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| MPROVED SI LI Cl DE FORVATI ON ON POLYSI LI CON
I nvention Field of the Invention The present

i nvention relates to a technique for nmaking a sem conductor 5 device that
i ncludes the formation of a silicide |ayer on a deposited silicon tayer.
Description of the Prior Art In the productjon of
integrated circuits (I1Cs), it has becone common pragtrcento form
silicide conductor layers. The silicides are conpounds cofrprising a

refractory metal anPATENT ﬁPEC[EI(bATIONe form @, 17&8I3 ed

Background of the

pol ysilicon. The 10 re 5{?‘ monly used or proposed I ncl ude
titanium tantalum ngsten '*gﬁgﬁ u nd cobalt, anong ot hers.
Such netal silicide | ayerls]toﬁavhempgllg?l Ve Y HbBﬁFn gh conduct i vi ty, and when
| -t hogr aphi egREX TS t er er e ate qde for field

ef fee® tr b3 ' _\:e\ ?’ 2t g% at‘ (f’%‘ﬁf éﬁ’“‘f%ia)s“"t}‘%nners" for

i nt efggo 6*.\ PUPRiL AT ! éﬁ) (9? the integrated circuit. 15

For { \ to Fig typ MOS structure corrprlses a p-
typetsil f@ﬂhcatﬁmf‘rp%ez‘sd‘e\@elgﬁ a XaBE®E. region 101 could be
a p-tp) . nr\ethcatroarmrtstwmprﬂs 1968+ neNdb. 20470/68 substrate, and

n+ doped regions 103 and 104, having silicide

| ayers 106 ane ' forn@dmplblersmiﬁpation Publishedp@d4ni,M&10y. The gate el ectrode
conprises a doped polysilican layer 109 and 20 silicide |ayer 108

~over | yi hejexat garteanoi-B#8 AURI4B, TIRG4CIA, ER BICHGVIRI4GI XaR 1458 1RGV.e312%); by

spacers 129 and 130, asBSR{8CIBE, 8€asyd, Ul).t he "lightly doped drain" (LDD)

St I UCt UfnEernational ClastitA%SH 000 .4 31/p9, same conductive layers that formthe gate
el ectrode may extend over the field oxide region 120, form ng a runner
conprising doped pol ysi | COMPLET¥eSPECIFICATI®ONand si|icide |ayer 122. The
conbi nation of the doped pol yI_sll licon and silicide 25 layers is frequently

i ncl Tdes swY

referred to as the "pol yci de"tS¥f ArtiFles. n the art. Various ot her _
appl i catign [ | Ci r no r and optical devices.
2"t e bl e R i SR e O el

smal | er British (Ecmlpaﬁ)Sﬂo rhere@s@eamé theink edue/aent ml fog Ed Difyery defofeUthe Ci I CUi t
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ol udeBel i Fy ﬁgggsgn i B i Dol P et Iaee  100) and t ne
silicider aﬁye@d'rrbé an (ﬁl@%lﬁ@ N actdtion tempekaBir® lo%@sdgéiﬁls (e.g., gate
| engt h) statemennk—bel ow 1 m cr orret er, iatd beow |sroa¢rirqg pomt of the ther-

This invention relates to nnprovements moplastic polymeric materials and removing
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in or relating to hinged articles.
According to the present invention we
provide an injection moulded hinged article
comprising at least two members each hav-
ing a foamed core of a composition con-
taining a thermoplastic polymeric material
integrally formed with solid surface layers
of a composition containing a thermoplastic
polymeric material and each member being
joined to at least one other foam cored
member by an integrally formed hinge of
substantially nonfoamed material. These
articles may be made by injecting a mould-
ing composition containing a thermoplastic
polymeric material. at least part of the
moulding composition injected being a
foamable composition containing a thermo-
plastic polymeric material and a blowing
agent, at a temperature above the softening
point of the thermoplastic polymeric ma-
terial and above the activation temperature
of the blowing agent, into a mould pro-
vided with a pair of opposed mould sur-
faces against which the desired non-foamed
surface layers are to be moulded to form
the foam cored members and with a hinge
defining mould component positioned so as
to form a flexible thin hinge of a substan-
tially nonfoamed material between the de-
sired foam cored members, causing non-
foamed surface layers of the moulding com-

[Price 55.0d ]

the moulded article from the mould, said
hinge defining mould component being ar-
ranged to substantially destroy, or prevent
the formation of, any foamed structure
along the line of the desired hinge.

