!_g P R | i 'gm i:.—t:uuling Ing)
v, o——} S ; :
e -

1
] Ves
Vesg

Fig {(1-20) Voltage-divider bias configuration Figure (1-21)Defining the Q-point for the voltage-

divider bias configuration
*Exact Analysis

The input side of the network of Fig. 1-20 can be redrawn as shown in Fig. 1-22
for the dc analysis. The Thévenin equivalent network for the network to the
left of the base terminal can then be found in the following manner:

Figure (1-22) Redrawing the input side of the network of Fig. 1-20

Rry: The voltage source is replaced by a short-circuit
equivalent as shown in Fig. 1-23. R,

Ry
RTh

Ry, = R1"R2

Figure (1-23) Determining Rry

Ery: The voltage source V. is returned to the network and the open-circuit
Thévenin voltage of Fig. 1-23a determined as follows:
Applying the voltage-divider rule:

12
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‘ Ry ! + +

Epy = V= —2Vcc = Vec R @Ve,
ik I

B
Ery — IRy — Vg — IeReg =0 'l'

Substituting Iz = (B + 1)Jg and solving for /5 yields

1. =—£m— Ver
BT Rmt+ B+ DRg

Vee = Voo — Ic(Re + Rg)

Figure(123b}inserting theThévenin equivalent circuit.

Example: 5

Determine the dc bias voltageV/, zand the current I for the voltage-divider

configuration of Fig. { -2y v

S S
R, = Ry|R, & s
_GOEDGIKD) _ ;.50 g 2 3
39KQ+39kQ o '
R2VCC ¥ "7 e f=140
Er =—27€C_
Rl + R2 »
__Bokm@2V) _ med L.
39kQ + 39k .‘L T
Fig(1-24)
P Emn — Ve
BT Rp,+ B+ URg
_ 2V—-07V B 13V
T 355K+ (141)(15KQ)  3.55 kQ + 211.5k0
=6.05 pd
Ic = BIB
= (140)(6.05 A)
= 0.85 mA
13

14



Vee = Vee — Ic(Re + Rg)
=22V — (0.85 mA)(10 k) + 1.5 k)
=22V -—-978V
=]1222V

*Approximate Analysis

The input section of the voltage-divider configuration can be represented by
the network of Fig. 1-25. The resistanceR; is the equivalent resistance between
base and ground for the transistor with an emitter resistor R.

nj3n
+ 1 Ie
R,V .
V. = 22¥ecc - |
B R+ R, 324:Il2 ‘I . R,eR;
| { f S
» v -

Figure 1-25 Partial-bias circuit for calculating
the approximate base voltage VB.

Since R; = (B + 1)Rg = BR; the condition that will define whether the approxi-
mate approach can be applied will be the following:

BR: = 10R,

Vg=Vg— Vg

and the emitter current can be determined from

Ve
I = R,
Ie, =1

The collector-to-emitter voltage is determined by

VCE == VOC - IC‘RC - IERE but since IE = Ic,

)

VCEQ = Vec — Ic(Rc + Rp)

14
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Example: 6
Repeat the analysis of Fig.5 using the approximate technique, and compare
solutions forlqgand V.

BR: = 10R,
(140)(1.5 k) = 10(3.9 kQ)
210 kQ = 39 k€ (satisfied)
R,V
Eq. (4.32): V= ﬁ;

_ _BokhE2V)
39k +39k0N

=2V

Note that the level ofVy is the same asEry determined in Example 5.
Essentially, therefore, the primary difference between the exact and
approximate techniques is the effect of Ry in the exact analysis that
separatesEry and Vp.

Ve= Vs — Ve

=2V-07V

=13V
JopeL =Y =13V _ o867 ma

Compared to 0.85 mA with the exact analysis. Finally,

Ver, = Voe — IcRc + Re)
= 22V — (0.867 mA)10 KV + 1.5 kQ)
=2V-—-997V
=12.03V

Example: 7

Repeat the exact analysis of Example 5 if B is reduced to 70, and compare
solutions forl;q and Vigg.

Solution

This example is not a comparison of exact versus approximate methods but a
testing of how much the Q-point will move if the level of B is cut in half.Ry
and Ery are the same:

15



Ry = 3.55 k), Emq=2V
I = Emn — Ve
o =
Rm + (B + DRe
_ 2V —-07V _ 13V
355 K + (71)(1.5 k£ 3.55k{} + 106.5 k{}

= 1181 pA

Icp = PBlp
= (70)(11.81 pA)
=083 mA
Ver, = Vee = IcARc + Ry
=22V — (0.83 mA)(10 kQ + 1.5 kQ)
=1246V

Tabulating the results, we have:

8 Ic, (mA) Vee, V)
140 0.85 12.22
70 0.83 12.46

The results clearly show the relative msensitivity of the circuit to the change in 8.
and ¥

it 30n hnlf femnemn 1AD 44 TN tha laseale ~AF T
AV, BV AW YWED W .IC"Q CLALS F CEQ

Txran thanoah 2 in Arnctenallsr ~ .
VO WOGEN ¢ 15 GiaSucauny Cuv il daser, IIOHL 170 W

are essentially the same.

