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SIGNIFICANT EQUATIONS

1  Semiconductor Diodes W = QV,1eV = 1.6 X 10721, I, = I, ("?/"V1 — 1), Vs = kTJq, Tx = Tc + 273°,
k=138 X 1072 J/K, Vg = 0.7 V (Si), Vg = 0.3 V(Ge), Vg = 1.2V (GaAs), Rp = Vp/Ip, rg = 26 mV/Ip, ray = AVy/Aly| e 10 pt.»
PD = VDID’ TC = (AVZ/Vz)/(Tl - To) X 100%/°C

2 Diode Applications Silicon: Vg = 0.7 V, germanium: Vx = 0.3V, GaAs: Vg = 1.2 V; half-wave: V3. = 0.318V,,;
full-wave: V4. = 0.636V,,

3 Bipolar Junction Transistors ]E = IC + IB’ IC = ICmajority + ICOminority’ IC = IE, VBE =07V, Age — IC/IE’ IC = aIE + ICBO’
aye = Alc/Alp Icpo = Icpo/(1 = @), Bac = Ic/Ip, Bac = Ac/Alp,a = BB + 1), = a/l — &), Ic = Blp.Ir = (B + DIp,
Pex = Veelc

4 DC Biasing—BJTs In general: Vg = 0.7V, Ic = Ig, Ic = Blp; fixed-bias: Iz = (Voe — Vpp)/Rp.Ver = Vee — IcRc,

= Veo/Re; emitter-stabilized: Iy = (Vee — Vgp)(Rg + (B + DRp). R, = (B + DRg, Veg = Vee — Ic(Re + Rp),

Ic,, = Vee/(Re + Rp); voltage-divider: exact: Ry = Ry || Ry, Ety = RyVec/(Ry + Ry), Iy = (Emy — Vpg)/(Rmy + (B + DRp),

Ver = Vee — Ic(Re + Rp), approximate: SRy = 10R,, Vg = RyVec/(Ry + Ry), Vi = Vi — Vg, Ic = Iy = Vi/Rp; voltage-feedback:
Ig = (Vee — Vp)/(Rg + B(Rc + Rg)); common-base: Iy = (Vgg — Vpg)/Rp; switching transistors: 1o, = t, + tg, tosr = £ + 15
stability: S(Icp) = Alc/Alcp; fixed-bias: S(Icp) = B + 1; emitter-bias: S(Icp) = (B + 1)(1 + Rg/Rp)/(1 + B + Rp/Rg);
voltage-divider: S(Icp) = (B + 1)(1 + Ry/Rp)/(1 + B + Ry/REg); feedback-bias: S(Icp) = (B + 1)(1 + Rp/Ro)/(1 + B + Rp/Rc),
S(Vgp) = Alc/AVgg; fixed-bias: S(Vpp) = —B/Rp; emitter-bias: S(Vgr) = —B/(Rpg + (B + 1)Rp); voltage-divider: S(Vpg) =
—B/(Rty + (B + 1)Rp); feedback bias: S(Vpg) = —B/(Rp + (B + DRe), S(B) = Alc/A; fixed-bias: S(B) = I, /B1;

emitter-bias: S(8) = I¢,(1 + Rp/Rp)/(Bi(1 + By + Rp/Rp)); voltage-divider: S(8) = I¢,(1 + Ry /Rp)/(Bi(1 + By + Ru/Rp));
feedback-bias: S(B) = Ic,(1 + Rp/R)/(Bi(1 + Ba + Ry/RA), Al = SUco) Ao + S(Vp) AV + S(B) AB
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5 BJTAC Analysis r, = 26 mV/I; CE fixed-bias: Z; = Br,, Z, = R¢, A, = —Rc/r,: voltage-divider bias: Z; = R, | R, || Bre. Z, = Re,
A, = —R¢/r,; CE emitter-bias: Z; = Rp||BRg. Z, = R¢, A, = —R(/Rg; emitter-follower: Z; = Ry||BRg, Z, = r,, A, = 1;
common-base: Z; = Rg| 7. Z, = Rc, A, = R¢/r,; collector feedback: Z; = r,/(1/B8 + R¢/Rp). Z, = R¢||Rp, A, = —R¢/r,; collector
dc feedback: Z; = Rp, 8., Z, = R¢| Rpy Ay = —(Rp, | Re)/re; effect of load impedance: A, = R/A,, R, + R,),A; = —A,Z;/Ry;
effect of source impedance: V; = R;V,/(R; + Ry), AVS = R,-A‘,NL/ (R; + Ry, I, = Vi/(R; + R;); combined effect of load and source
impedance: A, = R/A, /Ry + R,), A, = (Ri/(R; + R)RL/(RL + R)A,» A = —A,R;/Ry, Aj = —A(Ry + R)/Ry; cascode
connection: A, = A, A, ; Darlington connection: 8, = $313,; emitter-follower configuration: Iy = (Ve — Vpp)/(Rg + BpRp),

