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SIGNIFICANT EQUATIONS

1 Semiconductor Diodes W =0V, 1 eV =1.6x10 1,1, =1""" = 1), Rpc = Vpllp, ra = AVy/IAI, =
26 mVilp, ray = AVJAL, Pp = Vplp, Te = AVI[VAT, — T,)] X 100%

2 Diode Applications Vee = Vp = 0.7 V; half-wave: Vg = 0.318V,,; full-wave: V4. = 0.636V,,
3 Bipolar Junction Transistors lg=lc+1Ig, Ic=1Ic,, . *1co,.... Ic =1 Vo= 0.7V, ay. = Ic/lE,

Ie = alg + Icpo, Gty = Alc/Al, Icpo = Icpo/(1 — @), Bac = Ie/lp, Buc = Alc/Alg, o= BI(B+ 1), B=al(l — a),
Ic = Blg, Ig = (B + DIy, Pc,, = Veelce

4 DC Biasing: BJTs In general: Vg = 0.7V, I = I, Ic = Blg; fixed-bias: Iy = (Vee — Vpe)/Ry, Ver =
Vee = IeRe, Ic, = VeelRe; emitter- stabilized: Iz = (Vee — Vep)/(Rp + (B + DRE), R = (B + DR, Ver = Vee —
IAR¢ + Rp), 1( = Veel(Re + Rp); voltage-divider: exact: Ry, = Ry||R2, Ern = RaVee/(Ry + R2), Iy = (Eq, —

Vee) (R, + (B + DRy, Ver = Vee — Ic(Re + Rp), dppl‘Oledle Vg = RoVec/(Ry + Ry), BRg = 10R,, Vi = Vg —
Ve, Ic = Ir = Vg/Rp; voltage-feedback: Ip = (Voo — Vpe)/[Rp + B(R¢ + Ry)]; common-base: Ig = (Vir — Vae)/RE,
switching transistors: fo, = 1, + lu, lore = 1y + 17 stability: S(Ico) = Alc/Alco; fixed-bias: S(Ico) = B + 1; emitter-bias:
S(co) = (B + 1)(1 + Rg/Re)/(1 + B + Ry/Rp): voltage-divider: S(Ico) = (B + 1)(I + Ra/Rp)/(1 + B+ Rn/Rp):
feedback-bias: S(Ico) = (B + (1 + Rg/Re)/(1 + B+ Rp/Re), S(Vir) = Alc/AVpg; fixed-bias: S(Vgg) = —B/Rp;
emitter-bias: S(Vgzr) = —B/[Rp + (B + 1)R.]; voltage-divider: S(Vgr) = —B/[Rry + (B + DRg]; feedback bias:
S(Vge) = —BI(Rg + (B + DRe), S(B) = Al-/AB; fixed-bias: S(B) = I¢/B,; emitter-bias: S(B) = I¢,(1 + Rp/Rg)/
[Bi(1 + B> + Rp/Rp)]; voltage-divider: S(B) = I (1 + Rw/Re)/ [ B1(1 + B2 + Rmw/Rp)]; feedback-bias: S(B) =

Ic(Rg + ROIBI(Rg + R + Bo)]. Al = SUco) Mo + S(Var) AV + S(B) AB

5 Field'Effect Tl'ansistors IG =0 A 1[) = 1,)35(1 - V(,\/Vl)z, = IS, VGS = Vp(l Y Il)/IDSS)’ [[) = 11)55/4
(if Vgs = Vp/2), Ip = Ipss/2 (if Vgs = 0.3V,,)), Pp = Vpslp, Ip = k(V(,s Vi)




6 FET Biasing Fixed-bias: VGS = _VGG’ VDS = VD[) e II)RD; self-bias: VGS = _IDRS’ V[)S = VDD - [l)(RS +

" R[)), VS = IgRg', voltage—divider: V(; = RQVD[)/(RI + Rz), V('g V IDRSv VDS = VDD ID(RD + Rg) enhancement-
type MOSFET: 1), = k(Vgs — V(;S(l‘h))za = Ipon/(VGsion — Vm(rh)) feedback bias: Vs = Vs, Vas = Vop — IpRp:

. voltage-divider: Vi = RyVpp/(R) + R,). Vs = Vi — IpRy; universal curve: m = |Vp|/lpssRs, M =
RZVD[)/(RI + RZ)

7 BJT TraHSiStor MOdeling Zi = Vi/li’ Ii = (V\ - ‘/i)/Rscnscs 10 = (‘/A - Vo)/Rsensc, Zo =
A\' ‘N[
common- emltter. Zi=Pre,Z,=r, A, = —Ry/r,, A; = B, h;, = Br,, hte = Bacs hip = 1., hpp =

8 BJT Small-Signal Analysis = Common-emitter: A, = —Rc/r,, Z; = Ry||Br.. Z, = R¢, A
R = R|”R2, Av = —Rc/r,,, Z,‘ = RIIIB’}), Z,, = R(_‘; emitter-bias: Z[, = B(rt. = RE) = BRE, A

I AR L T S

collector feedback: A, = —Rc¢/r., Z; = Br,||R//|A,l, Z, = R(||Ry: collector dc feedback: A, =

hehy R+ hoRy), Zo = Ulhy — (hyhy/Chi + R)]

Rr) = —R¢/Rg; emitter-follower Z,=B@r.+Rp), A, =1, Z, = r,; common-base: A, = R( [Py

=m X Vg/|Vpl|, Vg =

V()/l(), A\' = V(:/Vh
Zi + Ry), A; = —A,Zi/R,, r, = 26 mV/I;; common-base: Z; = r,, Z, = x (), A, = Rilr., A; = —1,

—Q.

Zi = Rl:'llr('s Z(I =
—(RpJ|RA)res Zi =

Re|1Bre, Z, —R(||RF7, hybrld parameters: A; = hy/(1 + h,R;). A, = —heR./[h; + (hih, — hyh, )R], Z; = h; —

9 FET Small-Signal Analysis g, = g,.,(1 — Vis/Vp), &mo = 2pss/|Vp|; basic configuration: A, = —g,,R);
e unbypassed source resistance: A, = —g,,Rp/(1 + g,,Rs); source follower: A, = g,,Rs/(1 + gmRs); common gate: A, =

gm(RD“rd) ’

R,); fixed-bias: A, = —(R(||Ry)/r., A, = Z;A/Z, + R,), Z; = Br‘, Z,, = R¢; voltage- d1v1der A,

== _(R( HR[)/I .

A, = Z:A /(Z +Ry), Z; = R\||R:||Br.. Z, = Re; emitter-bias: A, = ~(Rc|R)/Re. Ay, = ZANZ, + R,). 7, ~
RBHBR,c » = R¢; collector-feedback: A, = —(R(||R.)/r., A, = Z;A/(Z; + R,), Z, = Br, IR:1|A, Z, = R(||R
emitter-follower: Ry, = Rg||R., A, = Ri/(R); + r.), A, = R/(R) + R JB+r), Z = RB||B(r + RE), Z, = Rg||(R,/B
r.); common-base: A, = (RCHRL)/r(, A= —1,Z =r,, Z, = Rc: FET: bypassed Rs: A, = —g,(Rp||R.), Z; = R,
gm(Rs||RL/(1 +
A, -

Z, = Rp; unbypassed Rg: A, g,,,(RDHRL)/( 1 + guRs), Z: = R, Z, = Rp; source-follower: A, =
2:RJMBIN, Z: = R, 2, = RS||rd||1/g,,,; common gate: A, = g,(Rp|[R,), Z; = Rd||1/g,,. Z, = R; cascaded: A, =