Example: 8
Determine the levels of Ioqand Vg for the voltage-divider configuration of

Fig. 1-26 using the exact and approximate techniques and compare solutions.

l!r\v'
‘i
: $s6kn
Ch2 ki b
b J ; fog 10 uF .
rx '
Yy 4]'—— Y A%
pk o :
1.2k

Fig (1-26)
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Solution - -
. Exact Analysis

PRz = 10R,

(50)(1.2 kD) = 10(22 k)
60 k) 3 220 k) (not satisfied)

Ry, = Ry||R, = 82 kQ22 k) = 17.35 kQ

RVee _ 22KQO(18V)
Ri+R 82k +22kQ

Erh — Vae 381V—-07V

Em = =381V

311V

B R T B+ R, 1735kQ+ GDI2KY ~ 7855k

=39.6 A

I, = BIz = (50)(39.6 uA) = 1.98 mA

=18V — (1.98 mA)5.6 kQ + 1.2 k(})
=454V

Approximate Analysis

" Veg, = Vec — Ic(Re + Rg)
=18 V — (2.59 mA)(5.6 kQ} + 1.2 k(})
=388V

Tabulating the results, we have:

I Co (MAJ VEQ (V)
Exact 1.98 434
Approximate 259 3.88

17
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The results reveal the difference between exact and approximate solutions. I,
is about 30% greater with the approximate solution, while V¢ is about 10%
less. The results are notably different in magnitude, but even though SRy is
only about three times larger than R,, the results are still relatively close to
each other.

For the future,
however, our analysis will be dictated by Eq.
PR = 10R;
to ensure a close similarity between exact and approximate solutions.

Transistor Saturation

The output collector—emitter circuit for the voltage-divider configuration has
the same appearance as the emitter-biased circuit.

The resulting equation for the saturation current (when V¢ is set to zero volts -
on the schematic) is therefore the same as obtained for the emitter-biased
configuration. That is,

Ic Vee

T = = ——
. " Re + Rg

Load-Line Analysis

The similarities with the output circuit of the emitter-biased configuration
result in the same intersections for the load line of the voltage-divider
configuration. The load line will therefore have the same appearance as that of
Fig. 1-19, with

Vee

Ic="'—"_—'— .
RC+RE Vee=0V

Vee = Vooli=oma

18
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DC BIAS WITH VOLTAGE FEEDBACK

An improved level of stability can also be obtained by introducing a feedback
path from collector to base as shown in Fig. 1-27. Although the Q-point is not
totally independent of beta (even under approximate conditions), the
sensitivity to changes in beta or temperature variations is normally less than
encountered for the fixed-bias or emitter-biased configurations. The analysis
will again be performed by first analyzing the basé—emitter loop with the
results applied to the collector-emitter loop.

Fig(1-27) dc bias circuit with voltage feedback.

*Base—-Emitter Loop |
Writing Kirchhoff’s voltage law around the indicated 0

loop in the clockwise direction Fig (1-28) will result in

Vece — IeRc — IpRg — Vg — IgRE =0

Fig (1-28) b

It 1s important to note that the current through R 1s not /- but I (where I =
Ic + Iy). However, the level of I and I¢ far exceeds the usual level of Iz and the ap-
proximation I 2 I~ 1s normally employed. Substituting /5 22 I, = Bl and Ip = I
will result in

Vee — BIgRc — IgRg — Vg — BIgRp =0

19
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Vee = Vse — BIs(Rec + Rg) —IgRg =0

Iy = — Vee — VBe
Rp + B(Rc + RE)

*Collector-Emitter Loop
Applying Kirchhoff’s voltage law around the indicated loop in the clockwise
direction in fig (1-29) will result in

I&L N ‘
IERE+ VCE+I{'JRC— VCC':O Re
Since 14 = I and Ir = I, we have
Ie i
IC(RC + RE) + VCE - VCC =0 + i _e's
Vee
Vee = Voo — Ic(Re + Rg) IE* =
Rg
w
Fig (1-29)
Example: 9
Determine the quiescent ievels of Igand Vg, for the network of Fig 1-30
I = Vece — Vae
Rp + B(Rc + Rg) | 10V
3 10V—07V |
250 kQ + (90)(4.7 k) + 1.2 k() AT
250 k0 o ‘
—AWN 113 0V
_ 93V _ 93V I) 10 uF
250kQ + 531 kO 781 kO o] B =90
= 1191 uA 10 UF
12kQ
Ic, = BIz = (90)(11.91 nA)
= 1.07 mA
Fig(1-30)

20
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Vee, = Vee — Ic(Re + Rg)
=10V — (1.07 mAY4.7 kQ + 1.2 k(D)
=10V —631V
=369V

Example:10

Determine the dc level of I and V
for the network of Fig.(1-31).

