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{miliions of dollars) 1981 1982 1983 1986
SEICONDUCTORS, TOTAL' 67315 17,5248 9,177.9 158236
Discrete semiconductors, total 1,338.0 13222 13999 17188
Diodes, total 4869  486.1 509.6 624.0

Signal 636 59.3 605 680
Rectifiers, total 2280 2165 2295 2827
Low-power (less than 25 A) 131.0 127.8 1340 1510
High-power 41.0 39.2 415 537
Fast-recovery 56.0 48.5 540 780
Arrays 20.5 19.3 202 300
Zener 120.1 120.4 126.4 1618
Special-purpose, totat 64.7 716 730 815
Microwave 536 59.3 605  68.0
Varactor (less than 1 GHz) 9.0 9.9 10.2 1.5
Tunne! 2.1 24 23 2.0
Transistors, total 712.2 708.8 7530 9208
Bipolar, total §250 6182  644.7 7810
Small-signal (less than 1 W) 2209 2057 2133 2330
Duals and arrays 1.0 10.2 106 110

Rt {more than 1GHz), total 104.6 102.8 109.8  137.0
Small-signal 398 39.1 418  56.0
Power (more than 1W) 64.8 63.7 680 810
Power (1 W or more), total 288.5 299.5 311.0 4000
High-power (more than 20 W} 39.2 46.2 503 820
Medium-power {11020 W) 249.3 2533 260.7 318.0
Field-effect, total 70.2 714 86.6 1120
Junction 244 22.7 236 260
MOS, total 45.8 487 630 860
Small-signal {less than 1 W) 288 26:8 2718 300
Power (1 W or more) 7.0 219 352 560
Gallium arsenide 17.0 19.2 217 218
Thyristors 119.0 108.5 117.5 1480
Silicon controlled rectifiers 96.0 88.0 936 1180
Triacs 23.0 205 239 300
Protection devices (incl. varistors) 19.9 18.8 19.8 26.0
Integrated circuits, total 51407 59422 7,487.2 3,7053
Standard logic famifies, total 1,144.1 1,183.0 13148 18160
TTL, total 7556 7789 8519 1,199.0
Standard TTL 2015 163.3 152.2 1310
Schottky TTL, total 554.1 6156  699.7 1,068.0
Standard (S) 145.8 151.3 159.8  180.0
Low-power (LS) 393.1 4352 4887 7400
High-speed (AS, ALS, FAST) 15.2 29.1 51.2 1480

58

o2 Aakslx 9iek, Fast MOS RAM 9 =3
o) (Eig AAlzkgelaks F 7kAl BEAel 9
kol whel Bipolar Static #fh-S 826l 5555
2 wo], Adsnct11% 74D 1E 4107
ol

M Memory: 82:doll B4hgh 198 =2
et gpdRe e Alg ERE ) Al o}2|

v EAg 1 97| skt Erasable Progr-
amble ROM- 81:del 2{8 5, 400777kl 82
el 218 9,98077 580l o] 22 AR H
Asbolz, 83dele 25% F7tE 38 7, 45077
# ok ook 7ok 22hgel] 23t

1981 1982 1983 1986

ECL 85.0 97.0 1120 195.0
C-MOS, total 2420 2550 3000 4800
High-speed (H-C-MOS} 6.0 12.0 40.0 1800
Standard 2360 2430  260.0 3000
Other (RTL, DTL) 61.5 52.1 509 420
Microprocessors, microcomputers, total 807.6 10533 1,425.4 28230
Microprocessors, total 1866 2318 307.7 6820
MOS, total 137.4 1736 2236 5667

8-bit 100.2 106.3 120.7 2126

16-bit 372 63.6 947 2870

32-bit 0 37 82 671

Bipolar, total 49.2 58.2 841 1153

Bit-slice (incl. adjuncts) 35.3 43.0 515 732

Full CPU 13.9 15.2 326 421
One-chip microcomputers, total 392.1 5050 6622 1,297.5

4-bit {controllers) 220.9 262.0 3011 4943
8-bit 1217 150.9 2038 3157
16-bit 49.5 92.1 157.3 4875
LSt peripheral chips, total 2288 3165 4555 8435

Support devices (DMA, MMU, etc.) 73.2 102.4 1387 2571

Peripheral equipment controllers 155.7 2141 316.8 586.4
Special-purpose processors (signal,
speech synthesis, etc.) 124.1 137.4 168.6 311.2
Memories, total 17713 21129 29264 54491
Random-access, total 8729 10802 16559 27476
Dynamic, total 466.7 5885 1,064.7 14676
4K 32.1 17.8 10.9 4.0
16-K 2518 2282 2098 861
32-K (partial or hybrid) 88.0 96.1 1017 425
64-K 948 2398 7285 9300
256-K 0 6.6 138 4050
Pseudostatic 4.0 4.0 50 100
Static, total 402.2 4877 5862 12700
Bipolar 105.0 935 104.1 2800
n-MOS, total 188.2 26565 3029 5300
Fast (70 ns or less) 70.1 128.8 168.8 3400
Slow 18.1 126.7 1341 190.0
C-MOS, total 109.0 138.7 179.2  460.0
Fast 239 539 86.8 3000
Slow 85.1 84.8 924 1600
Read-only, total 8384 9496 11,1385 22800
Mask type, total 3382 4147 4929 9420
n-MOS 287.1 357.1 4226 660.0
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of &% Aoz A=}, wix|7he 2 Magnet-
ic Bubble Memory & 82dell 54%0ll 7}74-&
AL 7)8s8te] 7, 31053kl ©23k3l L, 83 dell
B 70% AAs] 118 1, 492052 <dasin
At

B /B ERRRIER = mE C-MOS el
ol =3¢ Wecha 34 83del 1% Bk
o] 7}5& Aole}, olz g =gl WMEE el

p-MOS 242 225 236 210
C-MOS 26.9 35.1 46.7 255.0
Fuse-link type 2448 2351 2711 4000
Erasable programmable type, total 2554 2998 3745 9380
Ultraviolet (E-PROM) 2000 2200 2420 500.0
Electrical (EE-PROM) 36.6 633 1127 3800
Shadow 18.8 16.5 198 580
CCDs {memory only) 12.5 10.0 78 45
Magnetic-bubble (incl. support circuits) 475 73.1 1242 4170
Linear ICs, total 790.3 8679 9892 17040
Analog switches 416 445 50.7 870
Operational amplifiers 167.7 1784 2046 352.0
instrumentation and isolation amplifiers 9.2 9.8 1.2 190
Comparators 27.0 289 329 570
Voltage regulators 73.0 78.2 89.0 1530
Timers 60.0 64.2 732 1260
QOther {incl. functional iCs) 17.0 18.2 207 360
Data conversion, total 2116 2486 2834 4888
D-a converters 110.9 118.7 1353 2330
A-d converters 89.9 96.2 109.7  180.0
Multiplexers 18.1 22.1 262 430
Sample-and-holds 10.8 11.6 132 228
Interface {incl. memory drivers) 102.0 109.2 1244 2140
Communications 81.2 86.9 99.1 1712
Custom ICs, total 61.3 90.7 148.3  684.0
Fully custom 15.7 25.9 496 2150
Gate arrays 36.1 45.8 59.9 140.0
Standard-call 95 19.0 388 3290
Consumer product ICs, total 4420 4970 5145 8180
Entertainment 128.0 138.0 145.0 1950
Calculator chips 46.0 41,0 376 330
Watch chips 65.0 58.0 520 400
Game chips 1000  130.0  140.0 260.0
Other (incl. cameras, toys, and organs)  103.0 130.0 140.0 2900
Optoslectronic dovices, tota! 2528 2605 2908 3995
Photovoltaic (solar) cells 24.0 25.1 278 360
Photoconductive cells {resistive) 14.2 14.5 16.1 210
Light-emitting diodes (discrete), total 75.0 76.7 850 1155
Visible 55.7 66.3 615 820
Infrared, near-infrared 19.3 204 285 335
Laser diodes 8.0 7.8 87 120
Imaging arrays 731 70.9 782 1020
Optically coupled isolators 58.5 65.5 750 1130
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86l 7kAlE 19 8, 00032 AlAe s s
Ao g o&3ch ol9} iz oz TTLEE
& C—-MOS Device 2 Semicustom Logic
of &g =Ho 2 qlsle] 83dolE 8{F 5,290
Fholl & Zolv] A7t MER 12. 1% 2 A 86
A7kA & 1268880 2E Zelct,

