¥-3-3, Trends in Major Suppty Countries

Production 6f CRTs in leading countries was covered in Section V-3-1., where
world supply and demand trends were reviewed. This section will focus on trends in the
major producing countries competing in the market for small -to- medinm-sized (14- to
21~1nch) CRTs which it i assumed to be produced i in Malaysia.

 However, given factors such as the size of CRTs to be produced geographical
conditions, dnd trade friction, it-is likely that buyers of Malaysian preducts would be
mainly Asian Counlrieé which are simultaneously competitors with Maiaysia. At present,
‘the main CRT _suppliers_ to the same area are Japan, Singapore and Korea., Recently, the
supply of CRTs is b_écoming short because colour TV production in the area is expanding
radically. However, it is clear from the number of factories currently in operation and
those w.ho.sc éstablish’ment has been aniounced that Asiari CRT. production will'ir'l'crédse
rapidly by 1992 This is indicated in Table V.3-11, based on the information pubhshed in
April 1989 on the future of CRT productlon in main supplying cotintries. Productlon
capacity of the main countries, excluding Japan, will expand rapidly to about 2.6 times
 the 1987 level in 1992. Most of the newly cetablished CRT plants in Asia are opefated by
Japanese firms which plays a role in replacing the supply from Japan As a result,
1 apanese exports to the area would be reduced ‘

"Table V.3-11 Expansion Plans of CRT Production ;n Asia

(Unit: 1,000 sets / year)

Volime of | Future Production . Year of Full-Scaled Expected
- Production in 1987 Capacity Production Export Yolume
Singapore 4,100 5,400 1990 3,500-4,000
Thailand 0 3,000 1992 1,600
Korea 11,890 26,400 - 5,310
China . 1,000 8,000~9,000 1992 1,600~1,800
SubToml 16990 42.800~43800 . - 12,710
Japan 21,040 - 21,040 o o
Total - 38,030 64,840 . e

% As for Korea, estimated figures for 1988 were used both for future production capacity
and expected export quantity. As for Japan, the actual figures for 1988 were directly
_used.
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(1) Japan
1) CRT Production

Table V. 3-12 shows CRT production trends in Japan. Production has been on
the decline since peakin'g at 30 million units in 1985. The main factors behind this
phenomenon are reduced price competitiveness with new rtval countries such as Korea
and Taiwan, resulting in a shift of emphasis from quantity to quality and from domestic to
overseas production, in addition to the reduction in domestic production of color

televisions.
Fable V, 3-12 Trend of CRT Production in Japan

Year Production Volurmne (1,000 Pcs) Average Annual Growth (%)

1975 7,470.0 Average of Ratio by Year (75-80) 20.7%
1980 19,100.0 Average of Ratio by Year (80-84) 8.5
1984 26,470.0 7.9
1985 30,090.0 13.7
1986 24,244.0 -19.5
1987 24,713.0 2.0
1988 25,930.0 4.9

Source: Monthly Report of Machinery Statistics

At present, there are six Japanese manufacturers of CRTs: Toshiba, Hitachi,
Matsushita, Mitsubishi, NEC, and Sony. Al but Sony introduced technology from the
U.S. company RCA in the early 1960s and commenced production of shadow-mask
CRTs for colour televisions. Sony developed its own Trinitron system in 1967, and
production has continued into the present. Sony units have no reciprocality with those of

the other five manufacturers.

Japan's manufacturers of CRTs, although their production only took off after
1966, were accused of dumping as early as 1964 in the U.S., and in 1967 they were
placed on a list of imports for monitoring in the U.K. As world demand for their compact
size and high quality products spread, however, the exports increased and the production
grew steadily. Despite meeting stiff competition from Korea and Taiwan, Japan has
managed to remain the world's largest exporter of CRT's (on a value base) du'ring the
1980s by increasing the added value and moving towards production of larger models.
The shift towards industrial CRTs is also active, with NEC having halted virtuaﬂy alt
production of CRTs for colour televisions in favour of industrial units. Currently, only 6
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and 9-inch miniature CRTs remain and only in small quantities. Domestic production
shares by Japan's manufacturers (excluding Sony and NEC) are as shown below.

Table V. 3-13 The Market Share of CRY's by Major Manufacturers

int Japan
: (Unit: %)
Naine of Manufacturer 1986 1987 1988 Sizes of Products

Toshiba 37.2 36.9 39.3 4"-32"
Hitachi 274 24.9 21.9 6"-33"
Matsushita 25.2 271.3 28.4 3".33"
Mitsubishi 10.1 109 104 14"-37"
Total 100.0 100.0 100.0

Source: Electronic Industries Association of Japan

The recent trend towards larger models becomes readily apparent in terms of the
production size. The share ratio of 14-inch models dropped from 28.8% in 1986 to
11.3% in 1988, while the figure for 20-inch models dropped from 10.3% 10 8.5% during

the same period.
Table V. 3-14 Production of CRTs in Japan by Size
(Unit: D)

Size 1975 1980 1986 1987 1588
31T 441 52.0 49.6 36.3 26.6
18"-20" 47.0 35.3 26.3 31.6 32.7
21"-24" 8.9 3.0 17.6 18.3 20.1
More Than
25" 0 3.7 6.5 13.8 20.6

Totat 100.0 100.0 160.0 100.0 100.0

Source: Electronic Industries Association of Japan

2} Export Trends

Table V. 3-15 shows Japan's CRT export trends by country for the past five
years. On the whole, although shipments plummeted by 74.7% in 1985 due to a drastic
drop in U.K. demand, they returned to previous average levels in the following year.

~ Concerning the destination of export, the shares of advanced countries such as the
U.S. and West Germany have been falling, while the imporiance of China, Hong Kong,
and Singapore continues to increase. It is believed that a considerable portion of the
shipments to Hong Kong are actually re-exported to China. The average rate of growth

for exports to the latter country during the last four years was 117.7%.
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Table V. 3-15 Frend of Colour CRT Export by Japan

(Unil: pes, %)

Country 1984 1985 . 1986 . 1987 . 1988

- Region Value Share Valie Share  Value Share  ~ Value  Share  Value  Share
Taiwan 1,475,060 13.6 291,300 10.6 1,407,241 109 1,374,473 101 1,068,168 7.4
UK. . 1,031,624 9.5 11504 0.4 1,075289 83 1,084,541 8.0 1,017,529 7.1
Hong Kong 722,081 6.7 84,160 3.1 877,765 6.8 888,312 6.5 1,463,780 10.2
Korea 713,156 6.6 161,385 5.9 506,190- 3.9. 728356 5.4 631,550 a4
West Germany 658,502 6.1 133,066 4.8 705,519 5.4 394,679 29 276240 1.9
U.S.A 738,509 6.8 252,657 9.2 1,142,662 8.3 541,508 4.0 495281 3.4
China 326,984 © 3.0 1,461,597 53.2 1,433,317 111 3,104,179 228 5,016,480 34.3
Singapore 596,135 5.5 62,096 2.3 908,251 7.0 1,329,498 9.8 1,259,686 8.7
Total Yolume 1() 857,683 2,745,571 12,957,136 13,597,605 14,407,698
{Including Others)

Source: Japan Exports & Imports

3) Overseas Operations of Japanese Companies

Overseas production by Japan's CRT manufacturers has become more active in
the 1980s. Table V. 3-16 lists those companies with operations abroad together with
those who have announced such plans as of January 1989, The shift towards overseas
production is proceeding at a rapid pace, with Japanese-affiliated production bases being
established in eight locations around the world: the U.S. and Asia were the most
common déstinations, with three firms announcing investment in the U.S. and China in
1988 alone. Glass manufacturers have been quick to respond, investing in three foreign

countries and establishing a new factory in Singapore.

Table V. 3-16 Overseas Production by Japanese CRT Manufacturers :

‘Name of Manuifaciurer  Year Location Annyal Producugn Comments
Capacity (Million Pcs)
»Hitachi 1978 7 Singapore 4.1 . In Operation
o 1988  China (Shenzhen) 1.6 Start in 90
sMitsybishi 1983  Canada - In Operation
1583 ’Ihalland 1.4 Stari in '89
«Toshiba 1985  U.S.A 1.4 In Operation
1988 Chma (Sh'mghal Hanyang) 2.6 Start in 90
1988 ‘Thailand 1.6 Start in.'90
*Matsushita 1088 Chlna (Pekmg) 18 Startin '89
$ % Basid ) ﬁ“é%ﬁ“’“
*Sony nglan - ration
. 1988 § . - Unknown
*Asahi Glass 1985 Smgapore Panel - 7.0 . Staryt in''89
: 1985 Taiwan Panel 5.0 In Operation.
1988  Thailand Panel 7.5 Start in '89
. Fumnel = 14.0
1988 = US.A. - Start in '89
1988  Brazil -. Unknown

"Notes: 1. Except Technical Tie-ups.
2. *Only Finishing Works at Present as for Asahi Glass Smgapom
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(2) Singapore
1) Production and Export Trends

At present Hitachi Electronic Device is the only company engaged in production of '
CRTs in Singapore. As a result, this firm's production and export figures represént those
of the country as a whole. Table V.3-17 shows the production and the ratio by size for
the past five years. The average growth rate for the past five years has been 26.5%, with
a gradual trend toward the manufacture of larger models and production of 21-inch units
beginning in 1988.

Table V. 3-17 Trend of CRT Production in Singapore

1984 1985 1986 1937  198%

Production 1.6 20 29 3.5 4.1

Volume (Million Pcs.)

Share by Size (%)
14 Inch 75 . 75 65 60 55
20 Inch 25 25 35 40 35
21 Inch - - - - 10

Source: Hitachi Electronic Device

This company was established in 1978 with 100% investment by Hitachi Co.,
1.td., and has steadily increased its production ever since. The plant is now operating at
full capacity due to the current supply shonage in the region, and in 1988 it announced
‘that the process for deflection yoke fixing would be transferred to a plant in Johor,
Malaysia to meet increased production demands. Although local supply remains at a low
level of around 10%, commencement of production at Asahi Technovision in April 1989
will make p6$Sible local supply of panels, raising the local content ratio to over 40%.

A breakdown of sales for the past five years is shown in Table V.3-18. Since
_ anti—dump.ing' taxes were levied on Singapore's CRTs by the U.S. in 1987, exports to that
country have been on the decline. The Asian region, including Japan, has continued to
- provide the largest market for exports, accounting for 75% of all shipments in 1988,
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Table V. 3-18 Destination of Sales of CRTs Made in angapore

. _ (Unit: %)

1984 1985 1986 1987 1988

Domnestic 50 30 20 20 25
Malaysia 15 20 25 30 0 28
India - 7 12 18 i2
U.S.A. 10 20 15 10 3
Japan - 10 S 10 8 10
Europe 3 3 3 8 13

Total 100 100 100 100 100

Source: Hitachi Electronic Device
2) Material Procurement

A supply of high-quality raw materials, and glass products in particular, is the key
to successful CRT production. In 1985 Asahi Glass established Asahi Technovision as a
wholly-owned subsidiary. This company has been importing materials from Japan for
the processing of funnels while also importing finished panels directly from Japzm. It
was decided, however, that the company would begin the production of panels for 14 o
16-inch CRTs in April 1989. Production capacity will be 7 million units a year, and there

is a plan for the future production of funnels as well.
(3) Korea
1) Production Trends

Korean production of CRTs has shown tremendous growth, increasing 2.2-fold
in value terms from .US$267.01 million in 1984 to US$593.93 million in 1987, when
CRTs accounied for 8.2% of all electronic component production in Korea. In 1988
Korea prdduced a higher volume of CRTs than Japan did, and it'is expected Lo scon
become the world's largest producer on a value base as well. Production during the past
four years is as shown in Table V.3-19. The average growth rate (quantity-basad) was
high at 33.4%, and an export ratio of 42.8% was achieved in 1987. |
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Table V. 3-19 Trend of CRT Production in Korea

Production Volune Production Value

(1,000 Units) (US$ 1,000)
1984 5,012 267,013
1985 6,916 314,031
1986 10,461 430,276
1987 11,885 593,934

Source: Association of Korea Electronic Industry Promotion

CRT prdduction in Korea began in 1978 with the introduction of Toshiba
technology by Orion Electric. 'This was followed by similar agreements between
Samsung Electron Devices and NEC in the first half of 1979, and between Gold Star and
Hitachi in the sééond half of the same year. At first, a lack of domestic demand hampered
pfoduction efforts, but the advent of colour television broadcasting in 1980 caused
demand to leap from US$70 million to U$$200 million in the following year. The three
CRT manufacturers have conducted larpe-scale investment since the end of 1986 and are
promoting _aggrcséive plans to supply 25% of the world CRT market eventually. At
present, the competitiﬁencss of Korean products in the low- and middle-end ranges is
increasing due to Japan's shift to larger, high-quality models (as a resuit of the strong
yEl._i), domestic colour television production is ekperiencing a dramatic growth, and
increased colour television production in China has resulted in a supply pinch in the
region. Daewoo has announced that ii will estabiish a joint—_vemili‘c plant located in Korea
with China for the produ'ctioﬁ of CRTs for exclusive export to China, and further
increases in China's demand are expected. .

Production scale and share for each of the three CRT manufacturers are shown in
Table V.3-20. The three companies have a combined annual production capacity of 26.4

million units.

Table V. 3-20 Production Capacity and Shares of Major Korean
CRT Manufacturers

Product Size  Capacity of Production  Share
e o (1,000 Units/Month) (%)
Samsung 12720 - 950 43

“Gold Star Unknown . 800 36
Orion: ~ - 14"-20" 450 20

Source: Association of Korea Electronic Industry Promotion
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Concerning quality, the Association of Electronics Industry Promotion in Korea
estimates Korea's product quality at 85, in comparison with Japan at 100. Main
components and materials being produced domestically include electron guns, panels,
funnels (partially imported, according to'product type), and red phosphor. Glass is being
produced by two companies: Samsung Corning, which has a technology tie-up with
Corning of the U.S., and Korea Electric Glass with Nippon Electric Glass.

The current activity of the Korea's CRT industry is expected to continue for the
next three to five years, but after that, given industry and product life cycles, late—arriving
competitors are believed likely to take over. The Association of the Electronics Industry
in Korea predicts that production will grow at an annual rate of 15.7%, reaching US$946
million in 1991, while exports will increase at an annual rate of 14.7%, reaching US$447

million in the same year.
2) Export Trends

Table V. 321 shows the export destinations of Korea's CRTs by couniry for the
past four years. Major destinations vary widely from year to year.' Moreover, an anti-
dumping judgement by the U.S. in 1987 resulted in a drastic drop in'ship'rhcnts, and the
export climate for Korean products in the industrialised countries is stcadiiy deteriorating.

Table V. 3-21 Trend of CRT Export from Korea
(Unit: 1,000 Pcs)

1984 1985 1986 1987
Total 1,034.8 3,062.4 4,044.9 5,308.5

(100.0) (100.0) (100.0) (100.0)
Japan 8.5 362.5 - 3377 507.9
(Share: %) (0.8) (11.8) (8.3) - (9.6).
Hong Kong 278.9 512.8 4242 1,281.6
(Share: %) (26.9) (16.7) (10.5) (24.1)
Singapore 2.1 287.4 3443 695.6
(Share: %) (0.3) (9.4 (8.5) (13.1)
India 3142 462.1 296.3 3423
(Share: %) (30.4) (15.1) (7.3) - (6.4)
England 37.3 1313 273.2 368.6
(Share: %) (3.6) (4.3) (6.8) 6.9
U.S.A. 336.7 965.0 1,367.0 219.8
(Share: %) (32.5) - (31.5)- . (33.8) (4.1)

Source: Association of Korea Electronic Industry Promotion '
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(4) Other Asian Countries

Recently, the establishiment of Targe-scale CRT plants has been announced by both
Thailand and China. By 1992, when these facilities are expected to enter into full
production, the supply and demand relationship in the Asian CRT market may change

significantly.
1) Thailand

As of 1988, Thailand produced only CRTs for monochrome television sets, but
the Board of Investment (BOI) has given its approval to two new projects as follows.

1. Thai CRT Co., Ltd.

Production Starts from : Middle of 1989
- Annual Production Capacity : 1.4 million pcs per year
Market. : Mainly for Export the remains for Domestic.
Composition of Capital : Joint Venture of 15 Domestic
TV Manufactorers 40%
Mitsubishi Electric (Japan) 30%

Siam Cement Co., I.td. 30%

2. Toshiba Display Devices (Thailand) Co., Lid.

Production Starts from : February 1990

Annual Production Capacity : 1.6 million pes per year (6 inchs - 17 inchs)

Market : 100% for Export _

Composition of Capital : Toshiba _Cdrp. (Japan) _ 0%
Thai Electric Industry Co., Ltd. 5%
‘Mitr Siam International Co., Ltd. 5%

Thé two plants will have a combined annual production capacity of 3 million units.
Thus, even if domestic demand for CRTs increases from the present 0.6 to 1.0 million
units by 1995 (according to BOI estimates), 2 million units will be available for export
both direct and indirect. The resulting impact on neighbouring countries would be

- significant.
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The Thai government is promoting the demestic production of television sets
through import tariff arrangement and investment promotion schiemes rather than import
restrictions, Already, two projects for the supply of materials and components for CRTs
have received official approval. : |

One of these is a joint venture between Asahi Glass of Japan and Slam Cement of
Thailand which will begin production of glass products for 14- to 21-inch CRTs in 1991.
The plant will have an annual production capacity of 7.5 million panels and 14 million
funnels, far exceeding domestic demand, and the firm has pla'ns to export the majority to
other Asian countries. Another company to receive approval was Muramoto Electron,
another. JapanescﬂThal joint venture wh1ch will produce inner magnetic shields, bands,
and other CRT components. :

On 1 January 1987 import duties on flyback transformiers and deflection yokes
were raised from 10% to 30%, and duties on CRTs as well will be increased from’ 10% to
30% starting October 1, 1990, '

2) China

China’s CRT market is rapidly expanding, with 1988 domestic demand exceeding

10 million units. In Hanyang, there exists the only company with a CRT plant currently
in operation and it maintains a technical tie-up with Hitachi. This facility, with an annual
production capacity of approximately 1 million units, is capable of supplymg amere 10%
of the market There are plans for the establishment of six CRT plants, however, and
construcuon has already begun on some of them. When these facilities enter into foll-
scale operation they will probably be able to supply 8 - 9 million units a year. An outline
of these facilities is given below. Since the plants must agiee at the time of establishment
to export a certain percentage of their products, exports will be started in spite of a supply
shortage in the domestic market. Although the exact figure remains unclear, if the 20%
ratio quoted' by one of the plants holds true for the others as well, China will become an

exporter of approximately 1.6 - 1.8 million CRTs in the future. -
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Table V. 3-22 Qutline of CRT Production Plans in China

: ' ~ Annual - Inaugural
Form of Location - - Production Programme
Participation Capability - of a Company
L (1,000 Pcs) ' .
1. Hitachi Jo@nt Yenture Shenzhep' 1,600 1990
2. Toshiba Jqlnt Vcnture Shgngh_at 2,600 1990
3. Toshiba Joint Venture ~ Hanyang ' :
4, Matsushita  Joint Venture Peking 1,800 1989
5. GE - - - -
6. - - . -

Philips
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V-4, Feasibility Analysis of Investiment

V-4-1, Introducfion

In order to devclop. the 'CRT industry or to invite the investment of overseas CRT
manufacturers successfully in Malaysia, the basic reguirement would be the fact that the
CRT factories established in Malaysia could pr{iduce products comﬁetitive in the
international market both in quality and price, and the operation of the ifactory be
financially viable. For this reason, a rough financial feasibility analysis has been
conducted based on the assumption that a new CRT plant would be established in

~ Malaysia. The outline of the assumed model factory is as folioWs;;

Outline of the Model C-CRT Factory

Total Land Area 1 60,000m?2
Total Building Area; Production Area : 25,300m?2
Office & Auxiliary Area  :  5,000m?2
Total Initial Investment Costs : M$445 Million
Number of Employees 311
- Production Item . Colour-CRT
Production Capacity . 1.4 Million Pcs/Year

The major assumptions used for the analysis were as follows:

Basic Assumpfions for the Analysis

Project Life : 15 years

Construction Period : 1 year

Prices : 1988 Constant price _
Investment Incentives  : - Exemption from import tax for équipnignt and"'rnétc_ﬁals

- 10 year exemption from corporation 'tax_(pionce'r-staius) :
or the corporation tax ex'e'r'nptic')'n based on _Ihvestment '
Tax Allowance (ITA:100%)
Exchange Rates : M$1.00=¥46, US$1.00=M$2.64
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V-4.2. Production Item and Production Capacity
(1) Production Item

As the kind of CRT to be produced in Malaysia, the following sizes of colour
CRT would be recommended.

