2249145 CLEAN TRANSFER METHOD AND SYSTEM THEREFOR This invention relates to
a clean,transfer method and a systemtherefor, and nore particularly to a
transfer nmethod which permts conponents or el enents requi r22kFIAS t he

processi ng and/ or asserrbl ing of a pr oduct' associ ated with a sem conduct or

to be transfer cegatifAN Y ﬂ'ﬁi}. SYRE Rperefor. A f
convgntlonal CheaR—t-al @t..rm __p_r_aglﬁrg_ed I n such a nmanne
as shown in Figs. 1 and 2. More partlcularly, a closed space 110 is
divided into a maintenance room 112 and a clean room 114 by neans of a
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used herein indicate a - cleanliness _having 100 ox. less
particles of 0.5um or larger in size contained in one cubic
foot of air and the words "class 10" indicate a cleanliness
having 10 or 1less particles of 0.5um or larger in size
contained in one cubic foot of air. An air stream is blown
down from -a ceiling of the clean room 114 through a filter
120 into the clean room. The air stream is then outwardly
exhausted through a floor 122 formed into a grating
construction. In the so-constructed clean room 114 a clean
shuttle 124 which is kept at a cleanliness ranging £rom
classes 10 to 1 is movably arranged. The words "class 1"
indicate a cleanliness. having 1 or less particle of 0.5um
or larger in size contained in one cubic foot of air. The
apparatus 118 are each provided with a transfer port which
is open to the surface of the partition facing the clean
room 114. A wvicinity 126 of each transfer port opening is
locally kept at a cleanliness ranging from classes 10 to 1.
The delivery of an object 128 such as a
semiconductor wafer or the like bhetween the clean shuttle
124 and the apparatus 118, as shown in Fig. 2, is carried
out by introducing the object 128 from the



cl ean shuttle 124 through the vicinity 126 of the periphery of the transfer
port Iocal+ kept at a cleanliness ranging fromclasses 10 to 1 to a |oad
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structure. In addition, it is substantially impossible to
improve the cleanliness to a degree sufficient to render
the number of airborne particles substantlally near zero.
In particular, there is a possibility that particles will

contaminate the object during the delivery of
the object between the clean shuttle 124 and the apparatus
118.

Another conventional clean transfer method has been
proposed and comprises a multi-chamber system as shown in
~Fig. 3. The multi-chamber system is so constructed that a
single load 1lock chamber provided for accessing an

object such as a semiconductor wafer or the
like therethrough is commonly wused for a sputtering
apparatus 134, a CVD apparatus 136, an etching apparatus 138
- and the like. '

Unfortunately, a clean transfer method using the
multi-chamber system shown in Fig. 3 has the following
disadvantages: it is impossible to increase the number of
apparatus to be arranged in the system, the apparatus cannot
be freely arranged, and maintenance 'is troublesome.

| "We proposed a clean transfer method as



apparatus to- be arranged in the system the apparatus cannot ‘be freely
_arranged, and nmi ntenance is troubl esone. W proposed a- cl ean transfer:

" nmethod as 2 di scl osed in Japanese Patent Application Laid-COpen _
Publ i cati on No.28047/1988. However, the publication fails to cons—' er
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_ In accordance with another aspect of the invention, a
clean transfer system is prov1ded. The clean transfer system
comprlses a vacuum clean box which, in use, is kept at a
vacuum of 1 Torr or less and a vacuum chamber which are each
. provided with transfer ports through which they can be air-
tightly connected to each other, wherein said vacuum chamber
is-arranged in a first room open to an ambient atmosphere and
‘said vacuum clean box is arranged in a second room isolated E')
from sald first room, and said second room has a smaller
number of airborne particles than said first room.
.Embodiments of the present invention can var1ous1y provide
a clean transfer method and system capable of safely transferring
an object such as a semiconductor wafer or the like to various
apparatus each provided with a vacuum chamber while keeping the
environment clean; .
a—clean transfer method and system capable of being
effegfive]y directed to various applications, such as the formation
of a thin film with high precision; | "
a clean transfer method and system capable of being
effeciently applied to the manufacturing of a super-precision
component to improve the yields thereof; and



envi ronment cl ean; a--clean transfer nethod-and system capabl e of being
effectively directed to various applications, such as the formation of a . '
thin filmwith high precision; a clean transfer nmethod and system capabl e
of being sffeciently applied to the manufacturing of a super-precision

