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"Method of Deposition'.

This invention relates to a method of depositing
substances, for example metals. The method may be used
in the manufacture of integrated circuits and

photomasks.

~Modern technological demands in integrated circuitry,

for example opto-electronics and electronic surgical
implants, now require methods:by which ultra fine metal
lines of submicron dimensions can be deposited onto
There is a considerable

demand for submicron technology in a wide variety of

“disciplines, but there are many difficulties in

developing nanoscale metal deposition processes by
conventional lithographic methods. Lithography is the
process by which a pattern is transferred to the
surface of a substrate material. Before thislprocess
can occur a photomask has to be prepared which defines
the pattern ultimately to be achieved on the substrate

layer.

Conventionally the photomasks required in the
manufacture of integrated circuits are made by applying

a film layer of metal, usually chromium since this



1~ . "Method of Deposition® 2 3 This invention relates to a nethod of
depositing 4 subst ances, for exanple netals. The nethod nay be used 5

in the manufacture of integrated circuits and 6 phot onmasks. 7 8 Moder n
technol ogi cal demands in integrated circuitry, 9 for exanple

opto-el ectronics and el ectronic surgical

1 resists scratching or etching and has good adhesion
2 properties, by metal vapour deposition to a highly pure
3 quaftz substrate which has been polished to give an
4 extremely flat surface. The -exposed metal is then
5 covered with electron beam resist (which is a material
6 that is sensitive to a beam of electrons and is
7 disrupted on exposure thereto) by placing'a drop of
8 resist in the middle of a spinning disk of mask
9 material. The resist is then baked and dried in an
10 oven. The usual electron beam resist is
11 polybutylsulphone (PBS).
12
i3 An electron beam is directed at the resist face of the
14 resist/metal/substrate composite to degrade portions of
15 the resist, leaving unaffected a pattern required for
16 the integrated circuit. The degraded resist is then
17 dissolved away using a proprietary etchant to expose
18 'the layer of metal in the areas where the resist has
19 been degraded, and this is subjected to wet etching by
20 ceric ammonium nitrate to remove the metal and expose
21 the quartz substrate. The remaining resist is then
22 burnt off from the residual metal, resulting in a
23 product through which light can pass apart from the
24 areas masked by metal.
25 .
26 The:phoﬁomask thus produced is used to define a pattern
27 on é silicon chip coated with photoresist, by passing
28 ultraviolet light through the photomask to degrade the
29 photoresist in the defined areas.
30
31 This method of manufacturing photomasks has a number of
32 disadvantages. For example, the dissolution of the
33 degraded photoresist may not be entirely uniform, and
? 34 while the result is adequate for many products current
35 computer technology demands increasingly dense patterns



16 inplants, now require nethods by which ultra fine netal 11 | i nes of
subm cron di nensions can be deposited onto 12 I nert substrate materials.
There is a considerable 13 demand for subm cron technology in a w de
variety of 14 di sci pl'ines, but there are many difficulties in 15

devel opi ng nanoscal e netal deposition processes by 16 conventi onal

| it hographi c nmethods. Lithography is the 17 process by which a pattern

is transferred to the 18 surface of a substrate naterial. Before this
process 19 can occur a photomask has to be prepared which defines 20
the pattern ultimately to be achieved on the substrate 21 | ayer. 22 23

Conventional |y the_photonaské required in the 24 manuf act ur e of
integrated circuits are nade by applying 25 a filmlayer of netal

usual ly chr &nmi unPyi AeEegrjated circuits and therefore higher-definition

2 photomasks, down to the nanoscale level.
3
4 A further area of loss of definition is the wet etch
5 process for removing the unwanted chromium. The etch
6 material attacks the upper, exposed face of the
7 chromium but as it penetrates into the chromium layer
8 its effect is not unidirectional, so instead of
9 producing vertical walls for the residual chromium it
10 erodes and undercuts these walls. This can produce a
11 scattering effect on the ultraviolet light dﬁring
12 manufacture of the integrated circuits,'reducing
13 definition of the appiied pattern. This is one of the
14 principal problems in mask-making.
15
16 Where several photomasks are used successively in the
17 manufacture of a chip, accurate registration of each
18  mask is absolutely essential so that each feature
19 appears in the correct place on the finished chip.
20 - Problems in epitaxy can cause‘pattern shift and thus
21 registration. Usually registration is accurate to +/-
22 0.2um. Registration problehs, epitaxy growth problems,
23 undercutting, constructive and destructive interference
24 during lithographic process at micron and submicroﬁ
25 diménsions, all contrive to indicate that mask-making
26 at nanometer dimensions may require an entirely new
27 manufacturing process.
28
29 For nanoscale circuits, conventional methods using
30 metallic inks do not as yet possess the specifications
31 which can ensure the deposition of accurate straight
32  lines of high specification, and the formation of
33 perfect right angles rather than arcs during integrated
34 circuit manufacture. The low specification of the

35 conventional process of metallisation can result in



1 * resists scratching or etching and has good adhesi on 2 properties,
nmet al vapour deposition to a highly pure 3 quartz substrate which has
been polished to give an 4 extrenely flat surface. The exposed netal
t hen

L circult overlap and circuit breakage which cannot be
2 tolerated when scribing nanoscale circuits. Further,
3 when ultra fine lines are required to carry current it

4 is a fundamental requirement that the circuit integrity

()}

remains intact, and hence conductive materials which

5 are oxidized are not ideally suited to operate at such

~J

. dimensions.

w

~According to the present invention there is provided a
10 rethod of chemical deposition comprising applying to a

substrate a compound which degrades under the effect of

12 a radiant or particle beam to produce‘a deposit,

13 applving to selected surface areas of said compound

14 such a radiant or particle beam and removing the

‘15 degradéd compound and the unaffected compound from the
16 substrate. The depcsit 1s left upon the substrate.

17 )

13 The process of the present invention causes degradation

of the ccmpound only where contacted by the radiant or

-]
O

20 particle beanm. In other words, the dimensions of the
23 deposit caused by degradation or the compound 1i:s
22 proportcional to the focal width of the irradiating
23 beam. !Nancscale dimensions may be achieved by the
24 process oif the present invention.
25 '
25 Wthere the compound degrades to form o deposit of a
27 metallic or other conductive substance, then the method
3 may be used to manufacture integrated circults directly
29 on the substrate. The deposit 1s preferably a metal or
30 metal alloy, and mention may be made of metals such as
31 gold, tin and chromium, or the deposit nay be a
32 conductive non-metal or semi-metal, such as germanium.
33
4 In a further aspect there is provided a method of

35 manufacture of an integrated circuit, said methogd

by

is



5% covered with el ectron beam resi st (which is a material 6 that is

sensitive to a beamof electrons and is 7 di srupted on exposure thereto)
by. pl acing a drop of 8 resist in the mddle of a spinning disk of mask 9
material. The resist is then baked and dried in an 10 oven. The usual

el ectron beamresist is 11 pol ybutyl sul phone (PBS). 12 13  An electron
beamis directed at the resist face of the 14 resi st/ metal /substrate
conposite to degrade portions of 15 the resist, |eaving unaffected a
pattern required for 16 the integrated circuit. The degraded resist is
then 17 di ssol ved away using a proprietary etchant to expose 18 t he
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the netal and expose t he "qua
t hen 3 to produce a conductive, preferably metallic deposit,

4 applying to. selected surface areas of said compound

5 such a radiant or particle beam and removing the

6 degraded compound and the unaffected compound from the

7 substrate.

s .

