Chapter 5

BJT Biasing Circuits

5.1 The DC Operation Point [5]
DC Bias:

Bias establishes the dc operating point for proper linear operation of an
amplifier. If an amplifier is not biased with correct dc voltages on the input and
output, it can go into saturation or cutoff when an input signal is applied. Figure
5.1 shows the effects of proper and improper dc biasing of an invert amplifier.

Amplifier symbaol
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{a) Linear operation: larger output has same shape as input (b} Nonlinear operation: output voltage

except that it is inverted limited (clipped) by cutoff

_,._E_D_Q___

{c) Nonlinear operation: cutput voltage limited
(clipped) by saturation

Figure 5.1 Examples of linear and nonlinear operation of an inverting amplifier
(the triangle symbol). [5]

177|Page



In part (a), the output signal is an amplified replica of the input signal
except that it is inverted, which means that it is 180° out of the phase with the
input. Part (b) illustrates limiting of the positive portion of the output voltage for a
result of a dc operating point (Q-point) being too close to cutoff. Part (c) shows
limiting of the negative portion of the output voltage as a result of a dc operating
point being too close to saturation.

Linear Operation:

The region along the load line including all points between saturation and
cutoff is generally known as the linear region of the transistor’s operation. The
output voltage in this region is ideally a linear reproduction of the input. Figure 5.2
shows an example of the linear operation of a transistor. AC quantities are
indicated by lower case italic subscripts.
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Figure 5.2 Variations in collector current and collector-to-emitter voltage as
a result of a variation in base current. [5]

Assume a sinusoidal voltage, Vi,, iIs superimposed on Vgg, causing the
base current to vary sinusoidally 100 uA above and below its Q-point value of 300
uA. This causes the collector current (Ic) to vary 10 mA above and below its Q-
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point value of 30 mA. As a result, the collector-to-emitter voltage varies 2.2 V
above and below its Q-point value of 3.4 V. Point A on the load line corresponds
to the positive peak of the sinusoidal input voltage. Point B corresponds to the
negative peak, and point Q corresponds to the zero value of the sine wave. V ceo,
Ico, and Igq are dc Q-point values with no input sinusoidal voltage applied.

Waveform Distortion:

Verg
() Transistor is driven into saturation because the Q-point is
too close to saturation for the given input signal.

Input
& signal

s

£
[\l‘
. __JKT__

______ Vi
Cutoff Y o

‘ Cutoff
—
|

Vierg
ib) Transistor is driven into cutoff because the Q-point is
too close to cutoff for the given input signal.

Cutoff U

Saturation

Vierg
() Transistor is driven into both saturation and cutoff because the
input signal is too large.

Figure 5.3 Graphical load line illustration of a transistor being driven into
saturation and/or cutoff. [5]
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Under certain input signal conditions, the location of Q-point on the load
line cause one peak of the load line can cause one peak of the V. waveform to be
limited or clipped, as shown in Figure 5.3(a) and (b). In each case, the input signal
Is too large for the Q-point location and is driving the transistor into cutoff or
saturation during a portion of the input cycle. When both peaks are limited, the
transistor is being driven into both saturation and cutoff by an excessively large
input signal.

Example 1: Determine the Q-point and find the maximum peak value of the base
current for linear operation. Assume Bpc = 200.

RC
330 Q
R
5 +_: vCC
v = 20V
Ve HL_ 47 k
10V =
Figure 5.4 For Example 1. [5]
Solution:
The Q-pomnt is defined by /. and V.,
Vg — V. 10V - 0.7V
=22 =198uA =1,

R, 47KQ
I = Boo Ty =(200)(19814)=39.6mA =1,
Vi =Voo — IR, =20V -13.07
= 6.93V =V,
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Voo Vergan ; Ve 20V

e — —
q.ﬁﬂfj RC C‘[.saf:l R BBUQ

Z
$fq:::utn:|ﬁ':| =0

Iotuary = Tog = 60.6-39.6 = 21mA
Top = Togouomry = 39-6 =0 =39.6m4

~.Q-point is in closer to saturation than the cutoff

. 21mA is the maximum peak variation (IC[maxj} of the collector curent

7 _ fC'(peaI:j _ 21mA

=1052A #
blpeat) = " 00 A

[ (mA)

_~ Ideal saturation

60.6

064+————=

-~ 1deal cutoft
Vg (V)

e

0

)3 20

Figure 5.5 For Example 1. [5]
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5.2 Base Bias [5]