10 uF
\l

Solution

Fig (1-31)

—_ Vee — Vae
Rg + B(R-+ RE)

_ 18V—-0.7V
(91 k2 + 110 k) + (75)(3.3 kQ + 0.51 k)

Ig

_ 173V _ 173V
201 k€) + 285.75 k) 486.75 kQ)
= 35.5 nA
Ic =Bl
= (75)(35.5 uA)
= 2.66 mA

Vo= Voc— IcRc= Vee — IcRc
= 18 V — (2.66 mA)(3.3 k(2)
=18V —-878V
=922V

21
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Saturation Conditions

Using the approximation /i = I, the equation for the saturation current is the same
as obtamned for the voltage-divider and emitter-bias configurations. That is,

Load-Line Analysis

Continuing with the approximation /¢ = I will result in the same load line defined
for the voltage-divider and emitter-biased configurations. The level of I, will be de-
fined by the chosen bias configuration

Example:11

For the network of Fig. 1-32:
(a) Determinely, and Vigg-
(b) FindVg, Ve and Vp,.

(a)
Iy Vec — Vae
Rg + BRc
20V —-07V 183V
680 k() + (120)(4.7k})  1.244 MQ R & +TEC

= 1551 uA

I, = Bz = (120)(15 51 pA) o3}
— 1.86 mA “

Vee, = Vec — IcRce

=20V — (1.86 mA)(4.7 k)
= 11.26 vV Fig (1_32)
(b)

VB = VBE = 07 ""
Ve=Vce=11.26 YV

VE= ov
Vee=Vg —Vo=07V—1126V
==1056V

22
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Example:12

Determine VC and VB for the network of Fig. 1-33

Solution

Applying Kirchhoff’s voltage law in the clockwise direction for the base—emitter

loop will result in

—IgRg — Vgg + Vge =0
. = Vee — Vae
= —E& _ "BE

Rp
9V -07V

B 100 kQ

__83V
100 kQ

= 83 uA

I = BIg
= (45)(83 pnA)
= 3735 mA

Ve = —IcRc

= —(3.735 mA)(1.2 k)
=—448V

Vg = —IgRg
= —(83 pA)(100 k(D)
=-83V

Example: 13

Determine Vggand Iy for the Common-

collector (emitter-follower) configuration.

Shown in Fig. 1-34

b B
Rr @ 12kit
4 ¢
o r’ I RF
oy pess
1 sF h
"3 EWHI ’1'“;_ =V
Fig (1-33)
&)
y I
IOpF

Figure (1-34) emitter-follower configuration.
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Applying Kirchhoff’s voltage law to the input circuit will result in

_IBRB_ VBE_IERE+ VEE=O
Ig=(B+ 1)5

Vee — Vg — (B + 1)gRg — IR = 0
Vee — Ve
~ Rg+(B+ )R

W0V —-07V
240 kQ + (91)(2 k)

193V _ 193V
240 k() + 182 k€l 422 k2

= 4573 A
Io= Blg

= (90)(45.73 uA)

=412 mA

I

IB=

Applying Kirchhoff’s voltage law to the output circuit, we have
Ig=(B+ )5

Vee, = Vee — (B + 1)IpRg
=20V — (91)(45.73 wA)2 kb)

=1168V
Ir = 4.16 mA
Example: 14

Determine the voltage V5 and the
current /B for the common-base
configuration of Fig. (1.35)

f—-

R & 24k

G 0y

Figure (1-35) Common-base configuration
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Solution
Applying Kirchhoff’s voltage law to the input circuit yields
—VEE + IERE + VBE = 0

_ Ve — VBE

I
E Re

4V —-07V _

275 mA
1.2 k2

IE=

Applying Kirchhoff’s voltage law to the output circuit gives

—Veg + IcRe — Vec =0

Veg = Voo — IcRe with Io = Ir
=10V — (2.75 mA)(2.4 kQ)
=34V

=458 8 1 A
.8 Ma

Example: 15

Determine VC and VB for the network of Fig. 1-36.

