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3.3 Basic Single-Transistor Amplifier Stages .

g

LUNIVERSITI SAINS MALAYSIA

3 different configurations :
1. Common-emitter Common-source

Signal appliedto: B G

Amplified output
taken from : C D



2. Common-collector
(emitter follower)

Signal appliedto: B

Amplified output
taken from : E

Common-drain

(source follower) ?‘%i U-:M
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3. Common-base

Signal applied to :

Amplified output
taken from :

E

Common-gate

—o1| < +0
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i i
) &l
gt
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Common-emitter configuration

In forward active :
V.

[.=1sexp
C S VT
I,= saturated current
I V.
I = S exp 1
b BF B PV
+ B =tforward current gain
v <> . (n)
i ~ V,= VCC -1 R
B V.
1 L l =Vee-Relsexp VTL

AR
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Saturation
I

A active

o

L

=== V¢

When V_ approaches 0 (i.e. V_, approaches 0), the C-B junction becomes
feedback and the device enters saturation. Once the transistor becomes
saturated, the output voltage and collector current take on nearly constant

values :

Vo= VCE(sat)
I _ Ve —VeEsa
C

Rc




Vo (V)
Cut-off region

/

Vee —
Forward-active

region

/

Sat.region

VCE(SE LI/

| | >V (V)
0.5 1 1.5

6 IEM
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When V_ approaches 0 (i.e. V_, approaches 0), the C-B junction becomes
feedback and the device enters saturation. Once the transistor becomes
saturated, the output voltage and collector current take on nearly constant

values :

Vo VCE(sat)

I _ Vee—VeEsat)
C
Rc

When V. =0, the transistor operates in the cut off state (as B-E and B-C
junctions are both reverse bias) and no current flows other than leakage

current |4 5



In saturation :

AR

VO = VCE(Sat) UNIVERSITI SAINS MALAYSIA
[.= VCC _VCE(sat)
C
RC

When V. is high and > V_ , the C-B junction is
forward bias. Thus, device is in the saturation
region. As V, is high, | is also high. Forward current
gain B = 1./ 1, . Forward current gain . reduces as —
transistor leaves the forward-active region of -

operation and moves into saturation. I

In the forward-active region, small changes in the
iInput voltage can give rise to large changes in the
output voltage. The circuit thus provides voltage
gain.

When V, =0, |, =0 and I, =0. V. = |. R, + V, and since |_ =0, V, =V,
This is the device operating in the cut off region. 7



Vo (V)

A Cut-off region f
/ s In the forward §; ,‘i l.l"IM

VCC _4\ aCtIVG reg|0n1 UNI;E.:I':EI"F'l SAINS MALAYSIA
: \£
Forward-active [.=1lsexp

region VT

%

Sat.region

VeR(sat KI/_ _

Vo=Vc-1e R

V.
=Vee-Relsexp VTL

When V. 4 1¢ 4 Vo - Ve I
When V. 1.1:1: V-0 = = =



Small-signal circuit of Common-Emitter ;‘*g% u_:.M
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B e «— o
: R.="i Po | 4  C
Input resistance ;== =1”n=g T Y+ |
li m V. gmV] ‘l’> | L
=y .
1 - R -
1 \Y% V. i !
Transconductance, G =-9% _&mY) _ Sm l=g I o ll‘E T
m vy, V. V.
1|V :O 1 1
(] — —



Output resistance,

R =t

07, =15 //R -

v.=0
1

5
[,

' M
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: Hir?
Open-circuit or unloaded voltage gain, }:‘ﬁ:g u_IIM

\Y% B ngl I'O//RC UMIVERSITI SAINS MALAYSIA

aV:_O V
V. |. .
111 :O 1

(0]

Since V, =V, ,thena,=-g_r /I R;.

1.V Vv 1
: __ __c 'A__"A__1
|f RC ™, then Rlirjlmav ml, VT IC VT n
|. = dc collector current at the operating point
V-, = thermal voltage _ _
V, = Early voltage B i— . C o

kT + ¥+ i

= Vi §V1 Sm* ‘D §f0 g Rc Vo

e
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R(I:igoo dy =-8mlo = '% - '111 ?:f%% ll-:M
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represents the max. low-freq. voltage gain obtainable from the transistor. It is
independent of the C bias current for BJT and the magnitude is =5000 for typical
npn devices. .
- ;
s/c current gain: a. =" — I\I;IV] =g 1. =P
VO:O 71
I'm

li

1. '
B lo
+ o—> = O +

\Z Vi I <*> EmV;<To R Vo

Do example on pg. 178.
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Comparison between the MOS and BJT small signal models : ?‘

,"":?I &h ;j’:
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BJT MOS

1 | 1r; input resistance « jnput resistance from G to S

2 | 8m of BJT is higher than that of MOS biased with the same
current. Hence, high-gain amplifiers with BJTs are easier to
obtain than with MOS.