conponent to inprove the yields thereof; and 3 a clean transfer nethod
and system capabl e of exhibiting flexibility sufficient to permt
diversified snmall-quantity production, to be acconpani shed. The net hod

of the present invention can;permt t system used for practicing the
method to be sinplified ith §i'$‘ﬂl:t EF%‘FS%H 'xﬁﬁt'remp?ﬂgsamtemi Emlpcnf exbibiting
object is transfElexibibitwesuffichentyatoumpergit) bDaivdreified! smald-quantity

vacuum of 1 Torr a t he_vacuum .chanbef whil ir-tightly
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roomin which thebé’%‘%HHﬁﬁleaaﬂ lg%umy_wg a good cleanliness is noved. :

More specifically, the ean roommay merely require to be‘'kept at a.
cleanliness as low as class 10,000. ~The words "class 10,000"
indicate a cleanliness having 10,000 or less particles of O0.5[err]
or larger in size contained in one cubic foot of air. Thus, the clean
room can have a sinplified structure. Mre particularly, the

pr esent I nvention permts t he above-described floor of grating
configuration requird&ae i bhet lpresentor inventianbhe elimnated from the
cleap room resultingpen the structurgp9betheis| e2ankeertée Hethiedh! Ythe
simpMfied so _that its cost, ca reduced. Al so, the_pr nt_ o iV, Lo
permts the vact cs-lea% box (r;lf)jgé%t ng b® carried V\vk%cl%%ﬁké’efpilngf%’]'é 8r
envi ronnent i Ae®Si cAndhethy| stacunm chamber while air-tightly connecting

the respective transfer ports of the wvacuum. clean _box and
vacuum chamber to each other, so that it is not required to
keep a clean room in which the wvacuum clean box 'liaving a
good. cleanliness is moved. More specifically, the clean
room may merely require to be kept at a. cleanliness as low
as class 10,000. The words "class 10,000" indicate a
cleanliness having 10,000 or less particles: of 0.5um or
largexr in size contained in one cubic foo_t of air. Thus,
the clean room can -have a simplified structure. . More

particularly, the present invention permits the
above-described £Eloor of grating configuration required
U in the prior art to be eliminated £rom the clean room,

resulting in the structure of the clean room being highly
simplified so that its cost can be reduced. Also, the
present invention permits the : -o_bject to be
carried while keeping the environment in which the object



is transferred clean, to thereby realize the formation of a in film wth .
hi gh * preci si on. Furt her, the present invention does not restrict the

way, t h r or . Rr i ] ti t eLged object is
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Fi @iverdified sfiaflPiaan¥iey poansgianconventional multi-chanber system
Fig. 4 is a schematic plan view showi ng an enbodi nent of a clean transfer
met hod and a systemtherefor according to the present invention; Fig. 5 is
a schematic side el evation view of the clean transfer systemshown in Fig. '
4, Fig. 6 is a side elevation view showi ng a vacuum cl ean box and a vacuum
chanber prior to the connection therebetween; Fig. 7..is a side elevation

vi ew showi ng a vacuum cl ean box and a vacuum chanber which are connected to

each ot her mEi i g b r nt At i oW ation ships
bet ween t hérhEu vg?lt%(fh glsr{)%yr%y%ézfpffﬁ Z’sagfé%‘aﬁ?n :gh aﬂ}ghgﬁ%er and t he
degfaldowing adetahled dessriptiopcto heneongidered) inj gonngectipmpiith al

rep{g&sge&@dﬂagﬂmrgzm%ms,tmrgmt).er of airborne particles when air I'eakage.
occurs in a chanmber kept vacuumsealed. In Figs. 4 to 9, like reference

nuneral s designate |ike or corresponding parts throughout. In the
s divi dod FHF0 & rbFnierBlEB AOSK 1EDRBLAS: & SPORYARGAPRRN LSRR P an
antirans ferosphbod and a syspemf therefeas room 14 by neans-of a partition
16. The pggeap 1508"schdmERYc BEdekelevation?view of the clean
transfer system shown in Fig. 1; _
Fig. 3 1is a plan view showing a conventional
‘multi-chamber system;
- Fig. 4 is a schematic plan view showing an embodiment
of a clean transfer method and a system therefdr’according to
the present invention; o
Fig. 5 is a schematic side elevation view of the clean
transfer system shown in Fig. 4;

Fig. 6 is a side elevation view showing a vacuum clean

box and a vacuum chambe: prior to the connection'therebetween; -
 Fig. 7 is a side elevation view showing a vacuum clean i.)

box and a vacuum chamber which are connected to each other;

Fig. 8 is a graphical representation showing relation
ships between the number of airborne particles floating in a
chamber and the degree of vacuum of the chamber; and

Fig. 9 is a graphical representation showing the
number of airborne particles when air leakage occurs in a
chamber kept vacuum-sealed.