In one method of operating this type of
process all of the moulding composition
consists of a foamable composition and the
core of the foamable composition is allowed
to expand while at least two opposing sur-
faces of the foamable composition are con-
strained so that no foaming takes place at
these surfaces.

This method of operation is hereinafter
termed the ‘‘one-shot™ process.

The surfaces of the thermoplastic ma-
terial may be constrained in any suitable
manner. For example the opposed mould
surfaces against which the non-foamed sur-
face layers are moulded may be maintained
at a temperature below the activation tem-
perature of the blowing agent so that any
material which contacts these surfaces will
not become foamed.

A preferred method of constraining the
surfaces is by use of a mould arranged so
that the opposed mould surfaces are cap-
able of movement away from each other to
a predetermined extent so as to enlarge the
mould cavity, the mould surfaces being held,
for example by hydraulic pressure, against
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necessary to reduce the so-called "stack height" of the polycide structure
(dl') to less than 1 mcroneter, and desirably less than 0.5

m cronmeters. This is necessary in order to reduce problens relating to

et chi ng of retativetythick tayers, aswett—as Tor—35 preventi g excessi ve
step heights that interere with the formati on of overlying
-2- circuit elements. However, as the stack height of the gate

el ectrode decreases, the probabl lity increases that shorts will occur
between the ghte el ectrode and t he biflédtEnt source/drain el ectrodes?
during silicide 4gr iRbd,Q AT of MedMirbddy FhHr e Bf APk bxé‘I: he

i nterface bet weesﬁbuud;%vnp Mtﬁlﬂ{ ?IE’J fnp@sﬁ d do é‘o?nsénd?ls%s's %is/%ot &Yseh:b been
observed. These { nGbltmoahmgeoflﬂmfoanidde cim-eab osduort s and de- | am nat [ on of

t he si| | 51 i % composm leg q% unti] ge dvd @qe@w%)hogltofsqyaqcpmlgg é}@

the planarity Ofde(i nonfoamegéfrﬁlci yer 1’11 Qﬁ@‘ % d%nyﬁ‘) ,%nh@, omes
concave, rather ﬂoh&'ﬁhnbeinngﬂir ehtd@filthe mouldp oW ety a@t@ﬁmﬁjﬂ a%léel’
ltYf al“héheh rﬁbemtquhincay@y is en- composition. \Ig thigway ithevicomt @ﬂ then
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addition, the subenlbayerrﬁe mmmfltnm ohlyt V&yld:lhfoflﬁé’dl RO thaf the Nrequlird® Guadity

t extures.
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process the hinged foam cored articles are
made by first injecting a predetermined
amount of a non-foamable composition
containing a thermoplastic polymeric ma-
terial into the mould cavity and then, before
the core of the non-foamable composition
has solidified, injecting the foamable com-
position at a temperature above the soft-
ening point of the thermoplastic polymeric
material and above the activation tempera-
ture of the blowing agent into the core of the
nonfoamable composition in the mould cav-
ity. In this way the nonfoamable composition
forms nonfoamed surface layers against the
opposed mould surfaces while the foamable
composition forms a foamed core between
the non-foamed surface layers.

In this case the injection moulding ma-
chine must be arranged so that two differ-
ent compositions can be injected sequen-
tially.

