

If the B resistance, ry, 1s significant, it can be
simply be added to Rg in the expression. From
the a, expression, a, will always be less than
unity.

If Bo(Ry //to) >> Rg+1y, then ay = 1. This means

that the output signal follows the input signal.
Hence, this topology 1s also known as the
emitter follower.

If r, >> Rg, B, >> 1 and r, >> Ry, then

415;4_1
k.
| _ _ 1 _ ngL
Since gmlrn B07 then dv 1 (1+ng )
+1 L
ngL
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Rs B j C
o—> *—O
+ + l A
Vg V. —- ng1 =Bot —

Ro

To determine the short circuit current gain, a; :

1
a. ="

11 VOZO
i0 — ii + ngI
V1 = iirn
i0 — ii + gmiirn

1 (l+ggr

—15 — m- ) _ —

ai_f_ 1( 3 )_1+gmrrc_1+Bo

1 1
or

ZnVi = Zmlitz = Poli
lo=1+ Bl =1; (1 +B,)
=1, /1= 1+ PBo
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