Ic = Ig = Bplp. Z; = Ry Bi1B2RE Ai = BpRp/(Rp + BpRp). A, = 1,Z, = r, /By + r,,; basic amplifier configuration: Z; = R, || R, | Z{,
Z} = Bi(re, + Barey)s Ai = Bp(Ri[|R) /Ry | Ry + Z}), A, = BpRc/Z], Z, = Rel|r,,; feedback pair: Iy, = (Vee = Vie)/(Rg + BiBaRe)s
Z: = Rp||Z!, Z} = Bire, + BiBaoRc. Ai = —B1BaRy/(Rp + BiBaR) A, = BaRc/(re + BoRe) = 1,Z, = 1, /B

!

6 Field-Effect Transistors IG =0 A, ID = IDSS(I - Vcs/VP)z, ID = Is, VGS = Vp(l Y ID/IDSS)’ ID = 1055/4 (lf VGS = VP/2),
Ip = Ipss/2 (if Vgs = 0.3 Vp), Pp = Vpglp, rq = ro/(1 = Vgs/Vp)’s MOSFET: Iy = k(Vgs — V)’ k = Ipion)/(Vason — V)’

7 FET Biasing Fixed-bias: Vg = =V, Vps = Vpp — IpRp; self-bias: Vg = —IpRs, Vps = Vpp — Ip(Rs + Rp), Vs = IpRg;
voltage-divider: Vg = R)Vpp/(R| + Ry), Vgs = Vg — IpRs, Vps = Vpp — Ip(Rp + Rs); common-gate configuration: Vgg = Vg — IpRs,
Vps = Vpp + Vss — Ip(Rp + Ry); special case: Ves, = ov: I, = Ipss. Vps = Vpp — IpRp, Vp = Vps, Vs = 0 V. enhancement-type
MOSFET: Ip, = k(Vgs — Vasan)®s k = Ipom/(Vason — Voseny)®: feedback bias: Vps = Vis, Vs = Vpp — IpRp; voltage-divider:

Ve = RyVpp/(R) + R»), Vgs = Vg — IpRs; universal curve: m = |Vp|/IpgsRs, M = m X V/|Vp|,Vg = RoVpp/(R) + R»)

8 FET Amplifiers g, = yi = Alp/AVis, gmo = 2Ipss/|Vel, &m = gmo(l = Vas/Vp)s &m = &mo VIp/Ipss: ta = 1/yos =
AVDS/AID|VGS:COHSmnt; fixed-bias: Z; = Rg, Z, = Rp, A, = —g,,Rp; self-bias (bypassed Rs): Z; = R, Z, = Rp, A, = —g,Rp; self-bias
(unbypassed Rs): Z; = Rg, Z, = Rp, A, = —g,Rp/(1 + g,R,); voltage-divider bias: Z; = R; H Ry, Z, = Rp, A, = —g,,Rp; source follower:
Z; = Rg, Zy = Rs||1/gm: Ay = guRs/(1 + g,Rs); common-gate: Z; = Rg || 1/gm Z, = Rp, A, = g,,Rp; enhancement-type MOSFETs:
gm = 2k(VGSQ — Vgs(thy); drain-feedback configuration: Z; = Rp/A1 + g,Rp),Z, = Rp, A, = —g,,Rp; voltage-divider bias: Z; = R, || R,
Z, = Rp, A, = —g,Rp.
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9 BJT and JFET Frequency Response log.a = 2.3 logga, logigl = 0, logjga/b = logjga — logob, logipl/b = —logob,
logjpab = logjga + logiob, Gag = 10 logio P2/P1, Gapm = 101ogio P2/1 mW|gao 0, Gap = 20 logyo Va/ Vi,