gk ZAboll 4] Semicustom Logic Type &
82119} Custom IC A Sl 9 070 50
%S A-F8t= Gate Array & 20%5 A3}
= Standard ~Cell Design 28 F¥3lo] &
v eis g

el ZAF A 3= Standard Cell  F--F0]
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(millions of dollars) 1981 1982 1983 1986
COMPONENTS, TOTAL' 11,989.1 12,7925 142713 19912
Resistors, total 7373 e 8598 1075
Fixed, total 2476 250.2 273.7 304

Composition 57.0 58.6 60.2 62

Deposited carbon film 255 26.0 216 30

Metal-film 84.6 84.2 97.7 H5

Wirewound 80.5 814 88.2 97
Variable, total 280.7 2886 31886 386

Potentiometers, wirewound 443 46.4 50.7 60

Potentiometers, nonwirewound 103.6 105.1 116.7 140

Trimmers, wirewound 215 273 29.5 34

Trimmers, nonwirewound 105.3 109.8 1227 152
Thermistors 48.8 55.2 65.3 78
Resistive networks, total 134.7 150.1 164.3 247

Thin-film 16.6 19.1 228 34

Thick-film 1181 131.0 1415 213
Chip resistors 25.5 295 378 60
Capacitors, total 1,1804  1,087.2 12411 1490
Paper 67.5 67.5 733 62
Film 96.5 82.0 915 103
Electrolytic, fotal 5167 4488 5219 578

Aluminum 201.3 2225 254.3 328

Tantalum 3154 226.4 266.8 250
Mica 39.6 335 34.8 30
Glass and vitreous enamel 13.6 147 15.3 19
Ceramic {except chips) 345.0 328.0 379.0 498
Variable 333 355 376 45
Chip 68.2 774 885 155
Relays, total 526.6 548.1 569.2 643
General-purpose 155.2 164.0 1712 200
Telephone-type 40.1 399 42 50
Crystal-can 85.6 92.4 96.3 104
Rt 101.2 101.9 10317 110
Reed 503 52.8 54.9 61
Stepping and impulse 8.9 9.0 9.5 1
Time-delay 327 346 359 42
Solid-state 52.6 535 56.2 65
Switches and keyboards, total 9237 10021 10783 1,280
Small-movement snap-action 1175 123.0 128.5 137
Lighted 138.7 1514 162.3 175
Push-button 141.3 1429 146.6 145
Toggle 46.5 50.7 55.2 68
Slide 68.9 75.2 79.3 97
Rotary 152.3 163.7 172.2 194
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Passive Filter ¢¢ Network %<& &F
a2 82l 9% F7hetel 11 5,890 779k
o]ojom o] 5L Solid-state 22 A3 283
Digital Signal Processor 942} Zd#lo] Az}
Azts]o] 7ha l7le skt 83udellE 15% S7L,
18 8,340075 2 Hutzlch
g2udell AF 4% AlAdste] 518 4,
81077k ol e, 83udolx o] FFl =27
U o7t AlAsle] 548 6,920 & Zlolth
Switch$} Keyboard o4& 82510l 8.5% Al

Relay+

1981 1982 1983 1986

Coaxial 28.1 324 36.7 50
Thumbwheel 44.2 48.3 51.7 56
Dual in-line 36.9 42.2 484 64
Keypads, keyboards, and matrixes, total 1218 138.5 159.9 241
Keypads 15.1 16.7 19.6 27
Keyboard assemblies {incl. capacitive) 99.7 1147 132.8 205
Matrix programming boards 6.8 71 74 9
Solid-state {incl. Hall-effect) 217 338 315 63
Magnetic, total 565.2 601.8 656.8 837
Ferrite components (coil forms, etc.) 45.9 55.0 64.8 125
Power transformers, total 3219 334.7 363.9 429
Laminated 2111 214.1 231.2 265
Toroidal 64.8 70.8 717 90
Puise 46.0 49.8 56.0 74

Af and rf transformers, coils, and chokes 13.0 14.9 17.1 26
TV magnetic components (incl. yokes) 184.4 197.2 211.0 257

Electron tubes, total 15488 16718 18071 2,162
Receiving 783 69.5 61.2 36
Power and special-purpose, total 5113 581.4  648.1 72
Vacuum 99.3 102.1 104.3 12
Gas and vapor 236 221 22.0 22
Klystrons 92.5 106.4 116.8 145
Magnetrons 68.2 728 79.4 101
TWTs (incl. backward-wave) 165.3 2125 256.3 391
Light-sensing {incl. photomultipliers} 18.2 19.1 19.7 23
Image-sensing {vidicon, orthicon, etc.) 442 464 49.6 61
Cathode-ray {except TV), total 61.1 739 92.4 145
Storage tubes 7.7 69 6.2 4
Other 53.4 67.0 86.2 141
TV picture, total 898.1 947.0 1,005.4 1,209
Black and white 8741 9266 9851 1,189
Color 24.0 20.4 203 20
Microwave components, total 1728 196.2 2299 an
Mixers 14.9 17.7 20.3 23
Detectors 10.8 12.0 12.7 13
Amplifiers 215 35.0 525 73
Passive components, total 34.4 388 416 50
Waveguide 19 10.0 1.3 13
Coanxial and strip-line 26.6 28.9 30.3 37
Switches, total 304 34.0 41.1 48
Waveguide 15 12.0 125 14
Coaxial and strip-line 18.9 220 28.6 34
Ferrite devices 46.8 50.2 529 58
Power limiters 8.0 8.4 8.1 12
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{miliions of dollars) 1981 1982 1983 1986
Readout devices, total 2810 3234 3555 544
Single-character, total 53.1 59.4 63.8 84
Light-emitting-diode 422 47.6 515 70
Other 10.9 1.8 124 14
Multiple-character, total 2219 264.0 291.7 460
Gas-discharge, total 100.0 122.5 135.0 195
Segmented 50.0 62.5 66.0 90
Dot-matrix 50.0 60.0 69.0 105
Vacuum fluorescent 8.0 8.4 9.1 12
Light-emitting diode 65.4 63.9 70.1 83
Liquid-crystal 54.5 69.2 775 170
Transducers (electronic), total 2823 3103 3392 481
Pressure (incl. air, liquid, mechanical) 97.1 1098 1211 165
Temperature (excluding thermocouples 53.4 59.4 625 110
and thermistors) 432 44.0 489 65
Motion, linear and angular 409 44 48.6 62
Fluic-level 484 529 881 79
Vibration
Crystals, total 106.9 105 113.8 126
. 40.8 42.6 45.2 53
Discrete, total %8 273 28.1 2
Communications ; : ’
34 39 45 6
Color TV
6.0 6.5 7.1 9
Watches 48 49 55 7
Other ’ ; ’
- 66.1 67.9 68.6 73