sz ) Av; : 'Av”a Ai,- = iAV,-ZiI/RL

; = 3; voltage-divider:
—BRc/Z, = —Rc/(r,

+
Res

10 Systems Approach—Effect of R, and R;, BIT: A, =R,A, W/ (R +R,), Ai = —A,Z)/R;, V; = RVJ(R; +

-+
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11 BJT and FET Frequency Response log .« : n0a — logob,
logol/b = —log b, logipab = log ga + logiob, Gy we nW/s000-
Gag = 20 logo Vo'V, G, =G, + G, + G+ + d equency (BJT):
fr, = 127(R, + R)Cs, fr, = 127(R, + R)Cc, f1, * S J[Ril|R>. FET:
fi, = 127(Rge + R)Cq, fr, = 1127R,Cc, fr, = 1/2: ffect: Cp, = (1 —
A)Cy, Cy = (1 — 1/A,)Cy; high frequency (BJT): fu ¢ Cw, + Cpe + Cpy,,
fH = I/ZWR'I"IIJCW R'l'h: = R('HRLHrm Co = CW,, + Cee o 3mide; FET: fH, =1/
27TRTh]C,‘, R'I‘h, = RSigHR(;* C,' = CW, + ng + CM,w fH' : i . + Cd.\' + CM”; multi-
stage: f1 = fi/ V2" — 1, f5 = (V2" — 1)f,; square @ VHIV] X 100%,
fr, = (PImf,, P = (V= V)V
12 Compound Configurations  Differential v
common-mode voltage gain: BRc/[r; + 2(B + DR]
13 Discrete and IC Manufacturing Technique
14 Opamps CMRR = A /A.; CMRR(log) = 2C: /y = =R//Ry; nonin-
verting amplifier: V,,/V, = 1 + R//R; unity follower: ' Wi+ (R/Ry)V, +
(R//R3)V5]; integrator: v, (1) = —(1/R,Cy)[vdt y
15 Opamp Applications  Constant-gain multif /Ry; voltage summing:
V, = —[(R/R)V, + (R/R2)V> + (R//R3)V;]; high-pa stive filter:

Sornw = 127R,C,

16 Power Amplifiers
Power in: P; = Veelco )Z‘é‘
power out: P, = Vple = IER¢ = VZ/Re rms jo
= Verlc/2 = UZ2DRe = VE:/(2RE) p 1
= Veplc/8 = (I2/18)R¢ = VE:/(8R() pr =
efficiency: %mn = (P,/P;) X 100% =




maximum efficiency: Class A, series-fed = 25%
Class A, transformer-coupled = 50%
. Class B, push-pull = 78.5%
transformer relations: V,/V, = N,/N, = I,/I,, R>» = (N»/N,)’R,; power output: P, = [(Vee,, — Vee, e, — 1c, )1/8;
class B power amplifier: P; = Vel (2/m) eukl: P, = VApeak)/(2R,); % m = (m/4)[V (peak)/Vie] X 100%:; Py = Pypl2
= (P; — P,)/2; maximum P, = VZ-/2R,; maximum P; = 2VZ~/7R,; maximum Py, = 2V2cIm?R,; % total harmonic

distortion (% THD) = VD3 + D3 + D7 + -+ X 100%; heat-sink: T = Pp0,4 + T4, 0,4 = 40°C/W (free air);
Pp = (T; — TA)/(O,c + Ocs + Oga)

17 Linear-Digital ICs  Ladder network: V,, = [(Dy X 2° + D, X 2t 4 Dy X 22+ -4+ D, X 22"V,
555 oscillator: f = 1.44(R4 + 2Rg)C; 555 monostable: Ty, = 1.1R4C; VCO: f, = (2/R,C)[(V' — V)/V*]; phase-
locked loop (PLL): f, = 0.3/R,C\, fr. = =8IV, fc = =(12m)V27f,/(3.6 X 10°)C,

18 Feedback Amplifiers and Oscillator Circuits A, = A/(1 + BA); series feedback; Z;; = Z(1 + BA); shunt
feedback: Z;, = Z;/(1 + BA); voltage feedback: Z,, = Z,/(1 + BA); current feedback: Z,, = Z,(1 + BA); gain stability:
dAs A, = 1/(|1 + BA|)(dA/A); oscillator; BA = 1; phase shift: f= 1/27RCV6, B = 1/29, A > 29; FET phase shift:

|A| = g R, R, = Rpra/(Rp + ry); transistor phase shift: f= (1/27RC)[1/V6 + 4(R¢/R)], hy > 23 + 29(R¢/R) +
4(R/R¢); Wien bridge: R3/R, =Ri/Ry + C,ICy, f, = 127V R C R, C; tuned: f, = 17271V LCey, Ceq = C,C/(Cy + C3),
Hartley: Loq = Ly + L, + 2M, f, = 127V LC