Gap, = Gap, + Gap,* * = + Gup, Popp = 0.5P, ... BW = fi — fo: low frequency (BJT): fi, = 1/27 (R, + R)C,

fre = 1/27(R, + R)Cq, fr, = 1/27R.Cr, Re = Re||(R;/B + 1), Ry = Ry||R[| R, FET: f; . = 1/27(Rg;y + R)C,

i = 1/21R, + R)Ce. fry = 1/2TReCs. Rey = Rs||1/8,(rg =  Q): Miller effect: Cyy, = (1 — A)Cp, Cy, = (I = 1/A,)Cp:

high frequency (BJT): fy, = 1/2@Rmy,C;, Ry, = Ry R\ | R2|| Ri, Ci = C,y, + Cpe + (1 = A)Ces fu, = 1/27 Ry Cos

Ry, = Rc|R|ro, Co = Cw, + Cee + Cupy fg = 1/27Biniare(Coe + Cio)s fr = Bumia fps FET: fu; = 1/27Rm Ci, Ry, = Ryig | R,

Ci = Cy, + Cyy + Cyp Cyp, = (1 = A)Cyq fyy, = 1/27R1y, Cor R1n, = Rpl|RL| 74 C, = Cy, + Cus + Cy i Cugy = (1 = 1/A)Co;
multistage: f{= f;/V2/" — 1, f5 = (V2" — 1)f; square-wave testing: fu; = 0.35/t,, %o tilt = P% = ((V — V')/V) X 100%,

fi, = (P/mf,

10 Operational Amplifiers CMRR = A;/A.; CMRR(log) = 20 log;o(A,4/A.); constant-gain multiplier: V,,/V; = —R¢/R;;
noninverting amplifier: V,,/V; = 1 + R¢/R;; unity follower: V,, = V|; summing amplifier: V, = —[(R;/R)V| + (Ry/R2)V» + (Re/R3)V3;
integrator: v,(f) = f(l/RlCl)fvldt

11 Op-Amp Applications Constant-gain multiplier: A = — Ry/R;; noninverting: A = 1 + Ry/R;: voltage summing:
Vo = —[(Rg/R)V1 + (Re/Rp)V> + (Rf/R3)V3]; high-pass active filter: f,;, = 1/2aR,C; low-pass active filter: f,; = 1/27R,C,

12 Power Amplifiers
Powerin:  P; = Vcclcp
power out: P, = Vegle = I2Rc = VZg/Rerms

= Veele/2 = (U2/2Rc = VEp/(2Re) peak

= Verle/8 = (U2/8)Rc = VEg/(8Rc) peak-to-peak
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, /l,, R, = (N»/N;)*R;; power output: P, = [(VCE pax — VCE min)
(e 0 — 1cin)1/8: class B power amplifier: P; = VCC[(Z/W)Ipeak} : P, = VA(peak) /(2R,); %m = (1 /4)[ Vi(peak)/ Ve | X 100%;
Py = Pyp/2=(P; — P,)/2; maximum P, = V2¢/2R;; maximum P; = 2Vc/mR;; maximum Py = 2Vg¢/m?Ry; % total harmonic
distortion (% THD) = \V/D3 + D} + D} + --- X 100%; heat-sink: Ty = Ppfju + Ty, 0,4 = 40°C/W (free air);
Pp = (T) — Ta)/@Osc + Ocs + Os1)

13 Linear-Digital ICs Ladder network: V, = [(Dg X 2° + D; X 2! + D, X 22 + -+ + D, X 2/2"V,er;
555 oscillator: f = 1.44(Ry + 2Rp)C; 555 monostable: Tyign, = 1.1R4C; VCO: f, = (2/R1C1)[(V+ — V¢)/V*]; phase-
locked loop (PLL): £, = 0.3/R\Cy.fi = +81,/V.fe = *(1/2m)\V 2mf, /(3.6 X 10°)C,

14 Feedback and Oscillator Circuits A, = A/(1 + BA); series feedback; Zi = Z{1 + BA); shunt feedback: Z;; = Z:/(1 + BA);
voltage feedback: Z,r = Z,/(1 + BA); current feedback; Z,r = Z,(1 + BA); gain stability: dA;/Ar = 1/(|1 + BA|)(dA/A); oscillator;

