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+ 48 V TA=25°C J 8JA=15°C/W 
45.(1 

VN66AF ;0 �~� 1 A 

�~� 5 'Vos= 3.0 V at TJ = 25°C 
+lOV_ �~�_� 

FIGURE 7-35 A typical switching cir
cuit in which Vos increases as the 
VN66AF heats up. 

and causes it to heat up. As the ON resistance goes up, the voltage 
drop across the VN66AF increases, and the dissipation climbs further. 

If inadequate heat sinking is used, the ON resistance and junction 
temperatures will increase until the resistance is stabilized by extra 
charge carriers which are thermally generated in the channel. Since this 
occurs above the maximum safe junction temperature of 150°C, and 
the long-term reliability may be impaired, it is desirable to anticipate 
this increase in ON resistance and temperature. 

There are two ways to do this. The first, a rough rule of thumb, is 
to add an extra 50 percent to the actual power dissipation figure before 
calculating heat sink requirements. For example, if 1 A flows through 
a device whose ON resistance is 3 0 at 25°C, the calculated power is 
3 W. Now simply calculate the heat sink requirements using 4.5 W as 
the total dissipation, which will give a close approximation of the actual 
heat sinking required at moderate and high temperatures (it will be 
conservative if the temperature rise is slight). To calculate the heat sink 
requirements more precisely, express the rise in junction temperature 
a Tin terms of the power dissipation and the junction to ambient thermal 
resistance (JJA: 

a T= [2rDs(T)(JJA 

which can be combined with Eq. (7-1) and rearranged as 

a Te-O.OO6 11 T= /2rvs(TA)(JJA 

(7-2) 

(7-3) 

This is the classical expression for the temperature risk of any fixed 
resistor, with the addition of the exponential term. 

Solve Eq. (7-3) with the values shown in Fig. 7-35 to find the actual 
junction temperature. 

a Te-O.OO6IlT= (I A)2(3.0 O)(15°CIW) 
=45°C 

Next, find aT in Fig. 7-36 by locating 45° on the vertical axis. The 
actual rise in junction temperature is located on the horizontal axis; it 
is 70°C, so TJ is 95°C. 

Figure 7-36, a plot of a Te-O.OO6Il T versus a T, is useful in finding the 
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FIGURE 7-36 A plot of 
Il T e-O•OO6 A T versus Il T is useful in 
finding the actual temperature rise 
of the VN66AF when the power 
dissipation at 25°C junction tem
perature is known. 
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actual temperature rise of the VN66AF when the power dissipation at 
25°C junction temperature is known. 

You can also use Fig. 7-36 to find the required heat sinking when 
the power dissipation and maximum allowable junction temperature are 
specified. For example, if the ambient temperature in Fig. 7-34 is in
creased to 50°C, rDs(TA ) becomes 3.5 n and the normalized power is 
3.5 W. If the maximum junction temperature is specified as 125°C (!:J..T 

= 75°C), !:J..Te-O.OO6!:t.T must be less than 48°C and 8JA < 13.7°C/W. A 
heat sink with 8CA < 5.4°C/W should be used, since 8JC of the VN66AF 
is 8.33°C/W. Note that if the rule of thumb were used and 50 percent 
added to the 3.5-W figure, the 8JA would be calculated as 14.3°C/W
quite close considering the approximations involved. 

7-8 PARALLEL AND SERIES OPERATION 

If the required current exceeds the capability of one device, then several 
devices may be paralleled as in Fig. 7-37. No ballasting resistors or 
thermal matching networks are needed because the currents tend to 
equalize-if a particular device starts to draw more current, it heats 
up more and conducts less current than it would otherwise. 

For example, an initial unbalance of ±20 percent (the typical worst
case figure) will reduce to ±14 percent if the junction temperatures 

FIGURE 7-37 Paralleling the 
VN66AFs increases the maximum 
current-handling capability. 
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R2 
1M,!) 

C2 
39pF 

120V 

Q2 
_ ....... L-....lVN66AF 

FIGURE 7-38 The 
breakdown voltage may 
be doubled by connecting 
two devices in series. 

are allowed to approach their maximum limits. Because of the excellent 
high-frequency response of the VN66AF, ferrite beads or small-valued 
resistors (::::::100 to 1000 0) in series with each gate are necessary to 
suppress spurious high-frequency (::::::300 MHz) oscillations. 

