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CLEAN ROOM SYSTEM TECHNOLOGY IN

FUJI ELECTRIC

(1] INTRODUCTION

The introduction of a clean room (hereinafter abbrevi-
ated to CR), to be more descriptive, the efforts to suppress
and control dust and fine particle in the air for room air
purification and to improve the manufacturing efficiency
began the last half of 1960 in our country mainly from the
precise machine assembly line.

Thereafter, the introduction of CRs was expanded to
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entire range from planning to design, execution of work
and provision of operating knowhow. As of this date, Fuji
Electric has already delivered the system to about 100
places of various industrial fields being centered around the
semi-conductor industries. This time, based on these
accomplishments, special issue is made for the CR. The
description covers the wide range from the system to hard-
ware, experiment and study, and a number of experiences

the electronic industries centered around semiconductors, Table 1 Cleanliness class of CR (BCR) (Number of particles/1)
pharmaceutical industries, food industries and to the
medical fields, and now, the CRs have been widely applied Size of particle |Total particle| 0.5 um or | 6.5 um or
to various purposes as a common basic technology which Density diameter larger larger
supports the modern growing industries for new concepts Class 100 3.5
such as LSI, fine mechanical, fine chemical and biotechno- 4 km 5,200 7
1 Stratosphere
ogy. 1 km 35,000 20
On the other ha‘nd,. Fuji Elect.ric has made various Class 10,000 350 2.3
developments .for apphcatlo‘ns of static elef:trlclty for many Ocean 210,000 2,500 28
ﬁeéhrsiﬂanii'us;ng the eéec:rlc éiust .collectu:ig technlologlis, Class 100,000 | _ 3,500 28
u
ji Electric has manufacture vanc’)us products re ate. 0 Continent 17700000 | 30,000 %
the CR responding to the customer’s needs. Further, since
.. . . Non-polluted 177,000
several years ago, Fuji Electric has treated the CR as a City Toed 350.000 p
system technology, and by toncentrating the group power, Pollute ’
Fuji Electric has made the total engineering covering the Labor sanitation 1,770,000
Table 2 Density of dust within the air
Fine particle (CR) Bio fine particle (BCR) Air flow
Floating Precislitation T N
Class Size (Number of | Number of value value Pressure eImpera | yumidity | Number of | Brightness
. . (Number of ture o
(um) pieces/cu.ft) | pieces/1) | (Number of ieces/ (mmAq) €C) (%) ventilations (Ix)
pieces/1) pieces
sq.m week)
100 | 0.5 or more 100 3.5 0.0035 12,900
or less or less or less or less Lami
I
10,000 350 o
0.5 or more or less or less 0.0176 64,600
; 45
10,000 | 56 or more 65 2.0 or less or less 1.3 Designated | , 40 SO . ;‘52 1,(380
or less or less or more value ’ 620
Turbulent 1,
100,000 | 3,500 fow
0.5 or more or less or less 0.0884 323,000 9
100,000 5.0 or more 700 25 or less or less 8 or more/h
or less or less

(Note) CR: US Federal Standard N209b
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BCR: NASA Standard NH33340.2




have been accumulated. Those of company confidential of
the customers are, however, omitted or introduced gener-
ally in the description.

(2] MEANING OF AIR PURIFICATION AND
POSITIONING OF CR

Normally, existence of thousands of floating fine parti-
cles in the air is out of our concious. However, we have
experienced to see them by seeing lights despersed from
fine particles in the air by the rising sun or by motion
picture prospectors in theaters.

As for cleanliness of CRs, the levels are classified into

Table 3 Cleanliness required at various industries

100, 10,000, and 100,000 as described later.

Referring to 7Table I, it can be understood that the
class of space in a city is 100,000 which is 50 to 100 times
as great as that in a CR, and the class 100 of CR is equiva-
lent to that in the stratosphere in 4km altitude or higher. It
may also be necessary to know that the dust generated
from a human body which considerably affects cleanliness
reaches one to ten million pieces per minute through normal
motions. With considerations given to the general evniron+
ment and various dust generating sources, very precise
devises and considerations are required by the CR technolo-
gy, and the air purifying technology which was simply one
of the air conditioning technologies has been changed to a

B £ Cleanliness Class B Cleanliness Class
§§§ Application 100 | 1,000 {10,000 /100,000 ég% Application 100 | 1,000 {10,000 (100,000
Crystal refining = |CRT
Diffusion é £ | Highly reliable tube
z Etching process g § Video controller
2 | Positioning H | pcB
E Surface treatment é g Small relay
g Metal vaporisation g °§ Precise electric instruments
'é Assembly /test % E | Parts, machining, assembly
§ Raw material & & | and inspection
§ Grinding/polishing f&g;?;ii‘;g::l manufac-
Packaging

