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A Word rivin the Author
on the Unigue, Practicdadl
Value This Book Offers |

This forward-looking manual of electronic . circuit design tech-
niques, tables, and formulas includes computer programs (with
illustrative RUNS) to facilitate preliminary design procedures.

The text starts with an explanation of basic amplifier design
procedure with bipolar transistors using hybrid parameters for
preliminary device and component evaluation. I give practical
examples for the CE, CC, and CB modes of operation. The iptroduc-
tory discussion concludes with a helpful compr: ‘ter program that
enables the designer to quickly “punch out” basic amplifier per-
formance figures relative to tentative device and component values.

Procedural topics continue with detailed examination of bias
stabilization requirements in basic amplifier design with bipolar
transistors. Stabilizing circuitry includes resistor, diode, ther-
- mistor, and transistor arrangements. Voltage and current stability
factors are derived, and various practical examples ‘are cited. Bias
stabilization considerations conciude with effective computer pro-
grams for facilitating design analyses.

Amplifier discussion continues with considerations of noise
factor and its optimization. I treat audio preamplifier design from
an applications viewpoint and optiong} trade-offs. There are prac-
tical examples of preamplifier classes and pesformarice chatac-

v .



vi A Word from the Author

teristics. I review coupling circuitry for both utility applications
and for high-fidelity operation. I examine negative-feedback circui-
try and present helpful computer programs to speed up circuit
" design procedures

The next examination is of driver and power—amplifler de51gn
considerations for bipolar transistor audio circuitry. There is a
review of various trade-off options from the standpoint of produc-
tion economy. I discuss both utility and high-fidelity applications,
with various practical examples. I present an introduction to
reliability evaluation, pointing out common design pitfalls. These
topics conclude with appropriate computer programs to facilitate
the design procedure

Tolerance is a “dirty word” in some areas of design. Admittedly,
design tolerances are often difficult (and sometimes impossible) to
calculate with a high level of confidence. The text coverage illus-
trates hew a heuristic programming approach can sometimes

“wplifyAolerance ¢alculations for optimal design. There is also a
chained grapincal technique that facilitates evaluation of
~-rance requirements.

Next, I review the basics of tuned-amphfler design with an
examination of coupling circuitry characteristics. There is a discus-
sion of various options from the viewpoint of production economy.
And, I discuss—additional tolerance factors and control of “drift”
factors, together with practical examples. There is an outline of
gain-control requirements. You will find appropriate computer
programs to facilitate coupling-circuit design procedures.

The next description of wide-band bipolar transistor amplifier
arrangements includes a review of frequency compensation, direct
coupling, RC coupling, negative feedback, and tolerance considera-
tions, all from the standpoint of practical design procedures. You
will find typical trade-offs and design options, again with practical
examples. A helpful computer program to assist in calculation of
design tolerances (worst-case performance characterlstlcs) is part
of thls section.

+ The next subsection recaps the foregomg chapters wnth respect
to MOSFET design procedures. There is a detailed descrlptmn of
similarities and differences between bipolar and-MOS .amplifier
circuitry with their relevant advantages and disadvantages. You
will read about design procedures, which are exemplified for.
common-source, common-drain, and common-gate configurations..

o



A Word from the Author Vil

I point out applications that are facilitated. by very high input
resistance, wide dynamic range, and very. hlgh forward
,transconductance .

There .are various computer programs with the de31gn pro-
cedures to speed up development of prototype models. You will find
heuristics to compute optimal parameters in preliminary design
procedures. I give practical consideration to worst-case analyses.

Next, I discuss principles of oscillator design with respect to
both low-frequency and high-frequency operation. I analyze the RC
oscillator in some detail again and provide various computer
programs to facilitate preliminary design procedures. I review
operating stability, practical production-engineering requirements,
and factors relating to harmonic generation.

Up to this point, the focus of attention is directed to basic
electronic circuit building blocks and their characteristics. Since a
building block such as a parallel-resonant circuit may be energized
by a voltage source with significant internal resistance, its param-
eters are modified accordingly. Again, the resonant circuit may also
supply its current demand to a load that has significant con-
ductance. Accordingly, its parameters are further modified. In turn,
the focus of attention is redirected to contextual circuit analysis of
both RC circuitry and LCR circuitry.

You will find eomputer programs for calcula’on of the input
and output impedances of unloaded and loaded RC differentiating
and integrating circuits. I consider single-section and two-section
arrangements; the two-section arrangements include both sym-
metrical and unsymmetrical configurations. The book contains
practical graphs for rapid determination of output/input voltage
and phase relations. Survey programs that print out extensive
frequency response data supplement the design graphs.