9 Alternatively, the method of the present invention may
10 be used to manufacture a photomask which is then '
11 subsequently used in lithography to manufacture
12 integrated circuits. In this embodiment the substrate
13 should be translucent or transparent and the deposit
14 formed by degradation of the compound should be opaque.
15 The deposit provides a barrier to passage of
16 ultraviolet light during use of the photomask in making
17 integrated circuits, as with the chromium in
18 conventional photomasks.

19 ‘

20 Thus in a yet further aspect, the present invention

21 provides a method of manufacture of a photomask, said
22 method comprising applying to a transparent or

23 - translucent substrate a cémpound which degrades under
24 the effect of a radiant or particle beam to producé an
25 opaque deposit, applying to selected surface areas of
26 said compound such a radiant or particle beam and

27 removing the degraded compound and the unaffected

28 compound from the substrate.

29

30 In this embodiment the deposit formed by the action of
31 the particle or radiant beam need only be opaque and
32 there is no requirement for the deposit to be

33 conductive. Therefore.the deposit may be of any

34 suitable opaque material, whether metal or non-metal.

35 The opagque deposit may be for example a metal or semi-



22 burnt off fromthe residual netal, resulting in a 23 product through
whi ch |ight can pass apart fromthe 24 areas masked by netal. 25 26

The photonask thus produced is used to define a pattern 27 on a silicon
chip coated with photoresist, by passing 28 ultraviolet light through the
phot omask to degrade the 29 photoresist in the defined areas. 30 31

Thi s nmet hod of manufacturing photomasks has a nunmber of 32 di sadvant ages.
For exanple, the dissolution of the 33 degraded photoresist may not be
entirely uniform and 34 while the result #s adequate for many products
current 35 conput er technol ogy demands increasingly dense patterns

metal such as gold, tin, germanium or chromium, an

alloy, or a non-metal such as silicon or carbon.

In the present invention, the compound may be heat-
sensitive so that the use of a-radiant beam in the form
of a laser beam degrades the compound to produce the

deposit.

W 0 N 6 s W

Preferably, however, the particle beam is an electron

10 beam, in which case the compound may be for example an
11 organometallic compound which degrades under the effect
12 of the beam to deposit a metal on the substrate.

13

14 Conventionally the steric properties of the

15 organometallic material which may be used as the

16 compound in the process of invention are optimised by
17 selecting d® configurations which give sgquare planar

18 geometry in the organometallic compound. Such

19 compounds include organometallic geold, platinum or

20 palladium fluorides.

21

22 In a yet further aspect, the present invention provides
23 a gold organometallic fluoride. Optionally the gold

24 organometalllc fluoride may be used in the method of

25 deposition described herein.

26 .

27 Gold is an especially useful metal for inclusion in an
28 organometallic compound to be used in the method of

29 this invention, and a suitable organometallic form is
30 di-sec butylaurum (III) fluoride dimer.

31

32 Gold chemistry exists mainly in the Au(I) and Au(III)
33 oxidation states. Inorganic gold compounds usually

34 have the linear 2 co-ordination state and occasionally
35 exist in trigonal planar or tetrahedral configurations.
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down to the nanoscale level. 3

Au(III) compounds are in general sguare planar but can
exist in five or six coordinated states. Simple
organogold compounds (AuR - where R is any organic
group) have not as yet been found although adduct
compounds of Au(I) with phosphines or isocyanides are
known. Trigonai planar Au(I) organoaurates (eg
Li[AuCH,;),) exhibit low stability, spontaneously
decomposing by reductive elimination of the methyl
groups to give ethane. The trigonal planar gold
complexés gain stability if complexed with larger
ligands (eg Li(PMDT)[AuCngf'where PMDT = pentamethyl-

diethylenetrisamine)

Au(I) organyls are also accessible through carbene
insertion into the Au-Cl bond.

eg (C,H;),PAucCl +  CHyN, ~=—=~-- ) (CHg);PAuCl + N,

Au(III) organyls also require additional ligation to
provide stability. Square planar compounds are
obtained eqg: (C¢Fs), AuClPPh,;). Halogen bridging Au

complexes are known through the auration reaction:
eg: | 2Au,Cly + 2CH, -——-—- ) CeHs.C1l.Au.Cl.Cl.Au.Cl.CgHs

Other typical orgaﬁbmetailic compounds for use in this
invention are polyalkyl metal fluorides, for example
polydibutyltin difluoride, as these compounds contain
generally linear chains which allow good definition of
the affected areas of the compound on application of

the radiant or particle bean.

The organometallic compounds are advantageously
fluorides since the fluoride component enhances the

adhesion between the substrate (such as silicon or



4 *Afurther area of loss of definitionis the wet etch 5 process for
renovi ng the unwanted chromum The etch 6 mat eri al attacks the upper,
exposed face of the 7 chromiumbut as it penetrates into the chrom um

| ayer 8 its effect is not unidirectional, so instead of 9. pr oduci ng
vertical walls for the residual chromumit 10 erodes and undercuts these
walls. This can produce a 11 scattering effect on the ultraviolet |ight
during 12 manuf acture of the integrated circuits, reducing 13

definition of the applied pattern. This is ofle of the 14  princi pal

probl ens in mask-nmaking. 15 16 Wher e several photonasks are used
successively in the 17 manuf acture of a chip, accurate registration of
each 18 nmask i s assdiait eind ddsemata 1 sbi hinaformerh e rEdiatpears in
the correct place l%ugé}ﬁlgﬂdﬂcf%égﬁ!% 20 pe1 T &B B KRR t@XYep@n cause

pattern shift and t ) ] ) . .
3 formation of Si-F bonds. This enhanced adhesion is not

4 achieved with the equivalent chloride and bromide
5 compounds. Particularly good adhesion .is observed when
6 tetra—séc—butyldiaurum difluoride is used as the |
7 organometallic compound. A further advantage is that an
8 éspeciélly even dispersion of organometallic compound
9 is observed where a fluoride compound is used.
10
11 Fluorine bridging in organogold complexes has not been
12 reported but pentafluorochalchogenate derivatives of
13 gold are known (ie Au(OTeF);). The group OTeFs; is often
14 regarded as a pseudohalogen but more precisely is a
15 pseudofluorine. The ability of Au to form bridging
16 species renders the gold pentafluorochalcogenate
17 compound the only known binary transition metal
18 derivative of OTeFy;. This compound is of a
19 centrosymmetric dimer with four terminal TeF; groups and
20 two u-oxo bridging bidentate OTeF; groups
21
22 Further according to the invention there is provided a
23 method of preparing polydibutyltin difluoride,
24 comprising fluorinating polydibutyltin dichloride.
25 '
26 Polydibutyltin dichloride is commercially available but
27 is unstable at ambient temperature. 'The difluoride,
28 while known, has until now been very difficult to
29 produce.
30
31 The fluorination may be carried out using for example
32 sodium fluoride, and the resulting polydibutyltin
33 difluoride may be used in the manufacture of photomasks
34 by applying it, for example by spinning, to a