Devices may be connected in series to increase breakdown voltage, 
as shown in Fig. 7-38. Rl and R2 are larger because the drive current 
to the gate of Q2 is small, while C1 and C2 form a capacitive divider 
which dynamically balances the gate drive and also ensures fast switching 
times by coupling charge to the gate of Q2. C1/4 should be approxi
mately equal to R 2 /R 1 , with allowance for stray capacitance and the 
enhancement voltage of Q2. The bottom of the divider chain is returned 
to +15 V, rather than ground, to ensure sufficient enhancement for 
Q2 when the devices are ON. If resistor and capacitor values are properly 
selected, any number ofVMOS may be series-connected in this manner. 

7-9 AMPUFIER APPUCATIONS 

The constant-grs region of VMOS makes it well suited for linear applica
tions. Distortion is low over a wide dynamic range when properly biased. 
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. FIGURE 7-39 Harmonic distortion vs. voltage output for a simple class 
A stage and a source follower. 
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FIGURE 7-40 Frequency response of a simple class A stage. 

Figure 7-39 is a plot of the harmonic distortion vs. output voltage for 
a simple class A test circuit employing the 2N6657, a 25-W VMOS. 
Distortion rises almost linearly with output voltage at low signal levels, 
but then rises more sharply as the positive signal peaks extend into 
the nonlinear /5fs region and the negative peaks saturate the device. The 
voltage gain of the circuit is about 6.5, equal to 15fsRL (0.27 mho X 24 
0). 

Using the 2N6657 as a source follower reduces the distortion by a 
factor of 5.5, which is slightly less than the amount by which the voltage 
gain is reduced. Figure 7-40 shows that the frequency response of a 
simple class A stage is flat to almost 10 MHz. The simple audio amplifier 
shown in Fig. 7-41 is equivalent to the audio output stage of many 
inexpensive radio and television receivers and phonographs. Power out
put is about 4 W from 100 Hz to 15 kHz. The design is greatly simplified 
by the use of an output transformer, and overall distortion is kept rela
tively low (2 percent at 3 W) by 10 dB of negative feedback. No thermal 
stabilization components are needed, since the drain current has a nega
tive temperature coefficient. 

r-----~---1---------O+28V 

~--_~8.n. 

P.=4W 
100 Hz -15 kHz 

FIGURE 7-41 A simple audio power amplifier. 
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FIGURE 7-42 A high-quality, 40-W VMOS amplifier. 



POWER FETS 277 

Figure 7-42 shows a high-fidelity 40-W audio amplifier suitable for 
high-quality stereo or quadraphonic systems.2•4 This amplifier has low 
open-loop distortion. The relatively small amount of negative feedback 
(22 dB) and the good open-loop frequency response (400 kHz) minimize 
transient intermodulation distortion. Closed-loop frequency response 
(exclusive of the input filter) is flat to 4 MHz, and the slew rate is over 
100 V IJLs. The performance of the amplifier, which is operated class 
AB with an idling current of 300 rnA, is shown in Fig. 7-43. 

Since at the time of this design only n-channel VMOS devices were 
available, a quasi-complementary design was necessary, and some means 
was required to match the characteristics of the common-source and 
common-drain output stages. An effective method is to use a resistor 
(R 15 in Fig. 7-42) to provide drain-to-gate feedback and a modulated 
current source in the common-source stage. Figure 7-44 details this 
technique and compares it to the corresponding circuit for an actual 

FIGURE 7-43 Gain and distortion 
vs. frequency of the VMOS am
plifier. 
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FIGURE 7-44 A quasi-source follower and a real source 
follower. 
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FIGURE 7-45 Current output 
vs. drain-to-source voltage of 
three l!N6658s in parallel, when 
Vas = 9 V. 

source follower. An analysis of the circuits reveals that both have the 
same values of gain and output impedance, which ensures a good match 
between the positive and negative waveforms during class AB operation. 
Exact matching is ensured by R 14• and Ce (Fig. 7-42). Functional output 
protection is provided by zener diodes, which limit the output current 
and device dissipation by limiting Vas. Clamping Vas at a maXimum of 
9 V limits the drain current to slightly less than 2 A at 25°C, less when 
the devices are· hot. The resulting current limit vs. the drain-to-source 
voltage (Fig. 7-45) shows that short-circuit protection is possible when 
a 200°C maximum junction temperature is allowed for a brief interval 
(the time constant of the output fuse). The paralleled 2N6658s may 
be replaced with a single VN64GA, which was not available at the time 
of the initial circuit design. 