In Figs. 4 to 9, like rgference numerals designate like or
corresponding parts throughout. In the embodiment of the invention



cleanllness somewhat hi gher than the nai ntenance room12. In the

mai nt enance room 12 vari ous apparatus 18 used for -precision thin film
formation:@and the |ike carried out for the manufacturing of a sem conductor
are arranged.- The apparatus 18 are each provided with a vacuum chanbéer . 20. .
The cl eanliness of the S|an|f|ed cl ean room 14 may be kept as | ow as about
class 10, 000; therefore, is not necessary for the clean room 14 to be

provided with such a fl oor of E{;\ ngaTyrng structure as requi rgg in the arlor
art shown in Fig. 2. Shaym in F3 49 Teduitiered $PRGeql0t hE dixddedoom
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arranged 16 aksaprovdgleﬂ mnbhe surface ptheveef ofagingngthe r simpAdfded
between t Rgedldlt btRon?8 1d/ifth a flanged transfer port 22 for the
apparatus 18. In the simplified clean room 14 a vacuum
clean box 24:' is movably arranged and mounted on a ._ca.rriage_'
26 or the like. Thus, the simplified clean room 14 is used

as a transfer room for transferring - an . object. .
Alternatively, the vacuum chamber 20 or both the vacuum
‘chamber 20 and vacuum clean box 24 may be movably arranged..

The vacuum clean box 24 is evacuated to a |

K/ vacuum of 1 Torr or less, to thereby keep it clean. For
this purpose, the vacuum clean box 24 per se. may be
provided ﬁith a vacuum evacuation system. Alternatively, a
vacuum evacuation means may be separately arranged so as to
communicate with the vacuum clean box 24, resulting in the
vacuum clean box being evacuated to - a_ vacuum of
1 Torr or less when use of the box 24 is started. Also,
the vacuum chamber 20 as well as the vacuum clean box 24
may be kept at - a vacuum of 1 Torr or less. .
As shown in Figs. 6 and 7;- in the flanged transfer
port 22 of each apparatus 18 provided with the vacuum
chamber 20 is fittedly arranged a shutter 28 in an
air-tight manner. The vacuum clean box 24 is provided wifh
a transfer port 30, in which a shutter 32 is fittedly



transfer port 22 and ~ between the shutter 32 and the transfer port
30, the shutters 28 and 32 are provided wi th O-rings 34.and 36,
respectively. Also, the transfer port 22 on the side of the apparatus’18 is
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sevalve | shkugbure.and finally to 20 Torr after a third |eakage, the
nunber  of ppai rborne par tyg@in 28 "che OVRLAHm dT8MH ahb6kY 2421 €T each

| eakage. . Fi g I nd] gt es that ag i ncrease in _pressure in the chanber to
skl akyr3 Fvﬁﬁré SIirnt‘?’bd e8Bon % r TEfESePRE MHddpdre by 7
made to. Figs. 8 and 9. Fig. 8 shows the number of airborne .-

particles of 10um, Sum, 3pm, Lum and 0.5um in size counted
when an experimental chamber open to an ambient atmosphere
was closed at 0 minute and then evacuated to vacuum through
a vacuum evacuation system. As will be noted £from the

results shown in Fig. 8, floating of particles in the
experimental chamber is observed when it is evacuated to 20
- Torr or 5 +to several Torr; however, floating of o/

particl_es-' is never observed when the chamber is evacuated
to 1 Torr or less. Fig. 9 shows the number of airborne .
particles counted immediately after a slight amount of air
was introduced, by leakage,  into the experimental chamber
which was vacuum-sealed. This £first:  leakage results in the