As shown in Figure 5.6 (a), two dc voltage supplies are needed to bias a
BJT which is not practical. In a simple biasing circuit, Vgg is eliminated by
connecting the resistor Rg to the supply Vcc. This biasing circuit is called base
bias, or fixed bias, see Figure 5.6 (b).

|t

BR =—

v ——=—

|||—|

(@ (b)

Figure 5.6 An npn transistor with base bias. [5]

The analysis of this circuit for the linear region is as follow.
Using KVL :
F&T_LEB_LEE::D
Substituting I R, for V
Voo —IgRy =V =0
Then solving for I,
p}C_LEE

J =
B RB
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Kirchhoff’s voltage law applied around the collector circuit gives the
following equation:

Voo —dcRo —Veg =0
Solving for V5,
Ve =Veoo —1oRe
Substituting this expression for Iz into the formula /. = -1 5 yields

I, = ﬁDU[VCCR_ Vae J
5

Q-Point Stability of Base Bias:

In the last equation, I¢ is dependent on Bpc. The disadvantage of this is
that Bpc varies with temperature and collector current. The variation in Bpc causes
Ic and Ve to change, thus changing the Q-point of the transistor. This makes the
base bias circuit extremely beta-dependent and very unstable.

Example 2: (a) Determine the Q-point values of Ic and Vce for the circuit in
Figure 5.7. Assume Vce =8V, Rg =360 kQ and Rc = 2 kQ2.

(b) Construct the dc load line and plot the Q-point.

+Vee

Figure 5.7 For Example 2. [5]
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Solution:

(@)1, - Ve Vo _ SV =07V
R, 360K0
I, = Bp.1, =100%20.28uA4 = 2.028mA

Vg = Voo — IR, =8V —(2.028mA) (2KQ) = 3.947

=20.28uA

V
(b) Assume VCE(saf] =0r .. IC[saf] = ;; = ;;Z} =4mA
and Assume Jo oo =04 Vg0 =Vee =87
I A
gsaturation
Ic(sat) ‘/
4mA

2.028mA Cut off

> Vog
304V Y

Figure 5.8 For Example 2.
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Example 3: Determine the Q-point values of Ic and Ve for the circuit in Figure
5.9. Find l¢a and VCE cut offy, and then construct the dc load line and plot the
Q-point. ** Assume Ic = Ig to find lggay and Vegut ofy **

* 20V
l L10k
< R1=27M <
‘l 27 % Reo
—='f-.
RE=33k <
Bpc= 100 i

Figure 5.9 For Example 3.

Solution:

Left loop:
Vee _VRB Vg _VRE =0
Vee =Ry — Vg —IpR; =0
As Iy =Ip+ 1o =(Boc + 1
Vee =1 R Vo —101T R, =0

VeV 20-0.7
TR +101R, 2.7 MQ+101(3.3kQ)
= 6363 uA

I.=pB,.I, =0636mA
I,=I,+I.=0643mA
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Right loop:
Vee —doRe =Vop—IpRp =0
Solving for V.,
Veg =Vee 1R — IRy
Vep=20-(0.636)"10—(0.643)™3.3
=11.52V
~Q-pointisatf.=0.636mAand V., =11.52V

Veg =Ve =V = (Vr:'r: —1I.R. ) - (IERE )
Ip=1.;Vy =V,e—I.(R.+R;)
at saturation : V., =0

Vee 201

e = = = 1.504mA
)R+ R, (10+3.3)KQ
at cutoff : Ic(cmﬁ) =04
VCE(curqrj =Vee =20V
'y
I
1.504 mA
0.636 mA
11.52 V 20V VeE

Figure 5.10 For Example 3.
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Example 4: Determine whether the transistor is biased in cutoff, saturation or
linear region.

(a) Rp= 75K , R,=1K%2; saturation
(b)y Rp=150K2 , R.=1K®; linear
(c) Rp= 75K , R,=2K(2; saturation

vC C

Figure 5.11 For Example 4. [5]

Solution:

(a)A‘FVCE = Ve =1
V. 120

_ o _

3 SO e
=) R, 1KQ
V.. -V 12-0.7
I. = Tec TPEE 100
< ﬁf"{ R, } {?SKQ}
—15.067mA

12mA

As I, =1 . This transistor 1s biased in saturation region.