35 transparent or translucent substrate such as quartz.
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21 registration. Usually registration is accurate to +/- 22

‘0.2[err]. Registration problens epitaxy growth problens, 23

undercutting, constructive and destructive interference 24 during

|'i t hographic process at mcron and subm cron 25 dinensions, all contrive
to indicate that mask-nmaking 26 at nanoneter dinensions may require an
entirely new 27 manuf acturing process. 28 29 For nanoscale circuits,
conventional mnethods using 30 nmetallic ink% do not as yet possess the
specifications 31 which can ensure the deposition of accurate straight 32

| i nes of high specification, and the formation of 33 perfect right
angl es rathar tham ahGs PHddikd MRITALRL B4 s rayildy roHdaciii e tHde
Low spect TTcati o 3 it eis WATLYE Gt T2y ' on ca
result in : :
3 applied, for example by drip, to it. The solvent is
4 then driven off leaving an accurately-controlled layer
5 of the organometallic compound. .
6
7 In some cases it is possible to deposit the opaque
8 material by application to the substrate of a solution
9 of the degradable compound and then driving off the
10 solvent, preferably by microwave heating which has the
11 effect of allowing the solvent to be removed from the
12 substrate interface early in the procedure, thereby
13 producing effective adhesion between the deposited
14 . degradable compound and the substrate.
15
16 In investigating the yield of organometallic precursor
17 material extracted from the reactant mixture as a
18 function of solvent polarity, cyclohexane, n-hexane,
19 isopentane, chlorofluorocarbon 113 (CC1,FCC1F,), CFC-
20 113a (CC1;CF;), n-pentane and iso-pentane have been
21 examined. The optimum solvent to provide a smooth even
22 distribution of organometallic material on a guartz
23 substrate was found to be a low-boiling-point aliphatic
24 hydrocarbon solvent. Hence, n-pentane or ‘isopentane
25 - are excellent solvents for work to be performed at
26 ambient temperatures. '
27 '
28 Embodiments of the present invention will now be
29 described by way of illustration in the following
30 Examples.
31
32

33
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scribing nanoscale circuits. Further, 3 when ultra fine lines are
required to carry current it )
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Example 1

Preparation of Polvdibutvyltin difluoride

Analar grade methanol (Soml, B.D.H.) was transferred to
a conical flask containing 2.1g of dried sodium
fluoride (Aldrich Chemical Co.,). The flask was shaken
to dissolve the solid material. Dibutyltin dichloride
(0.5g, Aldrich Chemical Co.,) was added and the conical
flask was stoppered and sealed using paraffin film.

The system was shaken for 1 hour, then allowed to stand

for 12 hours at ambient temperature.

The reaction mixture was then passed through a sintered
glass filter to remove any undissolved sodium fluoride
prior to the eluent being transferred to a phase
separation vessel. Petroleum ether (bp. 60-80°C, 100
ml) was added to the eluent phase and the reaction
mixture shaken before allowing the mixture to settle
and separate. Using the upper phase, the purification
process was repeated a further three times using
methanol (100ml) before the.upper phase was finally
transferred to a 250 ml roﬁnd bottom flask. The flask
containing the reaction solution was affixed to a
roﬁary evaporator and allowed to evapofate down until a
precipitate appeared. '

The solution was analysed by Raman Spectroscopy and
identified as a low molecular weight polymer of
dibutyltin difluoride.

Application and Preparation of Organometallic Overlaver

The solution of polydibutyltin difluoride monomer

prepared above was spun onto a clean polished quartz
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4 I's a fundanental requirenent that the circuit integrity 5 remai ns
intact, and hence conductive materials which 6 are oxidi zed are not
ideally suited to operate at such 7 di mensi ons. 9 According to
the present invention there is provided a 10 met hod of chem cal '
deposition conprising applying to a 11 substrate a conpound which
degrades under the effect of 12 a radiant or particle beamto produce a
deposit, 13 applying to selected surface areas of said conpound 14
such a radiant or particle beamand renoving,the 15 degraded conpound
and the unaffected conpound fromthe 16 substrate. The deposit is left
upon the substrate. 17 18 The process of the present invention causes
degradati on 119 pggtghe %%WQ%%ﬂ%aqwé% wher e contgcg%g nyEQ% g%dlant or

t evaporate

2 polymeric dibutyltin difluoride formed on the quartz
3 substrate. The organometallic overlayer supported on
4 the quartz substrate was placed in a JEOL T300 Scanning
5 Electron Microscope and bombarded with.electrons
6 (energy 30 keV) for a time which varied from 5s to 10
7 min over an area of 100 x 100 um. of the organometallic
8 sample, then moved to an adjacent afea.
. .
10 After irradiation of each -area the sample was examined
11 using an optical microécépe to reveal a linear track of
12 metallic particles, approx. 10 um wide. The non-
13 degraded polydibutyltin difluoride film was removed by
14 dissolution in methanoi.
15 '
16 Using the method of this embodiment it is possible to
17 produce a photomask of very high definition so that
18 dense and discrete patterns can be applied to silicon
19 chips to provide integrated circuits. The method N
20 removes the need for affected electron beam resist to
21 be dissolved as in the conventional method, and also
22 for the wet etch process, both of which reduce the
23 definition and performance of the photomask.
24
25 Example 2
26
27 Preparation of Di-sec butylaurum (IIT) Fluoride dimer.
28
29 Magnesium turnings were degreasaed by washing in sodium
30 dried ether and transferred to a double-necked round
31 bottom flask containing a magnetic stirring bar.
32 Sufficient sodium dried ether was added to cover the
33 magnesium turnings. The flask was fitted with a water
34 cooled condenser and a dropping funnel charged with
35 5.62g dibutyl bromide (Aldrich'chemical Co.) in 80ml of



26 particle beam In other words, the dinensions of the 21  deposit
caused by degradation of the conmpound is 22 proportional to the focal
width of the irradiating 23 beam Nanoscal e di nensi ons may be achi eved
by the 24 process of the present invention. 25 26 Where the conpound
degrades to forma deposit of a 27 metallic or other conductive
substance, then the method 28 may be used to nmanufacture integrated
circuits directly 29 on the substrate. The deposit is preferably a netal
or 30 nmetal . all oy, and nmention may be made of netals such as 31 gol d,
tin and chromium or the deposit may be a 32%2 conductive non-netal or