Semi-completed product
storage

Lens polishing process

Scale engraving

Machining and seembling
camera for medical applica-
tions

Injection, sealing into tube

Storing blood, Ringer’s
solution, vaccine

Aseptic surgery room

Ordinary surfery room
Recovery room ICU, CCU

Aseptic room

Lens laminating process

Manufacturing and drying

Rooms for born babies and
immature babies

Optical machine/equipment

film Aseptic room

Microfilm, development, Storing tools and instrument
drying for surgery

Assembly Aseptic animal experiment
Painting Bacteriological experiments

Test and inspection

Pharmaceutical products, Medecine, Hospital

Drug room

Electronic watch, parts,
assembly

Machining and assembling
parts for rocket

Ordinary sick-rooms

Medical examination and
treatment room

Mil, wine and acidophilus

testing and inspection

7]
Q
5
G
[}
E
%) Artificial satellite controller beverage
§ Highly reliable parts and o, | Bottling and capping bever-
g devices g ages
<= | Minjature bearing 'g Milk product and confection
§ Ordinary bearing g | packing process
: : = | Sticed and packed ham
Assembly and inspection -§ manufacturing
'Efg’ Magnetic drum = | Seeding mashrooms
g :
‘3 g Magnetlc tape Meat treatment
EE 3 Machining, assembling,
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system technology which organically consists of number of
technologies.

The class used as CR evaluation standard was devel-
oped by the technologies in the United States of America
first, and orginary, it is expressed by number of fine parti-
cles in size of 0.5 um or larger within 1 cu.ft. as shown in
Table 2.

In our country, however, under the same idea as three
ranks shown in the Table 2, class 1000 is used, or classes
300,000 and 500,000 to be called ‘““dust-proof room” or
concepts of class 10 and 1 having higher purity may also be
used. Further, for size of objective particle, in many cases,
0.3 um is used as the standard rather than 0.5 um, and
recently, even 0.1 um is used. At any cases, as described
later, the standard particle size has an extremely important
meaning, and it has been examined very carefully.

The CR classified as described above is selected in
response to the application. Tuble 3 shows standards of
cleanliness generally applied at various industries. Manufac-
turing processes are advanced daily, particularly in the field
of LSI, and it is obvious that the required cleanliness is not
absolute, from the fact that new classes have been intro-
duced. And, required cleanliness must be carefully exam-
ined for each case individually.

(3] HOW TO UNDERSTAND CR SYSTEM
TECHNOLOGY

3.1 From hardware to system, and again from system to
hardware

As long as air purification is concerned, Fuji Electric
has manufactured since many years ago an electric air puri-
fier (Fig.- I) which is built in the air handling unit for build
ings, package type filter and power supply equipmeént of
dust collector for industrial use. Thereafter, in response to
the social needs, Fuji Electric has led the industries as a
hardware supplier of CR related machines and equipment
such as clean bench, clean booth, air shower and pass box
by applying the above mentioned air purifying technolo-
gies. Adding various system requirements and special condi-

Fig. 1 Electric type air purifier (Model WLL-H-L)
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tions to these hardwares, Fuji Electric has emphasized the
systemization, and since 1976, many CR systems have
been delivered to the customers and accepted by them
favorably.

Further, recently, position of hardware has increased
again in the CR systems because of the trends to reduce
construction time, space, energy and size of particles, and
Fuji Electric has developed new hardwares such as a clean
unit, thermal clean bench, thermal clean booth and thermal
clean cube.

In other words, Fuji Electric is proceeding the develop-
ments by mutually compensating the hardware and system.
This fact is considered extremely effective as a super high
clean space of class 10 has been required and such a
concept as clean tunnel or clean tube is being presently
generated.

3.2 Total engineering

In comparison with ordinary buildings, space required
in wiring and piping for power supply, air conditioning,
water supply and drainage for CRs are greater. In addition,
various special utilities required for the manufacturing
processes are added, causing height of one floor of the
building to reach 6 to 7 meters or area of the machine room
for the CR often becomes equivalent to the area of CR.

In other words, within a CR, various machines and
equipment (7able 4) are concentrated tightly. Therefore, it
makes more complicated to handle them by type of each
machine or equipment, and in many cases, unnecessary
extra space must be provided. Moreover, essentially, rela-
tionships between air flow and various equipment within
the room, water purifier/chemical solution and draining,
special gas and air conditioner/exhaust system and selec-
tion of interior finishing material and cleanliness must be
examined mutually. At the same time, to operate the CR,
such a large energy as 10 to 30 times as great as an ordinary
building is required, and for this reason, the design must be
proceeded not only based on the initial investment (prima-
ry construction cost) but also on the running cost.