There are several methods by which this
later process, which is hereinafter termed
the “two-shot” method, may be operated.
One method uses a conventional injection
moulding machine in which a predetermined
amount of the non-foamable composition is
introduced into the front of the barrel of
the injection moulding machine and the
foamable composition introduced into the
barrel behind the non-foamable composi-
tion. This method, however, suffers from
the disadvantage that if the process is oper-
ated repetitively, which is desirable, the sec-
ond and subsequent shots of non-foamable
composition are being introduced into a
region of the barrel of the machine which
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D lg; composition may be
mtro ucmg e% ‘mould in the ynext
moulding cycle thhout it mixing with any
of the foamable composition. Again the
system can be programmed if desired to
inject a small amount of non-foamable com-
position at the end of the injection stroke
to sweep the nozzle clear of the foamable
composition. Alternatively, two injection
moulding machines may be used, each of
which injects material through separate
nozzles into the mould, the timing of the
operation of the machines being correlated
so that the desired amount of non-foamable
composition is first introduced into the
mould and is then followed by the desired
amount of the foamable composition. In
some cases, the system may be programmed
to advantage so that some foamable com-
position may be injected before all the non-
foamable composition has been injected.

As in the case of the one-shot process,
an enlargeable mould may be used. When
using an enlargeable mould cavity with
either the one-shot or two-shot process, the
enlargement may be effected by instantan-
eously relieving the pressure holding the
opposed surfaces of the mould together so
that the pressure generated by the decom-
position of the blowing agent forces the
opposed surfaces of the mould apart and
thus allows foamable composition to foam
and expand to fill the enlarged mould cav-
ity. Alternatively, the pressure holding op-
posed surfaces of the mould may be re-
duced slowly thereby allowing a controlled
expansion of the mould. In ecither the one-
shot process or the two-shot process, where
an expanding mould is used, the expansion
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Fig. 4 shows the polysilicon sub-layers and a silicide |ayer thereon.
Detail ed Description The present detail ed description
relates to an inproved net hod of form ng a sem conductor device
conprising a doped polysilicon/silicide |ayered 30 conductor. Referring to
Fig. 2, the rate of -depositing the polysilicon conductor |ayer S
varied as a function of tine. In the illustrative case, tw periodic cycles
are shown, producing four sub Ia ers of deposited polysilicon,
However3 the number of cycl es 188 hence nunber of sub-layers’ may be
any desi r%@tﬂamﬁrmayﬂa%ﬁéﬁﬁqmw wthe T&eagﬁg%%g&agmml hYy Begils with a
| ow deposigrissute ited bilthe dedmpesiv dTy im this ghveBiondmpO Db tolasgified ainder( D err] ) ,
whi ch comﬂlq blewing pgent, jor slter@ytdl extang st te}e rwtahleé@cqulwes the addi ti onal
cycl es. o@’ﬁﬁfd%ﬂﬂ °tf§lpll'e5\ﬁf’ 6?315’0 AEBELy a{tq ed@ ; %('a?i lug‘ﬁgﬁgﬁr gpshown

- u%ﬁ e'rﬂotﬁ'dsgused?m e seh é&é}l&: bdd byl tBE from
cycl e to oyehbm. 1n\8nﬂinn| miy Ye textured tot g hicgjyphdmpoSnaltdrlahan’datvhlcl;()@tmonan may

change frdl‘ﬁ't Q%@Peem "{gg thas f°amm§1 pEpASHiers ar e
(Y Cal g el e mﬁﬁm o
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terrper amucseondm surfas ﬂneh u@e@het on-c htédle Jedrotaebode 9@4 as orntmet eThef desired.
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stiffness of the moulding include glass and
asbestos fibres or glass and mica plates op-
tionally coated with a resin to improve ad-
hesion between the filler and the thermo-
plastic polymeric material. If desired, dif-
ferent additives may be included in the
foamable and non-foamable compositions.
The amount of non-foamable composi-
tion that is injected into the mould will
depend upon the size of the mould and
the required thickness of the unfoamed

surface skin.

Any suitable thermoplastic polymeric ma-
terials may be used in the production of
hinged articles according to the present in-
vention but naturally the actual material
used will depend on the use envisaged for
the article. For example, if the article is
to be subsequently subjected to elevated
temperature, such as those used in conven-
tional painting and stoving techniques, the
preferred thermoplastic polymenc materials
are polypropylene, polyamides, polycarbon-
ates, acrylonitrile-butadiene-styrene copoly-
mers, polyacetals, polyphenylene oxides and
polysulphones. Other materials such as
polymers and copolymers of vinyl chloride,
polyethylene and polymethyl methacrylate
may be used providing the articles are used
at lower temperatures.