+
I'n Vl ngI Q rO Vgs gmvgs r()
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3.3.2 Common-Source (CS) configuration g}g% u_:.M

_Vbp_

Vps=VGs—Vi— —

/ Active region

Triode region

>V, (V)

3
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V.=0,1,=0
—cutoff operation
= Vpp - LiR¢ = Vpp

14



AR
[ W S
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V.>V,, |, flows
—active/sat. operation

A / elresn Vo = VDS and VDS > VGS - Vt
Vo = Voo = lsRp
Activeregion For active devices,
_k'W
/ I _77V0V2

Triode region Vo=Vnn- E’ \\4 V..2R

— e = k’ l’lnCOX
Vi 1 2 3
t VT Vo TV
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Vo(V) BJT Vo (V) MOSFET } i
A Cut-off region A - B fr

Cut-off region
/

Vee —ﬂ Vbp —
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I

Forward-active |

region I Activeregion
I
I
I

Sat.region : Triode region
Ve A\ VsV N
i i > Vi (V) — i »V: (V)
0.5 1 1.5 Vi 1 2 3

V.= Vg and Vpg < Vgs - V,

0]
—triode operation

k'W 2
Ip= 2L[2(VGS—Vt)VDS_VDS }
Output resistance is low and small-signal voltage gain drops dramatically. The
slope of this transfer characteristic at any operating point is the small signal
voltage gain at that point. As slope for MOS < slope for BJT,

a,mos) < AyJT)
16



As
I:; - : I;%} mﬂ
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Hence, transconductance of the circuit, G,
= transconductance of the transistor, g

G D i
+ o——o0 * * <Q
+
v.=0 (*) §r° §RD% @ Vi
ngiZO B
o/c or unloaded voltage gain, |

- \ 4 \ 4 \ 4 O

vi(1o|R > .

ay=Yo| = BmVitoRD)__g 1R ) L R
1 10:() Vl 17



dy=—Em (ro HRD) lim a,=-g.t %}_,%% ll':M

IfRp Is very large, R j—oo which is the max. possible
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voltage gain of a one-stage CS amplifier.

8&m™ \/ 21510 Cox \LV

gm I
p— 1 _Va
Alp  Ip

1

I,oC—
) ID

ayoc V1D

Ip
1

o Va
For BJT, Ré@mav ~Smlo  Vr

Therefore, max. voltage gain of MOSFET is dependent on the drain current
whereas max. voltage gain of BJT is independent of ...

dy oC
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For MOS: ?ﬁ% IEM
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_k'W 2
Ip=51 Vas— Vi
For BJT:
m _ 2 _ 2
I Vae—Vi) V.
7 ( - t) h im a,=-g, 0:'XéL
po= 1 VA Hence, R—® V1
o
Mp Ip
V=26 mV
Hence, Voy =200 mV
Iim a.=-9.r.=- X&:_% av_MOS< ay, BJT
Rpy—o0 v~ 8mlo™"8m Ip Vo

(Do example page 182)
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3.3.3 Common-Base configuration

Vee
%C
E_C
° B
Vo

SRS

5 B
J J i J_;'l @) 2o

+ 1 1 E
] !

Eh i
=1 E
} a3y o {
{ .-i:' u:M
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|/p signal applied to E. O/p taken from C. B tied to ac gnd.

The hybrid-t model provides an accurate representation of the small-signal
behavior of the transistor independent of the circuit configuration. However, for
the common-B, the hybrid-t model becomes tougher to analyze as the
dependent current source is connected between the i/p and o/p terminals.

20



To simplify the analysis of a common-B (CB) amplifier, use a T- Sl
model instead. ?‘hﬁ’i u.I'M
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The T-model at low freq:

E iy C
W © 0
- v T | Hvbrid-r model at low frea:
C
o
I't B
r p—
© I+gmrr
Iy +, gmVy J ro
= g N
m
E
Ie = I = BO 1 BO — Qo l *
I+gmrn gm[Hgmng gmltPo  gm
m
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