Assemblies {incl. mounts and ovens}

Pagsive filters and networks, total
Electromechanical filters, total

Crystal 406 415 444 54
Cgamic 9.1 95 10.2 12
Other 45 49 5.2 6
Rfi and emi filters 56.1 62.5 78.0 119
RC networks 15.3 18.5 2.1 32
Deldy lines 20.1 220 235 29

Hybrid and modular components, total 2074 4136 4753 916
Operational amplifiers

Instrumentation and isolation amplifiers 19.6 247 285 40
Data conversion, total 1822 2827 3300 715
D-a converters 87.2 145.9 150.7 330
A-d converters 69.8 105.9 1411 325
Multiplexers 8.8 11.4 12.1 14
Sample-and-holds 8.7 115 17.5 28
Converter subsystems .7 8.0 86 18
Analog-1/0 {data-acquisition) boards 19.0 220 265 37
Signal sources {incl. oscilfators} 35 38 46 6
Active filters 10.7 12.5 14.1 17
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1981 1982 1983 1986

Other functiona circuits 19.9 212 21.6 24
Connectors, total 20746 20441 22545 3535
Coaxial, total 187.0 2010 2117 330
Standard 317 40.3 45.0 70
Miniature 149.3 160.7 166.7 260
Cylindrical, total 4645 4303 5053 843
Standard 1035 93.1 15.7 170
Miniature 231.4 1975 2256 376
Subminiature 128.6 139.7 164.0 297
Rack-and-pane! 5577 5480 582.5 894
Printed-circuit edge connectors, total 4046 4044 4261 609
Fiat-cable 143.6 156.3 180.0 299
Fiber-optic 78 11.5 16.3 56
Special-purpose 3094 2936 3328 503
Printed circuits and
interconnection systems, total 18148 19727 22610 3,546
Printed circuits, total 14400 16000 1,840.0 2900
Rigid boards, total 1,330.0 11,4800 17000 2700
Single-sided 150.0 160.0 180.0 220
Double-sided 8200 8700  980.0 1,600
Mulfilayer 360.0 4500 5400 880
Flexible circuits 110.0 1200 1400 200
Interconnections, total 3748 3727 421.0 646
Sockets and socket panels for DIPs 2098 2157 2420 379
Backplanes 165.0 157.0 179.0 267
Wire and cable, total 626.3 6745 7214 1318
Coaxial cable 231.1 2383 2452 400
Flat cable 81.7 87.3 99.7 159
Hook-up wire 90.3 96.5 94.1 118
Multiconductor, shielded 70.3 75.1 77.2 105
Multiconductor, unshielded 131.2 135.5 128.7 149
Fiber-optic cable 217 418 82.5 387
POWER SUPPLIES, NONCAPTIVE,
TOTAL 705.3 8037 1,1190 1421
Switching, total 2317 3020 3847 496
Benchtop 4.7 5.1 6.7 6
Open-frame and card 112.8 151.2 192.5 255
Pc-board-mountable (encapsulated) 585 147 98.0 125
Rack-mountable and other system 55.7 710 885 110
Nonswitching, total 2519 3017 3568 425
Benchtop 268 30.2 329 36
Open-frame and card 63.5 747 90.1 109
Pc-board-mountable {(encapsulated) 416 50.7 60.0 72
Rack-mountable and other system 119.9 144.7 175.0 210
Uninterruptible 2217 3000 3775 500
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(millions of dollars) 1981 1982 1983 1986

Data-processing systems, peripherals,
and office equipment, total* 44,312.2 52,145.1 61,711.7 105,140
System end-user & dealer sales, total  16,625.0 20,058.4 24,226.8 45,900
Small-business, personal (<$10K) 2,000.0 4,000.0 6,500.0 20,000
Small-business, scientific ($10-$20K) ~ 600.0 7500 9750 1,700
Small ($20-$100K 1,006.0 1,1584 1,401.8 2,000
Medium-sized ($0.1 to $1 million) 4,200.0 45000 4,9000 6,500
Large computers (> $1 million) 8,000.0 85000 89000 12200
CAD/CAM equipment 819.0 1,500 15500 3,500
OEM micros and minis, total 56000 6,750.0 8126.0 14,170

Microcomputers 1,000.0 13000 16900 3,700
Minicomputers, total 46000 5450.0 64360 10470
16-bit and below 3,900.0 42000 45360 5,700
32-bit 700.0 12500 19000 4770
Memory systems, total 8170 8530 9230 1.309
Mainframe add-on systems 4500 4600 4960 609
Minicomputer add-in/on systems 1120 1230 1370 210
OEM systems, total 2550 2700 2900 490
Core 70.0 60.0 50.0 30
Semiconductor 1850 2100 2400 460
Data-storage subsystems, total 26854 3286.1 42923 7563
Disk pack 6954 7141 7083 520
Fixed-disk, total 550.0 7800 1,3150 2860
14-inch 350.0 4500 6000 540
8-inch 1000 1500 2650 320
5Yu-inch and under 1000 1800 4500 2,000
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Fixed/cartridge disk, combination 675.0 7750 9080 1,400
Flexible-disk, total 4300 6000 840.0 1,850
8-inch 3100 4100 5380 830
5i/s-inch and under 1200 1800 3020 1,020
Cassette and cartridge magnetic-tape 55.0 780 1040 213
Reel-type magnetic-tape 2800 3390 4170 720
Input/output peripherals, total 34608 4,0826 4,803.6 7682
Card-read/punch 62.0 50.0 40.0 20
High-speed line printers (> 1, 000 Ipm) 2700 3200 3700 595
Medium-speed (100 to 1,000 ipm) 790.0 8750 9150 1,400
Slow serial printers (<100 lpm), total ~ 1,025.0 1,344.0 1,721.0 2,950
Impact 8000 10640 13570 2150
Nonimpact {thermal, electrostatic) 2250 2800 3640 800

Large nonimpact printers (laser, etc.) 1650 1800 207.0 315
Computer output microfilm 3360 3670 4200 622
Optical character and mark readers 465.0 5150 5920 900
Magnetic character and mark readers 17.0 15.0 140 12

Electromechanical plotters 267.0 3470 4450 750
Digitizers, graphics tablets, light pens 35.8 476 58.6 100
Paper-tape readers and punches 28.0 220 210 18
Key-entry systems 2400 2250 2000 150

Data terminals, total
CRT terminals, total

3.807.0 45520 5686.0 11414
24000 3,0320 39120 8595

Graphics terminals, total 5170 6860 9220 1895
Raster-scan 3400 4940 7140 1701
Black and white 1800 2660 4460 1360
Color 160.0 2280 2680 341
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1981 1982 1983 1986

Storage tube 100 1100 1100 100
Vector refresh 77.0 82.0 98.0 94
Teleprinter terminals 40.0 34.0 320 28

Remote batch, job-entry terminals 850.0 800.0  820.0 896
Source data-collection equipment, total  1,722.0 1,846.0 20020 2750
Banking systems 2950 3150 3410 455