On the other hand, if a somewhat flexible
moulding is required, then a plasticised
vinyl chloride polymer may be used.

be hsedmmst manyghtiqud dopiag aém o nitk0
ﬁate
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of the total foamable composition of the
blowing agent which may be incorporated
into the composition in any suitable man-
ner. For example, the thermoplastic poly-
meric material may be soaked in a liquid
blowing agent which will thus be absorbed
by the thermoplastic polymeric material.
If, on the other hand, a solid blowing agent
is used, it may conveniently be dry mixed
with a powdered or granular thermoplastic
polymeric material to obtain an intimate
mixture. Alternatively, the blowing agent
and the thermoplastic polymeric material
may be hot compounded at a temperature
below the activation temperature of the
blowing agent, on, for example, a two-roll
mill, or in an extruder and the crépe or ex-
trudate so obtained chopped, or diced to
provide a suitable injection moulding com-
position.

In the two-shot method the thermoplas-
tic polymeric material in the foamable com-
position may be the same as or different
to the thermoplastic polymeric material in
the non-foamable composition. Thus, it
may be desirable in some cases to use a
rigid polymer for forming the non-foamed
surface layers and a flexible material, for
example, a plasticised vinyl chloride poly-
mer, to form the foamed core. Here again
the amount of foamable composition that
is used will be determined by the size of
the mould and the required foam density.
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the relatively high doping level in the

| ower) sub-layers provides for adequate doping
to produce low resistivity in the final polysilicon layer. In general,
t he dopant concentration may decrease in a variéty of nonot oni ¢
sequences. For exanple, the concentration may remain the sane for two

(or nore) adjacent sub-layers, and decrease thereafter. Furthernore, one or
nor e of the topnost sub-layers may be formed entirely w thout dopant
(i.e, undopged). 25 Various high- tenpéﬂéﬁﬂﬁe proceSS|ng steps subseq&ent to
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opposed mould surfaces that is opposite to
the hinge defining mould component so that
while foaming of the core takes place in
the rest of the mould cavity, no foam core
is formed between the non-foamed surface
layers in the space between the hinge de-
fining mould component and said one op-
posed mould surface.

Another method, which may be utilised
when an enlargeable mould cavity is em-
ployed, is to arrange the hinge defining
mould component so that it remains at a
constant distance from one of the opposed
mould surfaces, the relative movement be-
tween the hinge defining mould component
and said one opposed mould surface being
effected by the predetermined movement of
the opposed mould surfaces away from
each other.

Another method of forming the hinge is
by using a hinge defining mould compon-
ent, heated to a temperature above the
softening point of the foamable composi-
tion, which is forced against the moulding
after foaming has taken place to compress
and fuse the foamed core of the moulding
along the desired line of the hinge. In this
case therefore, relative movement of the
hinge defining mould component and one
of the opposed mould surfaces takes place
to compress and fuse the foam core of the
moulding between the hinge defining mould
component and the other of the opposed
mould surfaces.

In yet another method of forming the
hinge, a piece of thin non-foamed flexible

{. bove?f igeed aftgy formfion b tke moyli-y
n@qrg% 6}:‘@%@15% CFOSJ’-&CUOH of an enlarge-

able mould with a fixed hinge defining
mould component.

Figure 4 is a cross-section of the mould
of Figure 3 after enlargement of the mould
cavity.

Figure 5 is a cross-section of a non-en-
largeable mould with a hinge defining mould
component in the form of a clamp for a
fabric hinge.

Figures 6 and 7 are cross-sections of an
enlargeable mould, before and after enlarge-
ment thereof respectively, having a hinge
defining mould component in the form of
a clamp for a hinge of plastic film.

Figure 8 is a plan view of a blank formed
in accordance with the invention.

In Figure 1 a mould is shown consisting
of the mould components 1 and 2 defining
a mould cavity having surfaces 3, 4 against
which it is desired to form non-foamed sur-
face layers. A hinge defining mould com-
ponent 5 in the form of a bar is slideably
mounted in mould component 1. A foam-
able composition is injected into the mould
cavity through a nozzle (not shown) at a
temperature above the activation tempera-
ture of the blowing agent in the foamable
composition.

