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Second generation
transistors

Third generation
Integrated
circuits

First generation vacuum tubes

Fourth generation
computer on a
LSI chip

1-12 Four generations of
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SECONDARY Magnetic tape Magnetic tape Magnetic disk Magnetic disk
MEMORY Magnetic drum Magnetic disk Magnetic tape Floppy disk
Magnetic bubble
i
INPUT MEDIA/ iI Punched cards Punched cards Key to tape/disk Keyboard data entry
METHOD Paper tape direct input devices
Optical recognition
OUTPUT MEDIA/ TPunched cards Punched cards Printed reports Video  display
METHOD i Printédd r reports Printed reports Video display Audio response
Printed  reports
SOFTWARE User-written pro- Packaged programs Operating systems Database manage-
grams Symbolic languages High-level ment  systems
Machine language languages Fourth generation
languages
Microcomputer pack-
ages
1
OTHER CHAR- | Batch processing Overlapped process- | Time sharing Microprogramming
ACTERISTICS ing Multiprogramming Virtual ~ memory
Real yme processing | Multiprocessing Distributed process-
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Trend in Size of Computers

ENIAG computer House size (1,500 square feet!)
First-generation computer -Room size

Second-generation computer Closet size

Third-generation minicomputer Desk  size

Fourth-generation microcomputer From “chip” to typewriter size

Trend in Computation Speed of Computers

First generation 300 multiplications per second
Second generation 200,000 multiplications per second
Third generation 2 milion multiplications  per  second
Fourth generation 20 milion multiplications per second

Trend in Computation Cost of Computers
Average cost of doing 100,000 multiplications:
1952 =8$126 195B=26¢ 1964 =12¢ 1974=1y¢
Today, the cost is only afraction of a cent!
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Trend in Density
Maximum number of components per electronic circuit:
1959 =1 1969 = 1,024 1979 — 1 miflion
mid-1 980s = gver 50 million
Maximum number of binary digits (bits) per memory chip.
1970 7 1.024 1980 = 65,516 mid-1 980s = over 1 million

Trend in Speed
Speed of an electreonic logic circuit:
Mid-1950s (vacuum tube circuit} == one microsecond
Early 1960s (transistarized printed circuity = 1 00 nanoseconds
Late 1970s (integrated circwt chip) 5 nanoseconds
Mid-1 980s (integrated circuit chip) == 0.2 nanoseconds

Trend in Cost

Cost per integrated logic circuit:

1964 =8%161972=75¢ 1977 = 15¢
mid-1980s ¢
Cost per Sit ci Integrated circuit memory:
1373 =0.5¢ 1977 -0.1¢ mid-19805 = 01y

Trend in Reliability

Reliability of electronic cucuits:
Vacuum tube = one f{ailure every {ew hours
Transistor == 1,000 (imes more reliable than vacuum tube
integrated circuit == 1,000 tirnes more reliable than transistor

I-15 Trends in
microelectronics
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Wafers Process

Probe

Wafer test

Scribe

Attach ¢hip
bond wires

L bt R n

SEIe

Final test

Source: Adapted from Monte. Phister, Jr., Dalg Processing Technol-
ogy and Efecironics, 2d ed. {Bedford, Mass.: Digital Press, 1980).
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THE COMING iMPACT OF MICROELECTRONICS

41 985 1990
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Source: Adapued from ""High Technology " Business Week F!eprmted from the November 1O 1980, issua of Business Week (p. 96)
by spectal permizsicn. @& 1880 by McGraw-Hill, Ing., Neaw York, N.Y. 10020, All rights reserved.

1-20 The continuing computer revolution
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