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SIGNIFICANT EQLU

1 Semiconductor Diodes W = QV.1eV = 1.6 X 10771, I = I, (¢"»/"V7 —
k=138 x 102 VK, Vk = 0.7V (Si), Vk = 0.3 V(Ge), Vk = 1.2V (GaAs). Rp
Pp = Vplp, Tc = (AVz/Vz) /(T — Ty) X 100%/°C

2 Diode Applications  Silicon: Vi = 0.7V, germanium: Vi = 0.3 V, GaAs: Vy
full-wave: Vg, = 0.636V,,

3 Bipolar Junction Transistors [y = I+ Iy, Io = I(vmjomy + "('Uminorily' Ic
e = AMc/Ay Icpo = lepo/(1 — @). Bae = Ic/lp. Bae = Alc/Alp.a = B/B + 1.
Py = Verle

4 DC Biasing—BJTs In general: Vpp = 0.7V, I = Iy, [ = Bly; fixed-bias: |
Ie, = Veo/Re: emitter-stabilized: Iy = (Vee — Vpp)(Rp + (B + DRp). R = (B +
e, = Vee/(Re + Rp); voltage-divider: exact: Ry = Ry |[Ry, Em = RoVee/(Ry +
Vep = Vee — IdRe + Rp), approximate: SRy = 10R,, Vg = RoVee /(R + Ra), Vg
Ip = (Vee — Vi) [(Rp + B(Re + Ryp); common-base: [y = (Vi — Vg) /Ryt swit
stability: SUcg) = Ale/Alcg; fixed-bias: S(Icp) = B + 1; emitter-bias: S(Icg) = (f
voltage-divider: S(Ico) = (B + 1)(1 + Ry /Rp)/(1 + B + Ryy,/Rp); feedback-bias:
S(Vpe) = Alc/AVpy: fixed-bias: S(Vgp) — —B/Rp: emitter-bias: S(Vg) — —B/(Rp -
—B/(R1y + (B + 1Ry): feedback bias: S(Vg) = —B/Rg + (B + DRE), SPB) = Al
emitter-bias: S(B) = I (1 + Rp/Rp)/(Bi(1 + By + Rp/Rp)); voltage-divider: S(B) =
feedback-bias: S(B) = Ie,(1 + Rp/RA)/(By(1 + By + Rp/RA)), Ale = Stleo) Alco

5 BJTAC Analysis r, = 26 mV/I: CE fixed-bias: Z, = Br,, Z, = R, A, = —R
A, = —Rg/r,; CE emitter-bias: Z; = Rp|BRi Z, = Rc. A, = —R¢/Ry; emitter-foll
common-base: 7Z; = R,;”rg‘ Zy = Re, Ay = Refr,: collector feedback: Z; = r, /(1 /f
de feedback: Z; = Ry, |Bre. Zo = Rc|| Rpy Ay = 7(R;.~2H R¢)/re; effect of load imp
effect of source impedance: V; = R;V,/(R; + Ry), AV; = RiAy, [(R; + Ry), Iy = Vy/
impedance: A, = RAy,, /(R + Ry). Ay = (Ryf(R; + RORL/(Ry, + RDAy,, . A; =
connection: A, = A, A, : Darlington connection: B = f8,; emitter-follower config
;= Bplp. Z; = Rpl|BiBRy. A; = BpRp/(Ry + BpRp). Ay = 1.7, = 1, /B:




9 BJT and JFET Frequency Response log.a = 2.3 logga, log gl = 0, log;pa/b = log
logjpab = logjga + logjob, Ggg = 10 logjo P2/Py, Gapm = 1010g19 P2/1 mW]gp0 0. Gap = 2
Gap, = Gap, + Gap,* -+ + Gyp, Py, = 05P, . BW = fi — fy: low frequency (BJT): fi -
fie = 1/2w(R, + RDCe. fry; = 1/27RCp Ry = Ri|(RY/B + 1), RS = Ry||Ry || Ry, FET: f;
Jig = 1/20(R, + R)Ce. fig = 1/2mReyCs. Rog = Rs||1/gnlry = = Q; Miller effect: Cyy, -
high frequency (BIT): fyy, = 1/27 Ry, Ci, Ry, = R||Ry || R2||Ri. €; = Gy, + Cpe + (1 = A
Ry, = Re|[Re|rp, Co = Cy, + Cop + Cyyy fp = 1727 Biar o Cpe + Cho), fr = Bria f: FE
C; = Cy, + Cys + Cyy Cyg, = (1 = A)Cyq Sy, = 1/2a Ry, Cp Ry, = Rp|| Ri|| ra €, = ¢
multistage: fi = fi/ V2" — 1, f3 = (V2" — 1)f; square-wave testing: fu; = 0351, % ti
i, = (Pfm)fs

10 Operational Amplifiers CMRR = A;/A.; CMRR(log) = 20 logo(A4/A.); constant-ga
noninverting amplifier: V,/V; = 1 + Ry/Ry; unity follower: V,, = V}; summing amplifier: V, -
integrator: v,(f) = —(1/R|C|)fv1d!

