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SOME ASPECTS OF SEMICONDUCTOR MANUFACTURING IN JAPAN

Tsugio Makimoto

. Musashi Wotks, Hitachi Ltd.

1. Geographical Setting

Japan is z small, isolated country donsiéting of four major islands,
namely, Hokkaido, Hoaoshu, Shikoku, and Kyushu. If Japan were an American
state, it would rank fifth in geographical size,. following Alaska, Texas,

California, and Montana.

Land space is roughly 1/30 of that of America, and population of
1135 million is roughly half the size of America, making Japan the most
densely populated country in the world. Population density is about 300

people per square km which is roughly 15 times that of America.

Natural resources are limited and Japan has to depend on imports
for most of its raw materials and energy resources.

Typhoons, volcanic eruptions and earth—quakes are typical examples of
natural catastrophes which seem to have affected the mentaliry of the
Japanese during their long histoty, so it is sometimes called "typhaon

mentality’.

Fig.l shows a semiconductor map of Japan indicating production

Facilities of Japan-based and U.S-based companies.

2. Semiconductor Market

In the past several years, the semiconductor market structure in
Japan has been graduslly and steadily changing (Fig.2).

Up to the early 70's, consumer sectors such as TV's, Audio's,
Caluculators, and Watches shared the major porticn. But the trend is
shifting toward higher share of computer and industrial sectors.
However, new consumer sectors such as VIR, is increasing at a rapid
growth"rgte and is now becoming a major part of the consumer field.

.Memories, Microprocessors, and Standard Logic Circuits are major
components for computer and industrial sectors. Recently, however,
strong demand 2nd interest are emerging for the introduction of gate
arrays for improving performances, packaging density, reliability, and
cost of systéms.

For new consumer sector sﬁch as VIR, bipolar linear IC's and
discrete devices, are major components. There is a steady trend,

however, for more and more MOS devices to be introduced for the
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sophistication of equipment.

Fig.3 compares the market structure of Japan and Amexrica.

3. Semiconductor Technology

Technology develcpment has a strong relationship with market structure.

In other words, the market is a strong pulling force for technology.

Up to the early 70's, the pulling forces or lecomotives were calcu-
lators and watches for MOS LSI's, and TV's and Audio’s for Bipolar IC's.

In the case of calculators, for example, essential requirements by .
calculator manufacturers were for high volume, low cost, high reliability
production techniques because of the very competitive nature of the
products. Also, in relation to product development, high density and low

_ power circuits were permanent requirements from customers.

This led to the development of high density C-MOS circuits which are
now applied to memories and microprocessors (Fig.4).

Fig.5 shows the .trend of the evolution of fine pattemm technology.

Fig.6 is the classification of MOS device technology with typical
vehicles of technological development. The next target of development
will be 2um technology with vehicles of 256K Dynamic RAM and 64K Static RAM.

Fig.# shows evolution of MOS device technology, and it's dramatic

changes in the past five years.

4. Annual Events

A New Year in Japan starts with "Hatsumode'" which is literally the
first celebration of the year at a shrine (Fig.8). It is not unusual for
a factory of a company to have its own shrine on its premises. FPeople wish
for longevity, prosperity, safety, and sometimes, for passing examinations
(Fig.9).

The fiscal year as well as the school year starts in April. Prior to
the start of the new fiscal year, a new budget has to be fixed. Budget
‘making is a fairly lengthy procedure, occupying a couple of months.
Chailenging targets are set for the activities of the next six months.
The first budget period, which is called "KAMI", ends in September, and the

next period of "SHIMO" starts in October.

The morth of December is for "Bomenkai' which literally means
Forgetting—the-last-year party. The highlight of the year is the ceremony
of awarding prizes for outstanding performances by staff members during

the past year.
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5. Circle Activities
Circle Activities in Japan date back to the early 60's when Nippon~Kokan

started a so—called "QC cirele" in 1961, followed by NEC with their

"Zaro Defect Movement" in 1965 (Fig.10). This kind of movement was first
initiated by American industries rather than by Japanese. ' QC Movement in
smerican industry daces back co 1951 which was 10 years earlier than the

first Japanese movement.

Today, however, the circle activities have become established in Japan
and are .regarded as important factors for quality and productivity
improvements. The wide spread distribution of the movement can be
attributed te many factors including homogeneity of society, uniformity

of education level, life-time employment, and loyality to the company.