Industrial data-collection systems 1250 1380 1580 250
Point-of-sale systems 5120 5480 5900 830
Other specialized terminals 7900 8450 9130 1215
Office automation, total 9,355.0 10,4920 11.452.0 14,202
Copying equipment 7.400.0 73250 74720 8120
Dictation equipment 2770 2800 3010 365
Electronic typewriters 3200 4100 4650 770
Facsimile equipment (desktop) 71.0 820 940 149
Local networks 1250 1500 2500 433
Word-processing systems 16620 22360 28700 4,365
Software, total 2,1494 31053 7,924 16810
Application programs 508.1 7507 10183 3,393
Computer-aided design software 3124 4509 7446 1801
Diagnostic and debug tools (inc. test) 329.2 4930 6438 1412
High-level languages(inc. compilers and
interpreters) 4195 5406 6095 1,201
Operating systems 520.2 870.1 411762 9,003
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TEST EQUIPMENT, TOTAL' 3,166.2 36115 42140 6,589
General test instrumentation, total 2,969 25029 27929 3913

Analog voltmeters, ammeters, multimeters ~ 21.7 217 225 23

Digital multimeters, total 144.0 157.4 174.4 232
3'/-digit and below 574 62.5 68.3 87
4'/>-digit and above 86.6 94.9 106.1 145

Multimeter probes and accessories 9.9 10.7 11.6 15

Panel meters, total 122.5 126.1 130.2 151
Analog 85.5 86.7 87.8 101
Digital 37.0 39.4 424 50.

Counters, time and frequency 102.0 1136 1271 162

Microprocessor development systems 348.4 461.7 506.4 760
Dedicated 2259 3002 3566 400
Universal 75.2 106.1 149.8 360

Stand-alone in-circuit emulators 473 66.4 675 103

Logic analyzers, total 69.0 84.1 104.8 237
State 17.3 218 297 99
Timing 24 34 4.1 7
Combined 49.3 58.9 71.0 131

Logic probes 43 49 54 6

Signature analyzers 1.0 12.0 14.0 22

Word generators 7.1 8.3 1.5 15

Oscilloscopes 409.0 4450 5040 702
100 MHz and below 2230 2500 2740 370
Above 100 MHz 186.0 1950 2300 332

Frequency synthesizers 771 86.5 93.0 139

Function generators 60.3 67.8 77.1 104

Rf signal generators 103.3 111.6 125.3 147

Sweep generators 59.1 64.2 70.3 93

Pulse generators 18.1 19.2 209 31

Osciflators 18.2 18.7 21.6 25

Audio waveform analyzers and
distortion meters 52.2 60.9 68.4 99

EE S AodMe XH

& wloldt kg Bolet

Aol goiAel old HEMES e
FHen 2AdE QAT BHAG  FEo
A BB SR A el Agn o
Al 717t A8 Relsbn w7 ¥E A Ak
st Ael ﬂh—%i—«l R DR E
Ak 23 ol A2Ial Agtelsh a2 o

218 oduk 9 oﬂ/q xﬂﬂs],_ Holrl 831d xol

doy 2ol vz B
ELfS 51 &

83 doll loiM zeleta & F
g3do] m| % AlY 9 B4S
e ohduct g A Folo
s AR, B o 7l ER
£+ AY o 24 55717
A o] Feollo]l ZAINA BE
1981
Power meters (below microwave) 49
Calibrators and standards 318
Noise-measuring units (except sound-level
meters) 8.6
Modulation analyzers and meters 15.4
Temperature-measuring instruments 229
Amplifiers (laboratory) 46.3
Recorders and plotters, total 2221
Strip- and circular-chart 80.7
X-Y 483
Magnetic-tape 834
Digital, solid-state 9.7
Dedicated IEEE-488-bus controliers 797
Rt/ microwave network analyzers, total 66.4
Low-freqeuncy (transfer function) 287
Scalar 9.1
Vector 28.6
Microwave power-measuring equipment 14.3
Automated test equipment, total 969.3
Integrated-circuit testers, total 360.7
General-purpose systems 2213
Specialized test systems 109.2
Benchtop testers 302
Active component festers 123.4
Loaded pc-board testers, total 339.7
In-circuit 108.5
Functional 167.0
Combined 64.2
Interconnect and bare-pc-board testers 734
Automated field-service testers 721
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1982 1983 1986
53 5.9 9
35.1 38.8 52
9.1 9.9 15
16.9 19.7 30
26.4 29.7 43
50.0 54.9 79
249.3 276.7 359
894 97.1 110
54.5 60.1 84
94.3 107.3 150
1.1 12.2 15
89.8 99.9 121
721 81.9 114
31.8 37.2 60
10.3 12.1 15
30.0 326 39
17.1 185 25
1,1086 14211 2676
396.0 5233 1,066
2389 311.2 610
118.4 153.3 330
38.7 58.8 126
136.3 163.5 210
394.9 501.3 977
138.0 189.3 314
172.6 183.3 278
84.3 118.7 385
85.7 107.2 194
95.7 125.8 229

65




& 88 0 1983F HRMHS A%

7AE o] Eok Al TTEE o 892 F
Abstglot, Fe e HEE LB 1A
slol @ AEF #do] APFol Qlomz o
ol A1 cdlZlMe BE KR FEE F o
AelstA 2 Aelek

ole{d Aoz clsled 19829 FAL AR
Ak Aol A AR sl AR 24 5371719
4 9 dFE FA s Aoleh 829 o
o} Zre wiAFEe F 36%dol Falay, A
ARt 14% S7Hd Aotk 83delle 17% Al

W

-

#Eol REMR ¥ BHEH TS Tk

(millions of doflars) 1981 1982 1983 1986
Consumer electronics, total’ 20,027.0 21,3750 22,7313 259045
Television receivers, total 48548 48689 50436 5371.0

Black and white 5191 5185 5075 4640
Color 43357 43504 45361 4907.0
Consumer audio equipment, total 55487 57066 60214 69045
Car audio 15632 15333 17167 23000

Phonographs and radio-phonographs .~ 838.5 655.0 6951 7500
Radios {incl. table, clock, and portable)  489.0 486.2 4854 5030