7-10 RF POWER 

VMOS has many advantages in RF power amplifiers and preamplifiers, 
including high gain, a high two-tone intermodulation intercept point, 
low noise, and the ability to withstand any VSWR. For further details, 
refer to Chapter 4, "High-Frequency Circuits." 

7-11 SUMMARY 

Power FETs typically rely on a short channel length and vertical current 
flow to increase current density and power capability. Their outstanding 
features, compared to bipolar transistors, include negligible dc drive 
current, extremely fast switching times, no minority-carrier storage time, 
a complete lack of secondary breakdown and current hogging, and low 
distortion. They are being designed into numerous power applications, 
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including both general-purpose and high-speed switchers, high-quality 
audio amplifiers, and switching regulators. 

REFERENCES 

1. Shaeffer, L., "Improving Converter Performance and Operating Frequency with a New 
Power FET," presented at the Fourth National Solid-State Power Conversion Confer
ence, May 1977. From "Proceedings of Powercon 4/Boston," pp. C2-1 to C2-8. 

2. Shaeffer, L., "The MOSPOWER'IM FET Audio Amplifier," Siliconix Design Aid DA76-
1, May 1976. 

3. Shaeffer, L., "Use FET's to Switch High Currents," Electronic Design, 9:66-72, April 
1976. 

4. Shaeffer, L., "Vertical MOSFET's (VMOS) in High Quality Audio Power Amplifiers," 
presented at the 54th convention of the Audio Engineering Society, May 1976, AES 
Preprint No. 1106 (F-8). 

5. Suwa, Hisashi, and Alciyasu Ishitani, "Vertical Field Effect Transistor and It's Applica
tion to High Fidelity Amplifiers," presented at the 51st convention of the Audio Engi
neering Society, May 1975, AES Preprint No. 1018 (F-7). 

6. Yoshida, Kubo, and Ochi, "A High Power MOSFET with a Vertical Drain Electrode 
and a Meshed Gate Structure," IEEE Journal of Solid-State Circuits, SC-ll, pp. 472-477, 
August 1976. 





8 
FETSININTEGRATED 

CIRCUITS 

8-1 Introduction 
8-2 MOSFET Processes 

8-3 Bipolar-FET Combinations 

8-1 INTRODUCTION 

Field-effect transistors are now a basic component in many integrated 
circuits, both analog and digital. While any type ofFET-n- or p-channel, 
MOS or junction-can be fabricated on the same substrate with either 
devices of the same type or nearly any other kind of FET or bipolar 
device, some combinations are naturally more popular and useful than 
others. In this chapter we shall describe some of the more popular FET 
and FET-bipolar integrated-circuit basic processes, although many varia
tions on each process have been developed to suit particular applications 
and manufacturing capabilities. 

8-2 MOSFET PROCESSES 

Figure 8-1 is an all-PMOS process, the earliest and simplest MOS 
process.2.4 Only five masking steps are needed (p+ diffusion, gate oxide, 
contact, metal, and oxide), so the cost is low and the yield high. Further
more, the packing density (number of MOSFETs per unit area) is much 
higher than that of a bipolar process because no isolation diffusions 
are needed between devices. A high packing density reduces the cost 
of a function. The PMOS process is used primarily for medium- to high
complexity digital circuits, but has recently lost favor to NMOS. 

NMOS, shown in Fig. 8-2, not only offers the same advantages of 
simplicity, low cost, and high packing density as PMOS, but it has a 

281 
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FIGURE 8-1 The PMOS process. 

better speed-power product because negative charge carriers (electrons) 
have a higher mobility in silicon than do positive charge carriers (holes). 
This process was developed later than PMOS because it is much more 
sensitive to ionic contamination in the gate oxide, and only recently 
have processes been clean enough to ensure a high yield. However, 
NMOS has undergone extensive technical development and is a low
cost and widely used process for digital integrated circuits such as micro
processors and memory. 