3TkQ
Solution ¢ ¢
[ —

e 10 puF
The Thévenin resistance and voltage . )} p=120
are determined for the network to 10WF i
the left of the B8k
base terminal as shown in Figs.
(1-363) and(1'36b). Veg=-20V

Fig (1-36)

25

26



Ry 1 R, v
AAN oB : R :
. 2.

82K R, 212
R Q22k0 Voc e~ 20V - STl
"R; Vie —20 v
+ -
i L
Figure 1-36a Determining RTh. Figure 1-36b Determining £th

R =82kQ22 kO =173 kO

;o VeetVeg | _20V+20V 40V
R +R 82kO+22kQ  104kQ
=385mA

ETh = IRz - VEE
=(3.85mA)(2.2 k) — 20V
=—1153V

The network can then be redrawn as shown in Fig. 1-36¢, where the

application of Kirchhoff’s voltage law will result in
—Er, —IgRmy — Ve —IgRg + VEg =0

Substituting Iz = (B + 1)Ig gives

Veg — Ery — Vg — (B + 1)IgRg — IgRp, = 0
Vee — Emn — Vae
R, +{B+ 1Rg

20V-—1153V=-07V

1.73 kQ + (121)(1.8 k)
7.77V

219.53 kQ

= 3539 puA

IB=

p=120

Vgg =20V

Figure 1-36¢ Substituting the
Thévenin equivalent circuit.
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Io=BIg
= (120)(35.39 pA)
=425 mA
Ve = Vee — IcRc
=20V — (4.25 mA)(2.7 k{})
=853V

Vg = —Eq, — IgRm
= —(11.53 V) — (35.39 pA)(1.73 kQ2)
=-1159V

DESIGN OPERATIONS

EXAMPLE: 16

Given the device characteristics of Fig. 1-37a, determine V¢, Rg and R for the
fixed bias conflguratuon of Fig. 1-37b.

# mA)

[P 1] ik

Fig (1-37) a. Characteristics device b. Fixed bias circuit
Solution

From the load line

Vee =20V

. .pCC
[ = —=
RC Verp =0V
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Rg = Vee — Vae

Ig
_20V-07V _ 193V
40 uA 40 pA
= 482.5 kQ

Standard resistor values:

Rc=2.4%0
Rz =470 kQ

Using standard resistor values gives
Ig=41.1pA
This is well within 5% of the value specified

Example: 17 _
Design a voltage divider bias cct. That given Iy = 2mA, and Vgo = 10V for

the cct. Shown in fig (1-38)

VE == IERE = IC‘RE
=(2mA)(1.2kQ)) =24V

Vg=Vpe+ ¥Vp=07V+24V =31V

10uf
v e 3+
yy=-alec _3,y
Ry + R,
A8 kDAY _ 5.
R, + 18k}

Fig (1-38) voltage divider bias

324 kQ = 3.1R; + 558 kQ
3.1R) = 268.2 k@

2 2
R, = 26820 _ g0 o k0

3.1
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_ "= _Vece - Ve

R~ =
< Ic Ic
Ve=Ver+ Ve=10V+24V =124V
T 12 4%T
Re = 18V —124%
2mA
= 2.8 k)

TRANSISTOR SWITCHING NETWORKS

The application of transistors is not limited solely to the amplification of
signals. Through proper design it can be used as a switch for computer and

control applications.

The network of Fig (1-39) can be employed as an inverter in computer logic
circuitry. Note that the output voltage V¢ is opposite to that applied to the

base or input-terminal

AT
5V 5V
1
——
oV
F s
(a)
Ic (mA)
60 pA
7
I, =61 m.r‘.\s S0 A
5 ’_'f\ 20 A
af \ 30 uA
3 \
20 pA
, R \
e 1012
1 f \
] e 1 =0pa
0 1 : 1 3 4 5 Teg:
2 —
—e— Iggp=0ma Toe=3V
Tegen =0V
()

Figure (1-39) Transistor inverter.
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The level of Iz in the active region just before saturation results can be approxi-

mated by the following equation: )
C

For the saturation level we must therefore ensure that the following condition is

satisfied:

¥ o
Ig > ==
oc de -

For the network of Fig.1-39b, when Vi = 5V, the resulting level of I is the.

following:
V,—07V SV-07V
=" =T & =63 uA
V 3V
cc = 6.1 mA

=R, 080k -

Testing Eq. (I) gives

e, 61mA _ 488 4A

In = 63 uA >
B =0 MR~ g 125

which is satisfied. Certainly, any level of I greater than 60 pA will pass through a

Q-pomnt on the load line that is very close to the vertical axis.
For Vi=0V, Iz = 0 yA, and since we are assuming that I, = Iogo = OmA, the
voltage drop acrossR as determined byV, = IR = OV, resulting in V=5V

for the response indicated in Fig. 1-39a.
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