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Approximate Analysis

The input section of the voltage-divider configuration can be represented by the network of Figl.
The resistance R; is the equivalent resistance between base and ground for the transistor with an
emitter resistor Re. The reflected resistance between base and emitter is defined by Ri =(B+1)Re.
If Ri is much larger than the resistance Ry, the current Igwill be much smaller than 1, (current
always seeks the path of least resistance) and I, will be approximately equal to I;. If we accept
the approximation that Igis essentially zero amperes compared to 11 or 12, then 11 =I2 and R; and

R, can be considered series element

T
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-

Fig.1: Partial-bias circuit for calculating the approximate base voltage Vg.

RVee

V. =
g Ry + Ry

Since Ri = (B+1)Rgthe condition that will define whether the approximate approach can be
applied will be the following:

BRz = 10R:

In other words, if  times the value of Rgis at least 10 times the value of Ry, the approximate
approach can be applied with a high degree of accuracy. Once Vgis determined, the level of

Vecan be calculated from:

Ve = Vg — Vge

and the emuitter cuurent can be deternuned from

Ve

I =-E

E= R,

and Ir =1Ig

Assist. Lecturer: AMMAR ISSA ISMAEL



College of Engineering
Dept. of the electrical power and MachineDate: Mon3/10/2014
Subject/ ANALOG ELECTRONICTime/ 3 hours

The collector-to-emutter voltage 1s deternuned by
Vee = Vee — IcRe — IeRg

but since Iz = I,

stage / second

Vee, = Voc — Ic(Rc + Rg)

Note in the sequence of calculations from above equations that B does not appear and Igwas not

calculated. The Q-point (as determined by lcqand Vceo) is therefore independent of the value of

B.

EAMPLE: 4.8:- Repeat the analysis of Fig.2 using the approximate technique, and compare

solutions for Icgand Veeo.
e

‘ +
10 uF
— ) . Ve B= 14D
-
—
1‘0k(2§
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Fig.2: for example 4.7
Testing:
BR: = 10R,
(140)(1.5 k2) = 10(3.9 k1)
210 k) = 39 k{) (satisfied)

RV
R+ Ry

_ B9Kk)(22V)
39 k() + 3.9 k()

=2V

VB:
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Note that the level of Vgis the same as Et, determined in Example 4.7. Essentially, therefore, the
primary difference between the exact and approximate techniques is the effect of Ry, in the exact

analysis that separates Er, and Vs.

Ve=Vg — Vag
=2V-07V
=13V

compared to 0.85 mA with the exact analysis. Finally,
Vee, = Voc — IcfRe + Rg)

=22V (0.867 mA)(10 kQ +1.5 kQ)

=22V _997V
=12.03V

versus 12.22 V obtained in Example 4.7

The results for Icgand Vcegare certainly close, and considering the actual variation in parameter
values one can certainly be considered as accurate as the other. The larger the level of
Rijcompared to R», the closer the approximate to the exact solution.

EXAMPLE:4.9:- Repeat the exact analysis of Example 4.7 if B is reduced to 70, and compare
solutions for Icgand Veeo.

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. Rt, and Erhare the same:

RT]:I. =355 k!l, ETb =2V
Em, — Vae
R, + (B + 1)Rg
2V —-07V B 13V
355K+ (TDAS KD 355 k0 + 106.5 kO

— 11.81 uA
Ic, = Bls
— (70)(11.81 uA)
= 0.83 mA

I3=

Ve, = Voo — IcfBc + Rg)
= 22% — (0.83 mA)10 k) + 1.5 kL)
= 1246V
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Tabulating the results, we have:

B Ie, (mA) Vg, V)
140 0.85 1222
0 083 12 46

The results clearly show the relative insensitivity of the circuit to the change in p. Even though p

is drastically cut in half, from 140 to 70, the levels of ICQ and VCEQare essentially the same.

EXAMPLE:4.10:- Determine the levels of Icgand Vcegfor the voltage-divider configuration of

Fig.3using the exact and approximate techniques and compare solutions. In this case, the

conditions of Eq. (BRe>10R2) will not be satisfied but the results will reveal the difference in

solution if the criterion of Eqg. (BRe>10R2) is ignored.

Fig.3: Voltage-divider configuration for Example 4.10.
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Exact Analysis
Eq. (4.33): BRz= 10R,
(50)(1.2 k€2) = 10(22 kf)
60 k() & 220 kL) (not satisfied)
R =R} Ry = 82Kk} 22 k() = 1735 k()
RyVee 22 k(W18 V)

=R +r mrko+nkn 0V
Lo Bm—Ve __ 381V-07V __ 311V
P Rm+(B+ DRz 1735kQ+ (S1)(1.2kQD) ~ 7855 k()

=396 uA
Ic, = Bls = (50)(39.6 pA) = 1.98 mA
Ve, = Vee — Ic(Re + Rg)
= 18V — (1.98 mA)(5.6 k() + 1.2 k)

=454V
Approximate Analysis

Vs =Em =381V
Ve=Vs—Vagr =381V —-07V=311V
_ Ve _ 311V
R:  12Kk0
Vee, = Vee — Ic(Re + Rg)
— 18V — (2.59 mA)(5.6 k() + 1.2 k()
=388V

Ir =1

= 2.59 mA

Tabulating the results, we have:

I, (mA) Ve, (V)
Exact 1.98 454
Approximate 2.59 3.88

The results reveal the difference between exact and approximate solutions. lcgis about30%
greater with the approximate solution, while Vcggis about 10% less. The results are notably
different in magnitude, but even though BRegis 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.(BRe>10R2)to ensure a close similarity betweenexact and approximate solutions.
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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. Although the Q-point is not totally independent of beta (even under
approximate conditions),the sensitivity to changes inbeta or temperature variations is normally

less than encountered for the fixed-bias or emitter-biased configurations.