CMOS (complementary MOS), Fig. 8-3, is a combination of both 
n- and p-type MOSFETs. CMOS digital circuits dissipate very little power 
in the quiescent state because either the p or the n MOSFETs-but 
never both-are ON within a logic element, so there is no current flow 
except for a minimal leakage. At high switching frequencies (above sev-

Source Gote Drain 

.-3 0 

G~Sl 
(Substrate) ? 

~ B Source Gote Drain 

Oxide 

p substrate 

FIGURE 8-2 The NMOS process. 
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FIGURE 8-3 The CMOS process. 

eral hundred kilohertz), however, the power dissipation becomes compa
rable to NMOS because circuit capacitances must be charged and dis
charged-which requires additional Cl\rrent. CMOS also requires more 
chip area for a given logic function because the n-channel MOSFET 
must be diffused into an isolated p-type well; this requires at least two 
more masking steps than PMOS or NMOS and is therefore more costly 
and difficult to fabricate. For digital circuits, CMOS is used when the 
complexity is low to medium; highly complex CMOS circuits are de
signed only when extremely low-power operation at low frequencies is 
needed-wristwatch circuits, for example. 

CMOS is not confined purely to digital circuits, however-it is very 
popular for analog switches, operational amplifiers, and systems requir
ing both analog and digital circuitry. In an analog switch, the parallel 
combination of p- and n-channel MOSFETs exhibits a nearly constant 
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L--+"":",,,,_--oD 

~o-----------------~----'~-----....:......~--~----~ '--v--' ''-------------...v,...---------------'''I...--~vr--...J 
Input protection Logic interface and switch drivers Analog switch 

FIGURE 8-4 A CMOS analog switch. 
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FIGURE 8-5 A monolithic CMOS chip containing both analog and digital circuitry. 

resistance to any analog voltage between the positive and negative supply 
voltages. In a CMOS operational amplifier, the output is capable of 
excursions to within several millivolts of either supply rail, vs. several 
hundred millivolts or more for a more conventional bipolar design; a 
CMOS op amp also has several orders of magnitude lower input bias 
current than does a bipolar op amp, and both greater linearity and 
greater dynamic range than amplifiers made exclusively with either 
PMOS or NMOS. Figure 8-4 shows a CMOS analog switch system which 
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o 

NPN bipolor p - chonnel MOS 

Emitter Bose Collector Body Source Gate Drain 

FIGURE 8-6 The bipolar-PMOS process. 
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FIGURE 8-7 A bipolar-PMOS analog switch. 

contains a digital interface and driver circuitry in addition to the analog 
transmission gate.! 

Figure 8-5 is a block diagram of the LD130, a CMOS three-digit 
analog-to-digital converter. Notice that the buffers, integrator, and com
parator are analog circuits (operational amplifiers), while the control 
logic and circuitry to the right of the logic is all digital. The analog 
switch functions utilize MOSFETs.l 

8-3 BIPOLAR-FET COMBINATIONS 

The bipolar-PMOS process (Fig. 8-6) is actually a forerunner of the 
previous MOSFET process; it was commercially developed in 1968 for 

'll Substrate ::r{1 
Emitter Bose Collector Gate Source Drain 

p substrate 

FIGURE 8-8 The BIFET (bipolar-JFET) process. 
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FIGURE 8-9 A BlFET op amp. 

fabricating monolithic analog switch driver-gate combinations.3 The only 
significant difference between this process and the standard planar bipo
lar process is an extra masking step for the PMOS gate, so the cost 
and complexity are only slightly greater. The bipolar-PMOS process is 
used in a variety of analog circuits--analog switches (Fig. 8-7), A-to-D 
converters which require MOSFET-input operational amplifiers and ana- . 
log signal switching, and smoke-detector les which require a MOSFET
input comparator to interface with an ion-chamber smoke sensor. 

Figure 8-8 is a versatile development-the BIFET (bipolar-JFET) proc
ess. Like the bipolar-PMOS process, it is basically a planar bipolar 

'1l GO '~'I 
Substrate 

Emi1ter Bose Collector Source Go1e Drain 

FIGURE 8-10 An rM:banneIJFET compatible with standard bipolar processing. 
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FIGURE 8-11 An integrated circuit operational amplifier using a 
JFET (Q 18) to ensure proper startup. 

process, but with extra ion-implant processing steps to fabricate the 
channel of the p-channel JFET. This process is also used for a number 
of analog applications, including FET-input operational amplifiers (Fig. 
8-9) and JFET analog switch/driver combinations. 

