C E

(a) (b)

Figure 6.12 Circuit symbols for BJTs.
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=100, and vge = 0.7 V at i, =1 mA
Design the circuit to have i;=2 mA and collector voltage

=5V
Vaes =Vae, +1In ley
BE1 — VBE2 .
C2 +15V +15V
R I
P
P =3
I,
Re = 2.02 m.-\i
~15V —15V
(a) (b)
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Ve=-0.7 V, B =50 +10V
Find Ig,lg, 1o, Ve

10V

Figure E6.14

Microelectronic Circuits, Sixth Edition Sedra/Smith Copyright © 2010 by Oxford University Press, Inc.

Graphical Representation

Just like regular diodes, the BE
voltage determines the collector
current

VBE /VT ic A

S
e

0.5 0.7 Upe (‘7)
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At a constant
collector current, the
BE voltage decrease
by -2 mv/°C

ic

URE

Common Emitter |-V . C/C

Practically, the collector current
is not constant as we change
CE voltage.

This is called he early Effect.

. Vv

Va

r!l/
[

Saturation

/ region

! Active

r(_ region
|

I

|

'

|

ry =

) -1
Oig |
CE vge constant
Vat+Vee _Va

Vgg=
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ic A
Saturation
region
> Active region j, = Iy - - -
i.B = 132' ..
Ai
i ip =15+ Aig
. - | ST e ————
===
Q ip=1Ip
for=s
0 Ve iy=0 Ve
(b)
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ic A ) ! . I
Saturation —>|<— Active

Incremental

Incremental |« B is high

B is low

Blgy

1 Csat

- |

0 01 M2 03 04 05 06 07 O.SUCE(\T)

VCEsnt
(©)
,H IHIf sl
+ +
Bo—m—m e e
+ +
Ve 0.7V 02V  Vegu

o - L 4 - O
i

Figure 6.20 A simplified equivalent-circuit model of the saturated transistor.
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Cutoff

Ve Ve,
Ip=0 * Vo < 0.4V k=1 E
—= —-——
Bo——=o0 o————cC
Ve < 0.5V Vig < 0.5V
o—=0 C———0
B c
E Iy=0 Vep <04V le=0

Table 6.3 Conditions and Models for the Operation of the BJT in Various Modes (continued)

Microelectronic Circuits, Sixth Edition Sedra/Smith Copyright © 2010 by Oxford University Press, Inc.

Active

Ve <04V + 1= Bly
E
Viewa =02V
— (.
ly>0 ! 0.5V Te = Brorealn

Saturation )

Table 6.3 (continued)
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Find VBB, Assume VBE=0.7V and =50
(a) Active mode with VCE=5 V
(b) Edge of Saturation

(c) Deep in saturation =10 Vee= 10V

@
Vgg = 1gRg +Vge

VBB = 0.1*10+0.7 =1.7V Rﬂ
=10 k()

lc =(10-5)/1K =5mA
R-=1kQ

g =5mA/50 =0.1mA

Figure 6.21 Circuit for Example 6.3.

Microelectronic Circuits, Sixth Edition Sedra/Smith Copyright © 2010 by Oxford University Press, Inc.

Find VBB, Assume VBE=0.7V and =50
(a) Active mode with VCE=5 V

(b) Edge of Saturation

c¢) Deep in saturation =10

(c) Deep B Vee= 10V
A

(b) > Vee=0.3V lc = (10—0.3)/1K =9.7mA

s = lgRg +Vae
gg = 0.194*10+0.7 = 2.64\k},

> R-=1kQ

=10 k()

lg =9.7mA/50 = 0.194mA

Figure 6.21 Circuit for Example 6.3.

Microelectronic Circuits, Sixth Edition Sedra/Smith Copyright © 2010 by Oxford University Press, Inc.




Find VBB, Assume VBE=0.7V and =50
(a) Active mode with VCE=5 V

(b) Edge of Saturation

(c) Deep in saturation =10

(©) > Vge=0.2V

Vg = 1gRg +Vge

VBB == 0.98*10+0.7 =10.5VP;;
=10 k()

+ l!If"

Iy =9.8MmA/10 = 0.98mA

Microelectronic Circuits, Sixth Edition Sedra/Smith

VCC = [0V
A

lc =(10-0.2)/1K =9.8mA

nhf Ro=1kQ

¢—0

Figure 6.21 Circuit for Example 6.3.

Copyright © 2010 by Oxford University Press, Inc.

Find all branch currents HoV
and node voltages
assuming =100

Re = 47k

Microelectronic Circuits, Sixth Edition Seurarsinun
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VY= +10V
4.65 mA @
0.7V @
46 54V (@
® 0.99 % 4.65 =
(a) (h)
+5V +5V
5 (Vg 0.7
[ kO @ 1 == i 1 kO
Ve=V +07 (D
10 kQ @ - i1 10 ke
)2V @
= Ve=Vy+ 05 ®
10 k()
@ I 10 k2
-5V -5V
(a) (b)




+10V

+5v Re=2kn

(a)

B is in the range of 50-150

B Redesign the circuit (RC) to guarantee that
the circuit will be in the active region for all
B in the specified range
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