Vee —IcRe — IgRg — Vae — IgRg =0

2
oc

. —AAA—
AAN 1; o Vo

Vez
— I
4, Ig + * £
Rg Re

w
Fig.4: dc bias circuit with voltage feedback.
I-=1I,= Bl and Iz = I

Vec — BIgRe — IgRp — Vg — BIgRE = 0
Gathering terms, we have
Vee — Vee — PIg(Rc + Rgp) —IgRp =0

and solving for Iy yields

Iy = Vee — Ve
Rp + B(Rc + Rg)

In general, the equation for Ighas had the following format:

v

fg=————
5" Ry + BR'

Since I = fI;,

I adl
“e” Ry + BR’
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In general, the larger BR is compared to Rg, the less the sensitivity of Icqto variationsin beta.

Obviously, if BR = Rgand Rs+pR =pR , then

P A
“@" Rg+ PR’ BR' R’

IeRg + Veg + IcRe — Ve =0
Sinece I = I and Ir = I, we have

Ic(Re + Rg) + Veg — Vee =0

and Vee = Vee — Ic(Re + Rg)

Example:4.11: Determine the quiescent levels of ICQ and VCEQ for the network of Fig.5

10W

gd-.? kQ
250 kQ

AN 1; o Vs
10 uF
| |’/ B =90
1 I\
10 uF

1.2 k02

Fig.5: example 4.11
_ Vee — Vae
Rp + B(Rc + Rg)

_ 100V —07V
T 250 k) + (90)(4.7 k) + 1.2 k()

_ 93V 93V
T 250 k() + 531 k0O 781 kD

— 11.91 A
Ic, = Bl = (90)(11.91 pA)
= 1.07 mA
Vee, = Vec — Ic(Re + Rg)
— 10V — (1.07 mA)4.7 kQ + 1.2 kQ)
=10V —-—631V
=369V

I
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EXAMPLE 4.12: Repeat Example 4.11 using a beta of 135 (50% more than Example 4.11).
15=8.89 HA
ICQ: 1.2 mA, VCEQ: 292V

Even though the level of B increased 50%, the level of Icqonly increased 12.1%while the level of
Vcegdecreased about 20.9%.

EXAMPLE 4.13: homework

EXAMPLE.4.15: Determine Vc and Vs for the network of Fig.6.

R‘-gllksl
(.
—— '( O
- N pF
)| { g=45
1 kF I
Kl IOKU CV,p =9\

Fig.6: EXAMPLE.4.15
_IBRB - VBE + VE =0

Vee — Vie
Iz = —RB—

and

Substitution yields

_9V-07V
100 k()

83V
100 k(2

=83 pA
Ic= BIg
= (45)(83 pA)
= 3735 mA
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Ve= —I-Re
= —(3.735 mA)(1.2 k(1)
= —448V

Vs = —IsRz
= —(83 pA)(100 k()

— -83V

EXAMPLE.4.16: Determine VCEQ and IE for the network of Fig.7.

Fig.7: example 4.16

Applying Kirchhoff’s voltage law to the mput circuit will resulf 1n
—IgRg — Vpe — IgRg + Vee = 0

but Ie=(B+ 1)g

and Vee — Vg — (B + 1)[gRg — IzgRg =0
Ve — F

with I EE_BE

TR+ (B+ DRs
Substituting values yields

20V —07V
240 kQ + (91)(2 k()

193V _ 193V
240 k() + 182 k() 422 k()

IB=

— 4573 pA
Ic= Bl
— (90)(45.73 pA)
=412 mA
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Applying Kirchhoff’s voltage law to the output circuit, we have
_VEE + IERE + VC‘E =0

but Ie= (B + s
and Vee, = Vee — (B + 1)IpRe
=20V — (91)(45.73 pA)(2 k()
=11.68V
Iz =416 mA

EXAMPLE.4.17: Determine the voltage VCB and the current IB for the common-base
configuration of Fig.8.

J- Fig.8: EXAMPLE.4.17
Solution
Applying Kirchhoff’s voltage law to the mput circuit yields
— Vg +IgRg + Fge =0

and Iz = Yee — VbE
Rg
Substituting values. we obtain

_ AV —07V
1.2 k€

Ie = 275 mA

Applying Kirchhoff’s voltage law to the output circuit gives

and Vep = Voo — IoRe with Ie = Ip
=10V — {(2.75 mA)2.4 ki})
= 3.4V
Ic
Is="5
_ 275 mA
60
= 45.8 pA
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EXAMPLE 4.18 :Homework
DESIGN OPERATIONS

EXAMPLE.4.19: Given the device characteristics of Fig.9a, determine Vcc, Rg, and R¢ for the
fixed bias configuration of Fig.9b.