The standard planar bipolar process can, with no extra processing 
steps, produce JFETs, but their parameters are difficult to control and 
close matching is nearly impossible. The process is shown in Fig. 
8-10. JFETs of this type are used primarily for noncritical biasing and 
current sources in analog integrated circuits, especially since they are 
always ON when power is first applied and, therefore, ensure the startup 
of bipolar bias circuits (Fig. 8-11). 
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Amplifiers: 
audio, 61 

VMOS, 274-278 
Cascode, 16,48,77 -83 
common-drain, 63, 83 -90 
common-gate, 63 
common-source, 8,10,26,34,55,63,145 
differential, 83, 89-92, 96-99,102 

using current regulators, 251 
high-frequency, 16, 138 

broadband,158,160 
Cascode, 156-158 
common-drain, 155 
common-gate, 153 -155 
common-source, 151-153 
design priorities, 140 
distributed, 140 
noise in, 22,40, 152,188-192 
problems of amplification, 139 
VMOS, 184-189,278 

operational,97, 101, 103-105 
R-C coupled, 10,64 
voltage, 34, 63, 92 
VMOS, 186,274-278 

Analog switches (see Switches, analog) 
Automatic gain control (AGC), 16,48, 138, 

153 
Avalanche breakdown (see Breakdown) 

Bias: 
constant current, 64,75-77 

distortion, effects of, 116 
operating point, 64-65 

feedback, 84- 86 
forward, 5-6, 8, 30, 54 
reverse, 5-6, 54 

Bootstrapping, 79 

Breakdown: 
avalanche, 7, 23, 29 
junction, 18, 46 

Capacitance: 
abrupt junction, 11, 36 
feedback, 16, 139, 141 
feed through, 55 
gate, 58 
input, 58, 67, 139 
interelectrode: drain-body, 21 

drain-gate, 11,21,50,139 
drain-source, 11,37,50,139 
gate-channel, 18,36,47 

junction, 67 
output, 55 
parasitic, high-frequency effects of, 139 
switching transients, 219 -226 

Carriers: 
concentration of, 4 
densityof,12 
ionization of, 12 
minority, 21, 32 
mobility of, 4, 9, 12 -13, 22, 26, 56 
velocity of, 9 

Cascode circuits, 77 - 83, 145 
equivalent circuit, 81-82 
(See also Amplifiers) 

Channel: 
conduction, 3-5,13,15,18,26,56-57, 

198 
(See also Conductance) 

diffusion, 20, 40 
length, 5, 9-10,18,20-21,68 
resistance, 13 
thickness, 9,15, 18,20,30,41,69,95 
width, 18,20,68,94-95 
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Characteristics of FETs: 
dynamic, 33 
output, 27, 30, 45 -46,68 
physical, 18-23 
in small-signal high-frequency applica

tions, 138 
static, 26-32 
transfer, 27, 45,138 

Charge transfer, 220-225 
deglitches, 230-231 
glitches, 224, 230-231 

CMOS (complementary MOS), 222, 282-
284 

switch, 205, 219 
(See also MOS) 

CMRR (see common-mode rejection ratio) 
Common-mode errors, 98 -1 02 

. Common-mode rejection ratio, 100, 105, 
251 

Common-mode voltage, 83, 92 -93 
Conductance, 13,30 

channel, 4-9, 52 
drain-source, 31 
input, 141 
output, 8, 30, 141 

Current: 
channel,4 
constant source of, 64, 75 -77,83,87,91, 

245-248 
drain, 7, 10,27 

saturation, 27, 41, 43-44, 81 
gate, 5-6, 29;32, 54, 57,104,128-

129 
breakpoint, 77 -79, 104, 105 
leakage, 6, 12,77, 111 

hogging, 21,52,261 
junction, 13 
regulators: applications of, 249 - 254 

FETsas, 249 
Cutoff voltage: 

gate, 5, 27 -28 

Depletion, 7-8 
layer, 4,7,11,57 
region, 8, 21 
thickness; 5, 12 
witlth, 4, 7, 37, 57 

Derating factors, 58 
Diffusion, 18 

channel, 20, 40 
gate, 40 

Dissipation power, 62 
(See also Temperature) 