' : . pressure in the
chamber rapidly increasing to 8 Torr, them to 15 Torr
after a second leakage, —and finally to 20 Torr after a
third 1leakage, the number of airborne particles being
counted immediately after “each leakage. Fig. 9 indicates
that an increase in pressure in the chamber to several Torr .
or more due to introduction of air into the chamber by _‘
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| eakage causes . floating of partlcles to occur therein. Thus, as can be
seen fromFigs. 8 and 9, the evacuati'on of the chanber to 1 Torr or |é€ss
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causes the shutters 28 and 32 to face each other through
their abutting surfaces by the act;ion' Qf the permanent
magnets 46 and 48, so that the O-rings 42 and 44 cause air
between the abutting surfaces of the shutters 28 and 32 to
be sealedly held therebetween. Then, the lock members 40
are released to remove the mutually connected shutters 28
and 32 as indicated by phantom lines in Fig. 7, to thereby
cause the transfer ports 22 and 30 to communicate with each
other. Subsequently, the " object 50 on the side
of the vacuum clean box 24 is moved to a predetermined
position on the side of the apparatus 18 such as, for
example, onto a holder 54 arranged in the vacuum chamber 20
on the side of the . apparatus. The +transfer of the -
transferred object 50 from the side of the apparatus to the
side of the vacuum clean box likewise may be carried out in
substantially the same manner while keeping the transfer
ports 22. and 30 air-tightly connected to each other as
shown in Fig. 7. .

The shutters 28 and 32 can be removed while belng air-
tightly held together, so that the removal of the shutters
does not cause leakage of air into the §ystem. Also,
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manufacturing of a  super-precision element, such as the
type of semiconductor expected in the future, while
improving the yields thereof. Also, the present invention
permits i:he- number of vacuum -clean boxes and vacuum
chambers to "be varied as desired, resulting in it
exhibiting f£lexibility sufficient to permit diversified
small-quantity produdtion to be attained. Further, in the
present invention, the cleanliness of the chamber in which
the vacuum clean box is moved can be kept at a relatively
low level, to thereby significantly simplify the structure. o/
Moreover, the o : object is carried directly from
the vacuum clean box to the vacuum chamber, so that the
load lock chamber required in the prior art or the like may
" be eliminated, to thereby further simplify the structure.
_ ‘While a preferred embodiment of the invention has been
described with a c'e_'rt'(ain degree of particularity with
reference to the 'drawings, obvious modifi'cations and
variations are possible in light of the above teachings. It —
— 1is therefore to be understood that within the scope of the '
appended claims, the invention may be practiced otherwise
than as specifically described. '
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be elimnated, to thereby further sinplify the structure. -Whi ke a preferred
enbodi ment of the invention has been described -with a certain degree -
of particularity wth reference to the draw ngs, obvi ous

modi fi catigns and variations are possible inTight of the above teachings.

It is therefore to be understood that within appended
clainms, the invention may be pract I ced ot her‘mmﬂmgn“m“}IMl:l fi cal I y
descri bed. 9 Cdy A % M &S

S *5 1. A clean Fansfer met hod conpri si ng the step of
transferring an object between a vacuum cl ean box kept at a vacuum of 1

Torr or |less afd &.vacdumcdieanbetrahéfer koegtihogl t camptisinor ttheof smipd of

vacuum cl ean box %&dnsaeyym Wge@tr bétaéézkya Gmsmt %Q‘e&ﬁ E‘&Eheéﬁﬂ‘%rb
wherein said vacuyy é? s arrang

0
anbi ent at rmsphereagﬁam %{ﬁnﬁ LERR BBQ ?‘sv%ﬁ‘?"é% mgﬁra%@c%ﬂ&equ.&%
i sol ated from sai Grﬁpsgﬁrrmﬁﬁ;s 2okl %%Nj vaquwng c1esm has and nyd¢uym chamber
concePtratloE of ai&beigntmr tbfih@stédlato s @adhf Idé:hbrr O@Nerédn?. salfdAxfé!c@%ax
transter net a g rel ns ppr t ls
vacuum chanbeﬁi%l s%glr%‘glﬁg 3’ Iadsflla (jad g}?sgl %%gorf?% érﬁeénz £ aﬁ %&&%él&n
transfer method a@tBeFpP éﬁeﬁﬁ%lsa‘?ﬁﬁ yagman sleanabaxiig s’trrPBSﬁﬁa*ﬁl & Eesiend
room are a nai nt exraomeisobated) d reomt saﬂdfﬂrs’u)mmesmtda\ial peaomd arsom has
i solated from each Qﬁx@ﬁex%o?acaﬁ{:i»?é é&i&éﬁﬁ‘ﬁ%@&i&ﬂéé ! nsé‘éﬂi?
chanber being arranged on a sid sal partition’tacing sald second room
25 4. A clean tF8®er method as defined in claim1, 2 or 3 wherein at
Ieast\gne of 9& d vacuum cl ean box and vacuum chanber is npvable, 30 5.