Radio-recorder combination boxes 259.6 252.1 2824 3915
Tape recorders and players, total 6322 8627 8632 8950
Standard cassette 2765 217 2793 3020
Personal portable (Walkman) 2458 475.9 4640 4450
Reel-to-reel 110:1 1151 1199 1480
Hi-i audio systems, total 1956.2 1917.3 1,978.6 2065.0
Components (furntables, tuners, efc.)  1,121.7  1,0853 1,109.7 1,175.0
Consoles 104.5 103.2 1024 90.0
Compact systems 730.0 728.8 766.5 800.0
Other consumer products, total 71325 82635 9,070.2 11,0180
Antennas {TV, CB, and radio) 116.5 120.0 126.7  140.0
Home video equipment, total 16259 20208 2509.9 4,039.0
Cassette players and recorders 10218 13167 15476 19800
Cameras 1415 2325 3440 6360
Video-disk players 570 738 927 3400
Projectors 2951 2049 2602 3830
Satellite receiving stations 110.5 191.3 2655 7000
Electronic musical instruments 492.1 509.5 5147 5780
Intrusion alarms 2975 3424 3899 5000
Microwave ovens 14330 13500 14775 16120
Smoke detectors 1011 102.1 104.2 1100
Personal computers —see
data processing table
Telephone-answering devices 1495 1666 1831 2400
Electronic games, total 14547 21819 22328 19750
Video games 8817 1637.3 1,665.0 1,140.0
Nonvideo games 3905 3223 3020 3350
Electronic toys 182.5 2223 2756 500.0
Calculators 7165 6985 7012 8110
Teaching aids 14.8 16.8 248 550
Home intercom systems 29.9 35.5 412 60.0
Walches (digital and analog display) 600.0 610.0 650.0 7500
Clocks 95.5 101.6 106.7 1310
Home lighting and appliance controls 55 6.9 8.7 17.0
Automotive electronics, total 24910 25380 25%.1 26110
Convenience (incl. trip computers) 742.1 801.5 858.7 9900
Emission control 13216 13197 13266 1,240.0
Electronic ignition systems 2850 2773 2887 2200
Voltage regulators 142.3 1315 152.1  161.0
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{millions of dollars) 1981 1982 1983 1986
Communications equipment, total’ 63874 7,082 82903 12,292
Radio, total 19413 20735 23189 2,898
Aviation mobile (incl. ground support) 713 772 84.6 107
Marine mobile (incl. recreational) 235 24.1 250 31
Land mobile (mobile and base stations) 1,155.0 1,262.5 1420.0 1,820
Amateur {(mobile and base stations) 3.2 279 29.8 38
Citizens' band {mobile and base stations) 59.8 58.1 59.2 62
Microwave (incl. antennas), total 403.1 4185 419.1 515
Analog 3569 3413 3285 250
Digital 46.2 772 90.6 265
Broadcast {a-m and fm, incl. antennas}) 58.9 614 63.3 75
Satellite earth stations 1375 1438 2179 250
Rader {incl. weather and navigation}, total  178.8 182.4 1911 268
Telemetry {industrial only) 76.5 80.1 87.6 112
Telecommunications, total 166556 18001 2157.3 3934
Data-switching systems, total’ 49.4 77.0 160.1 600
Central office 225 285 35.1 45
PABX 26.9 48.5 125.0 555
Voice-switching systems 1.606.1 17231 19972 3334
Central office, fotal 774.2 808.9 9542 1,500
Analog 681.0 7028 8068 750
Digital 93.2 106.1 147.4 750
PABX 8319 9142 10430 1,834
Analog 7087 7591 8142 855
Digtal 123.2 155.1 2288 978
Fiber-optic communications systems, total  171.2 344.5 567.5 1,450
Modules and subsystems 1215 2517 3850 1,165
Complete systems 49.7 928 182.5 285
Pocket pagers, total 96.5 115 126.8 157
Tone only 79.0 885 98.4 112
Tone plus voice 17.5 23.0 28.4 45
Data-communications equipment, total ~ 1,669.5  1,824.1 2,0951 2513
Acoustic (modems), total 697.3 8243 1,110.1 1,650
Low-speed (less than 2,400 b/s) 180.0 2322 3819 500
High-speed (2,400 b/s and over) 517.3 592.1 7282 1,150
Multiplexers 1812 2023 2275 327
Programmable concentrators 80.5 95.6 118.1 138
Front-end communications processors 5652 561.8 500.0 300
Message-switching systems 1453 140.1 138.4 98
Facsimile terminals 169.9 1983 2817 313
Television equipment, total 4282 4666 5143 647
Broadcast equipment, total 131.5 139.3 151.2 190
CATV, total 2368 2589 2878 362
Studio and head-end 54.1 61.1 67.3 89
Distribution (amps, supplies, etc.) 98.0 108.1 118.7 158
Transmission {except for fiber-optic) 53.2 55.0 61.9 60
Converters 315 347 398 55
CCTV, total 59.9 68.4 75.3 95
Cameras 39.9 44.9 495 60
Monitors 200 235 258 35
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Zhd ol 33% Z7}sled 9, 750ukE HEly, & £ 3tedl =8o] & ¥t WA= JFFE
Woll = ¥] 538 RS sted 19 2, 5803kl olub Al @A Al BRA oz aA A
23 Hog Aupslw glch o] ZldislE FHolrth

o9} Zte ufak Z71e] felo] B = st 2222 DevelopmentA| &8, Logic Ana-

9] 8424 Fluke #7F WE-2 90108, 22]x lyzer 283 A= oj2 ¢ ql MZE o]
Hewlett- Packard#t 9] 550008 2} 7+-& A &%l old 59 ZIFFE sl aFozA 83del
2 P ARl ole} dvh FE IC AE R dul B4 A7)0 FY=E ALEF9 oF 20
A5 Algo] 7bgsla, AE ©A e dH %l sk

BERS sl slm ez AAlu] Azlelx =gl A A ZEAGA AHE FE5 A AAHE
b el Zo] mlelaz e oz e A
Xl BH U S hiE sglolch, 2hd s o) wi AL v elA 32,5
% F7ha 49 6, 170180l d ek o] 7F&w|A
= fFue A Aedl wfde] diAolE Al2H]
{milions of dollars) 1981 1982 1983 1986 Bro} o] wlE & x g Aty dAc]E
Dagrosic ol M Mt et oy 1 A S deiae ool sl
B ey scor o "ho mg meo eI A= 00% S7bR 1eRe e
Electrocardiographs 131.0 151.0 181.2 2400 E._r,,]_-o—]_o:!;}_
Ultrasonic scanners 2650 3000 3900 5210
eGS0 e sl 99 e B8 AZSE 4
pelm OB OMDED sa 4097 AR vges ¥4 ua
e WY 0 mL A Qe 2B A48 duae st o)
Ty cewenen s ge Tme e Mo 7R dlEselE Ak Alzsabt A%
D gawas " 50wy e a0 SHE UlEoE fuu4 egEssle Asw
Dy ytems 200 w5 mmp w0 AEGAE A7) ARE 3% o ZAAA7E
Su?g;?c‘zleggsggr?ggiipmem, total 108:2 10?:? 12;:? 1;%8 ”301] /Q‘T?H BOLQ] /(] 751' __o\__ 19% 7;}'.’1‘_/‘1 ?a] -’?— 9}\\3}1
g:ggg:g?:s:;?;erﬁonitors ;gg ggg ;gg 1%5138 23 9= Aot}
Electrosurgical units 10.1 122 159 190 C
Analytical instruments, total 1,037.1  1,1563 12863 1,948.0 %LjE_Q] 37.&} o]—u}-a}o];&] SI.E.% fiﬁﬁ%7}
g ogeors o o oo oms apo ol B/ AR YT ALAFem MG S
BOMD S e Mo m i geel B0 MESE 2
St GG 4 gasla ga
Aomi asscpton o &0 70 120 27 ohdelolx] HBL 82EE WAoo
Mass spectronelers 2 @0 w0 wao = 20% F7kstelm 83del: ohAl 25% Al
Wty e resorance speci- 92 @5 341 430 of 195% dold 7oz & o AR

Electron microscopes 13.0 13.3 137 15.0

pH meters and ion-selective electrodes 65.5 72.7 80.7 1000 *% %‘—D} /"1]{13: }-0:] —‘3’:"/}“& f&%zoﬂ/“] 83'3‘:)%9]
Thermal analyzers 239 29.9 358 610