C (sat)

(b)ASVCE = Vg —IpRe
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Ve =V, 12-0.7
Ip= B | “£—2 | =100
¢ ’BD{ Ry J LSDKQ}

=7.533mA
Ag lc<lga: This transistor is biazed in linear region.

nr, =l 12V g
) R, 2KQ
Ve =V, 12-0.7
I = oo~ VER | _
=] T oo 2207
= 7.533mA

As I > Loy This fransistor is biased in saturation region.

5.3 Collector-Feedback Bias [5]

In Figure 5.12, the base resistor Rg is connected to the collector rather
than to Vcc. The collector voltage provides the bias for the base-emitter junction.
The negative feedback creates an “offsetting” effect that tends to keep the Q-point
stable. If I¢ tries to increase, it drops more voltage across Rc, thereby causing V¢ to
decrease. When V¢ decreases, there is a decrease in voltage cross Rg, which
decreases Ig. The decrease in Ig produces less Ic which drops less voltage across
RC and thus offsets the decrease in V.

+V
I+ ||:._J§ _H'[-
Ry .

= Figure 5.12 Collector-feedback bias. [5]
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Applying KVL:

Vg = Vet Ve Ve
= (AT )R+ Ry + Ve,
= PrclpRo R HIgRy V5
= Bpe tDIgR Hg RtV
_ Voo -Ver
R+ (Pt DR,

I.. = BD:(VCC'VE.E)
- RB+(BDC+1)RC

Vepg = Vee - (ICQ )R
= Voo 'ICQRC ; Ppe == 1

W Ve = Ve — IR,

Q-Point Stability over Temperature:

It is known that Bpc varies directly with temperature, and Vge varies
inversely with temperature. As the temperature goes up in a collector-feedback
circuit, Bpc goes up and Vge goes down. This increase in Bpc acts to increase Ic.
The decrease in Vg acts to increase Ig which, in turns also acts to increase Ic. As
Ic tries to increase, the voltage drop across Rc also tries to increase. This tends to
reduce the collector voltage and therefore the voltage across Rg, thus reducing Ig
and offsetting the attempted increase in Ic and the attempted decrease in Vc. The
result is that the collector-feedback circuit maintains a relatively stable Q-point.
Moreover, the reverse action occurs when the temperature decreases.
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Example 5: Calculate the Q-point values (Ic and V¢g) for this circuit.

Figure 5.13 For Example 5. [5]

Solution:

at Q) - point :

I = Voo — Vi _10-07
B

_ = = 8.38
Ry + (B +1)R; 100+ (100+1) HA

I. = R’Hf’i%fi _I}BEL) =100 x8.38 LA = 0.838 mA
B DC c
Ve = Voo — (I + I JR. =10 - (0.838 +0.00838 )x10
=1.536 V
-.Q-pointis at I, = 0.838 mA and V,; =1.536 V

at cut off’ and saturation mode :
As Vg = Voo — (I +1 )Rg
But we usually assume that I, >> Ty to find I, and Vg, i om

" ICI:S&t:I — —VCC :]. II]A
C

VCE[cutnffj = Ve =10V
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5.4 Emitter Bias [5]

Emitter bias uses both a positive (+Vcc) and a negative (—Vee) supply
voltage. In the circuit shown in Figure 5.14, the Ve supply voltage forward-biases
the base-emitter junction, Kirchhoff’s voltage law applied around the base-emitter
circuit in Figure 5.14 (a), which has been redrawn in Figure 5.14 (b) for analysis,

gives the follow equation:

— Vg +VRB + Vg +VRE =0
Using Ohm's law,
— Ve IR + Vg + ;R =0
Solving for Vi,
IRy +Vp +I.R; =V

Substituti ng for I,
IpRp + Ve + (Boc + UIeR; = Vi
Then solving for Iy,
__ Ve~ Vg
B »
Rp+(pc +1Rg

The emitter vo ltage with respect to ground is
Vg ==V + R

The base voltage with respect to ground is
Vg = Vg + Vi

The collector voltage with respect to ground is
Ve = Vee —IcRe

I Since I. = pp.1;,

I — B (Ver — Vi)
¢ RB+([3DC+1)RE

S VNeg =V — Vg = (Vcc - ICRC)_ (_ Veg +IERE): Voo + Ve — IR —IgRg

~ (vcc +VEE)_IC(RC+RE)7 if Ppe =>1
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(a) (b)

Figure 5.14 Emitter bias [5]