Surfaces 3 and 4 are cooled to below the
activation temperature of the blowing agent
so that non-foamed surface layers are
formed against these surfaces from the
foamable composition while the remainder
of the foamable composition foams to form
a foam core between the non-foamed sur-
face layers. The hinge defining mould
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Pol ysilicon was deposited by the | ow pressure chem cal vapor

deposition (LPCVD) technique onto a silicon dioxide gate dielectric |ayer
on a silicon substrate. The deposition was acconplished by pyrolysis
of silane (SiH4) at a tenperature of 620 degrees C. The deposition
rate was varied froma lowrate 15 (D)L) of 10 angstrons per mnute to a
high rate (DH) of 100 angstroms per. mnute for a total of 4

hal f-cycles, as shown in Fig. 2. The dep05|t|on rate differences [err])
were dbtained by varying the pressd®83from0.4 to 1.3 torr in thd oV

react or. cdhponent 5 Iredead toQQLﬁ(&HtﬁrQ QBbve NbGkAGSHe Wan? B ntRBEs 3618d I OB ( 450
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at mosphet Ggtle pseiogy %’Ht‘“% ?ré g’gg‘ S)n defi é{f 26n Fig. 3,
bei ng Tng the oam e 5Qind Qgﬁtxvn%d' Y m neanIIO tinQill be appf'd-rSt (bottom
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I ast (topige (i f@Fm desirgd, ts%lﬁlaUFFPF
10 b
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ponent, again in the form of a bar 12, is
slideably mounted in mould component 11
but is held in fixed spatial relationship with
mould component 10.

In operation, a foamable composition is
injected into the cavity at a temperature
above the activation temperature of the
blowing agent while mould component 11
is held in position relative to mould com-
ponent 10 by hydraulic pressure sufficient
to prevent foaming of the foamable com-
position, until non-foamed layers of the
thermoplastic composition have formed
against the opposed mould cavity surfaces
13 and 14. The pressure holding mould
component 11 in place is then relieved to
permit component 11 to move away from
mould component 10 thereby increasing the
distance apart of surfaces 13 and 14 from
d, to d,. The enlarged mould is shown in
Figure 4. As the mould component 11
moves away from component 10, foaming
of the foamable core takes place between
the non-foamed surface layers formed
against surfaces 13 and 14. However, as
the hinge defining component 12 does not
move relative to mould component 10, the
distance d between the end 15 of the hinge
defining component 12 and surface 13 re-
mains constant and so foaming in the space
between these components does not take
place and so a thin flexible hinge is formed

agfrippdsed to an
between mou

i ‘g&ﬁe‘g‘mdé’ mﬁf 17. fixed hinge de-

ﬁnmg mould component is formed by a pair
of projections 18, 19 on components 16
and 17 and these projections serve to clamp
the middle portion 20 of a piece of fabric
in the cavity so that portions 21, 22 of the
piece of fabric extend into the cavity on
either side of the hinge defining mould
component. On formation of the foam
cored members in the mould cavity on either
side of the hinge defining mould compon-
ent, by either the “‘one-shot” or ‘“‘two-shot”
methods set out above, the portions 21, 22
of the fabric become embedded in the foam
cored members and on removal from the
mould, portion 20 constitutes the hinge
joining the foam cored members.

This method of hinge formation is also
shown with reference to Figures 6 and 7
wherein an enlargeable mould cavity is
formed by mould components 23, 24. The
hinge defining mould component, in the
form of a projection 25, extending from
component 24 and a bar 26 slideably
mounted in component 23 clamps the
middle portion 27 of a piece of plastic film
in the mould cavity having the end portions
28, 29 of the piece of film extending into
the mould cavity on either side of the hinge
defining mould component.