I then discuss basic filter design procedures, insofar as they
relate to the needs of the practical design engineer. I review ,31mple
RC filters and illustrate the effect of component tolerances. Passive
and active tone controls, equalizers, bandpass and loaded band-
pass, and low-pass filters with low-frequency cut provisions are
described and illustrated. Computer programs are provided to
speed up preliminary design procedures.

The next chapter is concerned with the principles of transient
circuit design. Nonsinusoidal oscillator circuitry is included. Em-
phasis is placed on mathematical treatment of transient circuit
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operation and the effects of component tolerances. I provide various
computer programs to ease thé task of mathematical analysis.

You will find an example of creative design procedure in the.
final chapter entitled Elements of Linear RC" Voltage Bootstrap
Circuitry. It shows step, by step, with practical examples, how to
design an RC-integrating or differentiating network that develops
an output voltage greater than its input voltage. Then, I show
cascaded arrangements that produce an output voltage that ap-
proaches a limiting value, followed by cascaded configurations that
develop an output voltage that approaches infinity as the number of
RC sections is indefinitely increased. This is more of a tutorial
chapter focusing on the creative process than on practical applica-
tions of known network theory.

The book mcludes useful appendices for ‘explanation of pro-
gram conversions amaong the more popular types of personal -
computers, for ready reference to most-often-used mathematical
relations, and for speedy.retrieval of. electronic circuit data. The
cross-referenced index facilitates localization of any topic that the
designer ‘may need to look up. ~

Frofessional electronic designers and troubleshooters know
that time is money and that knowledge is power. Your success in
practice of your profession is limited only by the horizons of your
technical know-how. The unique and practical design approaches |
application techniques, procedural data, examples, computer-alded '
design procedures. and technical reference data in this manual
provide key stepping stones to vour coal.

Rosrrt G. MIDDLETON
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BASIC
AMPLIFIERS

' COMMON-EMITTER AMPLIFIER -

The simplesi practical common-emitter amplifier drratigement is
'shown in Flgure 1-1. To calculate the voltage gain, power gain,

' cL. rent gain, input reSLStance and output resistance for this con-
fxguratron it may be skeletonized, as depicted in Figure 1-2. Since
“the transistor is a nonlinear device, small-signal class-A Upration
~ is discussed at this time. Calculations are made with respect % the
~equivalent circuit shown in Figure 1-3. :

Voltage gain is calculated from the formula:* - "
) AV _afeRl - ~
[hlehoe = afe"'re]Rt + ‘hle
Ewﬁe:
’ R = 15 kilohms h, = 1500 ohms h., = 20 x 10-¢ Siemens
ae = 50 M =5 x 104 '
' A, = ~476 ;

*A short computer proram for rapid calculation of amplifier parameters is provided at the
end of thisgchapter. p

8850125



2 Basic Amplifiers

Current gain is calculated from the formula:

i . — Qg -
Al .: e
hoR + 1
ExampLe: i . (
k., = 15 kiiohms - hee = 20 X 10-¢ Siemens
. Qe = 50 ) .
A = -384
Cs
J”L ——0 Qut
¢,
F— 2,
N ‘P
.';;. »
Audio P 2 - l -
Frequency E:R' RJE: ) =
Generator ) . T
4 ;}__ d

.|[

Figure 1-4. Simplest practical common-emitter amplifier arrangement.

" Norte: The hybrid parameters are frequency-dependent in this example, because R3 is
bypassed by C2. At zero frequency (dc), C2 is effectively open; at high frequencies, C2
is effectively a short circuit for ac. The hvbrid parameters are unaffected by the values
of C1and C3. : _ . i '

In preliminary design procedures, i1 is usuallv helpful to keep the requirements
in mind for a low noise figure. Thus, a collector-supply voltage less than two volts, an
emitter current less than one milliampere, and a generator (source) internal resistance
in the 300- to 3,000-0hms range are practical guidelines for an audio-input stage.

Transistor data sheets ordinarily specify hybrid-parameter values for average
values of collector voltage and current. Accordingly, adjusted values of hybrid

parameters should be used when calculating amplifier performance at low values of

collector voltage and current.



Basic Amplifiers‘ 3
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Figure 1-2. Ske!efonized.version of the configuration in Figure 1-1.

NortE: In some circumstances, the deszgner has no choice of generator résistance. If
R, is very high, the proper procedure is to reduce the efitter current to the lowest
practwal level and to select a transistor type that has a maximum for:ward current-
transfer ratio (h.). These considerations will minimize the nozse figure in an audzo--
input stage, for example.

The input resistance r, is the eli ratio that the generator “sges;” looking inté the
base of the transister. The output resistance r, is the eli ratio that the load “sees,”
looking back into the colléctor of the transistor. )

The predominant design goal for small-signal audio amphﬁers is: generally
maximized power gain. However, the designer seldom has a "free hanf] and. must
make yudzc:ous trade-offs- wzth respect to productzon costs and produg “price tag.”