Distortion: 
in analog switches, 210-211 
analysis of, 112 -114 
in high-frequency mixers, 163 -164, 

176-177 
rulesforlow, 121-122 
sources of, 114-120 
in VCRs (voltage-controlled resistors), 31, 

237-245 
DMOS (double-diffused MOS), 255, 258-

259 
Drift, compensation for, 94-98 
Duals (see Amplifiers, differential) 

Epitaxial growth, 18,20,40,69 
Equivalent circuits: 

amplifier: 
Cascode, 82 
differential, 91, 99 

common-mode, 100 
high-frequency, 147 
voltage, 35, 64 

analog switch: CMOS control, 199 
dc, 193-197 
DG181,201 

oN,203 
JFET,52 

control, 199 
sample-and-hold,220-221 

charge transfer, 225 
converter, D-A, 229 
FET: admittance, 147 

capacitances, 37 
gate current, 79 
large signal, 162 
low-frequency, 36 
noise, 39 

multiplexers: leakage, 217 
two-channel, 224 

Tee isolation, 203 
VMOS (2N6659) ON/OFF, 208 

Feedback, 16,83-84,86,97,139,141 
Feedthrough in analog switches, 199 

capacitance, 55 
FET symbols, 17 
Figure of merit, 55, 140 

(See also Gain, bandwidth) 
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Gain: 
bandwidth, 22, 157 -158, 160 
conversion (mixer), 165 -166 
midfrequency,74 
power, 139, 141-142, 151 
voltage, 35, 81 

Gallium arsenide, 22 - 23, 138 
Geometries: 

distortion, effects of, 119 
mU,141 
NC, 44, 68-70, 72 
NFA,72 
NH, 72, 74 
NP,72 
NRL,72 
NS, 68-69,72 
NT,44 
NVA,72 
NZA,44,72 
NZF,72 
selector guide, 70 

Glitch, 224, 230-231 
Glossary of terms and abbreviations, 59 

High-frequency admittance parameters, 
147 -149 

High-frequency amplifiers (see Amplifiers) 
High-frequency circuits, 137 -192 
High-frequency mixers (see Mixers) 
High-frequency oscillators, 181-185 
High-frequency power FETs (see 

Amplifiers) 
High-frequency power gain, 145 -146 
High-frequency VMOS, 184-188, 
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Impedance: 
input, 6-7, 63,143 
output, 143 

Insulated-gate (see MOS) 
Integrated circuits: 

bipolar-FET,285-287 
CMOS, 282 -284 
MOS, 281 -285 

Ion implant, 40, 69 
Ionization: 

of carriers, 12 
impact, 78-79 

JEDEC and house-numbered transistors: 
CR039, 91, 93, 249 
CR043, 107 -108,249 
JI11-113, 38, 45 
M114,54 
M116, 45 
U31O, 37,140,149-150,154,159,167, 

171,183 
U311,157 
U401,91,93, 107-108, 111 
U421,111 
U431,171 
2N3631,45 
2N3822,129 
2N3823, 137, 140, 168 
2N3970, 28-29, 32 
2N3971,200 
2N4092,38 
2N4339,120 
2N4392,38 
2N4393,72 
2N4416, 72-74,137,140,168 
2N4857,38 
2N4867,42, 119-120, 125 
2N4868, 28, 32,42,245-246 
2N4869,42 
2N5397, 129, 140 
2N5432,235 
2N5564,38 
2N5638,38 
2N6656,51 
2N6657, 262, 269-270, 274-275 
2N6659, 207 -210,212 
3N140, 137 
3N201,157 
VCR2N,235 
VCR4N,235 
VCR7N,235 
VCR3P, 235 
VCR5P, 235 
VN66AF, 260, 262 
VN66AK,212 
DG181, 201-203, 221-224 
DGI81AP, 195,202 
DGI81BA, 200, 202 
DG172,222 

JFET (junction field-effect transistor), 
4-13,52,258 

Junction: 
abrupt, 26, 36 
breakdown, 18,46 
potential, 4 
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Metal-oxide semiconductor (see MOS) 
Miller effect, 48, 79, 139, 156 
Mixers: 

balanced,168-181 
comparison of semiconductors, 169 
comparisonoftypes, 169 
design criterion, 162 -163 
double-balanced, 173 -181 
high-frequency, 161-181 
interport isolation, 179 
single-balanced, 168 - 181 