sem -netal, such as gernmani um 33 34 In a further aspect there is provided
a met hod of 35 manuf acture of an integrated circuit, said nethod
1 .sodium dried ether. The butylbromide/. ether mixture
2 was added slowly and allowed to react with stirring
3 with the magnesium turnings. The system was left to
4 react for 2 hours at ambient temperature.
5 .
6 The prepared butyl magnesium bromide/ether mixture was
7 decanted to a dry dropping vessel and fitted to a
8 double necked roundbottom flask containing an etheral
9 solution of aurum (III) chloride (500mg in 20ml ether
10 Aldrich Chemical Co) cooled with powdered ice. The
11 etheral solution of butyl magnesium bromide was added
12 slowly with stirring to the aurum (III) chloride
13 solution over a 20 minute period. After reaction
14 powdered ice was added to the reactant mixture which
15 was then allowed to warm up to ambient temperature.
16
17 The resultant organometallic gold halide was extracted
18 from the reactant mixture using isopentane in a phase
19 separation process. A dry methanol/isopentane phasé
20 separation process was performed a further three times.
21 The product mixture was reacted with sodium fluoride
22 (Aldrich Chemical Co, 2.1g) dissolved in 50ml of dried
23 methanol (BDH), and shaken at ambient temperature over
24 a 24 hour period. The mixture was then passed thréugh
25 a sintered glass filter to remove any undissolved NaF
26 prior to the eluent being transferred to a phase
27 separation vessel. Three phase separation cycles were
28 performed using an isopentane/dry methanol mixture
29 containing the reaction products, the hydrocarbon phase
30 being carried over in each step of the separations.
31 The final hydrocarbon phase was tfansferred to a round
32 bottom flask, affixed to a rotary exaporator, and
33 allowed to evaporate down until a precipitate appeared.
34 The product material had a white waxy appearance and
35 gave off a pungent odour. Contact of the product



5 ° 1 conprising applying to a substrate a conpound which 2 degr ades
under the effect of a radiant or particle beam 3 to produce a
conductive, preferably netallic deposit, 4 applying to sel ected surface
areas of said cornpound )

13

1 material with the skin left a purple stain consistent
2 with the deposition of colloidal gold.
3 .
4 Characterisation of the product material was performed
5 using 'H, Pc, ®F, and Distortionless Enhancement by
6 Polarization Transfer (DEPT) liquid phase NMR (nuclear
7 magnetic resonance) analysis using CDCl; or
8 deuterobenzene as solvent (Figures 1-5). Mass
9 spectroscopy was also used to identify the product
10 material (Figures 6-7).
11
12 Results:
13
14 'H NMR analysis of the product material gave peaks at
15 1.38 (hextet), 1.13 (hextet) and 0.79 (d of d) (Figures
16 1 and la). Two dimensional 'H analysis of the material
17 shows three proton enviraonments (Figure 2) and DEPT
18 analysis shows that the proton arrangement on the
19 organic liquid is one carbon containing an even number
20 of protons and three carbons containing an odd number
21 of protons (Figure 4). 'C NMR analysis (Fiqure 3) of
22 the product material shows 4 peaks at 31.5, 29.7, 22.2,
23 11.7 ppm relative to TMS. The data indicates that four
24 carbon environments are prégent in the product
25 matérial- YF NMR analysis of the product material
26 {proton coupled gnd proton decoupled spectra) shows a
27 singlet peak at -66.3 ppm confirming the presence of
28 fluorine in the product. The YF NMR datum (Figure 5)
29 also indicates that the fluorine environment is
30 contained in a symmetrical field.
31 '
32 Mass spectroscopic analysis of the product material
33 confirms the molecular ion mass of the product material
34 to be 661 amu (Figures 6 and 7). Fragmentation of the

35 product material is consistent with the loss of the



5 " such a radiant or particle beamand renoving the 6 degraded conpound
and the unaffected conpound fromthe. 7 substrate. 8 9 _

Al ternatively, the nethod of the present invention may 10 be used to
manuf acture a photomask which is then 11  subsequently used in

| i thography to manufacture 12 integrated circuits. In this enbodi nent
the substrate 13 shoul d be transl ucent or transparent and the deposit

14 formed by degradation of the compound shoul d be opaque 15 The
deposit provides a barrier to-passage of 16 _ ultraviolet light during use
of the photomask in making 17 i nt egrated ci¥cuits, as with the chronium
in 18 conventional photomasks 19 20 Thus in a yet further aspect,

the present invention 21 provi des a met hod of manufacture of a
phot omask, sak d following molecunlar fragments:- .

2

3 Fragments Residual Mass (amu)
4 .

5 CH;~ group 647

6

7 2 @ CH- : 632

8 ) .

9 3 @ CH;- + 1 @ CHy— 558

10

11 3 @ CHy~ + 1 @ CHj~ + 1 @ CHy~ 516

12 )

13 1@ au 463

14 ' '

15 1@ Au + 1 @ CyH,~ 421
16 _

17 1 @ Au + 1 @ GH,~ + 1 @_F 402

18 . _

19 1@ Au + 1 @ CHy~ + 1 @ F 385

20 '

21 1 @ Au + 1@ CHy— + 2 @ F 368

22

23 1 @ Au + 2 @ CHy— + 1 @ CjHy-

24 + 2 @F ' 269

25
26 _

27 UV analysis of an evaporated film of organoaurun

28 product supported on quartz shows that the material is
29 uv transparent in the range 900nm-350nm and hence the
30 material is suited for use in mask-making where uv

31 lithography is to be applied.

32
33 Studies have shown that the optimum solvent to be used,
34 both in the abstraction of the product material from

35 the phase separation stage of the preparation and in



.22 met hod conprising applying to a transparent or 23  transl ucent
substrate a conpound whi ch degrades under 24 the effect of a radiant or
particle beamto produce an 25 opaque deposit, applying to sel ected

surface areas of 26

renovi ng the degraded conpound and the unaffected 28 conpound fromthe

substrate. 29 30

In this enbodi nent the deposit fornmed by the action of

sai d conpound such a radiant or particle beamand 27

31 the particle or radi ant beam need only be opaque and 32 there is no
requi renent for the deposit to be 33 conduéfi ve. Therefore the deposit

may be of any 34

sui t abl e opaque material, whether netal or non-netal.

The opaque deposit may be for exanple a netal or sem -
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the deposition of the material onto a quartz substrate,
is a low boiling point saturated alkane. Hence, the
product material was applied to the guartz substrate

using isopentane solvent.

The adhesion of organoaﬁrum film to the quartz
substrate material is enhanced by exposing the coated
quartz‘substrate to microwave radiation ‘prior to
electron beam bombardment. It is thought that this
process effectively evaporates off residual solvent -
trapped between the organcaurum film and the quartz
substrate to give better contact at the interface. The
quartz substrate can also be coated with the
organoaurum material via organometallic vapour
deposition technique (OMVD). The OMVD deposition
method results in a smoother more uniform coverage of
the orjanoaurum material_compared to the solvent

application method.

Electron beam bombardment of the coated gquartz
substrate was performed using a JEOL JSM-T220 Scanning
Microscope. The microscope was set at an accelerating
voltage of 20kV, focusing and movement of the samp}e
under the electron beam being both performed manually.
The organocaurum material easily reduced to the metal
component under the electron beam irradiation (Figure
8). The best line width attained to date using the
focussing power available on the JEOL instrument is
500nn.

A sample of the dibutylaurum (III) bromide dimer was
applied to the quartz substrate material and subjected
to electron beam bombardment. A film of reduced gold

metal was obtained on the guartz substrate.

35



1 ° netal
non- net al

such as gold, tin, germaniumor chromum an 2 alloy, or a
such as silicon or carbon. 3
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Modifications and improvements can be made without
departing from the scope of the invention, for example
by using vapour phase deposifion of the metal-

containing polymer.