Product : Colour CRT for T.V. sct assembly
Size ;14" (13" V), 16" (15" V), 20" (19" V) and 21" (20" V)
Neck Size : Conventional neck (@ 26.1 mum)

1) Product

From the recent trend of colour T.V. set assembling in Malaysia the domestic
production of colour CRTs (C-CRT) would be desired. At present, there is no
preduction of black and white T.V. sets in Malaysia, and the demand in nearby countries
is also not large. In the future, the demand for colour display tubes for computer use is
expected to grow. With the accumulated production know-how of C-CRTs for T.V. sets,

it would be possible to change to the production of colour display tubes in the future.
2) Tube Size

The distribution of tube sizes demanded in Malaysia in 1988 was estimated as

follows:
6" & 10" : 1.0%
14" : 62.8%
16" : 5.8%
20" : 17.8%
21" : 12.1%
29" : 0.5%

From the above distribution, the sizes to be produced in Malaysia would be 147,
16", 20" and 21", In particular, the major weight would be placed on 14" and 20" in the
initial stage. According to shift in market demand, the sizes of CRTs produced in the
model factory would change. However, the production of many sizes of CRTs at one

time, or the frequent change of sizes would create a large productivity loss.
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3) Neck Size

As to the neck size of C-CRTs, there are presently three types applied, narrow
neck (@ 22.5 mm), conventional neck (@ 29.1 mm) and wide neck (& 36.5 mm). The
wide neck type is used 'only for large size T.V. sets such as over 21". While the narrow
neck has an advantage in lowér power consumption, the conven[_ional type has an
advantage in the ease of production. Further, the conventional neck could cover a wider
range of tube sizes from 14" to 26", while the narrow neck is applied usually only for
small sizes such as 14". From the expected tube sizes produced in Malaysia, the
conventional neck is considered to be preferable at least at the initial stages of local

production.
(2) Production Capacity
1) Minimum Economic Scale of Production

The actual production volume of a factory would vary largely according to the skill
level and efficiency of workers and other relevant conditions. However, the minimum
economic production scale of one line would be decided by the production capacity of
critical machines, such as the Black Matrik Machine.

3,600 sec/ 18 sec  x 0.95 (Actual operating rate) x 21 hrs / day
x 0.9 (Yield ratio in black matrix coating process)
x 0.85 (Yield phopher screen coating process)
x 0.90 (Yicld in flit sealing)
x 0.95 (Yield in shipping test)
x 270 days / year
= 704,634 tubes / year / line
= 700,000 tubes / year / line

In the above calculation, the following plant working conditions are supposed:

Working hours : 7 hours / d_ay / shift

Working days . : 270 days / year
Working shifts > 3 shifts
* Machine operating ratio -1 95%
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2) Production Capacity of a Proposed Factory
From both the growing demand for C-CRT in Malaysia and the economy of scale

for CRT production, the production capacity of a factory to be examined is set as 1.4
million tubes / year.
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V-4-3, Initial Investment
(1) Initial Investment Cost

Initial investment cost for the planned construction of the colour CRT plant is
assumed to be about M$445 million.

Table V. 4-1 Breakdown of Initial Investment Costs
(Unit: M$1,000)

ltem Investiment Amount

1. Land 5,167
2. Building Construction 31,570
3. Auxiliary Facilities 54,316
4. Production Facilities 312,469
5. Vehicles & Stationeries 400
6. Contingency 41,478

Total 445,400
(Local Procurement) (219,129)

(2)Land

As to the site conditions for the colour CRT manufacturing plant, a location
convenient for transportation is desired because transportation plays such an important
role for both products and raw materials. Prc.écntly, colour CRT assembly manufacturers
are concentrated in the suburbs of Kuala Lumpur or in the state of Johor. For the site of
the new plant, the outskirts of Kuala Lumpur would be more advantageous than the state
of Johor because of its nearness to the products’ market and to the main port for the
convenience of raw material import. The state of Johor on the other hand, is in the
vicinity of the biggest suppliers market, at prcsent Slngapore

It is impossible to decide on a specific site for the plant since a detailed site
selection survey was not conducted this time. However, the Shah Alum Industrial
Complex in the suburbs of Kuala Lumpur is examined as an assumed candidate plant site

for the purpose of cost calculation.

Purchase Method : 99 year lease

Land Price : M$8.00/ fi2

Fixed Asset Tax ~ : M$0.14/ 2 _

Administration : M$100.00 / block

Sewage : M$0.50/ 12 _

Terms of payment  : Within one month after permit of purchase : 20%
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Within six months after permit of purchase: 80%

The land space required of about 60,000m?2 (6ha), would be valued at about
M$5.17 million.

{3) Consiruction Costs

The outline of the building required is as follows:
Plant (production) space : 25,300m2
~ Fat Bldg., Height; 6m?2
Anti-Weightpressure; 500kg / m2
Air-conditioned
Office & auxiliary- ¢ 2,500m2 x 2 Floors
facilities space 2 Floor Bldg.
Partially air-conditioned
Outline of iiuxiliauy : Guard House,
facilities _ Power Station,
Bin Center, Pump House Shed,
Extemal _Works,
Pumping, Water Mains Shed
& Fire Fighting

Construction would be conducted by local contractors. Construction cost is
estimated to be M$31.57 million.

{(4) Costs of Auxiliary Facilities

The cost breakdown of anxiliary facilities is as folows:

Electric wiring | M$ 4,800 thousand
Air»cOnditiOning systemt M$43,688 thousand
Waste water disposal system M$ 2,068 thousand
Pure water supply equipment M$ 3.760 thousand

“Total - ~ M$54,316 thousand

The details of major auxiliary facilities are as folows:

High Tension Power Rg ceiving Equipment
1) Capacity: 5,000KVA
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2) Operation method: Full automation
3) Mainly composed of:
- LS (Line Switches) _
- ACB (Air-blast Circuit Breakers)
- OC (Over Current Relays)
- OCG (Over Current Grund Relays)
- MOF (Metering Outfits) '
- DS (Disconnecting Switches)
~ Main Transformers
- RDF (Ratio Differential Relays)
- PT (Potential Transformers)
- VCB (Vacuum Circuit Breakers)
- GPT (Ground Potential Transformer)
- Low Voltage Transformer
- S8C (Static Capacitors)
-LA (Lightnin g Aneétors)
- Other Switches
- Other Relays
- Other Metres

Air Conditioning System _
1) AHU1:  Room temperature  22°C-25°C

Moisture - 50% + 5%
| Space 900m? x 3m (H)

AHU2:  Room Temperature 20°C-23°C

Moisture 75% + 3%

Space 700m?2 x 4m (H)
AHU3:  Room temperatwe  25°C-27°C

Moisture 60% t 5%

Space 700m? x 4m (H)

Other area: Ordinary aLr»condltlomng
2) Chilled water supply system, 450USRT Chlller 3 unit
3 Clean Room class 1,000
4) Heater & Steam Spray Equipment

Waste Water Disposal System
1) Capacuy 80T / Hrx 24Hr fday=1 92()'1‘ / day

V-58



" 2) Operation Method: Full automation
3) Mainly composed of:
- Waste Water Reservoirs
- Chemical Tanks
- Pumps
- Clarifier
- Quick Filter Units
- Vacuum Filter Units
- Control Panel

Pure Water Supply System _ :
1) Capacity: 50m x 24Hr / day = 1,200m / day
2).Operation Method: Full Automation
3) Mainly Composed of:

- Filter Columns

- Dumps

- Degasifiers

- Chemical Tanks

- Cation Column and Anion Column

or Reverse Osmosis Filter

- Pure Water Tank

- Mono-bed 'Ion_ Exchanger

_ Control Air Chamber

- N2 Gas Mixing Chamber

- Control Panel
(5) Production Facilities

~ As 1o production facilities, 2 production lines (Produc;idn capacity: 0.7 million

units / line) would be inS:alied. 'Conside"rirng the peridd of employee training, one line
would be installed in the Tst year and the other would be added in the 2nd year.

Production fabilitie’s are detailed in Table V. 4-5. The procurement cost is as

follows.

V-59



‘able V. 4-2 Procurement Costs of Production Facilities

(Unit: M$1,000)

. Ttem _ Procurement Costs
(Imports) _ _
Imported Machineries (FOB) 161,622
{1st Stage) (90,939
(2nd Stage) - {70,683)
Transportation Cost (FOB x 5%) 8,081
Installment Cost (FOB x 35%) 56,568
Total Imported Machineries 226,271
(Local Procurement) _
Locally Procured Facilities 71,832
(1st Stage) ~ (40,417)
(2nd Stage) (31,415)
Installment Cost (20%) 14,366
Total Local Procurement Cost 86,198
Total : 312,469

(6) Vehicles and Stationery
As other equipment cost, the procurement cost of 3 vehicles and one set of
stationery is assumed as follows.

Table V. 4-3 Procurement Costs of Vehicles & Sfationery
(Unit: M$1,000)

Itemn Procurement Costs
Vehicles, M$ 100,000 x 3 Vehicles 300
A Set of Stationery 100

Total 400

(7) Contingency
The amount of 10% of total investment cost is assumed as cdntingenby.
(8) Depreciation Cost

Method of depreciation to be taken is as follows:

Building : - ' 30 year strai ghtliné depreciation
Auxiliary Facilities : 20 year straightline depreciation
Production Facilities : 15 year straightline depreciation
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Vehicles & Stationery : 5 year straightline depreciation
The result of calculation of annual depreciation costs based on the above methods
are as follows. '

Table V.4-4 Annual Depreciation Costs
(Unit: M$1,000/Year)

ftem Value (Initial Year)
Buildings 1,052 (1,052)
Auxiliary Facilities 2,716 (2,716
Production Facilities 20,831 (11,721)
Vehicles & Stadonery 30 (80

Toial 24,679 (15,569)
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Table V. 4-5 Production Facilities and Their Procurement Sources

1/8

Item

Q'ty

Source

Import

2

1l

(1)

(D

(1)

(1)

(1)
(2)
10.
m

IL

Mask Forming & Shadow Mask Assembly
Hydrogen Furnace for Shadow Mask
Mask Tray

Thermo Coupie

Chain Block

Thermorecorder

Roller Leveller

Press Machine for Shadow

Mask Forming

Basket Tray for Mask

Light Table for Mask Inspection
Carrying Cart

Fork Lift _

Shadow Mask Forming

Punch and Die (21", 20" & 14")

- Degreaser

Basket Tray for Frame

Basket Tray for 1/5

Trichlene Recovering Equipment
Balancer

Steam Oxidizing Unit for Shadow Mask, Frame
and Internal Magnetic Shield
Tracing Light Table

Thermo Couple

Microscope

Clip-Frame Welder

(21", 20" & 14™)

Master Panel

Brock for Weld Strength Checkmg
Welding Current Checker
Mask-Frame Welder

(217, 20" & 14")

Die for Mask Repair

Light Table for Inspection

M-P Inspection Device

Light Table for Inspection
Master Gauge

Support Plate Welder

Splash Shield (21" & 20™)

. US Mask Cleaner

Black Matrix Application, Phosphor Application
& Aluminizing

Black Matrix Screen Coating Machine

Light Table for Mask Inspection

Light Table for Mask Inspection

Heat Exchanges with Pump for City Water

Heat Exchange with Pump for Deionized Water
Dispenser for Photo Resist Slorry

Graphite Application Tank
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2/8

Item

Q'ty

Source

Import Local

(7) . H202 Head Tank

(8) Die for Mask Repair

(%) . Transformer

(10) Microscope

(11) Thermometer

(12) Time Limited Hand Tachometer
Photo Exposure Unit for Black Stripe
Application
21", 20" & 14"

(1) Gauge for Photo Exposure Unit

(2) Brightness Check Equipment

(3) Microscope

(4) Autematic Voltage Regulator

3.  Cooling Device for Photo Exposure Unit

4, Phosphor Screen Coating Machine

(1) Light Table for Inspection

(2) Microscope for Screen Inspection

(3) Thermometer _

(4) Heat Exchanger with Pump for City Water

(5) Heat Exchanger with Pump for Detonized Water

(6) Dispenser for Phosphor Slurry

(7) Heat Tank for Emulsion

(8) Pressure Tank for Emulsion

(%) Transformer

(10) Head Tank for Procoating Solution

{11) Die for Mask Repair

(12) Microscope

(13) Time Limited Hand Tachometer

5. Preparation Tanks for Chemicals

(1) PVA Dissolving Tank

(2) PVA Storage Tank with Pump

(3) Preparation Tank for Photo Resist Slurry

(4) Carrying Tank for Photo Resist Slurry

(5) "Graphite Preparation Tank

(6) H202 Preparation Tank

(7) NH3F Preparation Tank

{(8) Other Preparation Tanks

(%) Phosphor Preparation Tank

(10) Emulsion Preparation Tank

(11) PVA Solution Tank

(12) PV A Storage Tank

(13) Preparation Tank for Precoat Solution

(14} Storage Tank for Precoat Solution

(15) Carriage Tank for Precoat

(16) Other Storage Tanks

16, Analytical Apparatus

(1) Wrench

(2) Wrench

| (3) Stainless Steel Beaker 201

(4) Stainless Steel Beaker 101
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3/8

Ttem

Q'ty

Source

Tmiport

Local

(5) Drying Oven

{6) Bakeout Porcelain

{(7) Crucible

(8) Viscosimeter

(9) Hydrometer Set

(10) Platform Scale

(11) Measuring Cylinder

(12) Automatic Buret with Stop Cock

(13) Stainless Steel Vessel

(14) Polyethylene Bottle

(15) PH Meter

(16) Stainless Steel Beaker 11

(17) Stainless Steel Beaker 0.51

(18) Stainless Steel Beaker 0.11

(19) Polyethylene Beaker

(20) Tong

(21) Glass Thermometer

(22) Analyrical Balance

(23) Polyethylene Beaker 11

(24) Polyethylene Beaker 0.51

(25} Automatic Buret Set

(26) Hydrometer

(27) Polyethylene Cylinder 11

(28) Polyethylene Cylinder 0.251

(29) Polyethylene Cylinder 0.11
Photo Exposure Unit for Phosphor Screen
Machine (21", 20" & 14")

(1) Brightness Check Equipment

{2) Microscope

(3) Automatic Voltage Regulator

8. Red Phosphor Recovery System

(1) Centrifugal Separator

9. Aluminizing Unit

(1) Woashing Sink

(2) Working Table

1(3) Graphite Mixing Equipment (A)

(4) Graphite Mixing Equipment (B)

(5) Carrying Cart

{6) Drying Oven

{(7) Vacuum Check Meter

(8) Aluminum Thickness Meter

(9) Chain Block

III. Bakeout

1. Bakeout Fumace

2. Automatic Loader & Unloader for Bakeout
Furnace

3.  Automatic Stacker & Unstacker for Panel
Support Fixture

4. Panel Support Fixture
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4/8

Item

Source

Import

Local

7.
(1)

(1)

(1)
14,
15.
)

1.
(1)
2.
)
3.
(1)
5

(1)
(2)

Ultrasonic Mask Cleaner
Light Table for Inspection

. Funnel Preparation & Trit Sealing

Panel Carriage

" Funnel Washing Machine

Neck Graphite Coating Machine with Internal
Graphite Coating Table

Graphite Mixer

Gauge

Brash :

Funnel Drying Oven

Graphite Ball Mill Machine

Frit Preparing Equipment
Measuring Cylinder

Beaker

Scale

Frit Application Machine

Frit Tank

Spatula

Balances

Surface Thermometer
Self-recording Type Hygrometer
1S Welding Equipment

Tray for Contact Spring

Tray for IS Clip

Dust Removing Machine for Panel-mask
Assembly

Sealing Plane Wiping Workbench
Tray

. Frit Sealing Furnace

Automatic Loader for unloader for Frit Sealing
Furnace

Frit Sealing Fixtore

Alignment Check Gauge

Frit Break-down Checker

Dust Removing Machine for Sealed Bulb

G Meter

Mount Assembly

Parts Annealing Fumnace

Tray :

Ultra-Sonic Cleaning for Mount Sub-assembly
Cage for Cleaning

Centrifugal Separator

Drying Oven for Gun Parts

Tray :

Bench Welder for Gun Parts Ass'y
Jig

{auge
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5/8

Ttem

2
g

Source

Import

Local

_1_)

Beading Machine

Parts Gray

Gauge

Pt Bed

Thermometer

Cooling Unit for Bead Mount
Gun Bead Mandrel

Center Check Gauge

Jigs

Micrometer

Slide Calipers

Cathode Span Setting Machines
Pin Set

Eve Gauge

Mount Tray

Air Micrometer for Cathode-G2
Gap with Air Probe Nozzle

Set Up Gauge

Jig for Fasten or Unfasten of Nozzle
Bench Welder for Heater Welding
Pinset -

Eye Gauge

Jigs

-Bench Welder for Stem Welding

Stem Setting Jig
Pinset
Eye Gauge

. Jigs

Bench Welder for Gun Mounting
Jig

Pinset

Eye Gauge

. Shield Cup Welding Machine

Jigs
Mount Checker

Measuring Equipment for Mount Aligment

Inspection

Master Gauge

Bench Welder for Funnel Getter with Jig
Jig

Pinset

Dust Removing Machine

. Mount Sealing, Exhausting & Aging

Mount Sealing Machine
Camera

Monitor TY

Lamina Flow Benc
Carrying Cart for Mount
Polarimeter :
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6/8

Item

2
<

Source

Import Local

(6) Pinset’

{(7) Glass Cutter

2.  Mount Rotation Measuring Device
(1) Master Gauge

3. ‘Annealing Furnace

{1) Thermometer

(2) Thermocouple

4. Exhaust Machine

{1} Exhaust Furnace

(2) Exhaust Carts

(3) NGR Set

(4) Power Supply

(5) Torque Wrench

(6) Cart for Test

(7) Trichlene Degreaser

(8) Drying Oven

(©) Manometer

(10) Vacuum Meter

(11) Exhaust Tip Salvaging Equipment
(12) Diamond Rasp

(13) Electric Tip-off oven Testing Equipment
1(14) Cutting Pliers

(15) Megatester

{16) Messcylinder .