Nuclear and X-ray analyzers (nonmedical) 557 599 647  77.0 BE-e 22 obdaglo|r] FHEFAAE  AH o]
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o}, 100MHe ol42 5% 73k 14 9,000t
Bolgl on 834 100MHz 0|3} 232 =9.6
9% AlAo g ¥ d u]sle] 100MHz 0|4 A
9] 10% 712 R Rk dolrlAE o9k e
R Holx 86 7tA A= Aoz AR
o}

1983 9] A1d o #A4 ZAAu] FokollA
M ESES EEE Aoz Hele = o F
Ho] Function Generator, Magnetic Tape
Recorder, % Low Frequency Analyzer &
o]t} Function Generator A& 83wl 14%
Al A-she] 7, 700utE, Magnetic Tape Record-
ere 1988 $744 Zol3 If Network An-
alyzert 13% Z748k 3, 72077 3kol] 2& Aoz
A==k

e 718 Ael Adah, el n A e
= 22l Adel dd 8, =& sEEigie
3 RESZ Yov oMx ¥ 53, 2R
Zo] wolx ¥ A2 FR 52 L¥lA2
shod F T I E 2FE 552 AL 3

nl Al A 4 zARITALE A oshd £
ol el A4FS £8 ol gloid we
azo) wpojd wuk ohel, ArlHeze @
7} A9 qedoleka sgdet o AHE =@
revla elxet 71& BEste] & o 37 10

#mol EEA TTLEM B9
1981 1982 1983 1986
lnduslrialolﬁclronicequipmont,tolal' 32636 38377 44742 7,697
Motor controls {speed, torque) 470.8 545.4 6447 952
Numerical-control systems 1985 2650 3717 998
Inspection systems, total 937 1236 1427 194
Ultrasonic 220 235 252 30
X-ray 16.5 20.0 215 32
Infrared 305 515 62.5 80
Ultraviolet 25 29 34 4
Thickness gages and controls, total 222 267 30.1 48
Photoelectric 464 48.3 50.9 60
Radiation-based 29.3 31.0 327 37
Laser 17.1 17.3 18.2 23
Process-control equipment, total 1,2886 14810 16041 2529
Sequence controflers, total 768.1 9010 9800 1,73t
Computer-based 4413 5144 5348 850
Hardwired 12.3 11.5 8.2 10
Programmable 3145 3154 4372 871
Data-acquisition systems, total 104.0 116.0 126.4 200
Analog 64.0 68.0 70.4 80
Digital 40.0 48.0 56.0 120
Process instrumentation {recorders, etc.) 416.5 4640 497.7 598
Utrasonic cleaning equipment 427 485 54.3 87
Pollution-monitoring equipment 228.1 251.7 280.1 385
Induction and dielectric heating, sealing 74.9 77.6 87.9 100
Welding controls 40.2 44.8 49.7 67
Energy-management equipment, total 4405 571.2 7213 1,550
Microprocessor-based {<$10K) 65.5 7.2 81.3 150
Minicomputer-based ($10K to $100K) 150.0 2250 3000 700
Mainframe-based (> $100K) 2250 2750 3400 700
Robot systems, total 191.2 2171 290.2 537
Pick-and-place 69.3 747 99.1 135
Point-to-point 31.0 31.8 378 85
Continuous path 15.5 16.7 19.2 40
Assembly 315 44.4 62.3 u7
Flexible machine tools 355 36.6 49.1 115
Tactile systems 4.3 6.2 1.1 41
Vision systems 4.1 6.7 115 33
Lasers and related equipment, total 148.2 163.5 1766 232
Gas lasers 116.2 127.5 135.4 180
Other 320 36.0 41.2 52
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903.9 876.5 9912 1533

Semiconductor production, total 35.3 38.5 42.4 84
Waler preparation (crystal growers, etc.) 432 51.8 59.6 85
Mask generation (digitizers, etc.) 563.3 5303 8270 957
Lithography, total 36.0 34.0 36.0 70
In-line handling (scrubbers, etc.) §27.3 4963 591.0 887
Aligners, total 5.0 4.0 5.0 7
Contact (proximity) 185.0 185.0 224.0 280
Projection 280.0 2500 3000 500
Direct wafer-stepping 57.3 57.3 62.0 100
Electron-beam 120.8 118.1 120.2 180
Water processing (furnaces, etc.) 1413 137.8 142.0 227

Assembly {wire bonders, etc.)

xEe ERA Wil
{millions of dofars} 1981 1982 1983 1986
FEDERAL ELECTRONICS, TOTAL' 26,503 31,050 34,559 40,294
Defense, total 25312 28016 31,334 36521
Procurement, total 13487 14,891 17,044 20,641

Communications and intelfigence 2840 3360 3783 4340
Aircraft, related ground equipment 3880 4,100 5060 6,160

Missiles and space systems 3901 4320 4840 6071
Mobile and ordnance 970 1,086 1216 1,520
Ship and conversions 1,896 2025 2185 2550
RDT&E 7420 8510 9250 9510
Operations and maintenance 4,405 4,615 5040 6,370
870 841 850 25

Transportation, total 573 531 §88 721
FAA procurement ¢ 300 310 355 460
FAA research and development 145 151 166 190
Highway and transit systems 68 70 67 77
Health and Education agencies, total 463 478 472 496
Education systems 15 118 16 126
Health-care electronics 348 360 356 370
Department of Energy 155 170 178 190

70

82 ¢ AAAE £rle AF 6.7% Z74s &
A 2144 £l 2elgla, 81l 2009 ol v
o ghE FH3E Aloloh

821 7hEol AR TS A 2olA|
of| Zoll oJ3led 8313 9] &u|A} A=A F
4 6% Hx] HAG ARz W
o 2 Aolzla Angich
BT SolA TV 4-2.F 82dole A9
BF glol Aol »E3m 81 d 9 wiabi 48
o 5,0003kE-<]] ®]slo] 489 7, 000=HE o] 3ot
o] ¥-8-2 83de] 714 3.5% Z718 509% A
22 Aakslz girt. &9 TV & 81d9) 59
1, 8505204 8232 59 1,850etEz wo]
Ak 83udolE T TVE oii] 29 4
o] 5 7505H8o] & Ao o=3tx Qleh

ATV = 819 439 5,000+ o4 ==
I A2} 83dellE 4% Frtbsle 4582
Aub=ls gle)

HEE ode ¥ £ Yadfe Fo
4 dHlolZ #lar o Zaolo}r}l 82 A9
2 Fhslo] 29 4, 560980 2aleich o
21t 83udoll= 2.5% ZhE| 7} oAb}

Sholaloliss Al Aol A& HElo]E, 297,
U o dleEs e BFES 2718149
119 2,0008+8o04 3% 743 109 8502k
o] 82119} sejAl A olr}, 83 dol: o 29 =
7kz2 A 119 1,000H 2 o 45 o] -2 814
o] el A A a} Ao e 4Fole}, o]9} vk
T FEol AEa 29 #Feln 82 2
% 7h48 159 3, 000uHEo]9l o) 831 e 12

%—fs}o% 179 2,0005k8o) Zate Azo
£ Aot} '

N

e bo Ju

i

ir Lo

A

4

o]
=

83dell e oAl 17.5% F7tslo] 159 ol =




4 4388 - 19834 HAHES AR

g Zlo] Aubgch
g2l #d vl 64 %
3, 81:de) 19 4,150akEol4 29 3,250 gt
22 79 5z =ekalgich 83dole o4 48
97} Lol &4 39 4, 400589 A|gos A
wh = o}

olo} TAEA vlt)e tlaz Fdlolol Wi
2 8119 5, 700ukEo] 4 82xdellE 29% AlF
& 7, 360ak0]9l o 83 d ol 9pAlE Al 26%
Apsssled 9, 270ukEol 2 Alo] ZeiE T