Example 3

Preparation of Dibutvylplatinum (IV) Fluoride dimer.

Magnesium turnings wére degreased by washing in sodium
dried ether and transferred to a double-necked round
bottom flask containing a magnetic stirring bar.

Sodium dried ether was added sufficient to cover the
magnesium turnings. The flask was fitted with a water
cooled condenser and a dropping funnel charged with
5.62g dibutyl bromide (Aldrich Chemical Co.) in 80ml pf
sodium dried ether... The butylbromide/ ether mixture
was added slowly and allowed to react .with stirr}ng-
with the magnesium turnings. The system was left to

react for 2 hours at ambient temperature.

The prepared butylmagnesium bromide/ether mixture was
decanted to a dry dropping vessel and fitted to a
double necked round bottom flask containing 500mg of
platinum (IV) chloride (Aldrich Chemical Co) cooled
with powdered ice. The butylmagnesium bromide mixture
was added slowly with stirring to the platinum (IV)
chloride solution. After reaction powdered ice was
added to the reactant mixture and allowed to warm up to

ambient temperature.

The dibutylplatinum bromide dimer was extracted from
the reactant mixture using n-pentane in a phase

separation process. A dry methanol/ n-pentane phase



4 In the present invention, the conpound nmay be heat- 5 sensitive so
that the use of a radi ant bean1|n the form®6 of a | aser beam degrades the
conpound to produce the 7 deposit. 8 9 Preferably, however, the
particle beamis an electron 10 beam in which case the conmpound nay be
for exanple an 11  organonetal | ic conpound whi ch degrades under the effect
12 of the beamto deposit a netal on the substrate. 13 14

Conventional ly the steric properties of the,15 organonetal lic materi al

whi ch may be used as the 16 conmpound in t he process of invention are
optimsed by 17 selecting d[err] conflguratlons mhlch give square planar
18 geonetry in the organonetallic conpound. Qunds_incl ude

or ganonet al I]1 c gaiEI R AT hURTBFe2D "a%a-‘?éf%rcﬂ*u%“‘f |“U5PF&8§r Thres times.

The product mixture was reacted with sodium fluoride in

3 dry methanol as described for the polydibutyltin

4 difluoride process.

S .

6 The dibutylplatinum (IV) fluoride dimer product was

7 applied to a clean quartz substrate from an n—-pentane
8 solution and n-pentane was driven off in a microwave

9 cooker to bake the product onto the quartz. The

10 microwave process ensured that the n-pentane was driven
11 off from the quartz interface instead of from its own
12 surface. This gave very good deposition of the product
13 on the quartz and allowed very good definition after
14 electron beam bombardment. A film of reduced platinum
15 metal was obtained supported on the quartz substrate.
16 |

17 A sample of the dibutylplatinum (IV) bromide dimer was
18 applied to the quartz substrate material and subjected
19 to electron beam bombardment. A film of reduced '
20 platinum metal was obtained on the quartz substrate.
21
22 Examples 4-7

23 '

24 Preparation of Propyl, Tertiary butvl,
25 cyclohexylmethyl, benzvl analogues
26 _
27 An analogous procedure to that described in Example 2
28 was performed to prepare the propyl, tertiary butyl,
29 cyclohexylmethyl and benzyl analogues of organo gold
30 halides. The preparation of the organo magnesium

31 halide intermediate involved reaction of degreased

32 magnesium turnings with the ethernal solutions of the
33 appropriate propyl, tertiary butyl, cyclohexylmethyl
34 and benzyl bromides respectively.

35



2F 22 In a yet further aspect, the present invention provides 23 a gold
organonetallic fluoride. Optionally the gold 24 organonetal lic fluoride
may be used in the nmethod of 25 deposition described herein, 26 27 Gol d
I$ an especially useful netal for inclusion in an 28 organonetal lic
conpound to be used in the nethod of 29 this invention, and a suitable
organonetallic formis 30 di -sec butylaurum (111) fluoride diner. 31 32
Gold chemistry exists mainly in the Au(l) awd Au(lll) 33 oxi dati on
states. Ilnorganic gold conmpounds usually 34 have the |inear 2
co-ordination state and occasionally 35 exist in trigonal planar or

tetrahedrallconféégufgépns.

2 .

3 a) NMR analysis of the Proovl Auric Halide Material:
4 . _

5 The 'H NMR of the product material from the

6 reaction of the propyl magnesium Grinard with an

7 ethernal solution of auric (III) chloride is shown
8 in figure 9. The NMR shows peaks at 0.89 ppm

9 (triplet), and 1.29 ppm (multiplet) relative to

10 TMS (tetramethylsilane), which is consistent with
11 the spectrum expected from the propyl ligand. The
12 broad band at 1.57 ppm is consistent with that

13 expected for the -CH,—- adjacent to a group inducing
14 electron shielding. The “C NMR is shown in Figure

15 10. Although noisy, the spectrum shows three

16 peaks at 14 ppm, 22 ppm and 33 ppm relative to
17. TMS. The '*C environments are consistent with CH;-,
13 -CH,- and a shielded -CH,~ respectively. The 563

19 NMR of the sample {proton coupled and decoupled)
20 showed a singlet at -67.64 ppm relative to CCLF
21 indicating that the material coritained fluorine in
22 a symmetrical ﬁield.
23

24 The product material was applied to a quartz
25 substrate as described in Example 2. Electron
26 beam bombardment was applied to the coated quartz
27 material as described in Example 2. The material
28 reduced under the electron bean pombardment to

29 give gold lines identical to those obtained from
30 the tetrabutyl diaurum difluoride material.

31 .

32 b) NMR analysis of the Benzvl Auric Halide Material:
33 -

34 The 'H NMR spectrum of the product material is

35 presented in figure 11. The NMR data shows major



7+ 1 Au(l'll) conpounds are in general square planar but can 2
exist in five or six coordinated states. Sinple 3 or ganogol d conpounds
(AuR- where R is any organic i

1%

1 peaks at 7.3 ppm (multiplet) and 2.9 ppm (singlet)
2 relative to TMS. Smaller peaks consistent with
3 trace quantities of isopentane are also evident.
4 The spectrum shows that .the product material
5 contains ligated benzyl groups. The "C spectrum
6 is presented in figure 12. The spectrum shows
7 peaks at 141.7 ppm, 128.5 ppm, 128.3 ppm, 125.9
8 ppm and 37.9 ppm relative to TMS. The '*C
9 environments are consistent with the distribution
10 of shielding effect over the benzyl group ligated
11 to an electron inducing species. The F NMR
12 showed a singlet at -67 ppm relative to CFC-11,
13 similar to those obtained for the previous
14 samples.
15
16 The product material from the benzyl Grinard
17 reagent reaction with an etheral solution of auric
18 (III) chloride was applied to a clean quartz
19 substrate and subjected to electron beam
20 bombardment as described in Example 2. The
21 material did not reduce to give metal lines.
22
23 c) NMR analysis of the t-Butvl Auric Halide material.
24 |
25 " The 'H NMR analysis of the product material from
26 the reaction of the t-butyl Grinard reagent with
27 an etheral solution of auric (III) halide is
28 presented in fiqure 13. The NMR data shows the
29 presence of a major peak at 1.24 ppm (singlet)
30 relative to TMS which is consistent with that
31 expected for the t-butyl group. Impurities in the
32 NMR have been identified to be MeOH, TMS and CHCl;.
33 Peaks consistent with some trace hydrocarbon
34 solvent are also observed. The YF NMR analysié
35 showed one peak at -67 ppm relative to CFC-11.