On formation of the foam cored mem-
bers in the cavity on either side of the hinge
defining mould component by either the
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5 stress characteristics of polysilicon | ayers nade by the inventive
technique with t hose made by the conventional technique (and with
single-crystal silicon), X-ray diffraction studies were conducted. The
peak profites of the S (220 and Si (311) Tines were determned. It
was found that the inventive structures had peaks that were

I nt ermedi ate between those for conventional polysilicon and single crystal
silicon. 10 Hence, the stress in the inventive structures was mnmuch |ess
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com-
position nk, lel can be folded
to form a box with a lid has a base piece
28, four wall pieces 29, 30, 31 and 32 con-
nected to the base piece 28 by integrally
formed non-foamed hinges 33, 34, 35, 36,
and a lid piece 37 connected to wall piece
29 by an integrally formed non-foamed
hinge 38. Small foam cored members 39,
40 and 41, 42 are formed along the oppo-
site sides of wall pieces 29 and 30 respec-
tively as flaps which can be used for fast-
ening the wall members 31, 32 to the wall
members 29 and 30 an assembly of the
box from the blank. Instead of these flaps
39, 40, 41, and 42 being foam cored mem-
bers, they may be made in a non-foamed
manner during the moulding by preventing
foaming over all the flap area instead of
just along the hinge lines during the mould-
g process.

Objects constructed in this manner from
the blanks have the advantages of having a
good strength to weight ratio and also the
foam cores of the foam cored members pro-
vide insulating properties both to heat and
cold and to sound.

Examples of hinged articles which may
be made according to the present invention
include book covers, tote bins, tea chests,

their surfaces can be treated, for example,
embossed or printed, far more readily than
in the case of a “three-dimensional”” ob-
ject. Thus blanks for the formation of cab-
inets can easily be printed with a wood
grain finish. Another advantage resulting
from the use of a foam cored structure is
that a cabinet such as a radio or television
cabinet made according to the invention
has good acoustical properties.

WHAT WE CLAIM IS:—

1. An injection moulded hinged article
comprising at least two members each hav-
ing a foamed core of a composition con-
taining a thermeplastic polymeric material
integrally formed with solid surface layers
of a composition containing a thermoplastic
polymeric material and each member being
joined to at least one other foam cored
member by an integrally formed hinge of
substantially nonfoamed material,

2. A process for the manufacture of an
injection moulded hinged article as claimed
in claim 1 compr1smg injecting a moulding
composition containing a thermoplastic
polymeric material, at least part of the
moulding composition injected being a
foamable composition containing a thermo-
plastic polymeric material and a blowing
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-6 - Al t hough the deposited silicon of the present
I nvention has been descri bed above as "polysilicon", sone or al
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In the production of such blanks, film or
sheet flaps may be moulded into the blanks
in such positions that, when the blanks are
shaped into hollow articles, they may be
used to seal the foam cored members of
the blank together where the members are
not connected by hinges. Conveniently, the
flaps may be coated with an adhesive or the
sea] effected by heat-sealing.

In Figure 8 there is shown an example
of a blank moulded from a foamable com-
position. This blank, which can be folded
to form a box with a lid has a base piece
28, four wall pieces 29, 30, 31 and 32 con-
nected to the base piece 28 by integrally
formed non-foamed hinges 33, 34, 35, 36,
and a lid piece 37 connected to wall piece
29 by an integrally formed non-foamed
hinge 38. Small foam cored members 39,
40 and 41, 42 are formed along the oppo-
site sides of wall pieces 29 and 30 respec-
tively as flaps which can be used for fast-
ening the wall members 31, 32 to the wall
members 29 and 30 an assembly of the
box from the blank. Instead of these flaps
39, 40, 41, and 42 being foam cored mem-
bers, they may be made in a non-foamed
manner during the moulding by preventing
foaming over all the flap area instead of
just along the hinge lines during the mould-
ing process.

Objects constructed in this manner from
the blanks have the advantages of having a
good strength to weight ratio and also the
foam cores of the foam cored members pro-
vide insulating properties both to heat and
cold and to sound.

Examples of hinged articles which may
be made according to the present invention
include book covers, tote bins, tea chests,
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shaped; so as to provide ribs and bosses in-
tegrally moulded in the hinged article.
Where the hinged article is a foldable blank
these will improve the stiffness and rigidity
of objects formed from the blanks and also
provide positions at which attachments
such as hinges, catches and locks may be
attached to the hollow object formed from
the blank.