(17) Surface Thermometer

5.  Getter Flash Bombarder

(1) Stop Waich

6. Aging Set

7. - Glass Lather for Re-Neck

(1) Annealing Oven

8. Dust Removing Machine for Sealed Bulbs

v11. Factory Test, Implosion Protection, Shipping
Test & York Fixing

1. Test Equipment for P, THK, MIK

(1) Digital Multimeter

2. Automatic Test Equipment

13.  Scregen Test Set

(1) HRS VRS Gauge

(2) Convergence Gauge

(3) Spot Size Gauge

(4) - Deflection Yoke

(5) . Microscope

(6) Rupe S

(7) Degausing Coi

(8) High Voltage Meter

(9) Gauss Meter. .

4. Banding Machine

5. Taping Machine

6. Check Jig
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7/8

Ttem

re)
<

Source

Import

Local

(9
(10)
(11}

VHI
L.
(N
2.
3,
4.
(1)
(2)
(3

External Conductive Coating Conveyor
Spray Cover

Spray Gun

Jig for Silicone Spray

Mixing Machine

Washing Sink

Drying Oven

Surface Thermometer

Automatic Shipping Test Equipment
Manual HV Aging Equipment
G1-G2 HVY Aging Equipment

. Manual Emission Aging Equipment

Deflection Yoke Fixing Unit

‘Gauge For Convergence

PCC Gauge
Micro Scope
Rupe

Pen Light
Tape Cutter
Degausing Coil

High Voltage Meter

Torque Dnver
Digital Multimeter
Gauss Meter

. oalvage

Glass Lathe for Re-Neck

Polariscope

Bulb Dis-assembling Machine

Glass Etching Machine for Panel and Funnel
Washing Machine for Panel & Funnel
Washing Machine for Funnel Graphite
Mask Washing Sink

Drying Oven for Funnel and Mask

Seal Edge Grinding Machine

Panel Face Polishing Machine

Repairing Equipment for Panel and Funnel
Grinder

Other Machines

Neck-Cutting Device

De-Banding Equipment

Light Table for Inspection

Carts for Panel and Mask

. Quality Assurance

Life Test Set

Signal Generator
Shelf Rack

High Voltage Meter
Heater Test Set
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8/8

_ Source

W

Import Local

2
<

{tem

3. Cathode Test Set
4,  PMHK/MIK Testing Machine
(1) Digital Multimeter.
- Screen Test Set
(1) Gauge for Convergence
(2) Gauge for Spot Size
(3) High Gauge
(4) Microscope
{(5) Rupe
(6) Slide Calipers
(7) Torque Driver
(8) Degousing Coil
(9) Safety Goggle
(10) Brightness Meter
(11) High Voltage Meter
(12) Digital Multi-meter
(13) Universal Bridge
6. Signal Generator
7. Pyrometer
8. Hot & Cold Testing Machine
9. Temperature & Humidity Testing Machine
10. Bulb Vibration Testing Machine
(1) Bulb Holder
(2) G Meter
11. X-Ray Inspection Equipment
(1) Foot-lambert Meter
Pressure-resistance Testing Tank
13. Impact Tester
14. Drop Test Equipment
115. Ground Magnetism Neutalizer
(1) Gauss Mcter
16. Equipments for Incoming Inspection
(1) Light Table for Inspection
(2) Microscope (x160) '
(3) Standard Level Plate
(4) . Slide Calipers
(5) Height Gauge
(6) Micrometer
(7) Binocular Microscope
(8) Projector
(9) Torsion Balance
(10) Hardness Tester
(11} Dial Gauge
(12) Jigs & Gauges 1se
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V-4-4. Production and Sales
(1) Production Plan

The flow of annual production volume of the model factory i is projected based
both on thie maximum production capacity and on the assumed operating rate of the model
factory, the results of which are shown in Table V.4-6.

Table V. 4-6 Floﬁ* of Production Volume
{(Unat: 1 000 Pcs)

Line Ist Year 2nd Year 3rd Year 4th Year Sth Year After 6th Year
1st 126 378 553 665 700 700
2nd - 126 378 553 - 665 700
" Total 126 504 631 1,218 1,365 1,400
(Operating Rate) (18%) (36%) {(67%) (87%) (98%) (100%)

The CRT sizes produced in the model factory would be changed according to
shifts of market demand. For the purposes of calculation, however, it was assumed that
60% of the production would be the 14" size of CRTs and 40% of 20" size of CRTs.

Table V. 4-7 Flow of Production Volume by Size

. (Unit: 1000 Pcs)
Line 1st Year 2nd Year 3rd Year 4th Year 5th Year After 6th Year

14" 75.6 302.4 558.6 730.8 £19.0 840.0
20" 50.4 201.6 372.4 487.2 546.0 560.0
Total 126.0 504.0 931.0 1,218.0 1,365.0 1,400.0
{2) Unit Sales Prices

The following unit sales prices by size shown in Table V.4-8 were sct for the
products of the model factory. The unit sales prices were set taking into c_onsidcration ¢
international transaction terms of colour CRTs at present, (2) present transaction prices in
Malaysia and (3) the export prices of Korean-made colour CRTs which would be one of

the major competing products.
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Table V. 4-8 Assumed Unit Sales Prices

International Prices (US$) Unit Sales Prices
Size CRT without  Deflection
Deflection Yoke Yoke Total (M$)
14" 47-50 3-4 30-54 138.84
20" 69-74 6 75-80 206.92

The present major supply sources of colour CRTS to Malaysia are Singapore,
Japan, Taiwan and Korea, It is said that the prices of Smgdpore -made products are
slightly h1gher than those of Talwan or Korean-made ones, and that those of Japanese
products are still higher than the Singaporean ones.

For refercnce the export prices of colour CRTs made in Korea i in November 1988
were as shown in Fable V 4-9.

Table V. 4-9 Unif Export Prices of C-CRTs from Korea (FOB Prices)

_ : (Unit: US$)
Size A Company B Company C Company
14" 48-50 50-52 -

16" 60-66 - -

18" - - 77

20" 68-70 74-80 78-80

Source: Korea Electronics Association, Bank of Korea Export Statistics
and the Results of a Field Interview Survey

(3) Projection of Annual Sales Flow

_ Based on the above assumed production volume and unit sales prices, the flow of
annual sales of the model factory was projected as shown in Table V.4-10.

Table V. 4-10 Projection of Annual Sales Flow Value

. ' (Unit: “M$1 OOO)
Size lst Year 2nd Year 3rd Year 4th Year 5th Year  After 6th Year

14" - 10,496 41,985 77,556 101,464 113,710 116,620
20" 10,429 41,715 77.-,057 100,811 ° 112,978 1'15,875
~Total 20,925 83,700 154,613 202,275 226,688 232,501
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V-4-8, Material Cost Projection
(1) Unit Material Cost

For the production of colour CRTs a very large number of parts and components
have to be procured. Because it requires a very high level of technical knowledge to
procure these parts directly from various parts suppliers, most of the parts and
compoﬁents would have to be procured from an 0verséas manufacturer giving technical
assistance to the model factory in Malaysia at the initial stage. Table V.4-12 shows the
list of those parts and components needed for the production of colour CRTs and their
potential supply sources.

The estimated unit material cost is M$ 94.22 for 14" and M$ 144.90 for 20", at
the initial stage of production. Only the deflection yokes could be procured at the initial
stage, and the local procurement rate is 10% and 8% for 14" and 20", respectively.

Table V.4-11 Unit Material Costs

(Unit: US$}Pc)
0" (Convention Neck)

4" (Convention Neck)

Imported CKD Parts

M$04.22

1 Panel Assembly Paits 2.13 14.93
2 Funnel Assembly Parts 0.52 0.69
3 Electron Gun Parts 5.02 5.85
4 . ITC Parts 1.36 1.49
-5 Other Parts 1.19 2.44
6 Packing & Transportation 0.57 0.89
Sub-Total 16.79 26.29
(M$44.83) (M$70.19)
Direct Procurement, Imports
1 Panel 8.29 13.84
2 Funnel 6.14 9.21
3 Packing & Transponauon 0.51 0.81
Sub-Total 14.94 23.86
(M$39.89) (M363.71)
Total Imports 31.73 50.15
. (M$84.72) (M$133.90)
Direct Domestic Procurement o
1 Diflection Yoke M3$9.50 M$11.00
Total Material M$144.90
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TableV. 4-12 List of Paris and Materials and Their Procurement Sources

_ (At Initiation Stage)
Quantity/pc Procurement Measurcs
Tiem 14" 16" Llocal  Direct CKD
1. Panel Processing
(N Panel 1Pc - 1Pc X
2 Flat Shadow Mask 1Pc i Pe X
) Frame 1Pc 1Pc X
4 Hook Spring 1/3 1Pc - X
5) =24 2 Pcs - X
{6) " Assy-17 - 3 Pcs - X
) " Asgy-18 - 1Pc X
@ Contact Spring 2 Pcs 2 Pes X
) Electron Shield 1 Pcs - X
(1M Inner Shield 2 Pcs 2 Pcs X
(11 Phosphor  (Green) 3,897mg  7,093mg X
(12) " (Blue) 4,079mg  7,423mg X
(13) B " {Red) 1,662mg 3,025mg X
(i Other 21 Ttems - - X
2.Funnel Processing -
(D Funnel 1Pc 1Pc X
{2) Flit Glass 48, 744mg 57,000mg X
(3) Other 6 Items - - X
3.Electron Gun Assembly
(1) Stem _ iPc 1Pc %
@ Giass Rod 2 Pcs - X
(3) Heater 3 Pcs 3 Pes X
(&) Cathode Ass'y 3 Pcs 3 Pcs X
(5) - Shield Cup 1Pc 1Pc X
{(6) Getter Suppost-1 1 Pe 1P X
(7 Getter 1Pc 1 Pc X
(&) Other 21-25 Tiems - - X
4.ITC Assemnbly
() Deflection Yoke I Pe 1Pc X
) Convergence Purity Magnet 1 Pc 1Pc X
3) Wedge 3 Pcs 3 Pcs X
{4) Other 8 Tiems - - X
5.0ther Parts
(1)  Tension Band 89.2¢ - X
(2) Shrinkage Band T “1Pc X
3) Base I Pc 1Pc X
{4 Other 6-8 Ttems - - X
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{2) Flow of Unit Material Costs

In order to decrease the material costs and increase the financial viability of the

investment project., it is necessary to raise the direct procurement rate. The possibility of

direct procurement is mainly dependent on the development of the technical capability of

parts suppliers mainly in Malaysia and partly in other neighbouring countries such as

Singapore. For the financial analysis, it was assumed that 15% of imperted CKD parts

from an original licensor would be changed into direct procurement, the cost merit of
direct procurement would be 35%. The flow of unit material cost thus estimated is as
shown in Table V.4-13.

Table V. 4-13 Flow of Unit Material Costs

(U nit; M$/pcs)

st 2nd 3rd 4th Sth 6th Tth
Year  Year  Year Year Year Year Year
14" :
Import :
CKD 44,83 38.11 3238 2753 2340 19.89 16.91
Direct 39.89 39.89 39.89 3989 39.89 39.89 39.89
Domestic 950 1387 1759 2074 2342 2570 22.64
Total 0422 06187 8986 88.16 86.71 8548 8444
201!
Import :
CKD 70,19 - 59.66 5071 43.11  36.64 31.14 2647
Direct 63.71 - 63.71 6371 6371 6371 63771 63.71
Domestic 11.00 17.84 23.66 2860 32.81 3639 3943
Total 144.90 14121 138.08 135.42 '133.16 131.24 129,61

(3) Projection of Material Cost Flow

The flow of material cost projected based on the assumed production schedule by

size and on the unit material cost is as shown in Table V.4-14.

Table V. 4-14 Projection of Raw Material Cost Flow-

 (Unit:” M$1,000)

st " 2nd 3rd ~4th 5th “6th Tth
o Year Year - Year Year - Year Year Year
14" 7,123 27,761 50,196 64,427 71,015 71,803 70,930
20" 7,303 28,468 51,421 65,977 = 72,705 73,494 72,582
Total 14,426 56,249 101,617 130,404 143,720 145,297 143,512
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V-4-6. Costs for Indirect Materials, Repair, Facility Leasing and Utilities
(1) Indirect Material Cost and Repair Cost

The costs for indire'c_t materials and for repair were estimated at M$ 3.00 and M$
0.60 per piece of product based on the experience both in Japan and in other countries.
From these u.nit prices and the production volume assumed, the flows of indiréct malerial
cost and repair cost were projected as shown in Table V.4-15.

Table V. 4-15 Projecied Indirect Material and Repair Cost Flow
(Unit: M$1,000)

ist 2nd 3rd 4th 5th 6th 7th

Year Year Year Year Year Year . Year
Tndirect Materials 378 1,512 2,793 3,654 4,095 4,200 4,200
Repair Cost 76 302 559 731 §19 840 840
(2) Facility 1.easing Cost

As for the supply- facilities of liquid nitrogen, liquid hydrogen, or LPG gas, they
could be leased from domestic gas supply companies in Malaysia. The leasing costs of
these facilities are estimated as shown in Table V.4-16.

Tabie V. 4-16 Leasing Fees for Facilities

(Unit: M$1,000)
Monthly Costs ~ Annual Costs

Liquid Nitrogen 1.5 18
Liguid Hydrogen 1.1 13
Trailer Hydrogen 0.9 11
LPG 4.5 54

Total 8.0 36

(3) Utility Cost

In the C-CRT factory, a Jarge volume of special gas such as nitrogen, oxygen or
hydrogen is used in addition to those utilities such as eleciric power, LPG gas or waler.
The consumption volume and costs of these utilities in the factory with an annual
production capacity of 1.4 million pieces are estimated and shown in Table V.4-17.
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Table V. 4-17 Costs for Utilitics
(Unit:  M$1,000)

Consumiption Unit Cost Annual Costs
_ Per Hour L :
Power 4,124 Kwh M$0.12 /Kwh 2,806
Waler 29 ton M$0.88 /m3 145
LPG Gas 671k M$0.88 /k% 3,348
Qil-free Dry Air 520 m M$0.08 /m 235
Ny Gas 39 m? M$0.70 fm3 155
0, Gas 32.5 m3 M$0.80 /m3 147
H; Gas 7.6 o M$3.00 /m3 129-
Total - R 6,965

Annual Operation Hours = 7 Hours x 3 Shifts x270 Days
V-4-7. Personnel Costs

{1) General

For the operation of a C-CRT factory, a large number of engineers and technicians
covering various fields would be needed. In the model factory assumed, around 50
engincers and technicians are needed. The availability of these employees is one of the
key factors for the site seiection of the factory. In addition to engineers and technicians,
around 60 foremen and 360 skilled workers would be needed in the model factory. '

(2) Estimated Number of Employees and Labour Costs

The number of workers needed for the operation of the model factory was
calculated. The average personnel cost by each job‘category is examined based on the
various statistics available in Malaysia and the results of a field interview survey. In these
personnel costs, not only the basic salary. but also all of the various fringe benéfits are
included. The number of workers and total annual personnel expenses thus calculated are
as shown in Table V.4-18. ' '
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Table V. 4-18 Projection of Annual Labour Costs

o ) § . (Unit: M$1,000)
Average Wages Ist Year After 2nd Year
(M$/Month) No. Annual Costs No. Annual Costs

. (Mahnfacturing)

Plant Manager 3,500 1 42 1 42
Section Manager 2,800 3 101 3 101
Section Chief 1,500 8 144 8 144
‘Engineers 1,500 15 270 25 450
Asst. Engineers 1,000 5 60 : 10 120
Foremen ~ 650 - 30 234 60 468
Skilled Workers 500 200 1,200 360. 2,160
Unskilled Workers 250 200 600 360 1,080

Sub-total - 462 2,651 827 4,565

(Administration) o : T

General Manager 4,000 1 418 1 48
Section Manager 2,500 3 90 3 90
Office Clerk 1,500 20 360 20 360
Sales Staff 1,500 10 180 10 180
‘Typist 500 2. 12 2 12
Driver 550 3 20 3 20
Others 300 15 54 15 54

Sub-Total - 54 764 54 764

Total - . 516 3,415 - 881 5,329

(3) Education Level and Required Skill for Engineers and Technicians in CRT Plant
Operation : ' :

.Relatively large numbers of engineers and technicians are required in colour CRT
plant operation. Knowle_dge and skills in actual operation could be obtained through on-
the-job trainihg, however, it would be disirous that the engineers and technicians in each
job category should have completed basic education in the various fields and at the level
. shown gené’rally in Table V.4-19. |
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V-4-8. Financing Plan

For the establishment of a colour CRT factory, a large amount of initial investiment
cost is required. Because of the very competitive international market condition of colour
CR'Ts, the profitability would not be very high, and it is anticipated that there would be a
relatively long period to recover the investment. For this reason, the availability of a
financing scheme with favorable terms would be one of the key factors for success of the
investment project.

For the purpose of a financial evaluation of the model factory, the following
financing plan was assumed.

Qutline of Financing Plan

Item  Amount (M$) million) Termns

Paid-in Capital 200 . -

Long-term Loans 245 10 years Equal Repayment,
with 2 Years of Grace Period,
Interest 6.0% /Year

Short-term Loans Operating Funds Repayment within One Year,

Interest 8.0% fYear

Of the total investment cost of M$ 445 million, M$ 200 million was assumed to be
procured as paid-in capital, and the remaining cost of M$ 245 million would be financed
by long-term borrowing. From the nature of the project in which a large amount of stable
(long-term) financing is required, the use of some institational financing schemes either in
Malaysia or in other overséas countries would be needed. From this point of view, an
interest rate of 6.0% per annum which is a little lower than the usual market rate is
assumed for long-term loans, The requirement of operating funds is assumed as
approximately one month of the sales of the model factory, and all of these operating
funds are assumed to be financed from bank borrmﬁng. The interest rate is posed as
8.0% per annumn, which is the current market rate in Malaysia.
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V-4-9, Long-term Profit and Loss Projection and the Result of Financial Viability
Analysis '

Rased on the results of the projections for both the sales and i'najor cost items, the
long-term profit and loss projection of the model factory has been conducted. For some
cost items, they were roughly measured by the percentage rates of the sales, based on the
experiences both in Japan or in other countries.

The results of the profit and loss projection thus conducted are summarized and

shown in Table V-4-20. _ ' o

Further, the long-term cash flow projection is shown in Table V 4-21:- The
procurement conditions of the funds are as has been assumed in the fmancmg p]an From
the cash flow tdblc the annual interest payment costs are calculated for each year and fed
back as the amount of non-trade expenditure‘; to Table V.4-20.

From the above long-term profit-and loss projection and the cash flow pro;ccuon
the financial internal rate of return (IRR) of the assumed CRT plantis cal(,ulated at4.8%,
the loan repayment period at 11 years after starting operation, and the 1nvestmcnt payback
period at 14 years after starting operation. The results would be Judged to be more or less

a satisfactory level for this type of Jarge- scale investment project.