In this respect, Fuji Electric is handling a CR as one of

Table 4 Various equipment related to CR (Example)

: : Accessorial
Accessorial equip- §
ment for building equipment for Others
manufacturing

Air conditioning

Water purifier

Production manage-

system ment system
Electric equipment Special gas equip- central control
ment system
Sanitation/water Industrial water '
supply/drainage equip-| drainage/treatment H
ment equipment !
1
Interior finishing Industrial air i
equipment ex gust/treatment !
: equipment !
Security/electronic E i
equipment ! H

Val.
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Fig. 2 Limitations of investment and energy saving effect
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i depreciation years
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the total engineerings for both the contents and time
system.

3.3 Energy saving of CR

When planning a construction of CR and the reference
for judging the value can be placed on a long view point,
such an idea as “Working hard first and enjoying afterward”
could be permitted economically. Now, when annual reduc-
tion of the running cost (Ak) can be made by increase of
the construction cost (AK), the following equation can be
established for depreciation by compound interest method.

AK(I+ o) SAR{(1+a) T+ (1+a) 2+ ... ...
+(1+a)+1}
Where, a: Annual interest rate

t : Number of years elapsed
When the above equation is solved for ¢t and AK/AKk;

1 AKJAK
>
12 log(1+a) B AKJAK —o oo ©)
AK 1 (+ta)f -1 3)
A< i—(l Do e

And, the results are graphed as shown in Figs. 2(a) and
(b). The Fig. 2 ahows the calculated value for a = 0.07 also.
With the Fig. 2(a), it can be understood that when Ak/AK
(to be called investment effect rate) is not larger than the
interest rate « depreciation collection cannot be made, but
when it is larger than the interest rate, number of deprecia-
tion years reduces, and for example, when effect rate is 20
to 30%, number of depreciation years is 6 to 4 years.

Further, with the Fig. 2(b), AK/Ak (to be called
investment limit rate with number of used years #) can be
found. For example, when the view point is placed in 10
years, an initial investment which is seven times as great as
the running cost reduction (Ak) can be expected.
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Fuji Electric is always desiring to aim at the above
described target in which the viewpoint is placed far ahead
because, at present, CRs are varying as a system and new
methods are being tried.

DEVELOPMENTS OF CR SYSTEM TECHNOLOGY

4.1 Problems of cleanliness and air flow

(Cs management and C management)

To understannd the presently used CR mode, the circu-
lation system of CR which is extremely simplified as shown
in Fig. 3 is examined. Using this model, concentration of
blow out (C,) from the high efficiency particulate filter for
which internal dust generation (M) is taken into considera-
tions (hereinafter abbreviated to HEPA filter) and concen-
tration of returned air (C) are obtained. The following
equation applies.

Fig. 3 Circulation system of CR

(1-1QCs

QU—nG+rc

: I/o/ume 0f air supp//ed (exhausz‘ed) m73 / h) 4
*-Coneentration of floating dust in outside air (P/eces/m3 Jiges S uk
: Goncentration of floating dust i in supplied air (Pieces/m3): -

> Concentration of floating dust in exhausted ar P/eces/ m3 ) [

: Dusts generaled in the room (/-"/eces/m3 ). i :

S HEPA filter efficiency - :

* Expaust rec‘/rcu/at/ng rate

= 3599@‘
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{ QCs+M=0C ... ... ... .. “
Co=(—-m{rC+(A—nCol ... o .. ®)

C and C; are obtained from the above equations as
follows.

_(Q-na-n 1 .M
¢= 1—r(1—n) Co* 1-rQ-m) Q
S(1 =P —n)Co + % ................ ©)
_ @-n0-m rd—-n) M
R gy IS g ) B/
S (1 =P —n)Co +r(1 —1) - % ........ )

(where, it has been assumed as 7(1 — ) < 1.)

It can be said that the equation (6) is an equation
which can be physically and directly understood easily.

Now, in the present CR cleanliness calculations, those
the concentration of returned air (C) of which governs the
room are called turbulet flow type, and thoese the concen-
tration of blow out (C;) of which governs the room are
called laminar flow type. The latter installs the clean air
blow out port and intake port separately so that flows of
the air within the room do not mutually interfere and dust
generating source is limited to the down stream side only.
Thus, this type can be easily recognized as a C; governed
type.