Q-Point Stability of Emitter Bias:

The formula for Ig shows that the emitter bias circuit is dependent on Vge
and Bpc, both of which change with temperature and current

I = Boc (Vee — Vi) _ Veg — Vpg
Rp+ (B +1URs  Re + (Bpc +1Rg
Boc Poc
Veg —V Vg — WV
If oo 1, Iowm—2 BB TR =uRy/Ppe, I =2 —EE

Ry R,
=B LR,
Brc

This condition makes I. independent of (.
V
If Vg >> Vpg, the V; term can be dropped, I, =%
E

This condition makes I independent of Vg

As Ic is independent of Bpc and Vg, emitter bias can provide a stable Q-point if
properly designed.
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Example 6: Determine whether the transistor is biased in cutoff, saturation or
linear region.

(a) Rg= 330Q , R; = 3KQ , R.=1.6KQ

by Rp= 150 , Ry =1KQ , R.=16KQ

(¢) Ry= 150Q , R, =500Q , R.=4 KQ

T25V

)

z

0
Poc = 220 § :

Q

-5V
Figure 5.15 For Example 6.
Solution:

ﬁnc (VEE B vBE )
As I.=
@ A8 e R + P 1R,
~ 220(5-0.7)
‘2 330Q+(220+1)x3kQ
from Vg = (Vt:c +VEE)_ I. (Rc +Rp ):- Ppc >>1
Vg +Vg  5+25

o) = = = 6.522mA
R.+R; 3+L6

=1.426mA

AsT., <l this transistor is operated in activemode.

ﬁnc (VEE_VBE)
by As I.=
O A L TR B IR,
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~ 220(5-0.7)
‘2150 Q+(220+1)x1kQ
from Vg =~ (V-::c +VEE)_ I (Rc +Ryg )=- Prc »>1
Vo + Vg  5+25
I = = =11.538mA
R.+R, 1+16

AsT., <Iy.. .. this transistor is operated in activemode.

=4.278mA

Boc (Vep -V
() As IC:RDCJE([;E +1§f{)
B DiZ E
. 220(5 - 0.7)
‘2150 Q+(220+1)x500Q
from Vg = (Vcc +VEE)_ I (Rc +Rg )a Poc =>1
I, —veetVer _ O9F2 g0
‘) R_4+R,  500Q+4kQ

Asly, »I ., this transistor is operatedin saturation mode.

=8.55mA

Example 7: Determine Ic,Vce, lciay and Vegut off- AlS0, construct DC load line
and plot Q-point. Assume Bpc =220 and lg = lc.

T +15Y

Re=1.6k =
|
|
RE=330 . |
L
> . RE=3k
i.[-15".l'

Figure 5.16 For Example 7.
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Solution:

As I.= Prc (VEE _vBE}
RB +([3DC +1)RE
_ 220(15-0.7)
‘¢330 0Q+(220+1)x3kQ
Vg = Ve — Vg :(Vcc _ICRC)_(_VEE +IERE)
Assume I =1,
Vg = (Vcc +VEE)_IC (Rc +RE)
=(15+15)-4.743mA (L6 kQ +3 k)
=8.182V

=4.743 mA

Vg = (Vcc + VEE)_ e (Rc + RE)
at saturation mode:
VCE(M!) =0
3 Vcrc + VEE 3 30
‘e R+ R,  4.6kQ

= 6.522 mA

at cutoff mode :

Ic(cu:roﬁ' )i =0

Viegtouagy = Voo T Vg =30V

Ideal saturation

6522 mh

4743 ma

Ideal mtoff

./ . Vg

8182V 30V

Figure 5.17
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5.5 Voltage-Divider Bias [7]

The voltage-divider bias circuit is shown in Figure 5.18. In this figure,
Vcc is used as the single bias source. A dc bias voltage at the base of the transistor
can be developed by a resistive voltage divider consisting of R; and R,. There are
two current paths between point A and ground: one through R, and the other
through the base-emitter junction of the transistor and Re.