B

-

A e 7
T ‘ |
! HVes %uis }
: } —0 Out
| By | :
1 - Consant Constant |
) Voltage . Current
R [ : ! .
g | - . o - T}
! Y SIS |
] ) . .1 2R,
l {Input Section) {Output Section} | & .
. Constant v NE . .
Voltage L]
N 4L

Figure 1-3. Equivalem Cll'CLIIf for the crrcngement in Flgure 1- 2

NoTE: The hybrid parameter h,, is equal to the mput zmpedance of the transistor wlth
output short-circuited. The hybrid parameter g, or h,, is equal to the reverse open-
circuit voltage amplification factor. The hybrid parameter w,, or hy,, is equal to the
forward short-circuit current amplzftcatton factor. The hybrid parameter h., is equal
to the output admittance of the transistor with open-circuit input. V,, is the collector—
o—ground voltage, and i, is the base current of the transisor. ’



4 Basic Ampiifiers

Pcwer gain is calculated from the formula:

Gy = AA
D
| 7 Tow + 1) {Pihos —auprR + hi]
Exave: |
A = -476 A= -384
S, =.18.278
R = ,15‘kllohr_f\s a, =50 \ hee = 20 x 107° Siemens
. he=15000hms g, = 5 x 10°*
G, = 18316  ~G,(dB) = 1010g 18315 = 10 x 426 = 426 B

——r

Input resistance is calculated from the formula:

he + (hoehie = Qrohre) Ry .

L =

1 + hR
EXAMPLE
h, = 1500 ohms ., = 5 x 10-* : :
* r, = 1212 ohms

Quiput resistance is calculated from tHe formula’ |

e + Ry
fo = Noohle — Mrellie + NooRy
4 ExampLe: , ,
" R, 1500 : hee = 20 X 10-% Siemens
he = 1500 ohms " e = 5 X 10-4 o = 50
r, = 85,714 ohms
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Observe in the foregoing examples that A, is negative because the
output voltage has reversed phtase compared to the input voltage. A,
-is negative because the output current has reversed phase compared
to the input current. . '

HYBRID PARAMETERS

a,

Hvybrid poramerers are employed in the foregoing examples. The.
hvbrid porareters for the common-emitter configuration are: -

n<r b= Input impedance with output short-circuited
fi. or h.,, = Output admittance with open-circuit input
h.. or h,,. = Reverse open-circuit voitage amplification factor .

i

h.. or h,.. = Forward short-circuit current amplification factor
Note that h,, is also called w,. and b, is also called «.

As shown in Figures 1-2 and 1-3, R, denotes the generator
resistance or the internal resistance of the signal source.

HYBRID PARAMETER DEFINITIONS '

The input impedence of a transistor with its output short-circuited
(h..) is defined as shown in Figure 1-4. This is a plot of base voltage
versus base current, with collector voltage as the running param-
eter, for a tvpical bipolar transistor. Since the V. /Iy characteristics
are nonlineai, the value of h. will depend on choice of the operating
roint. The operating point in this example is indicated by X. The
corresponding value of h,. is equal to the limiting ratio of AVge/Al,
for a chosen value of collector voltage (in this example, Ve = 7.5
volts). This ratio has a value in the limit of 608 ohms for the
particular transistor and for the specified operating (quiescent)
point. -

The reverse open-circuit voltage amplification factor of a tran-
sistor is defined as shown in Figure 1-5. This is a plot of base voltage
versus collector voltage, with base current as the running param-
eter, for a typical bipolar transistor. Inasmuch as the Vge/Vee
characteristics are nonlinear, the value of h.. depends on choice of
the operating point. In this example, the operating point is indi-
cated by X. C
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05—

Collector Voitage V¢, (Volts)

Base Voltage Ve (Volts)

| i 1 | 1 f
0 50 100 150 200 250 300

Base Current I (Microamps)

| J—— —— )
———
Tl o
Yy v, Vq %ER‘- #(Shortl
' i
.

Figure 1-4. Definition of the input impedance of o transistor with its output short-
“circuited (n,). .

NOTE: H parameters are slopes of the static characteristic curves for the particular
transistor. : '

In turn, the corresponding value of h,. is equal to the slope of
the tangent at point X on the 150-uA curve. This slope has a value of
14 % 107 for the particular transistor and for the specified operat-
ing point. Note ‘that the diagram in Figure 1-5 depicts reverse

“transfer (feedback) characteristic curves for the common-emitter
configuration. Stated otherwise, a collector-voltage variation AV
will appear at the input as a base-voltage variation AVj;.

- The forward short-circuit current amplification factor (h;.) for
a transistor is defined as shown in Figure 1-6. This is a plot of

s

a8 — TLer/R

LAt
=t

Iﬁ&



