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Second generation
transistors

Third generation
Integrated
circuits i

,++!!b
I.

First generat ion vacuum tubes

Fourth generation
computer  on a
LSI chip

l-12 Four generations of
computer circuitry
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Generation
.__-

ELECTRONIC
CIRCUITRY

MAIN MEMORY
-y-

,  Magnetic drum

~ __~~~  _.~_~.~_.
SECONDARY Magnetic  tape

MEMORY Magnetic  drum

--..----I-

INPUT MEDIA/ I Punched cards
METHOD ) Paper tape

I-

OUTPUT MEDIA/
METHOD

-Fhed  cards
Printed reports

SOFTWARE User-written pro-
grams

Machine language

-
OTHER CHAR- Batch processmg

ACTERISTICS  /

Second Third
Generation Generation

Trarwstors

Magnetrc  core

Magnetic tape
Magnetrc  disk

Punched cards

Punched cards
Printed reports

Packaged programs
Symbolic languages

t-
Overlapped process-

ing
Real time  processing
Data communrca-

irons

In tegrated  semicon
ductor  circuits

Magnetic core

Magnetic disk
Magnelrc  tape

Key to tape/disk

Pnnted  reports
Video display

-.
Operatrng  systems
High-level

languages

Time sharing
Multiprogramming
h!ultiprocessing
Mrnlcomputers

-I-
--+

Fourth
Generation

Large-scale inte-
grated (LSI)  semi-
conductor circuits

LSI semiconductor
circuits

Magnetic disk
Floppy disk
Magnetic bubble

Keyboard data entry
direct input devices

Optical recognit ion

Video display
Audio response
Printed reports

Database manage-
ment systems

Fourth generation
languages

Microcomputer pack-
ages
-
Microprogramming
Virtual memory
Distributed process-

ing
Word processing
Microcomputers
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Trend in Size of Computers
ENIAC  computer House size (1,500 square feet!)
First-generation computer -Room size
Second-generatlon  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 multtplicatlons  per second
Second generation 200,000  mult ipl icat ions per second
Third generation 2 million multiplications per second
Fourth generation 20 million multiplica!ions  per second

Trend in Computation Cost of Computers
Average cost of doing 100,OOO  multiplications:

1952=$1.26  19%=2&f  1964=12$ 1974=1#
Today, the cost is only a fract,on  of a cent!
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Trend in Density
Maximum number of components per electronic cIrcu0:

lQ5Q  -r I 1969  7  1,024 1979 -m  1 rWiion

mid-l 980s  =-  o~wr 50 mliliorl
Maxlmurn  number of binary  d:yits  (bits) per memory chip.

1970 7.  1.024 1980  7  65,516 mid-l 900s  =-  over 1 million

Trend in Speed
Speed of an electronic  logic circuit:

Mid-1950s  (vacuum tub-  cuxl)  ==  one microsecond

Early 1960s (transistorized  printed  c!wiit)  7  : 00  nacoseconds

Late 1970s (integrated urcu!  chip) 5 nanoseconds

Mid-l 980s  (integrated circuit chio) = 0.2 nanoseconds

Trend in Cost

Cost per integrated loylc  clrcut:
1 9 6 4  -SIG  1972775q  1977T15#

mid-1980s  1~
Cost per Sit ci Integrated circzt  memory:

1373=0.5@  1977 -O.l$  mid-1980s  =.Ol+
Trend irl Reliability

Rellabllkty ol elec?ron~c  CKCUI!S:

Vacuum  tube 7  one iallure  every  rew hours
Transistor  y=  1,000  tunes more reliat)Ie than vdcwrn tube

Inkgrated  clrwt  7  1,000 times more reliable ttlan transistor

l-15 Trends in
microelectronics
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Mask

Wafers

,,.. .1
; Tester

Process

Wafer test

Scribe

Attach chtp
bond wires

FInal  test

Source:  Adapted f rom Monte.  Phlster.  J r . ,  Dafa  Process ing  Techno l -
ogy and Elsclmnics, 2d ed. (8edford.  Mass.: Digital Press, 1980).

26 CT 105



s-s

3
~ ,, ‘i,

/’
‘/

,/’

,A’’ \

/* ’
,’ ‘>,\,  /

\/
j

27





CT 105 29



i-20  The  continiling  computer revolution
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