However, equation (6) can be applied to turbulent flow
type only when internal dust generation (M) is dispersed
evenly and simultaneously. In other words, it may be
applied to a small room, and actually, in a large room, it
is believed that a considerably large unbalance cannot be
avoided. For your reference, when examining a system to
be C or Cs governed type, equations (6) and (7) may be
compared. The first term shows the same value, the second
term shows existence or non-existence of coefficient by
r(1—m), and if r=0.5 and n=0.9997 are applied, it be-
comes (1 — n) = 1.5 x 10™%, indicating that the width
could be 10,000 times as great.

Because of these back grounds, Fuji Electric is employ-
ing not only cleanliness but also conducting experiments of
cleanliness accompanied with air flow phenomenon, accu-
mulating actual data at the actual sites, reflecting the results
on the practical design and using computers, conducting air
flow simulations and analysis.

4.2 0.1 um fine grain and D9 Law

Fine grain which is objective to CR presently is those
of 0.5 um or larger under the standards (Federal Standard
NH109b, etc.). Actually, however, in some cases, contract
condition requires 0.3 um. Further, for the recent VLSI,
manufacturing of 256 k bit MOS-RAM and study of 1M
bit integration are topics. Further, line width on a wafer
must have been processed within 1 um, and grain diameter
to be eliminated in the working environment has been
reduced to the range of 0.1 um.

In this stage, whether or not the range of this extreme

94

Fig. 4 Particle diameter density curve (By Fed Std No. 209b)
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finness can be handled with the conventional knowledges
and on the line extended from the laws is the fundamental
problem. For example, grain diameter density within the air
is expressed as N = kD™ - log N = —qlog D + logk
(where, k and g are constants) as shown in Fig. 4 when
number of grains and again diameter are expressed as NV
and D respectively, and smaller the grain diameter may be,
number of grains increases. When this is extended to the
range of 0.1 um, however, in comparison with the conven-
tional 0.5 um, one digit higher number of fine grains must
be objective, and design of equipment for such extremely
fine grains cannot be realized.

Fortunately, for the 0.1 um, a filter manufacturer has
developed filters having one digit higher efficiency as that
of the conventional HEPA filters, and also, it has been
reported that the D™9 law has begun to saturate at 0.1 um
range.

However, still the data for handlings under various
environments are insufficient, and Fuji Electric is placing
the emphasis on the 0.1 um range, including the matter of
measurement.

4.3 Class 10 and yield point of product

For VLSI process, semi-conductor manufacturers
are expecting a class 10 clean bench, etc. at 0.1 um or
higher. Fuji Electric, as well as other manufacturers, it
employing special HEPA filters for 0.1 um guaranteed by
the filter manufacturer for such needs, and has begun the
shipment after conducting precise air flow experiments.
Speaking frankly, however, there are still unclear portions
are remained especially in the severe evaluation on the
measurement of fine grains. Fuji Electric is considering that
it is necessary not only to evaluate the class of cleanliness
but also to search fault causing mechanism due to fine
grains in the manufacturing process for the super clean
room problems.

This means that the application of the present purify-
ing system indicated by equations (6) and (7) (Number of
ventilations is increased depending on M/Q. In other words,
cleaning by thinning) is limited. For example, when
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(1) Class 100, Vertical streamline range of 0.5 m/s HEPA
filter passing air velocity (proportions to ventilation
value) is compared with;

(2) Class 10, Vertical streamline range of 5 m/s air velocity
(actually, could not exist),

(2) is superior as long as nominal cleanliness is con-
cerned. When watching motions of the fine grains, however,
it contains such a contradiction as that when a horizontal
plane is assumed, number of fine grains which run aginst
each other is the same.

In other words, when product faults at clean envi-
ronment can be explained by micro analyzations such as
adhesion of fine grains to the product and collapsing rate
of fine grians, yeild point of the product cannot be
properly expressed by class of cleanliness -only. The new
streamline theory announced by Hayakawa Study team of
Tokyo Institude of Technology has also suggested the
above idea. Fuji Electric will take this theory up based on
the actual phase and will develop it.
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(5] POSTSCRIPT

For CR system technologies, Fuji Electric’s mannes
and future development were outlined. Beside CRs and as
well as the CR for cleaning air from fine grains, there is a
biological clean room (BCR) for pasteurizing biological
grains. Since biological grains cannot be measured easily,
the ranking for CR is used as is (Table 2). However practi-
cal BCR handling considerably differs from CR for semi-
conductors.

For details including these matters, refer to each article
in this special issue. It will be our pleasure if this special
issue could be a reference to the readers and readers can
understand Fuji Electric’s CR system technologies. At the
same, we are expecting your frank opinions.

Taking this opportunity, we should like to express our
deep appreciations to those customers who have employed
our hardwares and systems and provided us with valuable
advices as we believe that the practical CR as a total
engineering can be realized only by accumulating the
experience and user’s evaluations.
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