Ty 4dy +Vee
O

Figure 5.18 Voltage-divider bias. [7]

Thevenin’s Theorem Applied to Voltage-Divider Bias:

We can replace the original circuit of voltage-divider bias circuit shown in
Figure 5.19 (a) with the thevenin equivalent circuit shown in Figure 5.19 (b).
Apply Thevenin’s theorem to the circuit left of point A, with V¢ replaced by a
short to ground and the transistor disconnected from the circuit. The voltage at
point A with respect to ground is

4
V., =—2 Y
TH R1 +R2 [
and the resistance is
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+Vee

(@) (b)
Figure 5.19 Thevenizing the bias circuit. [7]
Applying KVL,
Vg _VRTH — Vg — Rg 0
Substituing, using Ohm's law, and solving for V.
Vig =IgRpy + Vg +1gRg =IgRpy + Vi + (./BDC +1)IBRE
_ Vg — Vs [. = Poc (VTH _VEE)
Ry + (/BDC t I)R‘E - Ry + (ﬁmc t I)R‘E
VCEQ =V — IR IR
% Ve — (Rc +Ry )ICQ , Ppe >>1

I

Stability of Voltage-Divider Bias:

— )B.Dr: (VTH _ VBE )
As I, =
Ry + (ﬁnc + 1)RE
Here assume £, >>1

N Boc (VTH — VBE) then I Vg — Vig

+Rg

g = oo &
R‘TH + )BDCRE R‘TH

D
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Vg =V

IFR, >> R /Pp..then I, = EE
R‘E

This last equation shows that I¢ is independent of Bpc. Therefore, the
voltage-divider bias is widely used because reasonably good stability is achieved
with a single supply voltage.

Example 8: Determine Vce and Ic in the voltage-divider biased transistor circuit.
Assume Bpc =100 and Ig= Ic.

g][}kﬂ

R § Re
g 5.6 k() 560 0

Figure 5.20 For Example 8. [7]

Solution:

R 56
V.. = x10 =3.59 V
R, +R, 10+5.6

R, = R/R, =5.6//10 =3.59 kQ

Vg =
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foo Ve Vee 3.59- 0.7

P Ry +(Bo-+1UR;  3.59kQ+(100+1)560 Q
= 48.046 LA

L. = JSDC(VTH_VBE)
= Ry +(a@Dc+1)RE
=4.805mA

Vero ™ Voo —(R¢ +Rg )ICQ
~ 10— (1kQ+ 560 Q) x 4.805 mA
=2.504V

=100x48.046 A

Example 9: Determine Vce and Ic in the voltage-divider biased transistor circuit.
Assume Bpc =50 and le=Ig + lc.

*
Bk 1k . |
Rl <= Re =
I
g
“E 9 L
| qznzz22
k|
R2' = RE =
1k l
Figure 5.21 For Example 9.
Solution:
R 1
Vg =——— Voo = x20=12.564V
R, +R, 6.8+1
IB = =
Rog +{Bo-+1Ry  0.872kQ+{50+1)1kQ
=35.935uA
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I. = Boc(Vis —Vie) _ 50x35.935uA

RTH + (ﬁDC +1)RE

~1.797mA
Here I =I; +1, =1.797mA +35.935uA
- I; =1.833mA

VCE :Vcc _ICRC _IERE
=20-1.797x1-1.833x1
=16.37V

Example 10: Determine Q-point (Ic,Vce), Irc and Igr.. Assume Bpc = 200 and

|EE |c.
lIRC
5k kL
R1 Re =
RiiRes b
N2 F 2
e
R2=5K = RE 2 lIRL
I IR
Figure 5.22 For Example 10.
Solution:
R
1l;'"ITTH = : VCC = =20=10V
B, +R, 3+5

Ry =R /R, =5//5=25kQ
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VgV 10-0.7
Rog+(Boc+1Ry  2.5kQ+(200+1)2kQ
=22.99 A

Lo Vi — Vi)
L.~ = =200x22.99
“0 R+ (ﬁDC‘ + I)RE g HA

=4.598 mA

RSIE

Ig

i {IIC—\IRL

ve 4

R2 lHE

Figure 5.23 For Example 10.

IR
- % _ 45084 ¢

L

c=1o+ 1

V., =10.268V
V, =I.R; ~4.598x2kQ=9.196 V
Vg = Vo -V, =1.072V

20710268 i
: 1k

1 1928 < 34ma

LT 2k
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Practice Problem 1: Determine I, Is, Iz, Poc, Opc and Ve in the circuit.

+VEE
=]
+5V

=2 k02
%RE

Ve =4V

——¥)

Rp=100kQ2

ch=SkQ

5 -Vee
-5V

Figure 5.24 For Practice Problem 1.
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Practice Problem 2: Assume Bpc = 150, Vcgay = 0 V and It oy = 0 A.