Hitachi has the largest number of suggested improvements from em~
ployees with 4,220 thousand suggestions in 1980 (Fig.l1ll). Hitachi-Koki,

a subsidiary company of Hitachi, achieved the highest suggestions pér
person, with 157 in 1980.

The highest number of suggestions made by a siqgle'pérson in 1980 is
reported to be 6,919 by Mr. Ueda of MatsushitarElectric Industrial Co, Lzd..
This is a tremendcus number taking into account the days in a year.

The purpose of Activities is summarized in Fig.l2. For pormoting
these activities, slogans or mottos are selected and Hisplayed on posters
or badges. A couple of examples of suggestions made by workers at Hitachi

Musashi are shown in Fig.l3.

6. Education

The importance of education can never be over-stated for those who
are- engaged in semiconductor manufacturing.
The reasons include ;
1) One of limiting facrors of growth is the availabilicy of trained
engineers. ’ . i
2) College education is oriented toward basic principles, so
industries have to prerpare education programs for their own special
needs.
3) Technology is irn a state of "revelution™ which means that new
_technology at any one time becomes obsclete in a very short period.

Fig.l4 shows trains of "technology waves", intervals of which is about

five to ten years.
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The school system in Japan is very similar to that of America. About
90 percent of people go to hlghschool which contributes to a high level of
education for the direct workers It is estimated that 35 to 40

percent of high-school graduates go to colleges.

Education programs in industry are very important from practical
view—points. Fig.l5 shows an example of the program in a company. Two years
after joining the company are considered.to be a "training period" and all
freshmen have to go through the following program ;

1) Direct line work for 9 months.

2) Fire fighting training, a total of 40 hours.

3) Computer programming, a toral of 200 hours.

4) Introductory Engineering course, including semiconductor physics,
device theory, design, manufacturing and application, a tetal of
130 hours.

5) An English conversation program is provided as an optiom, but a
qualification test has to be taken by all.

6) The highlight of the program is the paper g;eparation and presen-
tation which will be critically reviewed by several managers from

various view-poirts.

After the two year training period, many programs are prepared for
engineers and managers depending on their needs. Although some programs are
provided at each factory, corporate level educaticn is also active. Hitachi

has several institutions dedicated to education in varicus specialized fields.

7. Concluding Remarks

One of the significant differences between Japan and America is the
geographical settings which have effects on shaping Japanese and Americans.
It is sometimes argued that Japanese are good at thinking small, and Americans

are good at thinking big.

Today, America is definitely ac the position of No. 1 in semiconductor
industries. Especially in the case of "big' items such as 16 bit ot 32 bit
microprocessors, Americans have demonstrated their strength in product

definition and system engineering.

Recently, Japan has demonstrated its strength in productivity and quality
of "small"-geometry products, such as memories. This is related te various
factors such as market background, historical trend of techrology, and employee

movenent such as circle activities.
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TYPE 4Ks-RAM 16X S-RAM
| ITEM HMB147H HM6116 HM6167
CONVENTIONAL "] RGN _
N—MOS 1 akx 2K x g 16K x 1
il ATION
< HIGH-SPEED ] {gié%g'l%g) Hi-C MOS Hi-C MOS
" HIGH DENSITY PROCESS _
Hi-C MOS DOUBLE POLY|SINGLE POLY [DOUBLE POLY
18 PIN 300mil [[24 PIN 600 mil |20 PIN 300 mil
coNVENTIONAL 1 LOWPOWER PINOUT | STANDARD | STANDARD | STANDARD
BT lisaliaid 330 ACCESS a5/a5 ns | 12071507200 | 70/85/100
[ Lnienoensity) | Time B nS nS
[ Low power] OP-POWER | 150 mW 170 mW 150 mW
SB-POWER
{(Viu=Vec) 5uW 10 W 10 uW
CHIP SIZE 8.9 mm? 26.2 mm? 21.1 mm?
PACKAGE PLASTIC/CERDIP

Fig.4 Hi-C MOS TECHNOLOGY
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Fig.5 TREND OF SEMICONDUCTOR
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TIME
BASIC PAST PRESENT FUTURE
~L DIMENSIO
"~ CHANNEL 8um 5pum 3um 2um
TYPE
CALCULATORS
P-MOS CALCULATORS | 2o MPUS
MEMORIES MEMORIES MEMORIES
MEMORIES 16k DYNAMIC
N-MOS !
@k DYNAMIC) | | akstamie ) (64k DYNAMIC) {256k DYNAMIC)
8 BIT MPU'S 16 BIT MPU'S
CALCULATORS MEMORIES MEMORIES
WATCHES 4k STATIC
{ ) (64k STATIC)
C-MOS WATCHES MEMOQRIES 18k STATICT
N (4k STATIC) o
. 4 BIT MPU'S 8 BIT MPU’S