~ Summary of Financial Analysis of the assumed CRT plant is as follows:

Tofal_'Iflilial Investment Costs : M$445 million

Operating Profit : from 3rd year of operation
Net Profit before Tax . from 5th year of operation
Loan Repayment Pericd -t - 10 years after operation
Investment Payback Period : 14 years after operation
Internal Rate of Return (IRR) : 4.8% |

The cash flow table used for IRR calculation is as shown in Table V. 4-22
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Table V.4-22 CRT Plant Cash-Flow for IRR Calculation

(Unit: M$1,000)

Cash Cash Inflow Net
Year  Outflow  Operating Rev. Depreciation  Total Inflow  Cash Flow
0 -308,746 - _ -308,746
1 ~138,398 -18,765 15,569 -3,196 -141,594
2 -5,231 17,633 24,679 1,046 1,815
3 -5,909 1,121 24,679 25,800 19,891
4 -3,972 15,481 24,679 40,160 36,188
5 -2,034 24,190 24,679 48,865 40,835
6 -864 27,870 24,679 52,549 51,665
7 29,655 24,679 54,334 54,334
8 29,655 24,679 54,334 54,334
9 29,655 24,679 54,334 54,334
10 29,655 24,679 54,334 54,334
11 -400 29,655 24,679 54,334 53,934
12 29,655 24,679 54,334 54,334
13 29,655 24,679 54,334 54,334
14 : 29,655 24,679 54,334 54,334
15 53,006 D 29,655 24,679 - 54,334 108,240

1) Residual Value of Land (5,167, Building (15,785), Awaliary
Facilities (13,579) and Working Capital (19,375)

IRR = 4.84%
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V-4-10. Sensitivity Analysis

In order to examine the financial stability of the assumed CRT project, the

senstivity test has been conducted for the following six alternative plans.

Oufline of the Alternative Plans

Alternative Plan | : Unit Product Sales Prices 5% Up
Alternative Plan 1T ; " 5% Down
Altemative Plan IIT Initial Investment Cost 10% Down
Alternative Plan IV : " 10% Up
Allemative Plan ¥V ¢ Parts & Material Costs 5% Down
Alternative Plan VI« " 5% Up

For each of the alternative plans, the Jong-term profit and loss projection and cash-
flow projection have been made and IRR has been calculated. The results of the analysis
are briefly summarized as follows. (For the details of the calculation, refer to Annex-9.)

Sununary of the Sensitivity Test

Original and Internal Rate Loan Repayment investment
Alternative Plans of Return Period Payback Period
{After Operation) (After Operation)

Original Plan . 4.84% 11 Years 14 Years
Alternative Plan [ 7.22% 9 Years 12 Years
Alternative Plan 11 2.19% 14 Years -
Alternative Plan ]11 6.04% 9 Years 13 Years
Alternative Plan IV 3.80% 13 Years 15 Years
Alternative Plan V 6.45% - 10 Years 13 Years
Alternative Plan V1 3.13% 13 Years -

The results of sensitivity tests reveal that the factor that has the largest impact on
the project profitability is the change of unit sales prices. In case the unit sales price
increases 5%, the IRR of the project would increase to 7.2% from 4.8% under the
original assumption. _

The factor that would have the largest impact on the proﬁtabili_ty of the projeéi next
to the changes in unit sales prices would be the change in parts and material procurement
costs. A decrease of procurement costs by 5% would increase the IRR of the project to
6.5%. _ '

Compared with the above two factors, the impact of the change of initial
investment costs on the profitability of the project would be rather small.
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V-5, Future Direction
V-5-1. A Scenario for the Development of the CRT Industry in Malaysia

A scenario for the dcvelopfnent of the CRT industry in Malaysia is shown in
Fig.V.5-1. The final goal of the scenario is the achievement of the export promoiion of
Malaysia. Prior to the evaluation of the possibility of achieving that goal, there are two
factors evaluated. One is the degree of importance of the domestic production of CRTs in
Malaysia, and another is the technical and financial possibility of starting domestic

production.
(1) Requirements for the Domestic Production of CRTs

The annual production volume of colour T.V. sets in Malaysia was around 1.2
“million in 1987, Since the domestic demand was estimated at around 0.2 million in the
same year, most of the production was for exports. Due to thé rapid increase of
investments in Malaysia by T.V. set assemblers since 1988, it is estimated by MIDA that
the annual production volume would reach approximately 6.0 million in 1990. Although
the C-CRT is the most important component for colour T.V. set assembly ocbllpying
about 35% of the total parts and components costs, there is no domestic production of
CRTs and all of them are presently imported from such countries as Singapore, Japan,
Taiwan or Korea. Due to the very tight world-wide supply and demand situation of
CRTs, it is reported that the stable procurement of CRTs is difficult at present. |
From the view of the industrial development policy of Malaysia, the electronics
industry is the core sector of Malaysian industry. As to the future development strategies
of the electronics indusiry, IMP states that they are directed (1) to expand the production
of consumer products in order to redress the imbalance in the intra—indu'stry structure
which is héavily dependent on industrial semiconductor components, and (2) to
strengthen the supply of parts and components for domestic assemblers. From these
Malaysian industrial development strategics,. the promotion of the CRT industry has a
very significant meaning, and CRTs have been listed as one of the priority products, the
. manufacture of which qualifies for tax relief for a maximum of 10 years.
From the above, it is judged that the domestic production of CRTs in Malaysia is
highly needed both from the market demand and from the political development policy.

(2) Possibility of Starting Domestic Production of CRTs
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The possibility of starting domestic production of CRTs is evalnated both from the
production environment and from the financial viabitity.

From the view of the production environment, firstly, there would be no problem
of market size because the local procurement of CRTs is highly needed by local T.V. set
assemblers. There are mostly no problems foreseeable in the area of the construction of
production factories or the installation and maintenance of auxiliary facilities. For the
local procurement of parts and components, hoWever, there are still problems left. The
parts presenily available in Malaysia are only the deflection yokes, and all other parts have
to be imported. |

In the arca of financial \?iability, the problem is still large, and it is considered to be
one of the major' reasons that no CRT manufacturers have yé{- decided to invest in
Malaysia even though the market demand in Malaysia has expanded so rapidly. Another
majdr problemn area is the very high initial investment coét required, which is .estimat_ed_ at
aroﬁnd M$450 million. On the other hand, the unit sales pric'c'of colotir CRTs could not
be-set too high' due to very hard competition in the internaiional market. This factor,
together with zthe ‘high material éosts due to low local procurement ratio, makes the
operating profit level low, whi_k;h leads to a long recovery period of investments. Turther,
a large number of engineers and technicians woul_d:havc to be recruited, and a'large
number of foremen and skilled Jabourers would have to to be trained in a short period for
the start of CRT production, which could be one of the bottleneck areas for domestic

prodljction in Malaysia.

V-86°



Flg V.5-1  Development Scenarlo of the CRT
Industry in Malaysia

v

‘ . Export of CRTs } l

f

= Expansionof TV set assembl}'
+ Export expanslon of TV seis

Oveirview of the Industry Policies and Institations .
T » The anmual productlon volute of ’_[l]cclronics‘ industry is the core sccmr in
1 colour TV seis in 1987 was approx. Mataysian manufacturing indusiry occupying
=1 1.2 million - . . 45% of the total manufacturing exporls
B+ Mosl of the production was for - | + Futare development sirategies of electronics
) ‘é exports, and the domestic domand industry are:
3| was 0.2 million in 1987 £l -t expand the production of consumer
V| « The production volimme is expected = products in ordeér to redress the
reach 6.0 million in 1990 | imbalance in the intra-indusiry structure
L i heavily dependent on semiconductors -
+ All CRTs are presently imported - - to stzengthen the supply of parts and
» Major countrics gxponing CRTs 10 comporients for domeslic suppliers
Malaysia are Sirigapore, Japan, - + A maximum 10 years of tax relief could be
2 E‘?].wan and )l(om?j y ¢ st given 1o CRT manufaclurers, -
dj * Present supply and demand silitation 21 + Both educational and iraining supporling
© &%ﬁz&‘: :rnC:}:J:I(B:(‘;:nponenl for TV -8 institutions are still insufficieat in Malaysia
es ind .
assembly occupying about 35% of :BJ for the cl.cclromc_s. industcy in gencral
total panis and companents safes 2
1
Domestic Production
of CRTs arc large
. Present Status of Reléte_d Industrics
The s1art of local preduction of CR'T's is desired by TV sct assemblers
in Malaysia, as long as their products are internationally competitive
Deflection yoke is the only ilem domcsucal Iy avatiablc al present
as pans for CRT production
#alaysian contractors have sufficient capability Lo construct and
maintain CRT manufacturing plant and auxiltary facilitics.
International Market Review ‘L o F Upgradmg of Investment
] - . : Climate -
+ The production of TV T L
“ sets in the world showed / I;_ossnbll:l):‘ o]i; ll‘;; Start - 1 p+ Batablishment of financing
o average anm‘la.l growih of Domestic .r uctlc.m ¢ | schemes supplying investment
g el 11% in the past l « Intial investment cost is very high : | funds on a long-term basis
L 4 years. . » (approx. M$450 million) D Supply systern of the information
gt * Production bases of major Profitability is not very high = | relalive to the procurement of
Z| imemational manu- The paybdck period for investment parts and componenis
v facturers for exporis are is very long = Development of local parts
* shifting from Singapore, A large number of engincers and supplicrs
Taiwan and Malaysia technigians are required for starting " —
+ The supply and demand CRT production Development of Industrinl
- | - conditton of CRTS is Infrastructure
presently very light  eoimmin of eroimr
E"‘ intemationaliy g.;:panglon of engmeie:.s
§]  The new production ¥ ucation sysiem relelive to
Lo _ elecironics indusiry
planis of CRTS arc going « Bxpansion of etectro-mechanical
in Singapore and Pomestie Production ual:}cat'io(:]nsystemqr echant
|| Thaitand _ ofURTs + Overseas training support sysicm

+ Institulienal support for guslity’
improvement .

Expansion of Investment
Promotion Activitics

3

’ )  Achievement of Export Promotion Target

V-87 -

* Reguest for the start of domestic
" production of CRTs by TV set
agscmblers already having plants
in Malaysia -
* invitation of CRT ma.nu!'aclurcrs
from Japan, Korea, Taiwan and
‘the LS




V-5-2, Measures (o Achicve the Goal of the Development Scenario

The measures which would be needed for achieving the goal of the development
scenario shown in Rig.V.5-1 were examined, the results of which are summarised and
shown in Fig.V.5-2, The measures would largely be divided into (1) those for the
strengthening of investment promotion activities, (2) those for the elimination of
bottlencck areas of production and (3) those for the improvement of financial viability of

investments.
(1) Strengthening of Investrnent Invitation Activities

For the start of domestic production of colour CRTs which requires very
sophisticated manufacturing know-how, the invitation of overseas CRT manufacturers

having such manufacturing know-how is essential.
1) CRT Manufacturers Presently having Colour TV Set Assembly Plants in Mala'ysizi

Among foreign affiliated T.V.set assemblers, there are a few companies having
CRT manufacturing divisions in their companies. In order to promote the investments
from these companies, the above mentioned measures for both the improvement of
financial viability and the elimination of produbtioh bottleneck areas would be needed. In
addition, the support for the domestic sales of their products which surpass their own

demand to other manufacturers or for exports would also be effective.

2) Other Overseas Manufacturers

_ Worldwide, the number of companies having manufacturing know-how of CRTs
is very limited. The investment promotion activities specifically targetted toward these
companies should be strengthened. The supply of industrial information specific to the
colour CRT industry, the dispatch of invitation missions and the establishment of betier
accommodation facilities of study missions from overseas manufacturers would be

effective measures.

(2) Measures to Eliminate the Botleneck Areas of Starting Production
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For the successful invitation of CRT manufacturers in Malaysia, the bottleneck
areas which would have a bad affect on the domestic production should be eliminated in
advance.

1) Strengthening of Industrial Supporting Institutions

One of the major areas of concern for potential investors in CRT production would
be the availability of a large number of engineers, technicians and skilled workers.
Because the supply of these workers is not sufficient in the electronics industry in
general, the expansion of educational and training facilities to supply a sufficient number
of the necessary manpower would be desired.

2) Improvement of Infrastructure

The infrastructure in Malaysia is generally very highly developed, especially in
such areas as transportation, power éupply or water supply. However, there still remain
problems in such areas as waste water discharge systems or industrial sludge disposal
systems.

(3) Measures for the Improvement of Financial Viability of Investment

Basically, the profitability of the investments has to be improved through the
investors’ own efforts. However, the following could be considered as indirect
supporting measures:

1) Increase of Unit Sales Price

The most effective measure to increase the profit level of investments would be to
raise the unit sales price of products. In the actual market transactions there are around
10% of unit sales price differences according to brands. In order to set higher unit sales
prices, however, the QUaIity level of products must be admitted by customers {o be higher
than other competing products, for which the technical training of a wide range of
production staff members covering from engineers, technicians, and skilled workers to
unskilled workers is indispensable. 1In this field, the technical support from public
institutions for quality control and improvcmeht would be effective. |

2) Upgrading of Initial _Operating Ratio
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In such a large-scale factory as a colour CRT plant, it is very difficult to increase
the operating ratio of the plant to near the maximum production capacity. This low
operating ratio of the plant in the initial stage of operation is one of the reasons weakening
the financial viability of the plant. In order to upgrade the initial operating ratio at its
earliest stage, the implementation of the trainings of skilled and unskilled workers as well
as managerial staff members most effectively and thoroughly in a short period has to be

completed.
3) Decrease of Raw Material Costs

It is most desirable to decrease raw material costs by increasing local procurement
ratio in Malaysia. Because most of the parts are not multi-purpose, however, the
procurement ratio would have to be increased gradually by supporting the development of
local suppliers' technical level. As for CRT glass products which occupy around 40% of
the total parts costs, the invitation of overseas CRT glass manufacturers along with CRT
manufacturers is desired. L

Even if some parts would not be procured in Ma]aysia; the parts costs could be
lowered considerably if they are procured from such neighbouring countricls as
Singapore. The training of parts procurement staff members of the plant would be
needed. The establishment of some public inétitutio_n’s to support the collection of the

information relative to the procurement of parts would be welcomed.
4) Support for the Emplbyee Training Costs

In colour CRT plants, the training of a large number of production and
management staff members has to be conducted at the initial stage. By impienienting a
part of such training in public institutions with relatively low costs, the training cost
burden for investors could be lowered.

5) Reduction of Interest Cost Burden

For the establishment of colour CRT .pllants', a \}ery large -amount. of initial
investment funds is needed. In the case that most of these funds were recruited by
outside borrowing, a high. level of interest payment burden would lower the financial
viability of the investment project. One of the measures to reduce that burden particularly
in its initial stage wonld be to increase the volume of equity capital by gathering domestic
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and overseas investors. For that portion of the funds which would be beyond the equity
capital, the use of some financing sources which could supply loans in a long-term and a
low interest rate would be suggested.
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Fig. V. 5-2  Measures to Achieve the Goal of the Development
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VI. Ceramic IC Packages/Substrates
V1-1 Overview of the Industry

VI-1-1 Product Description

(1) Outline of IC Packages/Substrates

1) IC Packages

It is a well known fact that the IC is extremely small in size and very fragile.
Therefore, in its handling by humans, even a slight touch of the finger tip might damage
its circuit lnes due to stains or dust. Once stained by handling, the wholc function of the
1C might be ruined, making it unusable.

There is a limit to direct human manipulation of the object. In short, the chip
should be put in a certain size of container in order to make the chip easier to handle.
Furthermore, the chip has to be clectrically connected with the outer world by very thin
bonding wires ( one-quarter the thickness of a human hair) which are re-connected by
brazing to a little bit thicker internal leads and external leads.

In order to meet the requirements as above, the [C chip is put in a container called
an IC package. So to speak, the IC chip puts on its clothes. The IC package has, mainly,
the following important functions.

1. To shut the chip out from the cuter-world to protect it from stains and

moisture which might cause damage.

2. To make it easier for humans to handle the chip owing to the adequate size

of container into which the chip is put.

3. To keep mechanically the position of internal leads or external leads stable.

4. To discharge the heat generated from the IC.

The electric function and quality of the IC depends on the design and
manufacturing technology of the IC chip itself, however, manufacturing technology of
packages should be considered as a decisive factor in order to ensure various quality
requirements of the IC such as long time usage without trouble, easy fitting on PCB
(Printing Circuit Board), good heat discharge, and so on.

Therefore, manufacturing technology of IC packages plays a very important role,
because a bad quality package might affect the functions of IC as a whole, leading to
quality deterioration which might cause big problems.



A small I1C chip of 5 mm? is composed of several hundred thousands of discrete
devices such as transistors, diodes, rectifiers, and so on. In order to provide the ICs the
full capacity of reliable and stable operation, IC packages should be protected from all
types of bad effects such as the changes of temperature and moisture, dust and stains,
while at the same time, conveying input and output electrical signals and discharging the

heat generated from the 1Cs.

2) Ceramic Substrates

A ceramic substrate is a kind of ceramic board on which high density clectncal
circuit lines are formed by either the thick film method or thin film method. It is
ordinarily used for various discrete semiconductors snch as ICs, transistors, diodes and
resistors, etc., to be mounted on the surfz_lce. Both surfaces of the ceramic substrate
would be usable for mounting if small through-holes are punched on it.

A ceramic substrate with electrical circuit lincs serves as a small circuit board. The
size of a ceramic substrate ranges generally from 10mm x 10 mm to 100 mm x 100 mm.

(2} Kinds of IC Packages

The IC packages categorised by usage of material are two types, i.e. plastic
packages and ceramic packages.

Plastic packages have been said to be mfenor to ceramic¢ packages in some
characteristics of packaging such as airtightness, endurance and heat resistance.
However, due to the recent progreés of IC surface protection technigues and general
amelioration of plastic maierial quality, plastic packages have expanded their share of
applied usage. They have rapidly taken the place of the relatively expensive ceramic
packages. Nowadays, the share of plastic packages in the total of TC'packages reached
about 90%. A tendency is seen among users of IC packages (IC asserﬁbly
manufacturers) that they prefer to use the ceramic pabkages for the sfart of new products
but soon after the stage of mass production of the product comes, they would change the
package used from ceramic to plastic. "At present, the usage of ceramic packages is
mainly for the use for computers, satellite communications, space rockets and military
use, etc., where various severe characteristics of IC packages such as airtightness,
endurahcc, elc., are required. _

‘Ceramic packages arc categorised in general into two types i.e., cerdip packages
produced by relatively simple production processes and having no printed circuit lines on
them, and laminate packages. On the other hand, laminate packages are Comp{iSed of
multi-layers of ceramic sheets with printed electric circuit lines. As for the present market
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share of IC ceramic packages on a quantity basis, the cerdip type has a share of about
90% and the laminate type has 10%. As for the compared average price, the cerdip type
is priced at twice that of the plastic packages and the laminate type is about eight times that
of the plastic package.

The IC packziges could also be categorised in two types by the method of
mounting, i.e., insertion type and surface mount type.

Fig. VL.1-1 Kinds of ¥C Packages
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(3) Trends of IC Packages

The conventional basic functions of IC packages have been the protection of IC
chips from the outer-world and convenience of handling. The standard DIP type
packages (Dual Inline Package) which satisfy these basic functions have been utilised for
a lbng time in a wide range of electronic devices and equipment. However, because of
the recent high integration and ultrarapidity of ICs in addition to the trend of

miniaturisation of size and weight of electronic devices, the higher density mounting
method for IC packages has been increasingly required.