(a) Let Vgg =10V, determine the Q-point value of Ic and Vce.

(b) If Ic/lg =5, find Vg such that Ic/lg = 5. And determine lg, Ic and Ig
o+25V

- SkQ
=

+VBB [

&)

§5kﬂ

Figure 5.25 For Practice Problem 2.
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5.6 Homework 8
1. Determine the Q-point and construct dc load line for this transistor.

+9V
Rl RC
47 kQ 2.2 kO
Bpc =110
R2 RE
15 kQ 1.0 kQ

Figure 5.26 For problem 1. [7]

2. Assume BDC =100 and le= lc.
(@) Find Vg, Ve (b) Determine Q-point of this transistor

(c) Construct DC load line and plot Q-point

(d) Calculate IC if Rg is changed from 10 k2 to be 1 kQ

Rp= 1% @>

Figure 5.27 For problem 2.
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3. Find the values of Ig, I¢, Ie and Vce. Assume Bpc =100, and Ig = Iz + Ic.

o+ 10%

Rg = 10 kO3

=

- 2Vo MWy (E)

Ry = 10 k02

= Re¢=3k0D

o=10¥

Figure 5.28 For problem 3.

4. For the circuit shown in this figure, the Q-pointisat Ic =1 mA and Vcg =24 V
when Bpc = 60. Assume Ic = lg, V ceay = 0 V and | cieutorn = 0 A.

(a) Determine the values of Rc and Rg.
(b) Construct the DC load line and plot the Q-point.

+ Voo
+ 36NV

Ec¢

Eg

= Figure 5.29 For problem 4.
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5. (a) Determine the Q-point.

(b) Find the maximum peak value of base current for linear operation. Assume
BDC = 220.

+ 25V
Re=1.6Kk2
output
|| o
input @ |
| | .

" || 1
l Ry =330 Q §RE=31€Q -
= Q

-3V

Figure 5.30 For problem 5.

6. (a)Determine the DC operating point (Q-point) and construet the DC load
line for the transistor in Figure 5 Assume Io = Ig, Viopran =0V and Ppo = B =
150.

{(b) Suppose an AC voltage source (Vi) 15 connected to the base terminal of
the transistor to make Iy, = 100 pAp. Draw the waveform of the total collector

current i, (DC current + AC current i.c., I. +1) and that of the total voltage at

collector with respect to emitter v, (DC voltage + AC voltage 1.e., V_ +V ).

Also determine the minimum and maximum values of both waveforms.
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1k
+
Wy L V=20V
+ —
1k

I
L 1 1

Figure 5.31 For problem 6.

7. Consider the circuit shown in Figure 5.32. Assume Bpc = 100, Vcgay = 0 V and
lc(cut offy = 0A.

(@) Determine the value of Rgto make Iz = 50 pA, and then find Vce in
the circuit.

(b) Determine the value of Rgto make Ic/lg = 10.

-I-VCC
+ 50V

Boc = 100

S kQ

Figure 5.32 For problem 7.
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8. (a) Determine the Q-point and construct the DC load line for the transistor in
this circuit. Assume Vcgay = 0 V, lceutory = 0 MA, Ic= Ie and Bpc = Bac = 150.

(b) Suppose an AC voltage source (Vin) is connected to the base terminal of the
transistor to make lppeay = 5 wAp. Draw the waveform of the total collector current

Ic (DC current + AC current i.e., I. + 1) and that of the total voltage at collector

with respect to emitter vee (DC voltage + AC voltage i.e., V. + V,). Also

determine the minimum and maximum values of both waveforms.

T+ Ve
Boc = Bac =150 +15V
§ Rc=10 kQ
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Figure 5.33 For problem 8.
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9. (a) Consider the circuit in Figure 5.34 (a) and then find Rty and V14 for the

base terminal as shown in Figure 5.34 (b).

(b) Find the values of Ig, Ic and Ig. in the circuit of Figure 4(b). Assume Bpc =

100.
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Figure 5.34 For problem 9.
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10. Consider the circuit shown in Figure 5.35. Assume Bpc = 50, Vcg@ay = 0 V and
IC(cut off) = 0A.

(@) Let Vgg = 15 V, determine the Q-point value of Ic and V¢e in the
circuit.

(b) Determine the value of Vgg to make Ic/lg = 10, and then calculate g,
Ic and Ig.

.

Figure 5.35 For problem 10.
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