F ulte Ae Age
v 2 ARE AAn

;O

o

O EFdfEkis hiz

et 712 £/ A 44 werlE ARe
W BEAS 2 oA R A2
Mde 2 olsls] Azg HHS AIHE U
7t s Aol .

ol S Aol He shd EE G HERE
o 2o W Al2w gt AT & T2}
A2 #3738 wA @ikl American Bell#t 2 3}
of 2 4u|A AEF BE AuiaE A3 B
7t g Bl AR Al L°ﬂ AeHdos BmME
4 oA se7t sk Aelth

w o2 J2g 38 gii 27 JEesd=z
sdigee 38, v Yag o eEzs) |
A Av|zo] g, Had A oA
9 o] Be B4 715 AAIN Y, Fiber
Optic Al&®]9] FHE, @TEE&%MK%"“ A F
CC 4# 38484 % Celluler Mobile Telephone
A28, vte £ AHEdd BF A P
BX o] Al<A fhaE Gol ok

o] ¥ Holrl A ulslxm v A A7t
A Ho|x o A3 BHGR glo] o] EXR B
MEeo EE AR AR AL Kk 7

it

$oll sod gleba wla glvk fellA HE AT
& T it} WALl o & it b @E B
e ABlA FEsE AS BAF7E 834 1
A 1H3E £l de} iz A= " PA
BX %S9 £ujAae A25E 715 wA 2
Zolch, olwElzt Wite] FE F3 = B ol

A A4 FrAel dge s e A
e] wbeba] olzigt A 2 .73 A85ke] Rt
1 2ol AR AE AEg AFsA 2 Aotk
AAE Aol glolA A" Hifffe] HAL 83
Holl % v] pngfk ® Zlojch Digital Mic-
rowave A= 17% AlAsle] 9, 060uHE] T
3 7oz oZsln glrh dlolE =93 PA
BX vjAbS 1{8 2, 500qHE-2 A3T Aeolw
ol 71-& 82d Ak 4, 850mbEoll fhEk 160% 38
7t s wsle Aeleth

ZFdx AAzAle] o sk MODEM A1
AAA oz g2dol 18% AlAstel 8{E 2,430
FHiho] walelx, 83dollE & MODEM A%
29% 359 A&sled 10658S 2T Aotk
o] 49 FollA {EME (B 2,4008E  LLIF)
B 2ol god 29% Z7ks 29 3,2209HF AF
of tjshed 831 doll = 64% Hhndte] 3% 8,190
ol 2 Alo] Aukyich

EfRmER o 24 714 & BB S5l Fib-
er Optic Al&8lo|c}, o] ¥Ee FAZAE A
#slo], 83 dellE ARt 65% A
o} 6, 750aHEe] Aoz o Aol AHYs
2 gk AT & Titel AP B Aol 30,
000 [E#g. MCI it & <A E/H 40,00
Al o] 836l o EFo] AlEE ez ARt
El o},

E

e

@Jm

O

o}
R~

o e ol

_JN
ot
i

ﬂ

(=]




#EE 4R 0 1983%F HATIH S A%

Tolct.

W £ alolgla A ofF Y £4]e o
Utk A FFol s AR AHAEL
A2 Z 8Ll glicke Zeloh &, 81dolA]
829l Frhe 11.5% 241 1148 6, 00055k =
2513_,__ 83‘—401]“ 01:7]. o}ah,}o% 11. 2% x\]_;gL.g.
24129 9,0000H8-5 Hubsli gt ol o
lo] Ak sl Lo Sz A=A} A)|AL YA

of Adxcl 15 2% AlAsted 349 4,000 H3k
olebw AlA TRl ey, 83delE o whE
FE2 AAste] 40fE% T8 B8 Aoz

—_—

[¢]
[}
i

&

of AAl AR5l T WHEE glovt EH 7N A

7] W FHel ol ES AR Frol =
35 olFA # ZAow AwrEle E5o] Chr-

omatograph o} 82l 7k o WREESITEE T
FoF A9 vl5d vl g2A AAsld L, kA
7]7] off 42
of ol2glx, dAALE 7|7] s 14.2%
Z7Fakoq Zfzﬁi%oﬂ 251l o
FE Ao 9, 83del 7txA717] B
WA LA 77 Fro] v] go] F71E Aoz 7]
sl ooh, a4 83119 Liquid Chroma-
tograph®] ®jA& 2 5 600uH82 AnfEn
AeH ks Fol o] Flo st AlAow
2 =Y 28% ARES Adsokul st
AA = 83udel 8.4%cl HEA = a2l 2
e 27,8009kl D Zolh =i}
o g 54 o|ued] Liquid Chromatograph?]
o - 7taE gA|2A Ao 2 & Ton
Chromatograph®] wjARe 9 T 7} e} v~}
td At AAdAczE wE S52 4F
ol Zltl®eh &, 82udel 19.5% AlF AH&
vebila 83delle Md=dct 22.3% SUtE
Al 3,670 %8 =& 7|tk
FA4717]1 7HEdlA 83dell FEEE AL T-

hermal Analyzertc} o] 7|7|& BE ##{bo]

72

el BF AFE dAsE o —@ivez A
L5k 82ulof o] A|&AL 95, 1% AlASe] 2,
990 uHEo| et m, 83dellE 3,580uHEE =
3 AHrpolrt,

A8 7171F TSt e oA 7k FollA
g2 d 7 g3udel 1A 2 A w2 E A s
FEol i o BEA K RIRE R A
2 o 2871717t 7b3 2 lEel &t Diagn-
ostic #gch 223 @ARARIZ] =L
g2xdoll = ol Wt %L 53] HAel A

g AlAE w]Ale 16.3% AlAslo] 8} Bo)
stgdch 2Fal Aq0d oA 17.6%  S7bst
o] 39Eo 2algith 83dole nFur)7|}

= w2 ET g AzL%L 740] 7};}]540{ 30% xé
ol 31 9,000 0] HE &hH,
d 7171 20% Al7sked 99 5,500 ahEel =
& Zlolch, § A& 7)7|ok ALl B F3HA
AAEE Aol ABMESPrEee] siAdelch 82
de] miak 17% S7kek 39 5,7005H: 834
20% 712 49 2,800uH8o] =& ol

l % 20% HEE EEIE Hildy &2
719} AlA 717} °‘D¥

b okt Ag sl ARElA mEsh wbA
7)1 833 Ko UoJME 2 Fhef Ampo] fF
g Zlolrh, 82 avlAAL AdE¥ct 15%
F 7t 19 53009013l ew 83doll+ 16.4
% Z7F, 19 7,800uHol ol2A & Aoz
ekt

19831 25 717] FofollA F8 3 7]} & &}
A = Aoz Hele 7|7] 9 st 44
s MEEYe ol 83l AJa=Al ubg
o oslel o] Al FrE 82uol 3.4% Z7}
sted 8,250uHE019l e, 83uddlE 17.2% 7}
sted 9, 670ukEol 2 Aoz Hupsch