4 - group) have not as yet been found al though adduct 5 conpounds of

Au(l) with phosphines or isocyanides are 6 known. Trigonal planar
Au(l) organoaurates (eg 7 Li (AuCH err]][err]) exhibit |Iow stability,
spont aneously 8- deconposi ng by reductive elimnation of the methyl 9
groups to give ethane. The trigonal planar gold 10 conpl exes gain
stability if conplexed with |arger 11 | i gands (eg

Li (PMDT) (AuCH[ err])[err], where PNMDT = penté thyl- 12

di et hyl enetrisamne) 13 14 Au(l) organyls are al so accessi bl e through
carbene 15 . insertion into the Au-C bond. 16 17 eg

(Jerr]Her#])[err] PAbg productCHagerjilefrpa[ the] reaction was applied
(Clerr]Herp])[err] PAgE o+ Nehf liuallz L%gst_réeélém 9hg3BYLagakeo require

additional l[igation to_ 20 provide stability. Square planar _conpaounds
are 3 electron beam bombardment” as described in Example
4 2. The material did not reduce to give gold metal
5 lines. )
6
7 d) NMR analysis of the Cvclohexvlmethyl Auric (IIT)
8 Material:
g
10 The »C NMR spectrum is presented in figure 14.
11 The spectrum shows peaks at 36.15 ppm, 34.67 ppn,
12 33.6 ppm and a doublet at 26.6 ppm relative to
i3 TMS. The spectrum is consistent with that
14 expected for methyl cyclohexane. The 'H NMR
15 analysis is presented in figure 15. - The spectrum
16 shows peaks at 1.2 ppm, (singlet) 1.6 and 1.7 ppm
17 (singlets), 2.9 and_3.25 ppm (doublets). The
18 spectrum is consistent with that of
19 methylcyclohexane. The '"F spectrum is shown in
20 figure 16. A singlet peék at -68 ppm relative to
21 CFC-11 is agailn observed.
22 ) : :
23 The product material from the methylcyclohexyl
24 aurum reaction was applied to a clean quartz
25 substrate and subjected to electron beam
26 :bombardment as described in Example 2. The
27 material did reduce under the conditions used to
28 deposit fine lines of gold as observed under
29 opticai magnification. The width of the gold
30 lines obtained were ca 500nm.
31
32
33 Exanple 8
34

35 Preparation of organoplatinum halide complex:



21 obtained eg: (Cerr]F[err])[err] AuC PPh[err]). Halogen bridging Au

22 conpl exes are known through the auration reaction: 23 24 eg:
2A{ err]Clferr]6 + 2C[err]Herr] [err] C6HA C . Au.d.d.Au.d.CeH5 25
26 O her typical organonetallic conpounds for use in this 27
I nvention are polyal kyl netal fluorides, for exanple 28 pol ydi butyltin
di fl uoride, as these conpounds contain 29 general ly l'inear chains which
al | ow good definition of 30 the affected areas of the conpound on
application of 31 the radiant or particlg beam 32 33 The
organonetal I'i ¢ conpounds are advantageously 34 fluorides since the
fl uoride conponent enhances the 35 adhesi on between the substrate (such
as_Silicon_Pr The preparation of platinum analogue materials was
_2 performed analogously to those described in Example 2.
3 Propyl, butyl and methylcyclohexane analogues were
- 4 prepared. The respective organomagnesium halide
’ .5 intermediate material was reacted with an etheral
6 solution of platinum (IV) chloride (Johnson Matthey)
7 0°C. Phase separation of the product material was
8 performed as déscribed.in Example 2. The product
9 material obtained had a white waxy appearance similar
10 to that obtained from the gold complexes.
11 '
12
13 Results
14
15 a) NMR analvsis of the product material from t-Butwv]
16 platinum fluoride:
17 _
18 The 'H NMR analysis is presented in figure 17. The
19 NMR shows the major peak at 1.25 ppm (singlet)
20 with evidence of MeOH solvent in the sample. The
21 F NMR analysis gave one peak at -67.66 ppm.
22_
23 b) NMR analysis of the Butyl platinic halide product.
24 '
25 " The 'H NMR of the product obtained from the
26 reaction of the n-butyl Grinard reagent with an
27 etheral solution of platinum (II) chloride is
28 presented in figure 18. The NMR shows peaks at ’
29 0.82 ppm (doublet), 1.28 ppm (singlet), 1.39 ppn
30 (singlet) and 1.5 ppm (singlet), relative to TMS.
31 The spectrum is consistent with that expected for
32 an n-butyl moiety. The F NMR analysis of the
33 material showed a singlet peak at -67 ppm (Figure
34 - 19).

35



8 ° 1 quartz) and the nmetal filmforned after irradiation. 2 The
enhanced adhesive is believed to be due to the 3 -formation of Si-F
bonds. This enhanced adhesion is not
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c)

d)

22

The product material was applied to a clean quartz
substrate and subjected to electron beam
bombardment as described in Example 2. The
material was readily reduced under the influence

of the electron beam ' to deposit-a line of metallic

. appearance.

NMR Analysis of the Propyl Platinic Fluoride

Material:

The 'H NMR spectrum was performed in deuterobenzene
solvent and is presented in figure 20. The
spectrum shows peaks at 1.33 ppm (singlet),
0.91ppm (singlet) and 0.39 ppm (singlet) relative
to TMS. The spectrum is consistent with that
expected for a propyl moiety. !"F NMR analysis
gave a single'peak_ﬁt -67 ppm.

NMR_Analysis of the Methylcvclohexyl Platinic

Fluoride Material:

The 'H NMR spectrum of the product material from
the reaction of the methylcyclohexyl Grinard

reagent with an etheral solution of platinum (II)

~ chloride is presented in figure 21. The spectrum

is consistent with that expected for the
methylcyclohexyl ligand. The “C carbon NMR is
also presenﬁed in figure 22. The spectrum also
confirms that the product material contains

ligated methylcyclohexyl groups.

Example 9

Example of the Butylpalladium analogue complex:




4 ~ achieved with the equi val ent chloride and bromde 5 conpounds.