Mobility of carrier: 
temperature coefficient, 12 -13 
(See also Carriers) 

Models (see Equivalent circuits) 
Modulation: 

cross-, 153,163,176-177 
inter-, 163, 176-177 

MOS (metal-oxide semiconductor) or 
MOSFET,3,13-15, 18,45-49,54, 
255-279 

body, 15, 16, 18 
DMOS, 255, 258-259 
dual-gate, 16,48-49,82, 137 -138,145, 

157 
short-channel, 20, 49, 255-279 
switch, 204 - 205 

Neutralization in high-frequency circuits, 
144,152-153 

Noise: 
amplifiers: bandwidth, 191 

matching, 190 
burst, 126-127 
characteristics, 38 - 40, 122 -135 
current, 126, 128, 130-132, 161 
equivalent, 38-40 
figure,123-124,141 

mixer, 166 
temperature, correlation with, 188-

190 
high-frequency, 22, 40,152,190-191 
impedancematch,152-153 
Johnson,188-189 
local oscillator rejection, 178 
low JFET, 68,105 
in operational amplifiers, 105 
oscillators, 182 
popcorn, 106, 126-127 
shot, 126 
test methods, 130 -133 

Noise (Cont.): 
voltage,123-125,130-132 
white, 131-132 

Operational amplifiers (op amps) (see 
Amplifiers) 

Oscillators, 181 -185 
Oxide, 3, 13, 18,20,256 

Pairs, differential, 103 -105 
Parameters, high-frequency Z, Y, H, S, 

146-151 
Phase compensation, 103 
Pinchoff,5,7-8,10, 18,28 
p-n, 3-7, 11, 14,29,55 
PowerFETs: 

DMOS, 255, 258-259 
types of, 255 
V-JFETs, 255, 258 
VMOS, 255-279 

Power law, 27 

Quality factor, 140-141 

Resistance: 
gate-channel, 13 
input, 36, 77 
ON. 15,52,55 

Resistors, voltage-controlled (VCRs): 
applications. 241 
characteristics of FETs, 233 - 235 

comparison to resistors, 234 
distortion in, 31, 236-245 
how to use JFETs, 236 
linearization: analysis, 242 -245 

gain control, 239 -242 

Sample-and-hold circuit, 220 - 223 
Saturation: 

drain current, 8-11, 27, 40 
velocity, 9, 260 

Slope (IlIJIlVns), 7 -8,30,33 
Source follower, 83-90 
Space charge, 32, 67 
Stability: 

compensation, 103 
high-frequency: Linvill, 143 

Stern, 143 
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Switches, analog, 29, 32, 52,193-231 
A-Dand D-A, 226-231 
CMOS, 205-207 

leakage, 219 
comparison of types, 206 
current-mode, 193 
distortion in, 210-211 
feed through in, 199 
high-frequency, 199-200 
isolation, 200, 209, 213 
JFETs as, 197 -199 
leakage characteristics, 215 - 219 
MOSFET,204-205 
multiplexing, 193,216 
selective summing, 194 
voltage-mode, 193 
VMOS, 207, 261-271 

Temperature, effects of, 12 -13, 56-58, 64, 
94-96,129,271-273 

Temperature coefficient, 12-13,71,129 
Temperature ratings, 62 
Threshold voltage, 15 -16 
Transconductance, 9-10, 27, 46,142 

high-frequency mixers, 163-167 
small-signal, 27 

Transfer characteristics, 12,27,45,86 
effects on distortion, 114 

Transients, switching, 219-226 

Unilateralization, 144 

VCRs (voltage-controlled resistors), 31, 
233-245 

Velocity: 
drift, 9, 23 
saturation, 9, 260 

V-JFET (verticaIJFET), 255, 258 
VMOS (vertical MOS), 186,207-214, 

255-279 
applications, 264-269, 274-

279 
breakdown voltage, 49-50 
capacitances, 50-51 
(See also Amplifiers) 

Voltage: 
common-mode, 92 -93 
effects on distortion, 11 7 
gain, 35 
gate: body to, 15 

channel to, 11, 13 
cutoff, 5, 27 -28 
source to, 7, 11, 15 

noise, 123-125, 130-132 
offset, 55-56 
standing wave ratio (VSWR), 138 
threshhold,15-16 

Zener, 14 
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