By the manufacture of hinged articles ac-
cording to the present invention, articles
such as blanks may be formed flat and so
their surfaces can be treated, for example,
embossed or printed, far more readily than
in the case of a “three-dimensional” ob-
ject. Thus blanks for the formation of cab-
inets can easily be printed with a wood
grain finish. Another advantage resulting
from the use of a foam cored structure is
that a cabinet such as a radio or television
cabinet made according to the invention
has good acoustical properties.

WHAT WE CLAIM 1S:—

1. An injection moulded hinged article
comprising at least two members each hav-
ing a foamed core of a composition con-
taining a thermoplastic polymeric material
integrally formed with solid surface layers
of a composition containing a thermoplastic
polymeric material and each member being
joined to at least one other foam cored
member by an integrally formed hinge of
substantially nonfoamed material.

2. A process for the manufacture of an
injection moulded hinged article as claimed
in claim 1 comprising injecting a moulding
composition containing a thermoplastic
polvmeric material, at least part of the
moulding composition injected being a
foamable composition containing a thermo-
plastic polymeric’ material and a blowing
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(4) including a dopant in said first sub-layer at a first concentration;

and i ncl udi ng a dopant in said second sub-layer at a second

concentration that is | ess than said first concentration, and (5)
formng said netal silicide |ayer. 2. The nethod of claim1 wherein
said second deposition rate is greater than said first deposition

rate. 3. The nmethod of claim 1l further conprising the step of

depositing a third silicon sub-layer at a third deposition rate that
is different Than said second depositionll76813 rate, prior to formng daid
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claim 6. f urt her sRRNMhitSHied tehifg PoifOBRHe th€tmoplastic poly- 75
: sired foam cored members, causing un- meric material and above the activation
' foamed surface layers of the moulding com- temperature of the blowing agent into the
i position to be formed against said opposed corc of the non-foamable composition in
S 15 surfaces and a foamed core to be formed the mould cavity to form non-foamed sur-
between said unfoamed layers before the face layers from the non-foamallJle compo- 80
interior of said unfoamed surface layers sition against the opposed mould surfaces
has solidified, and thereafter cooling the and a foamed core from the foamable com-
moulded article to a temperature below the position between the non-foamed surface
20 activation temperature of the blowing agent layers.
and below the softening point of the ther- 8. A process as claimed in any of 85
moplastic polymeric material and removing claims 2 to 7 in which formation of the
» the moulded article from the mould, said non-foamed hinge is effected by controlled
F § hinge defining mould component being ar- relative movement between the hinge de-
25 ranged to substantially destroy, or prevent fining mould component and one of the
: the formation of, any foamed structure opposed surfaces in such a direction as to 90
™y along the line of the desired hinge. d}fCl'c;lqse th(ei 1{iat.io of th;: distance between

3. A process as chimed in claim 2 jn the hinge defining mould component and
which all of the moulding composition con- the other of said opposed surfaces to the

30 sists of a foamable composition and the distance between the two opposed mould
core of the foamable composition is allowed ~Sulxaces. , . : 93
to expand while at least two opposing sur- 5 4% process as claimed in Claim 8 in
faces of the foamable composition are con- Which the hinge defining mould component
strained so that no foaming takes place at 1S forced against the non-foamed surface

35 these surfaces. layers formed against the opposed mould

4 A laimed in clai . surfaces while the foamable core between 100

hich thprocess as dc almel 4 n crfalm 3 i the non-foamed surface layers is permitted
whuel g opposed mou sxlx acehs art  to foam in the regions on either side of the
maintained at a temperature below the ac-  giq  hinge defining mould component,

40 “V;IUOZ temperature Oflﬂ‘le Zlo?vmgla.gent.z wher%by foarﬁing along t(}ile line of the hinge 105

. process as claimed in claim is substantially prevented.

wherein the opposed mould surfaces are 10. A process as claimed in Claim 9 in
capable of movement away from cach other which the hinge defining mould component

i to a predetermined extent so as to enlarge is maintained at a temperature below the

E s Siained. agamet such movoment during the 11 A provess s claimed o s 110

g ent during the . process as claimed in im

filling of the mould cavity with the mould- when dependent on Claim 5 or Claim 6 in