19 Power Supplies (Voltage Regulators) Filters: r = V,(rms)/Vy4. X 100%, V.R. = (Vyz. — Vi) !V X 100%,
Vae = V,, — V(p-p)/2, V,(rms) = V(p-p)/2V3, V,(rms) = (I4./4V3)(Vy/V,,); full-wave, light load V,(rms) = 2.41,./C,
Vie = Vi — 41714 /C, r = (2.414/CVye) X 100% = 2.4/R,.C X 100%, Ipea. = T/Ty X lge; RC filter: Vi = R, Vae/

(R + Ry), Xc = 2.653/C (half-wave), Xc = 1.326/C (full-wave), Vi(rms) = (Xc/VR? + X%); regulators: IR = (I, —
Ie ) p, X 100%, Vi, = VAL + R\/R3), V, = Vie(1 + Ry/R)) + 4R,

20 Other Two-Terminal Devices  Varactor diode: C7 = C(0)/(1 + |V,/V4])", T, = (ACICTy — Ty)) X 100%;
photodiode: W = fif, A =v/f, 1 Im=1.496 x 107'°W -

21 PNPN and Other Devices UJT: RBB = (R.BT "‘ RBZ) 1, = 0> VRB| = T’VBBllE =0, MN= RBI/(RBI T RB:)|]£ =0
Vp = mVpg + Vp; phototransistor: Ic == hyI,; PUT»n = Rp/(Rp, + Rp,), Vp = nVpg + Vp
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Preface

As we approached the 20th anniversary of the text it became increasingly clear that
this Sth edition should represent a major revision of the work. The growing use of
computer software, packaged IC units, and the expanded range of coverage necessary
in the basic courses all were contributing factors in defining the content of this edi-
tion. Our continued teaching experience with the subject matter, feedback from nu-
merous educators and reviewers and comments from students have helped define an
improved pedagogy for the text. The general appearance of the text needed to be
enhanced for improved readability—making the text material appear *‘friendlier’’ to
the broad range of students. Accuracy is obviously very important, and considerable
effort was directed toward careful reviewing of all examples, artwork, problems, and
technical development of concepts. Inconsistencies in the artwork developed over
past editions have been removed by a totally new rendering of all the artwork using
computer generated figures. A broad range of ancillary material will accompany the
text to support the educational process.

PEDAGOGY

Without question one of the most important improvements in this text is the manner in
which the content lends itself to the typical course syllabus. Not only has the order of
chapters and internal sections been changed but sections of a chapter that were pri-
marily reading material has been moved to later chapters to insure a continuous,
logical, sequential presentation of important concepts and methods of analysis. Our
teaching experience with the new presentation has reinforced our belief that the mate-
rial now has an improved pedagogy to support the instructor’s lecture and help the
student build the foundation necessary for his/her future studies. The number of
examples has been substantially increased and isolated bold-faced (*‘bullet’’) state-
ments have been introduced to identify important statements and conclusions. The
format has been revamped to establish a friendlier appearance to the student and
insure that the artwork is as close to the reference as possible. An additional color was
employed in a manner that helps define important characteristics or isolate specific
quantities in a network or on a characteristic. Icons have been developed for each
chapter of the text to facilitate referencing a particular area of the text as quickly as
possible. Problems have been developed for each section of the text that progress



from the simple to the more complex. In addition, an asterisk has been added to
identify the more difficult exercises. The title of each section is also reproduced in the
problem section to clearly identify the exercises of interest for a particular topic of
study.

SYSTEMS APPROACH

On numerous visits to other schools, technical institutes and meetings of various
societies it was noted that a more “‘systems approach’ should be developed to sup-
port a student’s need to become adept in the application of packaged systems. Chap-
ters 8, 9, and 10 were specifically reorganized to develop the foundation of systems
analysis to the degree possible at this introductory level. Although it may be easier to
consider the effects of R, and R, with each configuration when first introduced, the
effects of R, and R; also provide an opportunity to apply some of the fundamental
concepts of system analysis. The later chapters on Op-amps and IC units will further
develop the concepts introduced in these early chapters.