A clean transfer @et hoqk éﬁeﬂ?fthf:aﬁdféﬁ u@t&b@é’cdﬁi‘iﬁﬁb”t&%D.Qit\ialcuﬁalr&iﬁ%'&lﬁox
I's nmovably arrang

wher ei n sai d vacu%ﬁagﬁgﬁﬁ %‘?& °§ B%f%%ﬁmifhe?%ne f‘oa‘asirae of

sald second room.

20 3. A clean transfer method as defined in claim 2 wherein
said first room and second room are a maintenance room and a
transfer room respectively and are isolated from each other by
a partition, said transfer port of said vacuum chamber being
arranged on a side of said partition facing said second room.

25
4. A clean transfer method as defined in claim 1, 2 or 3
wherein at least one of said vacuum clean box and vacuum
chamber is movable. -

30 5. A clean transfer method as defined in claim 4 wherein
said vacuum clean box is movably arranged.

6. A clean transfer method as defined in claim 5 wherein
said vacuum clean box is movably arranged with respect to a
- 35 plurality of said vacuum chambers, and said vacuum clean box
| is capable of being selectively air-tightly connected w1th
each of said vacuum chambers. L
7. A clean transfer method as defined_in any preceding claim
40 wherein said vacuum chamber is kept at a vacuum of 1 Torr or
less.
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35 plurality of said vacuomchanbers, and sai d vacuum cl ean box is capable
of being selectively ai r-t| th each of said vacuum,
chanbers. 7. A clean tran ﬁ“’ﬂ@ﬂm i ned in any preceding cI ai m 40
wher ei n sai d vacuum chanber asvacuum of 1 Torr or |ess. g; 8.
A clean transfer nethod as defined in any preceding claimwerein d

vacuum chagber ps a&?EB&‘i’sf&ﬁ AsPhdiEided 113 g c?al mi\%ﬁe@l&ﬂne“

A clean transfer d as an rei_n said
Cranster pBPEESUR ARkt YARBHEFRIBIRF thi AARRROSS S5 P51 ded

wi t h shutt precésgingpeaidi phjeat d vacuum cl ean box and vacuum chanber ,
respectgvel y, said nmethod 10 further conprising t he step of renoving, said

shutters fpom sai vac umc ean id shutters
are air-tightly ch]h % 'R g ?gsr%%%:{e%nsa&ydpgﬁﬁm g&ﬁ ®box and
vacuum chawbereﬂamnﬁ%mw?? e tPexk bt prid vacuwp clean| bexn epdnsfer

met hod as deéumcbnai\mlraaﬁ"egpwmd@dnwsm:cbumwsnﬂoﬁt@erawﬂgdeazdl sposi ng

said coupl odo gt E%%ﬁ J%QHS&J i &%ﬁfe‘i“”]:&éé vacuu%ac'?aean?“%ﬁgﬁhanber

11. A cl ean vacuum er s em conpri gin O0x whi ch,

i n uselQi stREphen: copREiging shelstsp,o r?f&@%@%%%ﬁﬁ&ﬁaﬁsem whi ch
are each psavddexbuint klaahrims fand pactuh t'ahmg:hr\/\hhthetéﬂd ahuthers

ai r-tightl y,gopnectid iy %eﬁheeiaernog\&%%i oseéglu%a AR kS

arranged in first Toomopen to an anbi ent, at np sal d vacuum

C1 ean box P15 bR, Anh S aChin o) SPBTL Cof b3 ﬁasa.a BFot room
and said second room has a snal | er nunber of airborne particles than said
fir 3t t &QOW}O 12. ?léfkﬁa&%ﬂﬁéif ethpat 331 AEEDREH N tdlafilrrﬁbmwi%r\é’ﬂfﬁr ei na&@
sai ransfer ;port of s va is atra n.a side of sai
second rooffidFemeving fien IAEIRE APRRES o8) h R ¥ eiicnds SR 70 |
said fi rstoneoﬂfm%mnamrgbwartpxaamél Weewan «hamdhen-and a 35 transfer
room respectively and are isolated from each ot her by