Fig. V1.1-2 Trend of IC Packages
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VI-1-2 Outline of the Semiconductor Industry in Malaysia
(1) Trends of Production

In the Malaysian statistics, the production of semiconductors in Malaysia is
categorised as MIC 38329 including semiconductors, other electronics parts and
communications equipment. Therefore, the statistical figures related to the semiconductor
industry itself are not shown clearly. The trend concerned with the MIC 38329 for the
past five years (January-Aungust in 1988) is shown in Table VI.1-1. The sales value of
the category MIC 38329 occupies about 78.5% of total sales value of MIC 383 (Electric -
Electronics Industry) in 1988. The employees in the category MIC 38329 are 77,2% of
the total employees in MIC 383. These figures indicate that the category MIC 38329 has
a very important positibn in the Malaysian electric and electronics industry.

In the semiconductor industry, there is a peculiar worldwide trend of demand and
supply, the so called "Silicone Cycle." The year 1985 was a peried of stagnation in the
cycle of worldwide scale. In Malaysia, too, the sales value of the year 1985 was down
by 12.5% compared to the previous year. In the year 1986, howev_er, the sales value
surpassed the level of the year 1984, the highest level at that time. Afterwards, steady
increases' of 31.8% (1987) and 46.2% (1988, Jan-Aug) have been achieved and
productions continue to expand.

The production volume of =semicon('iuctors in three categorises i.e., transistors,

1Cs, and another semiconductors,is shown in Table VI.1-2.

Table V1. 1-1 Principat Statistics of Semiconductors and Other Electronic
Components and Communications Equipment and
Apparatus (MIC 38329) in Malaysia

1934 1085 1986 987 19%%

' (Jan.-Aug.)
Number of 56 54 55 63 66
Companies
Sales Value 5,369,512 4,771,037 5,694,325 7,506,916 6,536,220
(M$1,000)
Total
Persons 68,717 53,354 57,459 71,344 80,562
Engaged '

Source: Monthly Industrial Statistics
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‘Fable V1. 1-2 Production of Semiconductors in Malaysia

(Unit: Million Pcs.)

1984 1985 1986 1987 1988

: (Jan.-Aug.)
"Transistors 3,831 3,450 3,719 4,714 3,640
(%) (47.5) (A9.9) (7.8) (26.8) (21.10
ic 3,874 2,561 3,278 3,911 3,105
(%) (44.1) {A33.9) (28.0) . (19.3) (23.9)
- Other Semi-Conductors 2,011 1,468 1,554 1,953 1,468
(%) (26.2)  (A27.0) 5.9 (25.6) (19.1)
Total 9,716 7.479 8,551 10,579 8,213
(%) (12.0) {(A23.0) (14.3) 23.7) (22.0)

Figures in brackets are annual percentage changes.
Source: Monthly Industiial Statistics

(2) Export Trend

The export trend of semiconductors is shown in Table VI.1-3. It is noticeable that

the export of discretes, especially diodes, has decreased while that of ICs has increased.

The raiio of ICs in the export share of semiconductors went up from 48.1% in 1983 to

84.2% in 1987.

‘Table VI 1-3 Exports of Semiconductors in Malaysia

(Unit: M$1,000)

1983

1984 1985 - 1986 1987
Transistors 364,197 429,310 377,702 379,081 533,617
(SITC 776310} _ : : _
Diodes & Similar 1,265,441 1,023,810 371,310 553,457 395,773
(SITC 776 390)
Electronic Micro- _ _
circuits - 1,526,224 2,599,782 3,158,799 4,066,732 4,956,511
(SITC 776 400) : '

Source: Malaysia Annual Statistics of External Trade.

Export destination for each product in 1987 is as follows.

Transistors:

&PJN»—-

U.s.
Singapore
W.Germany
Others
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Diode & similar 1, U.S. (49.9%)
semiconductor 2. Singapore (25.8%)
devices: 3. W.Germany (8.9%)
4, Others (15.4%)
Electronic 1. u.s. (57.9%)
microcircuits: 2. Singapore (10.8%)
3. W.Germany (9.1%)
4, Others (22.2%)

For all the products, the U.S. is the largest export destination country. The factis
that Malaysian semiconductor manufacturers do not have their own sales companies in
Malaysia and they export most of the products to their parent companies in the U.S.

(3) Present Status of Procurement of Raw Materials

The survey was conducted on the manufacturers who are assumed to use ceramic
IC packages and/or ceramic substrates. MIDA had already conducted a survey on the
domestic demand for ceramic 1C packages in 1981 which was followed by another
general survey in 1986 concerned with the Malaysian semiconductor industry. A survey
on the procurement of raw materials was also included in the MIDA survey in 1986.

In order to select the manufacturers to visit for the field survey this time, the data
obtained from MIDA's two previous surveys, information provided from NGK
Singapore office, and other public information from PDC (Penang Development
Corporation), etc., were used for reference. As the result, 12 companies are identified as
users' of ceramic IC packages. However, the information on their use of ceramic 1C
packages was provided by 10 of the companies out of the 12, the names of which are
listed in Table V1.1-4 with the description of their business outlines. _

The contents of the survey were concerned mainly with volume of demand for
ceramic IC packages and substrates, supply sources, purchasing méthods, and desires for
local procurement etc. The information on these matters shown in this report,
accordingly, is the summary of the present status of the selected semiconductor
manufacturers covered by the field interview survey, and not of the whole semiconductor
manufacturers in Malaysia. |

The rate of local procurement of materials at the IC manufacturers is generally ata
very low level, (Thc_ lowest is 0.1% and the highest is 20%). L.ocally procurable items

are ralatively minor consumables such as shipping tubes and carton boxes etc.
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Meanwhile, the IC chips as a major material are all imported because the wafer

printing process' (so called "“first half process") is not yet available in Malaysia at present.

Import sources are mosily from their parent companies situated near the final users of the
assembled ICs (the final products). Except for lead frames, other major components and
materials such as bonding wires, moulding compound, ceramic packages/substrates are

not locaily produced and all of them are imported.

Present status of material procurement is shown briefly in Table VL.1-5.

Table Y1 1-5 Main Suppliers of Materials and Componénts

Items* : Product Name of Main Suppliers
Leadframes Yes DCI, KITAKO (Malaysia)
Mitui Hitech (S ‘pore).
Sumitomo Metal (Japat) .
_ SPT (US), QPL Holdings (HK)
Bonding Wires No Tanaka Electronics (S'pore)
' American Fine Wire (S'pore)
Moulding Compound " NITTO (Japan) NIHON DENKO (Japan)
Plaskon (8'pore) Sumitomo Bakelite (Japan)
Combo Lids " Simi Alloys (US)
Advanced Material Technology (U S)
. Richard Metal (US)
Preforms " Cominco (US)
_ . ' Advanced Material Technology (US)
Metal Cane & " Oro Electronics (HK)
Headers . Shinko Electric (Japan)
Tin Anode _ Yes Emis (Malaysia), Multicore (Malayma)
Solder Bar " Multicore (Malayma)
Shipping Tubes " PPM (S'pore)

Ampang, Kamejuam, Meritex (Malaysm)

*Excluding Ceramic IC Packages/Substrates and IC Chips
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VI1-1-3. Supply and Demand of Ceramic IC Packages/Substrates in Malaysia
{1) Demand for Ceramic IC Packages in Malaysia

The total annual volume of ceramic IC' packages used by the 10 companies in
' 1987 was about 142.8 nn]hon pieces. (cerdip type; about 108.0 million picces, laminate
packages: about 34 8 million plC{,eS) Total annual value is assumed to be about M$193.2
- million (cerdxp type, abotit M$54.0 million, laminated packages; about M$139.2 million).
As for dcmz_md in valie, most of the companies surveyed could give the demand in
volume basis, 'aﬁd the total demand in value was estimated assuming unit price for each
produbt The average unit price of the cerdip type is assumed to be M$0.50/piece and
laminate packagcs to be M$4.00/picce in Malaysia.

Among ceramic packages, ccrdlp packages occupy a higher share of 75 8% in
total volume, however, the demand for laminate packages is said to be increasing more
rapidly 1 than that of the cerdip type in Md!dysld As for the volume used by each company
surveyed, AMD INTEL, MO TOROLA (Selangore) and HARRIS were the top 4 users in
that order. The volume used -by the other companies surveyed was limited. '

1C products which use ceramic pé_ckages occupy about 3.7% of the total quantity
of IC products in Malaysia in 1987. '

(2) Demand for Ceramic Substrates in Malaysia

Only one company was identificd as the user of ceramic substrates in Malaysia.
The usage of ceramic substrates covers extensive fields such as home electric
~ apparatus, communication cquipment, audio éqﬁipment, etc. In Malaysia, the ceramic
substrate which is actually used or purchased is the circuit printed substrate.
Fﬁrther'rho.fe, in many cases the users purchasc'thc ceramic substrate as an electronic
- component 'with various types of discrete devices such as resistors, capacitoi's, ICs, etc.,
mounted on 1t - -

There are only a few companies in Malaysm who are undertaking the mountmg
'proccss of dlscretc devices on the CeTamic substrates. In the case of PCBs (Printed
Circuit Boards), too, companies in Malaysia import all of the PCBs and just assemble
them '

As a result of thls fleld survey, one company (MOTOROLA in Penang) is
1dcnt1fled as thc only manufabturer who possesses Ehe process of prmtmg circuit lines on
' ccljamlc substrates_l_n_ Mal_aysm. They produce hybrld ICs for use in pocket-bells, walki-
talkies and 2 way radios. The ceramic si;bStrates used by the company in 1988 amounted
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to 375,000 sheets (4x4 inches/sheet). The annual value of the substrates ceramic used by
the company went up steadily from M$325,000 in 1986, to M$360,000 in 1987 and

M$460,000 in 1988.

Table VI. 1-6 Domestic Pemand for Ceramic IC Packages/Substrates

in Malaysia (1987)
Quantity Value
(Million Pcs.)  (MS$ Miilion)

Ceramic IC Package 142.8 193.2
Cerdip Type (108.0) (54.0)
Laminate Type (34.8) (139.2)
Substrate (0.375 .36
Total - 193.56

(3) Major Suppliers

As there are no manufacturers who produce ceramic IC packages and or
substrates, all the products are imported. '
Major supply sources are shown as follows:

Kyosera (Japan)
NTK (Japan)}
Narumi d apa.n)
General Electric  (U.S.A.)
Shinko (Japan)
MPI (Singapore)

The market share for each company is not clear but the shares of Kyosera and
NTK are said to be larger among others. _

Fach semiconductor manufacturer chooses more than two supply sources for the
advantage in price negotiations as well as to avoid risk. All the companies interviewed
replied that supply sources once chosen would not be changed so easily or frequently. -

(4) Method of Purchase
Al]'-the companies selected for the. field survey this time, exc_ép't CAR'SE'M', are

100% foreign capitalised. For those companies, their pafe_nt companies in principle make
the decisions as to supply sources and the purchase quantity of raw materials as well as
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on product items and volume. However, there are some companies among them who can
decide on product items to be purchased up to 50% of the totat purchase volume. There
are also some companies who are negotiating at present so as to obtain from their parent
companies the right of purchase decision makin'g. It seems to be a general trend for each
of the Malaysian semiconductor manufacturers to possess the self-decision of the
purchase.

In order to decide on the purchase of products from a new supply source, a fairly
complicated and long experimental process is necessary. In such a case, the appi‘oval of
the qualiﬁcalio.ns shall be conducted by the parent companies. However, each Malaysian
semiconductor manufacturer interviewed, does, at least, its proposals for the next
purchase order. They said in the interviews that they thought in that sense, they already
shared a "co-decision right” with their parent companies.

{5) Demand Trend for the Future

Many of the companies interviewed predicted that the demand for ceramic IC
packages would be stable for years to come and immune to the effects of the adverse
economical cycles owing to the peculiarity of the fields where they are used.

The volume of demand for ceramic IC packages in Malaysia identified in section
VI-1-3(1), compared with those of MIDA survey in 1981 and 1986, is shown in Table
VL1-7.

Table V1. 1-7 Domestic Consumption of Ceramic IC Packages

1978 9791930 1086 087

Volume 69.3 92.2 145.6 147.4 142.8
(Million Units)

Value 102.6 128.8 156.8 120.7 193.2
(M$ Miilion) ~

_ Although direct comparison of the values used in each year is impossible because
of the asshmption made in the ye-ar 1987, as far as volume is concerned, it can be said that
the rate of increase of the ceramic IC packages on a quantity basis has continued to go
down from the beginning of the 1980s. The main reasons are as follows.

- They are more cxpensive than plastic IC packages
- Automation in the manufacturing process is more difficult than that of
plastic packages. '
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- Owing to the rapid quality amelioration of plastic materials, the
characteristics such as heat resistance and endurance have been
improved to the level of ceramic packages.

1t is also noticeable that the share of the cerdip type in the market of ceramic
packages in gradually shrinking, partly because of the alternative of plastic to ceramic in
the cerdip types of packages. In addition, the higher density integration of the IC itself
requirésrinbreasingly the types of laminate ceramic packages with many lcad pins such as
PGA, FLAT type, and so on.

VI-14



VE14. Advaniages of Local Production of Ceramic IC Packages/Substrates

Edch company suweyed shows keen 1nterest in the local procurement of raw
materlals The locally procurable items are minor materials such as solder bar and
sluppmg tubes, etc The highest rate of local procurement given by the companies
surveyed is 20%. All of them desire an increase in local procurement including the
ceramic IC packages for which all of them cxpressed their intentions to purchase when
domestic production is realised. 7

Most compzmi'es surveyed consider qu'ality as the most important factor among the
three factors, quality, price and delivery, itemised for the selection of supply sources.
However, the éidvantage of the nearness of supply sources seems to be hi ghly recognised
by most of them judging from the replics given by sonﬁe'_cc)mpaniés who regard also
delivery, location-and various services as imﬁortant factors in addition to quality and
price. The wording "just in time" seems the most proper expression of their preference

_for the nearer supply sources. Many companies interviewed expressed their efforts to
~achieve "just in time" supp'ly.- Their ordinary duration of the stock ranges from 2-3
months at the longest to 2 weeks at the shortest. Because of the irregular orders from the
parent companies and the many varieties and frequent changes of specifications, their
desires to have the parts suppliéfs in the vici'n'ity were strongly expressed for the sake of
"just in time". _

The neccssuy of supporting industries, mamly such as the parts suppliers, is
w1dely recogmsed There are many compames who arc providing advisory assistance 1o
their vendors' conccmmg the managerial and/or technical areas. As the most typlcal case,
MOTOROLA has ddopted a so called "SPC Method" (Statistical Process Control). The

“method is for the purpose of -achieving the realisation of standard manufacturing
processes, MOTOROLA applies the method not only for in-house execution but also to
each supplier, demanding the amelioration of the production pr'ocess under their
inspective guidance. According to MOTQROLA, the SPC method i based on the |
concept that gbod quality leads to mutual development. The semiconductor manufacturers
in Maiaysm expressed good-will feelings of welcome for local produciion of IC ceramic

' packages not only from the delivery and /or quahty point of view but also from the pomt
that cost compeutlvencss and quicker services could be expected.

“The domestic demand for ceramic IC packagcs was about 142.8 million pieces in
1987. This volumc 1s 2.4 times the size reqmrcd for minimum economlcal production
(1.6. 60 million pieces per year) for a single ceramic IC package manufacturer. Therefore,
there will be no problcrri as to the market size for the local produétion of ceramic IC
packages in Malaysia. HdWever, as far as ceramic substrates are concerned, the local
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market in Malaysia is extremely small because the number of local users is limited. The
largest market in the wotld for ceramic substrates is Japan. Export to the Japanese market
is almost impossible when the extremely hard compétition and the extra irahSportation
costs are taken into consideration. - Therefore, there would be small advantage to local

production of ceramic substrates in Malaysia.
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VI-2. Present Siatus of the Industries Related (o the Domestic Production of Ceramic IC
Packages/Subsfrates in Malaysia. '

VI-2-1. Outline of the Production Process of Ceramic 1C Packages and Subsirates
(1) Ceramic Substrates

The outline of the manufacturing process and the raw materials & consumables
required for ceramic substrate production are shown in Fig, VI.2-1,

Fig. V1. 2-1 Process Flow’ & Raw Materials
Used for Substrate Productmn :

PROCESS MATERIALS & CONSUMABLES

Material inspection Material inspcclion ALQ,, Glass Powder

} | Binder, efc.
Blcn‘ding : Glass blending Organic solvent
_Sheil casling ‘
Punching ' ‘Punching die

I
Pre'-;)aking . _
Firing Setter & Platform car
Grinding Diamond grinding wheel

) S _

Snag-lining
Glass printing ' Screen mask, Organic

} solvent, etc.
Glasls firing
Inspfc[ion
Delivery o ' “Tray

A Matenal Inspection and Blending of Raw Matenals
The main materials such as AlL,O; or organic solvents after having passed the
matenal inspection proceed forward to the milling and blendmg stage.
Except for ordmary orgamc solvents such as toluene mathyle ethyle-ketone,
~ ete., it is difficult to change the composition of such main materials as Al,Osor
other materials of extreme_ly_'small_ quantity such as Fez();,and molybdenum

because the change has a great affect on the ceramic characteristics such as
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anti-shock, bending moment, thermal conductivity, electric insulation, ete.
For the change of composition, it would take several months for testing, and
acquiring the _qualiﬁcati0|1 ap'proval from users would take a further several
months. '

At this stage of blending, the raw material is in liquid form and is called

“shurry",

B. Sheet Casting
The shurry is developed by doctor blade onto the carrier film in equal thickness
and dried and cut off into the required size. This cut-off portion is called a
“sheet”". The sheet could either be white or green in colour. Normally the
thickness is about 0.2-1 mm. White sheet is used for white-coloured substrate

and green sheet for black-coloured substrate.

C. Punching _
The next process is the punching of holes in the sheet by a punching die. In
some cases, snaplines are punched on the sheet at the same time by usiﬁg the
same punching die. Generally speaking, ceramic shrinks by about 20% after
fiting. The shrunken size is the actual size of the final ceramic product.
In order to maintain the exact size of the product after firing, the design of the
punching die is a very important factor. .
As to the punching die, the permissible tolerance of diameters of holes, widths
of snaplines, relative positions and pitch distances between holes and/or
snaplines is only #0.02 mm.
The punching die can be manufactured in two different ways. One way is in-
house production and the other is the use of sub-contractors. In both cases,
equipment such as EDM (Electric Discharge Machine), wire-cut EDM, etc., is
used. -
The punching die is a very important tool because its precision directly affects

the product quality.

D. Pre-Baking & Firing _
Before firing, a pre-baking process is undergone in order 1o remove the
organic solvents and binders from the ceramic sheet by usihg the method of
heat resolution.. Then the sheet is fired at about 1,500°C in an oxidisation
atmosphere.  (Firing temperature may be different according to various
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materials.) The interior of the firing furnace is generally tuﬁncl-shapcd with a
wall of many fire bricks.

All through the firing process, platform cars and various sizes of setters (a
kind of weight for pressing) made of firestones are used as auxiliary materials.
Fire bricks once placed in the wall would be ch'zmgcd very rargly but those
firestones used for platform cars or setters are consumables because of the
damage and wear and tear caused by repeated exposure to the frequent and

_ extreme changes of temperature.

E. Grinding :
Depending on the specification of each product, the grinding process requires a
very severe dimension control capability. Therefore, according to the
specifications for outer dimension, thickuess, surface roughness, etc., 4 plain
grinding machine equipped with a diamond wheel is used. The diamond

grinding wheels are also deemed consumable materials.