EE R

O XA %/ H5

Abgl 8 A A)A R 81dY 339 ol A




PE R 19834 HATHS AA%y

82doll= 17.5% 7} 38 Eoll sl [k
7} 2AEE wlef olEle] @ AbelR A ApAbu]
Al7E 831l 821 oiv] 16.5% F7Hgk 459
Eoll 2 zlolgta FHIste ok e A
A7 Aol HEo] e 3 A7 lEe A
< 35 Zolgta Awtslm gk

A9 de A4 ALty »4 AR wlol]
oslel 83doll £ RS 159 BAKE
£ 2% F 9A A T FHglel= o] o} Fiigel &
K EHE-E 83uol 7% EH T Avtolelw &
o} gkekell A ZHI EigmolA ek e
THlo] gtol Fof ziohwd ol2d Axe BHAE
Szl $loiAl 8 %l HH (JEAE 7Hatdd
BOoRE olvlate Zlo] & Aoleln #H@wme W
g3 glch

WA 2 el 5 AzgdA, A4 9
Auldd 22| fizert, 5o Zalo] whaw
HERES FFEke]l W sk Ao g}
BRE 4 & BEL 79 gl Acz e
wiehs gho}, uhebs] MEUEEEmE o] e T
Holvk A= #fE MES olxl Svohe e
& 714 WRERe ok, A E77lold 2
2 ERelw, A AErke 01141 o] FEJBollA
Fabo] zbolg ZiglAlel] Hale] ofzlz Al
ahet sl Ablg AxbAe] TF JAlelA = 3
A & Felirt 2 A 2ok 2 2E EE
el A 22l dlRe] AldE AR Aol = 3
v 7} dzea gleh

oAl E £ 2RE A|A8] A AAe 81
o 19 9,120k 82dell= 13.5% Al
slod 29 1, 710ukEo] Dok FAbol] o3
23 E A AL g3dolE 34%2 ZFrlz Al 2o
9,020 5HEl 28 Aoz Aqtsx glct g
o] AR Auke -?491 oAZHct 4 ol £
AAE 3 g e FEolele Rl SEAY
Zdslfolch. GCAfte] 4044°d‘ﬂ ghed Faps
Dennis E , Wisnosky G+, 744 Rifle] 28 E

Fofo]l 2L v]H 1 gk AP A3 ¢

pL ool

o
O
LS
U
fo,
>
o

g_,
ol
®
oy
r“ r
1o
n
N
12
R
30

Alatetod ek s kgt ol F nAES HE
Huv BEE YEEE o 3 g
TR elsle] dakg dbe FHEME F4
sk Abgtelddet A, T8 478
3 RAEE-S SAlska 2ol i Fele W
A& = ook yaha 2l

E%ﬁ BT Al 7Hd 2 g

3}li}= Process Control #Axztn &

*’f" 913 Zoltt, o] FEL2 811 del 139-Bf ]
stod 82udoll= 15% AAstod 159 Eol 2ahgl
of, 22y 83delle 8% 4522 HolH 16
ofEo] & AHufolch

FaE7 AF3E Bhloll o8 gfEHIE Al

2]
X
o

=

B2 g2dol] v} 33. 5%k BlekAql Al
g 3l 29 6,500uHl Fatgict gl
=3t 9& gkl Bl whad 83ddlE  40%
F7F A5ste] 39 7, 120uHEof =gt i_i
Aepsla 9ok 22 ol2d S-S AHolx
o v}

FUHE F UF Al A 2k

£ £, 23ko]e ol 3l Allen- Bradl-
= "é sH71E A7) abe 82del

% gl w4, el

83deofl = ‘:P#é—rE‘l 35 Z olepa Wit

21 9o dhd 84dtx] AA A =4 38

€ L5 Zloln 83 o] oA BE A
ol &% v H=F3td Zolebn ssta ok
o gk

o

BA Tl A3 2AFR A= dabFel A
slol| ] A, (A a gyl 2t stowd
FEES e o FHmE AR 2y ddAA
AR A BEIS As Heleh 8l A A3

73




ShEE4EEE | 1983 HATHE AT

gFch] 83L& 93 WEE 8lE A

al MD]'. -1—5
Zo] ety 2ot Yol A A3 8.5% <
e Axo i s 9l g Holok

AA ez
FHI-E 8210 ]E_ Al 5] 7] OLo} zl;d;;/]i
!

P o) aiow«l AE7HEe a

7ol 7kA] 212 EES 7Id=le A7 s
g APl Fejolsle ICEMAE dlodF 2
9 4] AAAEYE 5 2R BE
M BEE 5ts A= Zelgpa £ 2
3 ol9} e RS 83y THbAA kR F=
2o xffie] Hql= ﬁola}sl ahala Qe

ERe IC #s2 B FEREE Bt
7b sk RlA o RES AYsriE &8
ol e AR XS AS fxl8ct 2y A
= 2 e 3% Fase] AF 847,650
ubgol] 2t o] g FollA Wafer Z g A
Al A7k 2.2% Zrasle] 19 1, 18198013
3 Ae] 282 2.5% HeiA 19 3,4009%
olglet. ohE HollA= mpaz AatAw]Zt o
M2 RBiFe ool g2udele AWdxe &

vl B}t 20% Eol 5,180 ahEol =gl 831dol
= ukaz e A —’&OV‘ Holwd  do]=]
zazAA, 2%, 2z <l gl vl 1981
d FFo o8 Aoloh wlaz Al Au]E 15
% vl&2 A&FA oz AAsted 59605 4
A3 Aoz Autdc

At ol el 2ol A9 6% 4 =
o] 59 3,0300%cl ol ) o] FE2 &3
doll ohA] Aol Alztelel o Biktbs A4
el 18% 24 69 2, 7000 8 =& Aoz

71o 5l e},

N

|

}
m

O =eHRH Tmis

83 @EItEE S Ene BEE T HE
(FHTEH 1,31698) 4 E& Alz8s 3¢
7beul Azl Z3ElE BT B dolrw
BB doz 1M BETHATS T
2E4A &4 F Uk Z 824 £EHFE Sl
Kol A BHM BT M 12% 3718k 313
A8 dS Aow Aot T KEWN
fatelerlrl Aes Hiolre & KEE 9
7] $lsled o] TH Kol = o] ¢lS Zo
ct,

83wl el Eine FHHEtEll e 2o g
£ BFHMAE =3 AR =2 olo A5 #
Bl ul2} FEREESS S =gA BE
sko 8211 2] 15%0l 7h7hE F7tellA 83wl
9% ool A F7tsled <ok 922go] H A o]
o, fuzedch shel M ESsE R 43 o

519 &<l 821dch®] 23% olAk #hn) 2 7lo]
o} ol2id @ine 7| pigeie] A4 Hi
Zefgoll &l Al Au)o} MZEET o] AHE
2 Zojch, &5 Ala" 7|8 fstolE 83
BEEAA s AARES 84 298k
&) R S-S BE BErhol ot o] &
¥itmlel 5, 23 drxEe 3dEel £
P& mAldF A= FHE FeulA iR
o} 12% gl 48 8-o] B Ao A=k gl A
L vlAld AlES Yste] HHE Aolrl

FEEHEE (T2 R 2 KB AHEE A
< 8149 49 7, 800ukEolA 82dellE 2 %
ZH4aE 49 72009809l em o] AL EH 1T
BUF 839 @il deld 7hg FEE shte
HEolch {TEME A88A HEIE dF %
e AlS ZaAA ok, 2 #ES M
v BERclA Fasleg HAAstn e A
ok