Particul arly good adhesion i.s observed when 6 tetra-sec-butyl di aurum
di fd uoride is used as the 7 organonetal | i c conmpound. A further
advantage is that an 8 ~ especially even dispersion of organonetallic
conmpound 9 I s observed where a fluoride conpound is used. 10 11

Fl uorine bridging in organogol d conpl exes has not been 12 reported but
pent af | uor ochal chogenat e derivatives of 13 gold are known (ie
~Au(OrTeF[err])[err]). -The group OTeF5 is often 14 regarded as a

pseudohal ogen but nore precisely is a 15 2pseudofluorine. The ability of
Au to formbridging 16 species renders the gold pentafl uorochal cogenate
17 conmpound the only known binary transition nmetal 18 derivative of
OTeF[err]. 1 Thi sTHOMMeaited6i@h S 1bhe m@8N QST G YBfuaM & f our

;s(r)lTpgal TezF[ er rdexgggfjrgesd aa?g ggscrilge\_lg) iur; Oﬁ(xoamlglledgzl .ng quledernésageecggé%

3 organomagnesium halide intermediate material was

4 reacted with an etherél solution of palladium (II)

S chloride. It was observed that the product material

6 was thermally unstable resulting in deposition of the

7 palladium component at around 50°C. The deposited

8 palladium metal had strongly adhered to the glass

9 surface and could only be removed using acids.

10

11 Results

12

13 The 'H NMR analysis of the product material from the

14 butyl Grinard reagent with an etheral solution of

15 palladium (II) chloride is presented in figure 23. The
16 spectrum is consistent with that expected for a butyl
17 ligand a weak interaction with the ligated centre. The
18 BC NMR spectra shows the presence of 3 carbon

19 environments in the compound. The QF NMR again shows a
20 Singlet peak at -67 ppm (Figure 25).
21

22
23 General Discussion
24 '
25 Examples 2 to 9 show that the butyl-, propyl- and
26 cyclohexyl—- gold complexes are able to be reduced to
27 the metal component under electron beam bombardment.
28 The preparation of the propyl- and cyclohexyl-
29 analogues of the gold complex show no rearrangement

30 during the synthesis treatment. The 'H NMR spectra of
31 these compounds do not exhibit any splitting patterns
32 that are consistent with the incorporation of fluorine
33 into the organic ligand. Whether these compounds have
34 fluorine as a constituent in their structure remains to

35 ‘be determined. The “F NMR signal for the product



21+22 Further according to the invention there is provided a 23 met hod
of preparing polydibutyltin difluoride, 24 conprising fluorinating
pol ydi butyltin dichloride. 25 26 Pol ydi butyltin dichloride is

comerci ally avail abl e but 27 IS unstable at anbient tenperature. The
di fluoride, 28 while known, has until now been very difficult to 29
produce. 30 31 The fluorination nay be carried out using for exanple 32

sodi um fluoride, and the resulting polydibutyltin 33 di fl uori de may be
used in the manufacture of photomasks 34 oRy applying it, for exanple by
spinning, to a 35 transparent or translucent substrate such as quartz.

1 materials indicate that fluorine is present in a form
2 which confers a symetrical field around the fluorine
3 environment. Given that fluorine has the ability to
4 affect neighbouring carbon atoms and cause coupling
5 over long ranges, it seems that whatever form the
6 fluorine is in, it is shielded from the organic ligands
7 so that coupling cannot take place.
8 ‘ '
9 The reaction of the n-butyl group to give sec—butYl
10 products givés rise to some questions about the
11 chemistry that is affecting the formation of the
12 butylauric (III) fluoride. Firstly, it is important to
.13 note that the organic ligand itself does not contain
14 fluorine. No splitting of the proton signals are
15 observed in the proton spectra and there are no signals
16 in the "F NMR to indicate that hydrofluoroalkane groups
17 are present. Hencé, the isomerisation step of the n-
18 alkane cannot be taking place during the fluorination
19 process. Isomerisation usually requires the production
20 of a carbocation species in the presence of F ions
21 during the reaction with the methanol solution of NaF
22 would immediately give rise to a fluorinated organic
23 ligand, for which there is no evidence. Hence, the
24 evidence suggests an intramolecular re-arrangement at
25 some stage in the production of the fluorided material.
26
27 The mass spectroscopic data gives a molecular ion of
28 661 amu, the fragmentation pattern of which is wholly
29, consistent with the formula (sec-butyl), Au, F,. It must
30 be remembered that the Au (III) is in a 5a°
31 configuration that would give a square planar
32 arrangement, and would also consider the propensity of
33 gold to form bridging dimers. Thus, it is tentatively
34 submitted that the tetrakis sec-butyl aurum (III)

35 difluoride structure would be as follows:



9 1 In this process the quartz is rapidly rotated while the 2

pol ydi butyltin difluoride in solutionis slowly 3 applied, for exanple
by drip, toit. The solvent is 4 then driven off |eaving an
accurately-controlled layer 5 of the organonetallic conmpound.

25

1 .

2 H,C CH,

3 \\\CHZ ' CH;//

4 CH ’//
. N / S~

6 Au \\\\Au

7 H,C //// ~p—" \\\\

8 ) \CH /

9 CH{// \\‘Cﬂz

10 H;C/ \CH3

11

12 The organoaurum product is uv transparent in the region
13 from 900-3500nm. This is a positive result should mask-
14 making be an application for the material.

15

16 No deposition of metal lines was obtained from the

17 benzyl- and tertiary butyl- analogues. These materials
18 possess good inductive properties and are able to pump
19 electron density into neighbouring moieties. This may
20 have an effect on the reducibility of the gold

21 complexes.

22

23 Electron reduction has been successfully shown on the
24 butyl analogue of the Pt material. Also the cyclohexyl
25 analogue of the P4d materials were able to be reduced by
26 electron beam bombardment techniques. Thermal

27 degradation of the palladium complex at 50°C resulted in
28 a strongly bound metallic film of palladium that could
29 only be removed by reaction with acid. This result

30 indicates that the palladium analogue of the

31 organometallic complexes is a suitable candidate for

32 metal deposition by laser dégradation.



6 7 In sone cases it is possible to deposit the opaque 8 mat eri al by
application to the substrate of a solution 9 of the degradabl e conpound
and then driving off the 10 sol vent, preferably by m crowave heating

whi ch has the 11 effect of allowing the solvent to be renoved fromthe
12 substrate interface early in the procedure, thereby 13 pr oduci ng

ef fecti ve adhesi on between the deposited 14 degr adabl e conpound and the
substrate. 15 16 In investigating the yield of organonetallic precursor

17 material extracted fromthe reactant m xtu a 18 function of
sol vent polarity, cyclohexane, n-hexane, 19 I sopent ane,

chl orof l uorocarbon 113 (CCl[err] FCC F[err] )36 Gcll’iﬂﬁﬂug!@m gﬁfg%t o

n- pent ane and i so-pentane have been 21 exam n

provi de a snooth even 22 di stribution of organonefalt «lal on a
quart z 1 CLAIMS
2
3
4 1. A method of chemical deposition comprising
5 applying to a substrate a compound which degrades
6 under the effect of a radiant or particle beam to
7 produce a deposit and a degraded compound residue,
8 applying to selected areas of said compound a
9 radiant or particle beam and removing the degraded
10 compound residue and unaffected compound from said
11 substrate.
12
13 2. A method as claimed in Claim 1 for manufacturing
14 an integrated circuit wherein said deposit is a
15 conductive material.
16
17 3. A method as claimed in Claim 1 for manufacturing a
18 photomask wherein said substrate is a transparent
19 or translucent material and wherein said deposit
20 is opaque.
21
22 4. A method as claimed in any one of Claimé 1 to 3
23 .wherein said compound is an organometallic
24 ‘material.
25
26 5. A method as claimed in any one of Claims 1 to 4
27 wherein said compound is an organometallic
28 | fluoride.
29
30 6. A method as claimed in any one of Claims 1 to 5
31 wherein said compound is an organometallic gold,
32 platinum, palladium or tin fluoride.
33
34 7. A method as claimed in any one of Claims 1 to 6