F. Snap-lining
‘The snap-lining process is for the purpose of casy—scpardtion of each sheet in
the later process. They look like squares in a bar of chocolate. The snap
lining of the ceramic substrate is done by either the substrate makers

themselves or at the vsers side.

G. Glass Printing _ _
In many cases, ceramic substrates are also used without glass printing. The
process of glass printing is similar Lo those for cerdip or laminate packages. In
the case of laminate packages, the printing paste mainly consists of tungsten
ink compared to the glass paste used for substrate or cerdip packages. A
common characteristic of printing in those three types of ceramics (i.e..
substrate, cerdip, laminate package) is the usage of a screen mask as shown in

the drawing.

Rubber

i Glass
. ] .
5;;!_—_"—“ Creen Hosk
< +

s— _ K—— Ceramic Sheet

. Emu:laion

Etafinless Steel Mesh
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The screen mask is of stainless steel mesh tightty set in an aluminium frame.
The stainless steel mesh is painted by emulsion with mesh holes cotresponding
to various patterns to be printed on the surface of the ceramic substrate. For
the screen mask printing, a red film must be very accurately cut according to
the required pattern to be printed. The red film is of ‘about ten magnifications
which has to be reduced by very accurately controlled (_;émera—work to the
actual size of each substrate. The ré’duced film is for the use of the repeater
machine in order to make the original film. And an original film which
contains many of the same patterns is produced so that a ralatively large
number of substrates are to be printed at the same time on the same sheet.

These original films or screen masks would be either in-house production or

ordered from sub-contractors.

H. Glass Firing, Inspection and Delivery
The final manufacturing process is glass firing, and after inspection, the

product is delivered to the users.
(2) Cerdip Type of Ceramic IC Package

The outline of the manufacturing process and raw materials and consumables

required for cerdip type ceramic package production are shown in Fig. Vi.2-2.

Fig. VL. 2-2  Process Fiow & Raw Materials
Used for Cerdip-type IC Packages

PROCESS _ MATERIALS & CONSUMABLES

Maigrial inspection Material inspection AlLfQ,, Glass powder

} Binder
Bleriding Glass blending Organic solvent
Maiiing powder
Pow‘der press Press mould
Firing Setter & Platform car
Dou‘ing of DfA material . D/A (Au, Ag-Pd, Ag-P1, etc.)
Gri.[iding
Glass printing : Screen mask, Organic

solvent

G]asis firing
Inspection _
Delivery Tray
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A. Material Inspcctioh, Blending & Making Powder

Until the slurry stage, all the manufacturing processes ate the same as those of
ceramic substrate. The slurry is made into powder by a spray dryer and is
pressed by a powder press machines into the required form. The powder
press mould reQuires extremely accurate precision in the fit of the male and
female moulds. Even a tiny chink between them may invite an unwelcome
intrusion of the powder causing the product to be unusable. Therefore, the
reéquired fit tolerance of the moulds is on the micron order.

B. Firing

Ceramic plate formed by the powder press is fired in an oxidisable
atmosphere.

Uhl_ik_e the case of ceramic substrates or laminate ceramic packages, no special
process of heat resolution is required for cerdip type packages. However, as
in the case of the ceramic substrate, platform cars and setters are required as
consumable materials. The edges of the pressed ceramic are very sharp and
have a kind of stingers so small in size as to be on the micron order, which are
often caused in the moﬁlding process,, For prevention, fired ceramic plates

are put in a barrel grinding process in many cases.

C. Dotting of D/A Material _
The process of dotting the die attach material shall be applicd mﬂy to the lower
base of the cerdip and not to the upper cap of the cerdip; The place of dotting
is where the die (IC chip) shall be attached fater on. The materials for attaching
the die are Au, Ag-Pt, Ag-Pd, Glass, Ag-Glass, etc., which also serve as
bonding agents. '

D. Glass Printing and Glass Firing
The processes of both glass printing and glass firing in ceramic packages are
the same as in the casc of ceramic substrates. A screen mask is also required
as in the case of the ceramic substrate. However, the tolerance of precision
required is not so severe (i().(j3 mm), Glass printing must be repeated several
times until the required thickness is attained. Normally repetition about 2 to 4
times would be enough for this purpose. As the giass printing serves the
pufposé-of sealing the IC chip, the control of the thickness (i.e. volume of
sealing glass) must be conducted with careful attention. For this 'p'urpose, the
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thickness control of the emulsion to be painted on the screen mask is an
important factor. '

As to the lower base of the cerdip package (base ceramic), the process of
leadframe attachment could be conducted either by the coramic package makers
or the IC assemblers. Generally speaking, 1C assemblers conduct the process

in many cases.

Thus, the finished cerdip product (upper cap and base ceramié) could be shipped

out to the users after inspection.
(3) Laminated Ceramic Packages

The outline of the manufacturing process and raw materials and consumables
required for production of laminate ceramic packages (DIP type) are shown in Fig. VL.2-
3.

¥ig, VL. 2-3  Laminated Package Process Flow &

Raw Materials
Process T Materials & Consumables
Material Inspection  Material Inspection Als03, Binder
4 I Tungsten
Blending Paste Blending QOrganic Sol_ve,nt
Sheet Casting
. PuJ’nching Lo Punching Die
Cucﬁit Printing Screen Mask, Organic Solvent
Laminating Organic Solvent
Cﬂ{tting
Chamferihg
Side Pn'nﬁng Screen Mask, Organic Solvent
Firing Setter, Platform Car, HZ N2
'Ni Plating Acid, Alkali, NisCG' , NiC1?
B}Lazmg _ : I,eadframe (A'.g—B_raziqg)
| N}!,’Au Plating Acid, Alkali, NiSO*, etc.
Inspcetion
Delivery
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A. Materiat Inspection, Blending, Ink Rlending and Sheet Casting
The process from material inspection to sheet casting is almost the same as that
substrates.

B. Punching _
Cavity portions and vertical holes are made by using a punching die. The
holes in the sheet are called "Via Holes" or "Through Holes." The purpose of
these holes is for electric conduction betwceen the layers of the package.
The diameter of holes differs according to the usage, the size and density of
circuit lines of the package, and is so small as to range from 0.1 mm to 0.4
mmn. '
The pun(':hing pin is for punching out a small hole and is very difficult to
manufacture to ensure frequent usage. The punching pin is easily broken due
to its smallness. Furthermore, the punching die with such a large number
(several hundreds to several thousand pieces) of pins with a small diameter is
also difficult to manufacture.

C. Circuit Printing (Metallisation)

Each layer of the laminate package shall be provided with circuit printing
(metallisation). The layers are laminated in the later proéess for integration nto
a whole circuit line. It is not similar to the case of the PCB (Printed Circuited
Bo_ai’d), which is a single-layer, because the laminate package is multi-layered,
composed of a 3- dimensional circuit.
The paste for circuit printing is mainly composed of tungsten. The circuits
serve to connect the electric terminals of the IC chip and the external lead of the
package. Careful attention should be given in the circuit printing because the
width and the thickness of the circuit affect greatly the electric characteristics
such as resistance, capacitance, inductance, etc. ‘The process of circuit printing

Tequires the usage of a screen mask. The screen mask is produced in the same
way as in the case of the substrate and cerdip package but a more severe
precisio_n' of the screen mask is required for the laminate package. It is

.,absoluteiy required that the tolerance of line width should be £0.01 mm and
that of relative position should be £0.02 mm. In addition, the sharpness of
the sectional edges of the emulsion is a vefy important factor.

D. Larhinating
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The printed circuit layer shall be laminated. Mixed oil, mainly composed of
organic solvents, shall be used as-an adhesive agent, The surface of each layer
shall be melted shallowly and laminated by heat and pressure. As with the
process of screen printing as stated in the case of substrates, a sheet contains
many pieces of packages. Generally, each layer of the sheet could be
Taminated at the same time to produce a large quantity of laminate packages at

one time.

E. Cutting and Chamfering
The process of cutting is to cut off many pieces of packages from the laminated
sheet. At tlﬁs stage, the laminated sheet is still soft enough to be cut off easily
by an ordinary Kind of blade. .
The soft ceramic package after the cutting has very sharp sectionat faces and
edges which would cause chipping and cracking in the later process. To
prevent this, chamfering shall be done at this stage in the same way as cutting.

F. Side Printing
The side printing serves the role of connector between internal leads and

external leads.

G. Firing |
The furnace is a combination pre-baking furnace and firing furnace. As
explained in the case of ceramic substrates, the pre-baking furnace is of an
oxidisable atmosphere type and a relatively lower temperature can be used.
Meanwhile, the firing furnace is of a high temperature deoxidisable atmosphere
type and saturated with Hy and N, gases which prevent the printed paste of the

circuits (Tungsten Yfrom oxidising.

H. Ni plating
Ni plating is done as a preparation process for the later process of Au plating.
The flow of brazing material in the brazing process is promoted by the Ni'
plating. ‘As is the general case of plating, degreasing and acid dip for pre-
treatment solution is required in this stage. '

I. Brazing

The process of connection between the ceramic and the lead frame which has
passed inspections, Ag. Cu alloy is most oftén used. Eutectic brazing materiat
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(Ag T2%) with lowest melting point could be used as well as brazing maierial
(Ag 85%) with a relatively higher melting point, according to usages.

Lead frames (KOVAR or 42 Alloy) used for plastic packages and cerdip
packages could also be used for laminate DIP packages.

J. Au plating _

The final process is that of Au plating. An is chemically a very stable material
and has excellent eleciric characteristics, therefore, it is frequently nsed for
laminate packages. There are other plating materials such as Cu, Sn, solder,
etc., for special usages such as mother board but the quantity used is very
small. ‘The composition of the Au plating solution is very delicate and requires
extreme purity. The thickness of Au plating requires very strict control
because Au is very expensive and the thickness itself greatly affects the yield
of wire bonding.

K. Cutting, Inspection and Delivery
The connected portions of the package which are unnecessary are cut off by a
diamond cutter. The connection has served an elecirical purpose in the Au
plating process. The connection becores unnecessary after the plating has
been conducted.

The laminate packages which have completed all the processes are forwarded
to the final inspections and are delivered to the 1C assembilers.
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VI-2-2. Overview of the Related Industries in Malaysia
{1) General

In order to manufacture ceramic packages and substrates, many producnon
processes are required as has been seen in the preceding paragraphs, For the
manufacturing of punching dies and/or powder press moulds and the process of glass
printing, Japanese ceramic package manufactorers utilise sub-contractors in many cases.
OF course, if such sub-contractors are not available, they would have no choice but in-
house manufacturing, in which case, there would be problems such as a big investment
burden and time-consuming personnel development. Therefore, the survey in Malaysia
was conducted frbm the view point of the availability of such mould and die
manufacturers and glas.s printing companies.

As a result of the survey, the mould and dic mqnufacturers who are capable of
making the punching dies and the powder press moulds with enough precision to support
the manufacturing of ceramic packages and substrates were found to exist. However,
printing companies with the required capacity for glass printing couid not be found at

present in Malaysia.
(2) The Mould and Die Industry

The mould and dic industry in Malaysia is rapidly developing as a peripheral
industry of the semiconductor industry, The plastic moulding for plastic IC packages and
the punching dies for lead frames could be taken as examples.

As stated in the preceding paragraphs, the precision punching dies and powder
press moulds are necessary tools for the ceramic IC package production, With these, the
production processes of ceramics before the firing stage are relatively eagy because at
those stages the ceramic sheets are soft and the ceramic powders are not difficult to form.

The survey conducted this time is limited to those technically top-level mould and
die manufaciurcrs located in the Free Trade Zones because they are considered as the
manufacturers who are cap.able to meet the requirements of ceramic package production,
~ judging from the survey results of last year on the mould and die industry in Malaysia.

_. The present situations of the mould and die manufacturers surveyed in the FTZ are
as follows:

1) Designing

Except for one case which is a company technically joined with a local
company, the other manufacturers (fully forcign capitalised) have been
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equipped with CAD systems for designing and have accumulated
comprehensive know-how of technical applications in designing.

2) Machirery and Equipment _
Much machinery and equipment such as NC EDM (Electric Discharging
Machine), NC lathe and dimensional measurement equipment, rooms for
measurement and calibration, CAD. systems for designing, etc., arc
satisfactorily available at the manufactorers surveyed at this time. Satisfactory
manners of usage of the equipment was also indentified.

3) Drawing and Working Standards
The range of tolerance for the parts and the moulds and dies of the
manufacturers surveyed at this time is from 0.002-0.005 mm which could be
considered as the tolerance of precision high enough for the manufacturer of
punching dies for the laminate packages and/or the substrates.

~ Judging from the above 1), 2), 3), most of the mould and die manufacturers
sorveyed in the FTZ could be said to be capable enough for the manufacturing of moulds
and dies for IC ceramic packages.

Fihdingsﬁof specific prbblems could be summarised as follows:

a) They have no actua.l experience in manufacturing powder press moulds.

As mentioned in the preceding paragraphs which explain the production
process of the cerdip packages, powder press moulds are required for them.

In the case of punching dies to be used for substrates or laminate packages, the

tolerance of fitness would be not so severe (about 20.01mm). On the contrary,

in the case of powder press moulds, the tolerance of precision in the fitness

between female and male moulds is extremely severe because even the smallest

- misfit fnight invite the powders in the slit between the moulds and cause the
-cerdip packages to be unusable :

b) They have no experience in manufacturmg the exiremely Small punching pins.
As mentioned in the preceding paragraphs, in the case of laminate packages, for
the purpose of electric conduction, very small holes (0.1-0.4 mm of diameter)
must be punched through the sheet by a punching die with many punching
pins. '

Therefore, extreme- difficulties for the makers who have experience in
manufacturing only punching pins of more than 0.6 mm in diameter could be
assumed.
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Such specific probiems as the above a) and b) could be resolved by technology
transfer, technical training and technological guidance, etc. '

(3) The Printing Industry

As stated in the preceding paragraphs as to the processes of laminate package
production, there is a process of circuit printing called "metallisation". For the process, a
screen mask is required. The circuits serve the electric conduction between the electric
terminals of the IC chip and the external leads through the area where the terminals are
wire-bonded with aluminum wires. The conduction is composcd mainly of tungsten and
is in the state of paste. At this stage the connection is not electrically conductive but after
being fired in the later process, it becomes electrically conductive.

Further, the glass' to be printed on the surface of substrates or used as scaling
glass for the cerdip packages should also be printed with the use of a screen mask. The
printing glass is made by mixing powdered glass and organic solvents into the state of
paste. For the laminate packages, a screen mask is also used. The required precision for
the screen mask for the use of laminate packages is £0.01 mm in line width and +0.02
mm in both the relative pitch and the total pitch. Meanwhile, for the cases of substrates
and cerdip packages, the required precision is H0.03mm.

When the required precision for the screen printing mentioned above is taken into
consideration, no Malaysian printing company could be said to be adequate at present to
serve as a supporting industry in the production of ceramic IC packages and subsirates.

In Malaysia, there are some printing cbmpanies which are conducting printing
with the use of screen masks called "silk screen mask.” As a result of the field survey
this time, the silk screen masks which they use are found to be inadequate from such view
points as precision or volume control of paste, etc. There are also some film 'compa'nies
to produce original films for the use of off-set printing but these cdmpanies are not
available as the suppliers of original films for the screen masks to be used for the
production of IC ceramic packages and substrates because they lack the required precision
of the micron order.

The measures of solution of the specific problems as above stated are listed as
follows in the order of possibility. : _

1) To procure from Singapore (Screen masks for the use of circuit printing for |

substrates are available in Singapore). | ' 7

2) Manufacturers of IC ceramic packages themselves would produce the original

films and the screen masks.
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3) To introduce the required equipment to Malaysia and technically tic-up with the
original film companies and/or the sitk screen printing companies in Malaysia in
order to develop the supply sources.

4) Film companieé and/or screen mask manufacturers of USA and/or Japan
should be established in Malaysia.
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VI-2-3. Feasibility of Procurement of Raw Materials and Consumables

(1) General

Many kinds of raw. materials and consumables are required in the manufactoring

process of ceramic packages and substrates.

The results of the field surveys which was conducied regarding the availability of
local procurement of raw materials and consumables in Malaysia are as shown in Table

V1. 2-1 and Table VI. 2-2.

Table VL 2-1 Raw Materials and Consumables Available in Malaysia.

Remarks

Raw matenals & consumables
Moulds & Punching die Smali punching pins
Dies .
Powder press mould Fitness
Acetone - =
S Toluene Other ordinary
Organic - Xylene organic solvents
solvents M.EK, . are available
: : " 1.1.1. Trichlor-ethylene
Trichlor-ethylene
N. butanol
H,
Gases N,
) N H3
Firestone Platform car
- Setter
NiSo4
Inorganic NiClp
substance CoSoq-
Boric acid
Lead frame '
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Table V1. 2-2 Raw Matel ials and Consumab!es not

Procured in Malaysxa
Raw maternls and Consumables Remarks
AlGs
Materials for' FeaOn
composition of Mo
ceramic packages Au
& substrates Tungsten
a Binder
Glass .
B Original Film S
Printing - Screen Mask Available in Singapore

Itis difﬁcult to change the composition of the main materials of ceramic packages
and subsirates becanse the change greatly affects the ceramic Characteristics-and the
approval from the users is required as mentioned in the preceding paragraphs. Even if the
‘main materials are available in Malaysia, they would not be locally procured for the
production of ceramic packages andfor substrates unless the fbllowing conditions are

satisfied.

a) Chéapéf than imported materials.

b) Delivery must be done within the demred period.

¢) Conditions of production would not be much affected by the change of

ma[enals

d) Thc ceramic characteristics would not be deteriorated at all.

e) The approval of the users could be received.

f) chhnology required for ih_e chahge'of materials should be obtained.

The conditions as above listed are all indispensable factors for the-cﬁange of
materials. Therefore, if ¢ all the conditions céuld be satisfied, the marerials which are
available m Malaysia. could be used for the ceramic packagcs and/or substrates.
However, it is assumed that it would takc at least 2- 3 years after the actual productlon of
the ceramic packagc and/or substrates in Malaysm i$ begun, before the local procurement

of the materials and consumables hsted in Table VI. 2 21is possxblc
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VL3. Present Status of OvemeziS Market of Ceramic YC Packages/Substrates
VI-3-1. World Market Trends

The definite market size of ceramic IC packages and substrates is unknown
because this data is not included in trade statistics. However, when acknowledging the
estimate that Japan supplies about 90% of the world market, the scale of the world market
would be roughly estimated, Because the announcement of statistics relating to the
products in Japan began in 1986, only a short-term trend could be obtained. Statistics
prior to this could only be obtained from the results of questionnaire survey by the Japan
Fine Ceramics Association conducted annually from 1984. However, from this only the
production value is available.

The world market size of ceramic 1C packages/substrates for the past three yedrs
(for 1988, January-July) estimated mainly based on the Fine Ceramics Statistics in Japan
compiled by MITI, is as shown in Table VI. 3-1,

Table VI. 3-1 Size of World Market for Ceramic IC Packages/Substrates

(Kstimate)
{(Unit: Million Pcs.)
1986 1987 1988 . 1
(Jan.-July)
Ceramic IC Packages 1,904.0 2,455.1 1,297.3
{Annual Growth, %) (-) (28.9) (18.7)
Cerdip Type 1,713.4 2,244.0 1,1385
(Annual Growth, %) (-) (31.0) (15.9)
Laminate Type 190.6 211.1 158.8
(Annual Growth, %) () (10.8) 43.1
Substrates 2,749.5 3,330.5 582.6
(Annual Growth, %) (-) (21.1) (-68.1)
1] Growth rates are compared to the same period of the previous

year

There was a recession in the semiconductor industry in 1985 and 1986. In 1987,
however, production of'packagcs rose 28.9% over the previous year and substrate
production rose 21.2%.