‘l“' '-"n-'\

12l h

Fig.9: EXAMPLE.4.19

Solution

From the load line

VC“C =20V
I = Vee
Ro |Fee =0V
V, 20V
and R.=—£= =25 kQ
Ic 8 mA
. = Vee — Ve
g =-—cc —BE
Rp
with Ry =Yoc— Vae
Ig
_20V—-07V _ 193V
40 pA 40 pA
= 482.5 k{}
Standard resistor values:
RC =24k
Rg =470 k
Using standard resistor values gives
lg =41.1 pA

which is well within 5% of the value specified.
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EXAMPLE 4.20 homework
EXAMPLE. 4.21: The emitter-bias configuration of Fig.10 has the following specifications: lcq
=(1/2) lcsat, lcsat 8 MA, Ve =18V, and B = 110. Determine Rc, Rg, and Rg.

-—s RV

Fig.10: EXAMPLE.4.21
Solution
Ie, = 3¢, = 4mA

VR.. VC‘C‘ - VC

R — [ —

< IC() ICQ:

_ 28V —-18V — 15 KkO
4 md

Ic . = _Jee

“  Re+ Rg

and Re+ Ry =€ 228V _ 3510

< ET Ic SmA )

ekl

=35k} —25k0

=1k
I _Iq)_4m_3536
Bo~ 5T 110 S0 pa
I = Vee — Ve
B, = SIPY
Rg + (B + LRg
and RB“'{.‘B_URE:M

Ig

f\_‘-
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stage / second

M_uﬂ 1R:

with Ry =
? Is,
=~ BV-0TV  q1na k)
36.36 A
= H — 111 k!l
36.36 pA
= 6539.8 k()
For standard values:
Rc=2.4kQ, Re =1kQ, Rg =620 kQ
TRANSISTOR SWITCHING NETWORKS
Vep=5V
=]
AT Ee § 0.82 kQ AT,
5V AV
Rp
—- .FI_FE= 115 —
oV 68 £Q Y -
T T
. 2
(a)
Ic (mA)
60 nA
Icg“= 6.1 mﬁx‘xs 50 pA
s 40 pA
. \ o na
3 \\ 20 pA
; - \10 A
| | l | | Ig=0pa o
0 1 2 T 3 a s Vg
— Tope =0 mA Fece=5WV
Frg =0V
(b)

Fig.11: Transistor inverter.
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Proper design for the inversion process requires that the operating point switch from cutoff to
saturation along the load line depicted in Figl1. In addition, we will assume that Vce = Vegsat = 0
V rather than the typical 0.1- to 0.3-V level.

When Vi = 5 V, the transistor will be “on” and the design must ensure that the network is heavily
saturated by a level of Ig greater than that associated with the Ig curve appearing near the
saturation level. In Fig. 11b, this requires that IB = 50 pA.

The saturation level for the collector current for the circuit of Fig. 11a is defined by

The level of Ig in the active region just before saturation results can be approximated by the

following equation:

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

I
Ig > —=
-Hdc

For the network of Fig. 11b, when Vi =5 V, the resulting level of IB is the following:

V,— 07V 2V —-0TV

Is = = 63 A
5 Rz 68 k() -
Vee SV

d Io = = =61 mA

a Cw” R, 082Kk( .
Testing

Is = 63 A > fcn _61ma = 438 uA

5 P B 125 ke

which is satisfied. Certainly, any level of Iz greater than 60 pA will pass through a Q-point on
the load line that is very close to the vertical axis. For Vi = 0 V, Iz = 0 gA, and since we are
assuming that Ic = lceg = OMA, the voltage drop across Rc as determined by Vrc =IcRc =0V,
resulting in V¢ = 5 V for the response indicated in Fig. 11a. In addition to its contribution to

computer logic, the transistor can also be employed as a switch using the same extremities of the
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load line. At saturation, the current I¢ is quite high and the voltage Ve very low. The result is a
resistance level between the two terminals determined by:

VCE\“‘_
Ie,

'R'E-.lt =

Using a typical average value of Vg such as 0.15 V gives

Vee, 015V

R5a = =
I 6.1 mA

Al

=246 ()

which 15 a relatively low value and = 0 () when placed in series with resistors in the
kilohm range.

For Vi = 0 V, the cutoff condition will result in a resistance level of the following magnitude:

Vee 5V
RC'I.'I.D = = - = !:I
toff Iero 0mA

resulting in the open-circuit equivalence. For a typical value of Icgg = 10 PA, the magnitude of
the cutoff resistance is

Vee _
lezo 10

which certainly approaches an open-circuit equivalence for many situations.

= 500 k{}

Rcumﬁ' =

Assist. Lecturer: AMMAR ISSA ISMAEL