BA = 1; phase shift:f = 1/2mRCV6, 8 = 1/29, A > 29; FET phase shift: |A| = g,,R;, R, = Rpry/(Rp + ry); transistor phase shift:
= (1/27RO[1/V6 + 4Rc/R)), by, > 23 + 29(Rc/R) + 4(R/Rc); Wien bridge: R3/Ry = Ry /Ry + C,/C), f, = 1/2mVR,C1R,Cy;

tuned: f, = 1/27m VLCe, Ceq = C1C2/(Cy + Cy), Hartley: Leq = Ly + Ly + 2M, f, = 1/2m VL,C

15 Power Supplies (Voltage Regulators) Filters: = V,(rms)/Vg. X 100%, V.R. = (Vy, — Vr)/Ver X 100%, Vye = V,, — V(p-p)/2,
V.(rms) = V,(p-p)/2V3, V,(tms) = (I4./4V3)(Vg/V,n): full-wave, light load V,.(rms) = 2.414./C, V4o = V,, — 4.1714./C, r =
(2.413.CVy) X 100% = 2.4/R,C X 100%, Loex = T/Ty X Iye; RC filter: Vi = Ry Vao/(R + Ry), Xc = 2.653/C(half-wave), X¢ =
1.326/C (full-wave), V/(rms) = (Xo/ VR? + X%); regulators: IR = (I — Ipp)/Ipp X 100%, Vi, = Vz(1 + R /Ry), V, =

Viet(1 + Ry/Ry) + LgiRa

16 Other Two-Terminal Devices Varactor diode: Cr = C(0)/(1 + |V,/V¢|)", TC = (AC/C(T, — Ty) X 100%; photodiode:
W=H,A=v/f,1Im= 1496 X 100°W, 1A =107""m, I fc = 1 Im/f> = 1.609 X 107 W/m?

17 pnpn and Other Devices Diac: VBR] = VBRZ + 0.1 VBR2 UJT: RBB = (IQB1 + RBZ)|IE:0’ VRB] = "IVBB|IE=O,
n = RBI/(RBI + R32)|1E:O’ Vp = ’Y]VBB + VD; phototransistor: IC = I’lfeI/\; PUT: n = RBI/(RBI + RBQ)’VP = nVBB + VD
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PREFACE

The preparation of the preface for the 11th edition resulted in a bit of reflection on the 40
years since the first edition was published in 1972 by two young educators eager to test
their ability to improve on the available literature on electronic devices. Although one may
prefer the term semiconductor devices rather than electronic devices, the first edition was
almost exclusively a survey of vacuum-tube devices—a subject without a single section in
the new Table of Contents. The change from tubes to predominantly semiconductor devices
took almost five editions, but today it is simply referenced in some sections. It is interest-
ing, however, that when field-effect transistor (FET) devices surfaced in earnest, a number
of the analysis techniques used for tubes could be applied because of the similarities in the
ac equivalent models of each device.

We are often asked about the revision process and how the content of a new edition is
defined. In some cases, it is quite obvious that the computer software has been updated,
and the changes in application of the packages must be spelled out in detail. This text
was the first to emphasize the use of computer software packages and provided a level
of detail unavailable in other texts. With each new version of a software package, we
have found that the supporting literature may still be in production, or the manuals lack
the detail for new users of these packages. Sufficient detail in this text ensures that a
student can apply each of the software packages covered without additional instruc-
tional material.

The next requirement with any new edition is the need to update the content reflecting
changes in the available devices and in the characteristics of commercial devices. This
can require extensive research in each area, followed by decisions regarding depth of
coverage and whether the listed improvements in response are valid and deserve recog-
nition. The classroom experience is probably one of the most important resources for
defining areas that need expansion, deletion, or revision. The feedback from students
results in marked-up copies of our texts with inserts creating a mushrooming copy of the
material. Next, there is the input from our peers, faculty at other institutions using the
text, and, of course, reviewers chosen by Pearson Education to review the text. One
source of change that is less obvious is a simple rereading of the material following the
passing of the years since the last edition. Rereading often reveals material that can be
improved, deleted, or expanded.

For this revision, the number of changes far outweighs our original expectations. How-
ever, for someone who has used previous editions of the text, the changes will probably
be less obvious. However, major sections have been moved and expanded, some 100-plus
problems have been added, new devices have been introduced, the number of applications
has been increased, and new material on recent developments has been added through-
out the text. We believe that the current edition is a significant improvement over the
previous editions.