= ing com;ﬁ)siti(f)n undtil the hmouldin% com- which the opposed mould surfaces move
position has formed into the non-foamed away from each other to a predetermined
surface layers against said opposed sur- extent to permit foaming of the foamable

50 faces, which layers will not foam on en- composition between the non-foamed sur- 115
argement of the mould cavity, thereafter face layers, wherein the relative movement
From ach othar thercby Chiaring the modkl  ont and suid ong.opposed ol surams 1
from ca her thereby ging the mould ent and said one opposed mould surface is
cavity and permitting foaming of the core effected by the predetermined movement of

55 of the foa(rlnablref con}position between said thle1 opposed mould surfaces away from each 120
non-foamed surface layers. other.

6. A process as claimed in claim 5 in 12. A process as claimed in Claim 8 in
which all of the moulding composition con- which the hinge defining mould component,
sists of the foamable composition and the heated to a temperature above the softening

60 opposed mould surfaces are restrained point of the foamable composition, is forced 125

against movement, so that foaming of the
surface layers is substantially prevented,
until the foamable composition forming the
surface layers has cooled to a temperature

against the moulding after foaming has
taken place to compress the moulding along
the desired line of the hinge and to fuse
the foamed core of the moulding composi-

A



said fourth sub-layer at a fourth concentration that

third

fourth deposition rate is greater than said
The nethod of ¢claim I Wwherein said first siTicon sub=1ayer
is deposited directly onto said gate’

g

bott om sub-

concentrati on. 8.

i's

| ess than said

The nethod of claim6 wherein said

| ayer that

third deposition rate.

is the

dielectric. 10. The nmethod of claim1l wherein said netal silicide is
sel ected fromthe group consisting of titaniumsilicide, tantal um
silicfde, tungsten sili ci de, nol yﬂa@ﬁém si licide, and cobdlt
silici de:on lae%v;een theTlg porfeh ? V)@%’Q%Es@ a3 la%éﬁegnabla 14 Cide is
titani ummid fdc‘dn@leppos uld sohaé HPld oshbaimiaﬂl;aasnneiel fe€dektribdd wigASt one

sub- Iayemonrfeanutépms ted |n the form partlcularméfe

b ysithei drowings. 13,

The

met hod o gla i %ﬁr‘ﬁ d C§ ﬂ@&%@%ﬁgﬁﬁtﬁl‘? % he form
of anot P aHéSfo§ |6 biekd Hhe Hember plece (:gf?ﬁ s&qt a%rgﬁ' M@ stack -
hei ght Ofongédnidd dMRBE SkaletiflOR heddy/ @&- a met aI sl | CI de | ayer is |less
t han 350twn¢11nélneltl®esdeﬁnm&5nould Wmponet hddl din iplegtiommouldad hingad artigle s{ ack hei ght
o sur- as c 0
of Sall(fi §§%l ?l F ns ota?%? ﬁlgq)l;}e ma- ]ad? d‘?f)an capaélI %511%[ %ﬂ ss than
250 na ﬁnd on elther side of said hinge form a hollow object having a base, walls
defining mould component so that said por- and, optionally, a top, in which neighbour-
tions of the flexible material become em- ing foam cored members are joined by in-
bedded in the foam cored member formed tegrally formed hinges of substantially non- 40 i
15 on either side of said hinge defining mould foamed material. o
component, leaving a middle portion of the 19. An injection moulded hinged article
thin flexible non-foamed material connect- as claimed in Claim 18 in which foam
ing the foam cored members as a hinge. cored members of the blank not connected
14. A process as claimed in Claim 13 by hinges and which are required to be 45
20 in which the piece of thin non-foamed flex- joined together on assembly of the object
ible material is a piece of textile fabric. from the blank are capable of being joined
15. A process as claimed in Claim 13 by flaps formed on one of the foam cored
in which the piece of thin non-foamed flex- members. '
ible material is a piece of a flexible sheet ¥
25 or film of a thermoplastic polymeric ma- C. GRATWICK, '
terial. Agent for the Applicants. .
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