11 Op-Amp Applications Constant-gain multiplier: A = — Ry/R;: noninverting: A = 1 +
Vo = —[(R/R)V| + (Ri/Ro)Va + (R/R3)V5]; high-pass active filter: f,;, = 1/2aR,Cy; low-pa

12 Power Amplifiers
Powerin:  P; = Vecleg

power out: P, = Vegle = IZRc = Vig/Rerms

= Vele/2 = UZ/2Re = VE/(2Re) peak

= Veglc/8 = (U2/8)Re = VEg/(8Rc) peak-to-peak
efficiency: %m = (P,/P;) X 100%:; maximum efficiency: Class A, series-fed = 25%: Class A,
push-pull = 78.5%; transformer relations: V5 /V| = Na/Ny = I} /I, Ry = (NQ/N|)2R|; power 0
(e pax — Temin)1/8: class B power amplifier: P; = Veel (Z/T)Ipcak]; P,= Vf(penk)/(ZR,); %
Pg = Pyp/2=(P; — P,)/2; maximum P, = VLZ-(‘/ZR;,; maximum P; = ZV(z'('/‘ﬂ'RL; maximur
distortion (% THD) = \/D3 + D3 + Dj + -~ X 100%; heat-sink: T; = Ppfjs + T, 014 =
Pp = (T; = Tx)/(Bsc + b¢s + Osp)

13 Linear-Digital ICs Ladder network: V,, = [(Dg %X 2° + Dy x 2! + Dy x 22 + -+ +
555 oscillator: f = 1.44(Ry + 2Rp)C; 555 monostable: Thigh = 1.1R4C: VCO: f, = (2/R,Cy)]
locked loop (PLL): f, = 0.3/RiCy, fi = +8f,/V. fe = +(1/2m)V2xfi. /(3.6 X 10°)Cy

14 Feedback and Oscillator Circuits A- = A/A1 + BA) series feedback:

741 + BA
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The preparation of the preface for the 11th edition resulted in a bit of reflecti
years since the first edition was published in 1972 by two young educators
their ability to improve on the available literature on electronic devices. Althor
prefer the term semiconductor devices rather than electronic devices, the first
almost exclusively a survey of vacuum-tube devices—a subject without a sing
the new Table of Contents. The change from tubes to predominantly semicond
took almost five editions, but today it is simply referenced in some sections. |
ing, however, that when field-effect transistor (FET) devices surfaced in earne
of the analysis techniques used for tubes could be applied because of the simil
ac equivalent models of each device.

‘We are often asked about the revision process and how the content of a ne
defined. In some cases, it is quite obvious that the computer software has be
and the changes in application of the packages must be spelled out in detz
was the first to emphasize the use of computer software packages and proy
of detail unavailable in other texts. With each new version of a software |
have found that the supporting literature may still be in production, or the n
the detail for new users of these packages. Sufficient detail in this text er
student can apply each of the software packages covered without additic
tional material.

The next requirement with any new edition is the need to update the conte
changes in the available devices and in the characteristics of commercial d
can require extensive research in each area. followed by decisions regardi
coverage and whether the listed improvements in response are valid and de
nition. The classroom experience is probably one of the most important r
defining areas that need expansion, deletion, or revision. The feedback fr
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PREFACE

the last edition. When you consider the number
along with the length of the text material, this stal
error-free as possible. Any contributions from us
edged, and the sources were thanked for taking tt
lisher and to us.

Although the current edition now reflects all t

expect that a revised edition will be required som
respond to this edition so that we can start developi
will help us improve the content for the next editio
comments, whether positive or negative.

NEW TO THIS EDITION

Throughout the chapters, there are extensive ch:
new problems have been added. and a significan
the existing problems.

A significant number of computer programs wes
to include the effects of using OrCAD version 1
tion, the introductory chapters are now assumin
methods, resulting in a revised introduction to tl
Throughout the text, photos and biographies of i
Included among these are Sidney Darlington,
Colpitts, and Ralph Hartley.

New sections were added throughout the text. ]
of combined dc and ac sources on diode netwo
and UMOS power FETs, Early voltage, freq
effect of Rg on an amplifier’s frequency resy
number of other topics.

A number of sections were completely rewr
changing priorities. Some of the areas revis
sources, feedback in the dc and ac modes, m
response, transition and diffusion capacitive ef
characteristics, reverse-saturation current, brez
the hybrid model.

In addition to the revision of numerous sections
sections that have been expanded to respond tc
kind. The section on solar cells now includes :
employed. additional response curves, and a nu
coverage of the Darlington effect was totally rev
examination of the emitter-follower and collects
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