11. A clean vacuum transfer system compr1s1ng'a vacuum clean

20 box which, in use, is kept at a vacuum of 1 Torr or less and
a vacuum chamber which are each provided with a transfer port
through which they can be air-tightly connected to each other,
wherein said vacuum chamber is arranged in a first room open
.to an .ambient atmosphere and said vacuum clean box is arranged

25 in a second room isolated from said first room, and said
second room has a smaller number of airborne particles than
said first room. '

12. A clean trapsfer system according to claim 11 wherein o/
30 said transfer port of said vacuum chamber is arranged on a
side of said second room.

13. A clean transfer system as defined in claim 12 wherein

" said first room and second room are a maintenance room and a

35 transfer room respectively and are isolated from each other by
a partition, said transfer port of said vacuum chamber being
arranged on side of said partition facing said second room.

- 14. A clean transfer system as defined in claim 11, 12 or 13
40 wherein at least one of said vacuum c¢lean box and vacuum
chamber is movable.
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a partition, said transfer. por t —of—said—vacuum chanber bei ng arranﬁéd on

side of said partition facing said § f A clean transfer
system as~defined in claim11, 12 Oﬂ[ﬁmg‘miﬂmﬂ | east one of said
vacuum cligan box and vacuum chanber me.sllx . 15. A clean transfer
system as defined in claim14 wherein said vacuum cl ean box is novably"

arranged. 5 16. Agml ean dleams E@ansFéi apstentakbi Badined drhicTalh tenvhesdily a
plurality of sai dsav-%c%ghﬁfaagi)géé badJﬂi %ggﬂ]é}zaé a\ﬁ%t% um cl ean box is
) t1ghtTy ted W

capabl e of being selectively air- conn ‘each of said vacuum
chanmbers. 10 17. A clean transfer systemas defined in any one of clains 11
to 16 wherei n Baixk.vacecleahadttdamsfies dytiernas dafdnedMmblain@y conptsing

18. A clean transf %'léﬁ:g?f%g? 8f Siefd Rafhulh 2BYmBEEs %&l‘&@ﬁiﬁ%ﬂawaé&um. g

wherei n said vacuy ]S arrapged I n an .apparajus for. progessi S ai
transferred objeci+e3fg. baXc| ¥ WéﬁgFeP%y%eéﬁsgssﬁ TP 34D b 4
clains 11 to 18 wmmeictedawiith reamdf @f peidsvaduwnichapbeysm cl ean box 20 and
vacuum chanber are provided with shutters for operating said vacuum cl ean

box and vacuum c er, respective sai d_shut .S _helng renpvable from
sad vacuum dbar box AS1S30 EHATier SYRERR 14 dedihedot R bt TR St rlAEHR.
t oget her to resul¥l ite 36ivwhereinuaaidsarwsyk chanbendfikepPhaa®ay vacuum of 1
comuni cati ng W tiorb ogaglset her. 20. A clean transfer nethod
substantially as herei nbefore described with reference to Figs.4 to 7 of

t he acconpanying drawi ngs. 30 21. _A clean transfer system substantial]y as
her ei nbef ore” descd -bed® AXERDy EFBRIRG: sySLemgas Aefdnedyin Yy QoeoRaFA

draw\ngs. 12 15 11 to 17 wherein said vacuum chamber is arranged in an
apparatus for processing said transferred object. )

19. A clean transfer system as defined in any one of claims

11 to 18 wherein said transfer ports of said vacuum clean box
20 and vacuum chamber are provided with shutters for operating

said vacuum clean box and vacuum chamber, respectively, said

shutters being removable from said vacuum clean box and vacuum

chamber while béing air-tightly connected together to result

in said vacuum clean box and vacuum chamber communicating with
25 each other.

20. A clean transfer method substantially as hereinbefore
described with reference to Figs.4 to 7 of the accompanying
drawings.

30 '
21. A clean transfer system substantially as hereinbefore
described with reference to Figs.4 to 7 of the accompanying
drawings. '
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