The ratio that ceramics and plastics occupy in the IC package is 1: 9 Because the
quality of plastics is becoming betier every year, replacement by plastics is taking place
and the use of ceramics is declining. However, due (o the fact that the IC industry itself is
continuing to grow, the ceramic IC package market is still expanding. -

The Japan Fine Ceramics Association predicts that future world demand will
expand as shown in Table VI 3-2, until the year 2,000.
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Table V1. 3-2 Market Forecast for Ceramic IC Packages/Substrates
(Unit: ¥10 Million)

- Average Annual
1987 1990 1595 2000  Growth Rate
Case 1 1,960 2,880 - 4,230 8.0%
Intermediate
Value 1,556
Case II 1,780 2,230 2,790 4.6%

* Average Annual Growth Rate is from 1987 to 2000.
Source: Japan Fine Ceramic Association

Case 1 is based on the 8.0% of an average annual growth rate between 1985 and
1987 projected by the association. Case 11 is based on the 4.6% (average growth for
1986-1991) projected by the Business Communication Circuit Company for the large
American market.

‘By product type, the ratio of cerdip to laminate packages is approximately 9:1, But
because of high accumulation and the compactness of chips, it is thonght that in the future
the laminate ratio will gTOw., '

The market size by country for this product is unknown becauS{: the information
on the product use cannot be obtained. Therefore, it was estimated by using the figures of
IC production. '

Table VI. 3-3 shows the trends in the main countries producing ICs during the
past four years. The growth of the world's IC production in the past four years averaged

13.5% per year. The 1987 production, in order of value, was as follows:

1. U.S. (share it holds in worid production) 38.4%
2. Japan 33.5%
3. Malaysia 5.2%
4. Korea 5.1%
5. Singapore 3.6%

‘Except for large markets of the 1J.S. and Japan, the ratio that Southeast Asia holds
is large. It holds 18.1% compared Europe's 9.2%. The area is the third largest market for
the ceramic IC package. The average growth rate of world production was 13.5%, while
Malaysia's was 26.5%, Singapore's 18.2%, Thailand's 35.3% and Korea's 21.2%.

| Thus, there are great expectations for the future market of Southeast Asia.
However, due to the fact that the low-end ICs are mainly produced in Southeast Asia, it is
considered that the ratio of Southeast Asia's use of ccra_nﬁc packages is rather low
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compared to the U.S. and Japan, where ceramic packages are uscd for ICs of high
accumulation and for industrial use.

There is an estimate that about 90% of the world's demand is supplied by Japan.
Though details of Japan's production is shown in Section V1. 3-3, three firms, Kyosera,
NTK and Narumi, form a unique oligopoly with a 90% share.

Table VI. 3-3 Production of ICs in Main Producing Countries
(Unit: UJS$ Million)

Country 1985 1986 1987 1988 Average
Growth Rate

U.S.A 10,910 10,623 12,070 13,680 7.8 -
Canada 61 58 65 12 5.7
Brazil 85 120 140 170 26.0
Australia - 4 3 7 13 - 48.1
Austria 9 18 18 21 32.60
Belgium 5 6 7 8 17.0
Denmark 2 2 2 2 -

Finland 9 18 22 26 42.4
France 447 539 577 635 12.4
Ireland 188 169 187 220 5.4
Italy _ 166 - 192 215 255 15.4
Holland 167 294 312 359 291
Norway 3 8 9 11 54.2
Spain 5 i 9 11 30.1
Sweden 36 131 147 151 61.3
-Swiss 24 46 47 - 50 277
U.K. 532 631 657 764 12.8
W.Germany 483 743 694 763 16.5
(Burope Total) 2,076 2,804 2,093 3,276 16.4
Japan 7,707 10,526 10,881 11,952 15.7
Hong Kong 142 112 103 96 -12.2
Indonesia - - - .- -

Malaysia 018 1,195 1,550 1,860 26.5
Philippines - - - - -

Singapore 778 886 1,101 1,284 18.2
Thailand 307 456 684 760 35.3
Korea 1,010 1,169 1,499 1,800 21.2
Taiwan 393 . 580 603 7 640 17.7
‘India = ¢ . 6 9 16 28 671
Grand Total 24,397 28,541 31,622 35,631 13.5

(Inc. others)

Sourc,e Yearbook of World Electronics Data 1988, Bcnn Electronics
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VI-3-2. Trends in the Major Market

The outline of the market is as mentioned in section V1. 3-1. About 70% is shared
by the U.S. and Japan. The situation in the two countries is as follows:

(1) The United States

Production of ICs in the U.S. has changéd as shown on Table VI. 3-4. The
average yearly growth rate from 1980 to 1984 was 18.4%. For 1985 and 1986 there was
a decrease because of the semiconductor recession. However, there was a recovery in the
latter half of 1987.

Table VL 3-4 Flow of IC Production in the U.S.

Annual Percentage

Value (1IJS$ Million) Change
1980 6,605.7 -
1984 12,960.1 -
1985 10,806.0 -16.6%
1986 10,443.1 -3.4
1987 11,905 (Estimate) 14.0

Source: Departrnent of Statistics

The ceramic IC package market in the U.S. was estimated at U.5.$3.420 million
in 1986. The ratio of ceramic-made items in the packages is 28.5%. This is a very high
ratio. The demand for 1991 is estimated as follows:

Table V1. 3-5 Market Forecast for 1C Péckag&s in the U.S.
* (Unit: US$ Million)

. Average Annual
1986 1991~ Growth Rate
Ceramic 3,420 (Share 28.5%) 4,294 (Share 19.0%) 4.6%
Plastic 8,340 ( 69.5%) 18,080 ( 80.0%) 16.8-
Metal _ 2240 (- 2.0%) 226 ( 1.0%)
Total - - 12,000 ( 100.0%) 22,600 ( 100.0%) 13.5

Source: _Business C()'rnmunicﬁtien Circuits Co,, Inc.
. They are supplied mainly from Japan. There are some ceramic IC package and

“substrate manufacturers in the United States. However, their production is small and is

--mainly for in-house use.
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(2) Japan

Japan is a large producer and also a huge consumer. Domestic sales and the export
trend from 1986 are as shown in Table V1. 3-6. '

Table VI. 3-6 Domestic Sales of Ceramic IC Packages/Substrates
(Unit: Million Pcs, ¥ Million, %)

_ 1986 - 1987 . 1988 (Jan.-July)
Quantity Value  Quantity . Value Quantity  Value

Ceramic IC Package - o R
Sales 1,730.9 95,279 2,232.0 113,000 1,209.4 71,137
Domestic Use 575.0 39,616 554.6 42,811 345.2 29,305
Ratio of (33.2) (41.6) (24.8) (37.9) (28.5) (41.2)
Domestic Use

+ Cerdip Type : -

Sales 1,557.6 35,604 2,040.0 35,266 1,034.9 21,318
Domestic Use 510.0 17,065 469.8 14,431 2731 8,140
Ratio of (32.7) (419 (23.0) (40.9) (26.4) (38.4)
Domestic Use '

+ Laminate Type .

Sales : 173.3 59,675 191.9 74,734 144.4 49,816
Domestic Use 65.1 22,551 34.1 28,380 72.1 21,165
Ratio of (37.6) (37.8) - (43.8) (38.0) (49.9) (42.5)
Domestic Use :

Substrate .
Sales 2,499.5 24,949 3,127.7 29,154 529.6 8,961
DomesticUse  1,997.2 21,066 2,378.4 25,119 363.9 7,681
Ratio of (79.9) (84.4) (76.0) (86.2) (68.7) (85.7)
Domestic Use

Grand Total _

Sales - 120,228 - 142,154 - 80,098
Domestic Use - 60,682 - 67,922 - 36,986
Ratio of (-) (50.5) (-) (47.8) (-) 46.2)

Domestic Use

Source: Fine Ceramic Statistics.

Looking at the numbers for 1988, 26.6% of the world's demand for IC packages
and 62.5% of demand for substrates comes from the Japanese domestic market.

The ratio of domestic consumption, especially for substrates, is high. Concerhihg
packages, the ratio that Japan occupies in world demand is high: 24% in cerdip and 45%
in laminate types of products. This shows that the ratio of high-end products and/or
industry-use IC production in Japan is high. It is hard to grasp the zictual situation of
substrate market because the production know-how for substrates is less complicated than
that for packages and that some component manufacturers produce ceramic substrates for

their own use.
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The production of ICs in Japan is shown in Table V1. 3-7. After 1984, when there
was a 52.7% increase over the previous year, there were declines in 1985 and 1986,
influenced by the semiconductor recession. In 1986 there was a quick recovery in
quantity and it surpassed the 1984 totals. Based on the table, among the ICs produced in
Japan, the ratio of ICs using the ceramic package declined to 4.6% in 1987, compared to
the 6.0% in 1986.

Table VL 3-7 Trends of IC Production in Japan

{Unit: Million Pcs, ¥ Million, %)

1984 1985 1986 1987 1988
. (Jan.-Nov.)
Production Volume 9.516.4 9,3504 11,139.2 120154 13,031.9
(Annual Growth)* (52.7) aN) (19.1) (7.9 {-)
Value _ 1,973,850 1,841,790 1,780,235 1,925,000 2,253,359
{Annual Growth)* (73.2) {(-6.7) {-3.3) (8.1) (-)

* L Figurers arc Amual Percentage Change
Source: Japan Machinery Statistic, Monthly Report

Vi-3-3. Trends in the Major Supply Couniries

As mentioned, jap'an supplies 9_0%_ of the world's needs for IC ceramic packages.
Although'production' is made both in the U.S. and West Germany, it is very small and is
used mainly for the manufacturers' own use.

There 'v_verc' no countries in Southeast Asia producing the product. in the past.
However, through the introduction of U.S. technology in Korea and Singaporé, there is
now some pi’oductibn in those two countries. Production in Singapore, coming under the
aegis of a U.S. company, has started to supply the market to which the parent company
had supplied before.

(1) Japan
1) Trends in Production and Exports

The pro_dilction trend from 19.86_ to July 1988 is shown in Table V1. 3-8. The
production figures prior to 1986, according to the Japan Fine Ceramics Association

Reports are as followsz The total production value of ceramic IC packages and substrates
was ¥14.1 billion for 1984 and ¥14.4 billion for 1985.
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Table VI 3-8 Production of Ceramic IC Packages/Substrates
(Unit: Million Pcs, %)

1086 1087

_ . 1988 (Jan.-July) *
S Quantity Quantity Quantity -

Ceramic IC Package 1,693.1 1,283.0 ' 1,157.5

{Annual Growth) . (-) (-24.2) (16.5)

» Cerdip Type 1,526.6 . 1,091.6 1,011.9

(Annual Growth) - (-28.5) (13.3)

» Laminate Type 166.5 191.4 145.6

{Annual Growth) (-) (15.0) (44.2)
Substrate 2,487.0 3,1753 551.9

(Annual Growth) (-) 1.7 {-66.8)

* Growth Rate are Compared to the Same Pediod of the Previous Year
Source: Fine Ceramic Statistics.

Exports of products are as shown in Table V1. 3-9. The export ratio is high.

Table VL. 3-9 Trend of Export of Ceramic IC Packages/Substrates
(Unit: Million Pcs, ¥ Miltion, %)

- 1986 1987 1988 (Jan.-July)
Quantity ~ Value  Quantity  Value  Quantity  Value-
Ceramic 1C Package - .
Sales 1,731 95,279 2,232 113,000 1,209 71,137
Export 1,156 55,663 1,677 67,189 834 41,829

(Export Ratio)  (66.8) (58.4) (75.2) (59.5) (69.0) ~ (58.8)
» Cerdip Type '

Sales 1,558 35,604 2,040 35,266 1,035 21,318

Export 1,048 18,539 1,570 20,835 762 13,178

(Export Ratio)  (67.3) (52.1) (77.0) (59.1) (73.6) (61.8)
» Laminate Type :

Sales 173 59,675 192 74,734 144 = 49,816

Export 108 37,124 107 46,354 72 28,651

(Export Ratio})  (62.4) (62.2) (55.9) (62.0) (50.1) (57.5)
Subsirate _

Sales 2,500 24,949 3,128 29,154 530 8,961

Export 502 3,883 749 4,035 166 1,280

{Export Ratio)  (20.1) (15.6) (24.0) (13.8) (31.3) 14.3)
Grand Total ' '

Sales - 120,228 - 142,154 - 80,098
Export | . 59 546 - 71,224 - - 43,109
(ExportRatio) ~ (-)  (49.5) (-) (50.1) ~ (-) (53.8)

Source: Fine Ceramic Statistics
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2) Major Production Companies

Major producers according to products are as follows:

ay Ceramic IC packages
‘Kyosera, NTK, Narumi, Nihon Gaishi, Shinko Electric

b) Ceramic¢ Substrates :
Kyosera, NTK, Naromi, Nihon Gaishi, .Shinko Eleciric, Hitachi
Chemical Industries, Hokuriku Ceramics, Maruwa Ceramic, Nikko,
Matsushita Electronic Components, Nihon Carbide Industries,
Noritake.

In recent years there has been a trend in 'wh_icli component manufacturers have
started producing ceramic substrates for their own use. With packages it is hard for new
firms to participate because it takes time to achieve the know-how and because companies
already involved are apt to hold on to their markets.

The changes in the shares of makers (shipment value) are as follows. There is no
change in the situation in which three companies monopolise the market.

Table V1. 3-10 Market Share of Ceramic IC Packages/

Substrates in Japan by Firm
(Unit: %)
. . 1980 1987 1988
Kyosera 58.7 52.7 57.0
NTK 19.5 19.2 19.4
* Narumi 6.5 6.7 6.7
Others : 15.3 21.4 16.9
Total 100.0 100.0 100.0

Source: Yano Research Institute

It was in the latter part of the 1960s that ceramics started to be used in the IC
package. Afterward, ceramic use was de{felopcd_along with IC development. The yearly
rate of growth of this industry was 13 - 15% in the 1970s and 10 - 15% from 1978 to
1984.

"The three large Japanese companies developed their own techniques in bringing
about the IC package. Thus, the manufacturing technology is different for each company.
These three companies were originally pottery and porcelain manufacturers. The main
reason for their development was that they already had the high tec:hmques for blending
materials and firing.
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(2) Others
1) The United States

All companies that produce ceramic IC packages and substrates in the U.S. are not

known but the companies shown below are producers of these iiems:

* Microelectronics Packaging Industries (MPI)
* General Electric
* Ceramatech

2) Korea

_ The ceramic IC package and substrate industry in Korea has just started. Though
the present amount of production is uncertain, if is said that the production of cerdlp types
of IC packages has been started.

In February 1988, Samsung Corning obtained about 10% of MPT's stock in the
U S., received a license to use the DIP technology and built a plant in Korea with 700
employees. In December 1988, the Samsung General Research Institute and a research
team from Samsung Corning succeeded in the development of the produétion teéhnology
for laminate ceramic IC'packagc, It is reported to start production in 1989. If the
production goes Sinoothly there will be a substantial import substitution of 70 billion won
annually. . '
. 'The Korean Mining Refinery Corporation is also trying 1o advance into the premse
ceramic IC field. For this purpose, this company invested 5 billion won and it plans to
complete an IC package plant in the latter half of 1989 that produces 20,000 units
annually. This company, with the cooperation of American Ceramatech, is planmng to
start producing laminate ceramic IC packages in 1989. '

The products of above two companies will be used mainly for import substitutes,
but there will be the possibility of exports after 1990. o

3) Singapore
In Singapore, an American c':o}n_pany, Microelectronics Packaging Industries

(MPI), has started production. Details concerning this company are uncertain. However,

they sell to markets in Singapore, Malaysia and Southeast Asia.
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VI-d. Feasibility Analysis of Investment
VI-4-1. Study of Production Size

~ In this section, in order to evaluate the adaptability of Malaysia for an industry site
of cerarnic IC packages/substrates, a quite rough analysis of investment feasibility was
conducted,on the assumption that the following three types of plants are to be newly
constructed in Malaysia. '

Table VL. 4-1 Type of Plants and Production Size

Type Production Capacity (Monthly)

1. Ceramic Substrate Piant I Blank Substrate 800,000 Pcs

2. Ceramic Substrate Plant 11 Blank Substrate 370,000 Pcs

_ Glazed Substrate 30,000 Pcs

3. Ceramic IC Package Plant - Cerdip Type 5,700,000 Pcs
IC Package

_ Production items and production size are assumed from the following
considerations.

(H The size of the domestic market in Malaysia for the ceramic substrates is
quite limited (about 400k pieces/mon’th). It is not economically feasible to
construct a plaht if it is destined only to cover the domestic market. Therefore, the
' plant should be an export oriented factory. There are two big overseas markets,
J"apan and the U.S., for the products. Japan is taken up here as the assumed
export market because of its nearness 0 Malaysia. The feasibility of adilptability
.'of Malaysia for a. substrate manufacturing plant of minimum economic size was
 conducted on the assumption that the product could be exported to Japan.
Two types of substrate factories are studied. One is a factory to produce
only blank substrates and the other is that to produce both blank and glazed
' sub’s&a_tes. N
Concerning the’lcomparison of the two '{y'pgs of substrates, giazed substrate
‘Tequires rclativély higher manufacturing technology and is a more value-added
product than the blank sﬁbstrate. However, the demand for the blank substrate is
bigger than for the glézed one in the general market.
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(2)  ‘The size of the domestic market in Malaysia for ceramic IC packages of
cerdip type is about 9 million pieces per month.

A feasibility study of plant construction for the ccrdlp Lype was conducted
on the assumption of monthly production size of 5.7 million pieces calculated from
the market size and the production capacity of one firing furnace.

(3) Astothe laminate pzickage which is a more value added type than the
cerdip type, the production is far more difficult and comphcated than those of
cerdip packagcs and substrates due to the soph1st1\,ated production processes.
However, the production technology used for cerdip packageb and substrates
- could also be applied to the laminate packages. '

It would be more recommendable that the feasibility of the. produ(,ﬁon of
laminate packages should be re-studied after the- experience of cerdip/substrate
plant operation in accordance with the need plant size at that time and the extent of
the accumurated manufacturing know-how of cerdip packages and substrates.

Thus, the feasibility analysis of investment as to laminate packages was not
conducted in this survey.

For refercncc, the monthly size of the Malaysian domestic market for

laminate packages is about 2.9 million pieces.
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VI1-4-2, Investment Environment

It is said that the most important problem in the construction and operation of a
plant is the constant supply of electricity. Flectricity as the energy source for ceramic
firing must be indispensably secured. If the installation of an in-house power plant for
use in the case of outage of electricity is prohibited or if it is insufficient, the products
would actually be damaged and the operation would be forced to stop. Cooperation as to
constant supply of electricity from the government or the state is absdlutﬁly NeCessary. As
to other kinds of utilities and industrial disposal, though there remain some problems,
they are said to be solvable problems. _ o _

The advantageous aspect in Malaysia regarding plant construction is that the
incentive meastire of pioneer status can be utilised for the maximum period of 10 years,
This fact is the evidence that the Malaysian governmeﬁt considers the ceramic¢ IC
‘packages/substrate industry to be an important high—tech industry in Malaysia. This
represents, indeed, a very favourable incentive to induce any investor companies.
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VY1-4-3. Outline of the Plants and Tnitial Investment Costs:

(1) Outline of the Plant

Ontline of the plants assumed for the purpose of feasibility of investment is as

follows.