Fig.6 MOS DEVICE TECHNOLOGY
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~ Fig.7 EVOLUTION OF MOS DEVICE TECHNOLOGY
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Fig.9 “HATSUMODE”-AT A SHRINE ON.
THE FIRST DAY OF THE YEAR
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T I ] 1
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e QC MOVEMENT
Uu.S. 161
e ZERO DEFECT MOVEMENT
(MARTIN)
1963
e OC CIRCLE
(NIPPON KOKAN)
JAPAN
1965 .
e ZERO DEFECT MOVEMENT
- (NEC)
1972 1975
\ M/ mMmm
HITACHI >
- tasta SMALL CIRCLE
MANAGEMENT, ACTIVITIES

Fig. 10 HISTORY OF CIRCLE ACTIVITIES
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A. TOTALSUGGESTIONS {UNIT: THOUSANDS/YEAR)

1 HITACHI 4,220
2, MATSUSHITA 2,610
3. FUJI-DENKI 1,680
4, TOYO-KOGYO 1,350
5. NISSAN 1,270

B. SUGGESTIONS PER PERSON (UNIT: NUMBER/YEAR)

1.  HITACHI-KOKI 157
2. FUJI-DENKI| 154
3. ENZAN-FUJI 138
4. SUMITOMO RUBBER 95
5.  AISHIN WARNER - 81
6. HITACH! - 75

Fig. 11 NUMBER OF SUGGESTIONS IN 1980
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1} TO ATTACK ANY PROBLEMS PRESENT AT WORK SHOPS BY PARTICIPATION OF ALL

'MEMBERS CONCERNED

2] TO CONTRIBUTE TO QUALITY IMPROVEMENT, COST REDUCTION, OVERALL

EFFECTIVENESS, SHORTER LEAD-TIME, AND SAFETY

3) TO BE INTENDED TO BRUSH-UP ONE’S ABILITY AND PERSONALITY THROUGH THE

ACTIVITIES

Fig. 12 PURPOSE OF SMALL CIRCLE ACTIVITIES
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{A) IMPROVEMENT OF SEALING PROCESS GLASSPLATE TO
CLIP STRENGTHEN-UP

CAP\M
el
L S ey

\ . BASE PACKAGE
TRENDS TC LEAK > THE PROBLEM SOLVED

(B) IMPROVEMENT OF DISPENSER NQZZLE

I-I /A'm PFIESSURE\ f“"

== =
TEFLON ROD
AG-PASTE
NOZZLE
AG-PASTE IS SCATTERED BY
AIR AT THE END ——_——> THE PROBLEM SOLVED

Fig. 13 EXAMPLES OF SUGGESTIONS
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S! DISCRETE

SALES VOLUME (ARBITRARY UNITS}

GE DISCRETE

1950 1960 1970 1980 1990
Fig. 14 TRAINS OF “TECHNOLOGY WAVES"
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YEARS
AFTER EDUCATION PROGRAMS DURATION COMMENTS
ENTRANCE
0~1 LINE WORK EXPERIENCE 9 MONTHS ALL
FIRE FIGHTING TRAINING 40 HRS ALL
1~2 INTRODUCTORY ENGINEERING COURSE 130 HRS ALL
COMPUTER PROGRAMMING 200 HRS ALL
IN-COMPANY EXAM FOR ENGLISH = ALL
RESEARCH REPORT AND PRESENTATION - ALL
3~10 ADVANCED ENGINEERING COURSE 30~50 HRS OPTION
(10 PROGRAMS} o
INTEGRATED ENGINEERING DEVELOPMENT 600 HRS | RECOMMENDATION
PROGRAM (CORPORATE PROGRAM)
FOREIGN LANGUAGE COURSE 90 HRS RECOMMENDATION
(ENGLISH, FRENCH, GERMAN ETC.)
INTEGRATED MANAGEMENT COURSE = ALL
10~ MANAGEMENT TRAINING PROGRAM (MTP) 40 HRS ALL
SECTION MANAGER COURSE 30HRS | ALL SEC.MGR
DEPARTMENT MANAGER COURSE 20 HRS | ALL DEPT. MGR

Fig. 195 EDUCATION PROGRAM FOR ENGINEERS AND MANAGERS
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