As instructors, we are all well aware of the importance of a high level of accuracy
required for a text of this kind. There is nothing more frustrating for a student than to
work a problem over from many different angles and still find that the answer differs
from the solution at the back of the text or that the problem seems undoable. We were
pleased to find that there were fewer than half a dozen errors or misprints reported since
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the last edition. When you consider the number of examples and problems in the text
along with the length of the text material, this statistic clearly suggests that the text is as
error-free as possible. Any contributions from users to this list were quickly acknowl-
edged, and the sources were thanked for taking the time to send the changes to the pub-
lisher and to us.

Although the current edition now reflects all the changes we feel it should have, we
expect that a revised edition will be required somewhere down the line. We invite you to
respond to this edition so that we can start developing a package of ideas and thoughts that
will help us improve the content for the next edition. We promise a quick response to your
comments, whether positive or negative.

NEW TO THIS EDITION

e Throughout the chapters, there are extensive changes in the problem sections. Over 100
new problems have been added, and a significant number of changes have been made to
the existing problems.

e A significant number of computer programs were all rerun and the descriptions updated
to include the effects of using OrCAD version 16.3 and Multisim version 11.1. In addi-
tion, the introductory chapters are now assuming a broader understanding of computer
methods, resulting in a revised introduction to the two programs.

e Throughout the text, photos and biographies of important contributors have been added.
Included among these are Sidney Darlington, Walter Schottky, Harry Nyquist, Edwin
Colpitts, and Ralph Hartley.

e New sections were added throughout the text. There is now a discussion on the impact
of combined dc and ac sources on diode networks, of multiple BJT networks, VMOS
and UMOS power FETs, Early voltage, frequency impact on the basic elements,
effect of Ry on an amplifier’s frequency response, gain-bandwidth product, and a
number of other topics.

* A number of sections were completely rewritten due to reviewers’ comments or
changing priorities. Some of the areas revised include bias stabilization, current
sources, feedback in the dc and ac modes, mobility factors in diode and transistor
response, transition and diffusion capacitive effects in diodes and transistor response
characteristics, reverse-saturation current, breakdown regions (cause and effect), and
the hybrid model.

¢ In addition to the revision of numerous sections described above, there are a number of
sections that have been expanded to respond to changes in priorities for a text of this
kind. The section on solar cells now includes a detailed examination of the materials
employed, additional response curves, and a number of new practical applications. The
coverage of the Darlington effect was totally rewritten and expanded to include detailed
examination of the emitter-follower and collector gain configurations. The coverage of
transistors now includes details on the cross-bar latch transistor and carbon nanotubes.
The discussion of LEDs includes an expanded discussion of the materials employed,
comparisons to today’s other lighting options, and examples of the products defining
the future of this important semiconductor device. The data sheets commonly included
in a text of this type are now discussed in detail to ensure a well-established link when
the student enters the industrial community.

e Updated material appears throughout the text in the form of photos, artwork, data
sheets, and so forth, to ensure that the devices included reflect the components avail-
able today with the characteristics that have changed so rapidly in recent years. In
addition, the parameters associated with the content and all the example problems are
more in line with the device characteristics available today. Some devices, no longer
available or used very infrequently, were dropped to ensure proper emphasis on the
current trends.

e There are a number of important organizational changes throughout the text to ensure
the best sequence of coverage in the learning process. This is readily apparent in the
early dc chapters on diodes and transistors, in the discussion of current gain in the ac
chapters for BJTs and JFETS, in the Darlington section, and in the frequency response
chapters. It is particularly obvious in Chapter 16, where topics were dropped and the
order of sections changed dramatically.



INSTRUCTOR SUPPLEMENTS

To download the supplements listed below, please visit: http://www.pearsonhighered.
com/irc and enter “Electronic Devices and Circuit Theory” in the search bar. From there,
you will be able to register to receive an instructor’s access code. Within 48 hours after
registering, you will receive a confirming email, including an instructor access code.
Once you have received your code, return to the site and log on for full instructions on
how to download the materials you wish to use.

PowerPoint Presentation—(ISBN 0132783746). This supplement contains all figures
from the text as well as a new set of lecture notes highlighting important concepts.

TestGen® Computerized Test Bank—(ISBN 013278372X). This electronic bank of test
questions can be used to develop customized quizzes, tests, and/or exams.

Instructor’s Resource Manual-(ISBN 0132783738). This supplement contains the solu-
tions to the problems in the text and lab manual.

STUDENT SUPPLEMENTS

Laboratory Manual-(ISBN 0132622459) . This supplement contains over 35 class-tested
experiments for students to use to demonstrate their comprehension of course material.
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