1) Ceramic substrate plant 1

Product item
Production c'apabity
Employees

Land .

Building

Initial Investment

Ceramic blaﬁk_ substrate
SO0,000 pes/month

153

15,000 m2
4,825 m2
M$25.5 million

2) Ceramic substrate plant II

Product item
Production capacity

Employees

Land '
Bailding

Initial investment

Ceramic blank substrate & ceramic glazed substrate
Blank substrate 370,000 pcs/Month

Glazed substrate 30,000 pes/Month

166

15,000m2

4,100m2

M$36.6 million

3) Ceramic 1C package plant

Production item
Production capacity
Employees

Land

Building

Initial investment

Cerdip type 1C package
5,700,000 pes month
111

16,500 m?2

5,500 m2

M$39.7 million
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(2) Initial Investient Value
1) Premises

In oider to evaluate the funds necessary for initial investment, the follm&ring
premises were assumed. |

- 'The plants would be locatcd in the Prai Industrial Complex in the state of
Penang, cons1der1ng the access to the market. Not based on strict survey,
the selectlon of this site was made just for the purpose of the assumption in
cost calculaimn

- The factories were assumed 10 be partially air conditioned and steel frame
block type with a clean room portion. '

- Mostof the md_jor equipment and materials would be imported from Japan,
Procurement of materials available in Malaysm and neighbouring countries
would also be considered. o

- 2} Ceramic substrate plant

Imtlal investment value for the plant of blank substrates only is assumed to be
about M$ 25.5 million.

VI. 4.2 Initial Investment Va!ue for Ceramic Substrate Piant
(Unit: M$1 000)

T Item - - Calculation Base VYalue

2. Land . 13,000m2X M$43.06/m* 646
b. Factory Constmcnon : 11,319
Factory Building : 4,825m2XM$750/m? (3,619)
Utilities Supply Equipment (7,600)
_ Guarantee for Outside Gutter _ (160)
-and Water Supply, etc. o
¢. Machinery and Equipment 9,082
Mixing Sheet Making - {2,384)
Before Tlrmg Process . _ (286)
Prc—Bakmg ' (780)
Firing ' (5,392)
Quality Guarante,e _ : ' 200).
- Packing . : - (40)
- d. Vehicles, Stauonery - R - 220
"~ Two'Trucks M$ 100,000/ Truck 200 -
Statlonery 1 Set . o L 20)
e, _Contmgency o {(DHHB)HEN x 20% 4,253

“Total ' ' 25,520

VI-45



3) Ceramic substrate plant 11

Initial investment value for the plant of blank substrates and glazed substrates is
assumed to be about M$ 36.6 million. '

Table VI, 4-3 Tuitial Investinent .Value for Ceramic Substrafe Plant 11

o - (Unit: M$1,000)
Iem o Calculation Base Value

a. Land = ~ 15,000m2XM$43.06/m# 646
b. Factory Construction _ 14,670
Factory Building | 4,100m2XM$1,700/m?2 (6,970)
Utilities Supply Equipment (7,600)
Guarantee for Outside Gutter (100)
-and Water Supply, etc. - ' : '
¢. Machinery and Equipment ' ' 114,994
Mixing Sheet Making ' : - (2,384)
Before Firing Process ' (226)
Pre-Baking (780)
Firing : (5,312)
Glass Mixing - _ - (312)
Secondary Process _ {5,440)
Quality Guarante ' - 40
- Packing - ' o
d. Vehicles, Stationery - o 220
Two Trucks M$100,000/Truck _ 200y
Stationery 1 Set ' o . 20)
e. Contingency ((D+2HB)+D)) x 20% - 6,106
' Total 36,636
4) Ceramic IC package plant

Initial investment value for the plant of cerdip type IC packages is assumed to be
about M$ 39.7 million.
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Table VI, 4-4 Initial Investment Value for Ceramic IC Package Plant
(Unit: M$1,000)

Tem Calculation Base Value

a. Land ' ' 16,500m2X M$43.06/m2 710

b. Factory Construction . 18,383
Factory Building , 5,500m2XM$1,700/m? (9,350)
Utilities Supply Equipment (8,933)
Guarantee for Ontside Gutter ' (100Y

and Water Supply, etc. _ : _

¢. Machinery and Equipment 18,100
Raw Material _ (2,320)
Press - ' {3,080)
Firing - (930)
Au Dotting (1,320)
(lass Printing _ (6,870}
EP-ROM Sealing ' (1,270)
Attaching of Leadframe (750)
~Quality Guarantee (260)
Packing (100)
Others- (1,200

d. Vehicles, Stationery _ 220
Two Trucks M$100,000/Truck (200)
Stationery 1 Set ' i)

e. Contingency (D@3 HAD) x 20% . 7,483

Total 39,671

5) Depreciation _ _ _
_ ‘The Method of figuring depreciation for the above invesiment is assumed as
follows.

Buildng .. 20Years Straightline Depreciation
Utilities
Supply Equipment ... 10Years Straightline Depreciation
Machinery/Equipment  .....10Years Straightline Depreciation
Vehicles/Stationery e 3Years Straightline Depreciation
_ The annual depreciation cost for the investment is shown
as follows: :
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'I‘able VI.4-5 Annual Deprecmtmn Cost

(Umt M$1,000)

: Item Annual Deprecxanon Cost

1. Ceramic Substrate Plant 1 1,893.2
Factory Building. . (181 0
Utilities Supply Eqmpment - (760.0) .
Machinery and Equipment (908.2)
Vehicles, Stationery  (44.0)
2. Ceramic Substrate Plant 11 - 2,651.9 .
Factory Building - " (348.5) .
Utilitics Supply Equipment (760.0)
Machinery and Equipment (1,994.4)

- Vehicles, Stationery (44.0)
3. Ceramic IC Package Plant 3,214.8
Factory Building - (467.5)
Utlities Supply Equipment (893.3):
Machinery and Equipment (1,810.0)
Vehicles, Stationery _(44.0)

VI1-48 -



JulEig a1ejSqNG IUEI) J0 r0AeY [+TA B

m TOETS
IR
|
¥ _ X
CoL ; .
: o
. W uetrdedsyf Juiyem ja3ys \ BUIXIY
1
“ I
_ I A _
1 | Il I _
” L g _
! ﬂ, .
L
“ vo
H i~
: =3
N
i I I
H i 7
o §58904d SULJ[] BJojag N
: “ E . #9u2Ja U0y )
m h . b{UPa -
; i s59[3 furivild | FUISSe00d4
m & — 9T8{Y | 4JdBuiyomy
. .W IL _lll‘|',|‘ 1¢31000 VL0
mm uot3oadsur UGl 30npldg
= IzAEgRs $50004¢
! SuIYRG-244 w0y ““ﬂﬂ A2MPUGDG
: i ﬁ
N !
: ﬁ
=] — —
=2 | == : . wjj
Klatiyony e , 2
| uoT30adsuT
i 5590044 15414 2uy08y
1] J N
| Fupdry
xoed 3utul(
/N s
ﬁ — | ]
: A3Ldndeg | o xXo0y 2ulyoy 593UB BN ._S:ama.
i = L L
TTUTE
~2

VI-49



.~ poo g0t

| ~
Tl“.rlll == ; _J.“l..__ g -
N = L7 ] symrzeem o
# ,” D : © o uolydsasy |-
L — —
T supeg mum B i j . :
AJauiyaTg _ : Tm—m AujIUL2d 55%)0 — surauidd sselp
fremms e —m - . .
i [ G 1
garali . ; . ¥00J Jayooq |
kS v - N i o
S ‘
8
| | | ;
, ] rodiuea |
337UB 130T ¥5ER wsalss o g m uoranpadd .
urRaRd oaw. BOOd JuTUlQ S WD YI03S YIXIK LHD
111800 ) . —
_ A [ |seo: souadsjuey
PN ]
o
3
3
S
8
h\ —— 1023u00
EHDu YO T1aNPOIg
[}
i o D Lo = C——
& D O O iy Co ) ®ool
s AISUTYOBR i uo119ad5U]
g _ o BO
| ! o r 314
D ‘ o D sg9.44 A31140938
1 _ i w

-4

jueld a3exppeg Dy 2dA Y, dipaan) 10 Woke T T-41A 21y

O #0198y

1 Aeoae]

VI-50



Vid-d, Production and Sales

(1) Production

Annual volumes of production are assumed as follows based on the preduction

capacity and initial operation ratio of cach plant.

Table VL 4-6 Production Programme for Ceramic Subsfrate Plant X

(Unit: 1,000 Pcs)

1st Yr.

2nd Yr. After 3rd Yr.

Production Capacity : Blank Substrate 9,600
Aunnual Production : Blank Substrate 5;760

Operation Rate

60%

9,600 9,600
9,600 9,600
100% 106%

Table V1. 4-7 Production Programme for Ceramic Substrate Plant Il _

(Unit: 1,000 Pcs)

TStYr.

2nd Yr. After 3rd Yr.

Production Capacity : Blank Substrate 4,440
: 360

Glazed Substrate

Annual Production : Blank Substrate 2,664

Glazed Substrate
Operation Rate

216
60%

4,440 4,440
360 360
4,440 4,440
360 360
100% 100%

Table VI 4-8 Production Programme for Ceramic IC Package Plant

(Unit: 1,000 Pes)

: : Ist Yr. 2nd Yr. After 3rd Yr.
Production Capacity : 14 Lead Cerdip 39,600 39,600 39,600
EPsROM28 Lead Cerdip 19,440 19,440 19,440
EPsROM28 Lead Cerdip 9,360 9,360 0,360
with Leadframe o
Annual Production  : 14 Lead Cerdip . 19,800 21,720 39,600
EP-ROM28 Lead Cerdip 9,720 13,608 19,440
EPsROM?28 Lead Cerdip 4,680 6,552 9,360
with Leadframe
50% 70% 100%

‘Operation Rate
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(2) Unit Sales Price _

Average unit sales priccs of each product are assumed as follows, based on
Ma'laysian market prices and Japanese manufac_mﬁng costs of each product. As o
substrates, the unit sales prices are assumed to be equal to assumed Japanese market
prices in order to be'c_o'nipeti'tivé when thcy are exported to Japan, becauée_therc_is very
limited ddmestic market in Malaysia. On the other hand, the unit sales prices' of IC
'packages (cerdit type) for which there is an enough size of d_dmestic market in Malaysia,

are assumed to be equal to assumed imported prices from Japan.

Table VL. 4-9 Unit Sales Prices of Substrates ,
(M$1=Y46)

N (Unit: M$/Pc)
T ~ Unit Sales Ocean Froight - Japanese
Production Item Price & Insurance Duty Market Price
Blank Substrate 0.80 0.01 .0 0.81
Glazed Subsirate 8.00 0.04 ' 0 _ 8.04

Table VL 4-10 Unit Sales Prices of IC Package

(Unit: M$7Pc) _

- _ : - Japanese Air Freight . Unit Sales
Production Item ' Market Price & Ins. Duty - Price -
14 Lead Cerdip 0.115 0,025 0 0.14
EP-ROM?28 Lead Cerdip 0.768 0.082 0 0.85

0 1.00

EP-ROM?28 Lead Cerdip {.015 0.085
with Leadframe . .

(3) Sales Forecast

 Sales forccast for each plant was made taking into conisideration the production

volume and the unit sales prices.
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Table V1. 4-11 Flow Forecast of Annual Sales Value of Each Plant

(Unit: M$1,000)

S Ist Yr. 2nd Yr. After 3rd Yr.

Ceramic. Substrate Plant [ 4,608 7,680 7,680

‘Blank Substrate (4,608) {7,680) - {7,680) .
Ceramic Substrate Plant IT 6,163 10,272 10,272

Blank Substrate (4,435) (7,392) (7,392)

Glazed Substrate (1,728) (2,880) (2,830)
Ceramic IC Package Plant 15,714 22,000 31,428

14 Lead Cerdip (2,772) (3,881) (5,544)

EPsROM28 Lead Cerdip (8,262) (11,567) (16,524)

EP-ROM?28 Lead Cerdip (4,680) (6,552) (9,360)

with Leadframe

VI-53



VI-4-5. Raw Materials and Utilities
{1} Raw Materials to be Tmported

As already stated in the preceding paragraph, the very important material, AlpOs,
is to be imported from Japan at least for the first 5 years. Lenses for EP.ROM cerdip and
gold are also to be imported from Japan.

Table VI 4-12 Fiow of Annual Iimport Cost of Raw Material (A1203)

1st Yr. 2nd Yr. After 3rd Yr.
(Ceramic Substrate Plant I) o
Blank Substrate Production Volume 5,760 9,600 9,600
- (1,000 Pcs)
Product Weight (g/Pcs) 6.03 6.03 . 6.03
Material Input (Kg/Weight) 2.0 2.0 2.0
Annual Consumption (Ton) 69.5 115.8 115.8
FOB Unit Price (M$/Kg) 5.52 5.52 5.52
Cost of Raw Material (M$1,000) 384 639 639
Annual Import Cost (M$1,000) 422 703 703
(Ceramic Substrate Plant II)
Blank Substrate Production Yolume 2,664 4,440 4,440
(1,000 Pcs)
Glazed Substrate Production Volume 216 360 360
(1,000 Pcs)
Product Weight of Blank Substrate 6.03 6.03 6.03
(&/Pcs)
Product Weight of Glazed Substrate 6.09 6.69 6.69
(g/Pcs)
Material Input (Kg/Weight) 2.0 2.0 2.0
Annual Consamption (Ton) 35.0 58.4 58.4
FOB Unit Price (M$/Kg) 5.52 5.52 5.52
Cost of Raw Material (M$1,000) 193 322 322
Annual Import Cost (M$1,000) 212 354 354
(Ceramic IC Package Plant)
14 Lead Cerdip (1,000 Pcs) 19,800 27,720 39,600
28 Lead Cerdip (1,000 Pcs) 9,720 13,608 19,440
28 Lead Cerdip with Leadframe 4,680 6,552 9,360
{1,000 Pcs)
Product Weight (14 Lead, g/Pcs) 0.95 0.95 0.95
Product Weight (28 Lead, 3.25 3.25 3.25
28 Lead with Leadframe, g/Pcs) _
Material Input (Kg/Weight) 1.25 1.25 125
Annual Consumption (Ton) 82.0 1148 164.0
FORB Unit Price (M$/Kg) 6.74 6.74 6.74
Cost of Material (M$1,000) 553 774 1,105
Annual Import Cost (M$1,000) 608 851 1,216
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Tahle VI. 4-13 Flow of Annual Import Cost of EPsROM Lens and Gold

After 3rd Yr.

. 1st Yr. 2nd Yr.
(Ceramic IC Package Plant) :
EP-ROM Lenz (1,000 Pcs) 1,200 10,080 14,400
28 Lead Cerdip (Volume x 1/2) (4,860) (6,804) (9,720)
28 Lead wfleadframe (Volume x 1/2) (2,340) (3,276) (4,680)
FOB Unit Price (M$/Pcs) 0.12 0.12 0.12
Cost of Material (M$1,000) 864 1,210 1,728
Annuat Import Cost (M$1,000) 951 1,331 1,900
Gold
14 Lead _ 5,900 13,860 19,800
(Volume x1/2, 1,000 Pcs) . .

28 Lead +28 Lead w/Leadframe 7,200 10,080 14,400
(Volume x 1/2, 1,000 Pcs)

FOB Unit Price (14 Lead, M3$/Pcs} 0.06 0.06 0.06

FOB Unit Price 0.25 0.25 0.25
(28 Lead, 28 Lead w/l.eadframe, M$/Pcs)

Cost of Material (14 Lead, M$1,000) 594 832 1,188

Cost of Material 1,800 2,520 3,600
{28 Lead, 28 Lead w/Leadframe, M$1,000)

Annual Import Cost (M$1,000) 2,419 3,386 4,836

(2) Raw Materials Domeéﬁcally Procured

1) Minor consumable materials

Minor cosumable materials such as organic solvents are domestically available and

are less expensive than in Japan.

Table V1. 4-14 Local Unit Prices of Minor Consumable Materials

- Local Prices Prices in Japan
ftemn (Uniy) (M3) (M3$) (Yen)
Toluene kg) 1.31 1.04 32
M.EK. (kg) 4.00 2.96 148
Acetone kg) 2.30 3.08 154
Xylene (kg) 1.24 2.32 116
Tricholo-Ethylene kg) 1.90 2.50 125
N-Butanol (kg) 2.75 8.20 410
1.1.1.Tricholo-Ethane (kg) 2.30 2.60 130
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Table VI, 4-15 Consmmable Vohinme Rafe of
Representative Minor
Consmr_lable Materials

Unit: Kg Per Product Weight Ton

of Ceramic Substrate
Ttem Rate
Toluene 88.05
M.E.X. 415.09

Table VI. 4-16 Flow of Annual Cost of Minor Consumable Materials
(Unit: M$1,000)

: 1st ¥r. 2nd Yr, After 3rd Yr.
{Ceramic Substrate Plant I) .
Toluene 3 6 6
M.EX. 58 96 96
Others 61 102 102
Total 122 204 204
{(Ceramic Substrate Plant 1I) .
Toluene 2 3 3
M.E.X. 29 48 48
Others 31 51 51
Total 52 162 102

2) Screen Mask (consumables)

The screen masks to be used for glass printing occupy a major portion of the
consumable materials., There is a problem that there is no existing industry in Malaysia to
supply the screen masks. The counter-measures to the problem are shown as follows in
the order of possibility.

i)  To procure from Singapore

ii)  The ceramic package/substrate manufacturers themselves would manufacture

them.

jiiy Technical tie-ups with similar Malaysian companies having similar

technology such as silk screen printing companies which would introduce
the necessary manufacturing equipment for screen masks.

iv)  To realise the investment of foreign original film manufacturers and mask

film manufacturers in Malaysia. ' _ '

If the above counter measures are Not available, the screen masks are to be

imported from Japan or the U.S. _

In this survey, the screen masks are assumed to be procured from Singapore with

the following assumed unit prices.
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- Table V1. 4-17 Assumed Unit Prices of Sereen Masks

(Unit: M3$/1,000 Pcs)

Products - Unit Price
Glazed Subsirate 220
. Cerdip Type IC Package '
14 Lead 1.81
28 Lead ' 6.02
28 Lead with Leadframe 6.02

Table VI-4-18 Flow of Annual Cost of Screen Masks

{(Unit: M$1,000)

Plant 1st Yr. 2nd Yr. After 3rd Yr.
Ceramic Substrate Plant 1 - - -
Ceramic Substrate Plant Tl 48 79 79
Ceramic IC Package Plant 123 172 245 -
3) Utilities

Electricity is the most important utility for the plants assumed in this survey. As to

other utilities such as water supply and fuel, etc., they are considered to be at a negligibly
low level.

Table VI. 4-19 Electricity Consumption and Costs

Plant - Monthly Consumption ~ Unit Price Annual Cost
' : . (1,000 Kwh/Month) {(M3/Kwh) (M$1,000)
Ceramic Substrate Plant 1 750 0.21 1,890
Ceramic Substrate Plant 11 750 0.21 1,890
Ceramic IC Package Plant 700 0.21 1,764
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