ACCURACY

There is no question that a primary goal of any publication is that it be as free of errors
as possible. Certainly, the intent is not to challenge the instructor or student with
planned inconsistencies. In fact, there is nothing more distressing to an author than to
hear of errors in a text. To insure the highest level of accuracy for this edition there
were three technical reviewers in addition to the efforts of both authors. In addition,
solutions to many problems and examples were checked using the computer. We now
feel certain that this text will enjoy the highest level of accuracy obtainable for a
publication of this kind.

TRANSISTOR MODELLING

BJT transistor modelling is area that is approached in various ways. Some institutions
employ the r, model exclusively while others lean toward the hybrid approach or a
combination of these two. This edition will emphasize the r, model with sufficient
coverage of the hybrid model to permit comparison between models and the applica-
tion of both. An entire chapter (Chapter 7) has been devoted to the introduction of the
models to insure a clear, correct understanding of each and the relationships that exist
between the two.

PSpice AND BASIC

The last few years have seen a continuing growth of the computer content in introduc-
tory courses. Not only is the use of word-processing appearing in the first semester,
but spreadsheets and the use of a software analysis package such as PSpice is also
being introduced in numerous educational institutions.

PSpice was chosen as the package to appear throughout this text because recent
surveys suggest that it is most frequently employed. Other possible packages include
Micro-Cap III and Breadboard. The coverage of PSpice provides sufficient content to
permit writing the input file for the majority of networks analyzed in this text. No
prior knowledge of computer software packages is presumed.

There are a number of BASIC programs still included in the text to demonstrate
the advantages of knowing a computer language and the additional benefits that arise
from its use.



TROUBLESHOOTING

Troubleshooting is undoubtedly one of the most difficult to introduce, develop and
demonstrate in a text mode. It is an art that can be introduced using a variety of
techniques but experience and exposure are obviously the key elements in developing
the necessary skills. The content is essentially a review of situations that frequently
occur in the laboratory environment. Some general hints as to how to isolate a prob-
lem area are introduced along with a list of typical causes. This is not to suggest that
the student will become proficient in the debugging of networks introduced in this
text, but at the very least the reader will have some understanding of what is involved
with the troubleshooting process.

NEW MATERIAL

Specific areas of the text have been expanded and new material has been introduced
to satisfy the changing requirements of the basic electronics courses. The application
of various devices has been increased in number with an increased emphasis on the
frequency response. Op-amps are a particularly important component in today’s mar-
ket and have received the full treatment with two expanded chapters of coverage.

The chapter on instrumentation has reappeared in this edition in response to a
survey of current users and the obvious need to provide some reading material for
those students with limited laboratory experience. The user guides provided with
laboratory equipment is seldom at the reading level of new electronics students.

ANCILLARIES

The range of ancillary material has grown considerably. In addition to a completely
revised laboratory manual with an associated instructor’s manual (with typical data)
there is a disk with all the input files of the PSpice programs and more than 250
transparency masters. The Instructor’s Solutions Manual for the text has been care-
fully prepared and reviewed to insure the highest level of accuracy. In fact, a majority
of the solutions were tested using PSpice.

USE OF TEST

In general the text is broken down into two main components, the dc analysis and the
ac or frequency response. For some schools the dc section is sufficient for a one
semester sequence while for others the entire text may be covered in one semester by
choosing specific topics. In any event the text is one that ‘‘builds’” from the early
chapters. Superfluous material is relegated to the later chapters to avoid excessive
content on a particular subject early in the development stage. For each device the
text has covered a majority of the important configurations and applications. By
choosing specific examples and applications the content of a course can be reduced
without losing the progressive building characteristics of the text. Then again, if an
instructor feels a specific area particularly important the detail is provided for a more
extensive review.

ROBERT BOYLESTAD
WESTPORT, CONN.

LOUIS NASHELSKY
GREAT NECK, N.Y.
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