35 wherein said compound is tetra-sec butyl diaurum



23 substrate was found to be a lowboilin [ [ [

g-point aliphatic 24
hydrocarbon sol vent. Hence, n-pentane or isopentane -25 are excell ent
sol vents for work to be perfornmed at 26 anbi ent tenperatures. 27 28
Embodi ments of the present invention will now be 29 descri bed by way of

illustration in the following 30 Exanples. 31 32 ﬂi“l“" I“ |“I|
S

1 difluoride.
2
3 8. A method as claimed in any dﬁe of Claims 1 to 7
4 wherein said compound is exéosed to microwave
5 radiation after application to said substrate and
6 before application of said radiant or particle
7 beam. -
8
9 9. A method as claimed in any one of Claims 1 to 7
10 wherein said compound is applied to said substrate
11 by an organometallic vapour deposition (OMVD)
12 technique.
13
14 10. A method as claimed in any one of Claims 1 to 9
15 wherein said compound is degraded by a laser bean,
16 an ultra-violet beam and/or an electron beam.
17 _
18 11. An integrated circuit obtainable by the method as
19 claimed in any one of Claims 1, 2 and 4 to 10.
20 .
21 12. A photomask obtainable by the method as claimed in
22 any one of Claims 1 and 3 to 10.
23
24 13. An integrated circuit or photomask as claimed in
25 either.of Claims 11 and 12 having nanoscale
26 resolutioﬁ.
27
28 14. An integrated circuit manufactured by use of a
29 photomask as claimed in either of Claims 12 and
30 13.
31
32 15. A gold organometallic fluoride compound.
33
34 16. Use of an organometallic compound in a method as
35 claimed in any one of Claims 1 to 10.



10 1 Example 1 2 3 Preparati on of Polydi butyltin difluoride

“Anal ar grade nethanol (50m, B.D.H ) was transferred to 6 a coni cal
fluoride (Al drich Chem cal

flask containing 2.1g of dried sodium 7
Co.,). The flask was shaken 8 to dissolve the-setH-dmaterial——

D butyltin dichloride |
DT

o
[o5]

4 5

1 17. Use as claimed in Claim 16 wherein said

2 organometallic compound is an organometallic gold,
3 platinum, palladium or tin fluoride compound.

4

5 18. Use of a radiant or particle beam in the method as
6 claimed in any one of Claims 1 to 10.

7 .

8 19. A nethod of manufacturing an organometallic

9 fluoride compound suitable for use in the method
10 of Claims S to iO, wherein sodium fluoride is

11 added to said organometallic compound in its

12 chloride or bromide form.

13

[
oS



9 ° (0.5g, Aldrich Chemical Co.,) was added and the conical 10 flask
was stoppered and seal ed using paraffin film. 11 The system was shaken
for, 1 hour, then allowed to stand 12 for 12 hours at anbient
tenperature. 13 14  The reaction mixture was then passed through a
sintered 15 glass filter to renove any undlssolve
prior to the eluent being transferred to a gha

Petrol eum et her (bp. 60-80[err]C, 100 18 %) vvas added REBLACED el uent
phase and the reaction 19 m xt ure shaken before allow ng the mrxture to
settle 20 and separate. Using the upper phase, the purification 21
process waslrepeBEERACTurther three tines using 22 nethanol . (100n)
before the ,upper phase was finally 23 transferred to a 250 m round

- bottom flask. The flask 24 containing the reaction solution was- affi xed

to a 25 rotar M EUHORQF PERQSITIONwed t o evaporate down until a

4

5.

6 There is described a method of chemically depositing a
7 substance. The method is of utility in the direct

8 manufacture of integrated circuits and in the

S manufacture of a photomask for use in production of

10 integrated circuits. The method involves the use of a
11 compound which degrades into a deposit and a residue
12 when a radiant beam (eg a laser beam) or a particle

13 beam (eg an electron beam) is applied. The residue and
14  any unreacted compound may be washed off the substrate
15 to which it has been applied. Nanoscale dimensions of
16 the deposit can be achieved. A particularly suitable
17 organometallic compound is tetra-sec butyl diaurum

18 difluoride.

19
20
21 This Sheet Has Been
22
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24

25 )

26




26 precipitate appeared. 27 28 The solution was anal ysed by Raman
Spectroscopy and 29 identified as a | ow nol ecul ar wei ght pol ynmer of 30
di butyltin difluoride. 31 32 Application and Preparation of
Organonetal lic Overlayer 33 34  The solution of polydibutyltin difluoride
nmononer 35 prepared above was spun onto a clean polished quartz
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1 plate. As the solvent evaporated off a filmof 2 pol ymeric
dibutyltin difluoride forned on the quartz 3 substrate. The
organonetal lic overl ayer supported on 4 the quartz substrate was pl aced
in a JEOL T300 Scanning 5 El ectron M croscope and bonbarded with

el ectrons 6 (energy 30 keV) for a time whf)ch varied-from5s to 10 7
mn over an area of 100 x 100 [err]m of the organorretal]_lp‘B sanpl e,

nlnl~acmkoirod
PN bt

t hen m)vecL to an adj acent area. *:..' iicee
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9 10 After irradiation of each area the sanple was exam ned 11 using an
optical mcroscope to reveal a linear track of 12 nmetallic particles,
approx. 10 [err]mw de. The non- 13 degraded pol ydi butyltin difluoride
fil.mwas renmoved by 14  dissolution in nethanol. 15 16 Usi ng the net hod
of this enbodinent it is possible to 17 produce a photonmask of very high
definition so that 18 dense and discrete patterns can be applied to '
silicon 19 chips to provide integrated circuits. The method 20 renoves
the need for affected el ectron beamresist to 21  be dissolved as in the
conventional nethod, and al so 22 for the \@t etch process, both of which

reduce the 23 definition and performance of the photomask. 24 25
Exanpl e 2
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26 27 Preparation of D -sec butylaurum (l111) Fluoride dimer. 2829
Magnesi um t ur ni ngs wer e degreased by washing in sodi um 30 dried ether and
transferred to a doubl e-necked round 31 bottom fl ask containing a
magnetic stirring bar. 32 Sufficient sodiumdried ether was added to
cover the 33 magnesi um turnings. The flask was fitted wwth a water 34
cool ed condenser and a dropping funnel charged with 35 5. 629 di butyl

brom de (Al drich Chemical Co.) in 80m of 4
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12 1 sodiumdried ether. The butylbrom de/ ether mxture 2 was
added slowy and allowed to react with stirring 3 with the nagnesi um
turnings. The systemwas left to 4 react for 2 hours at anbient
tenperature. 5 6 The prepared butyl nagnesium brom de/ether m xture was
7 decanted to a dry dropping vessel and fitted to a 8 doubl e necked

roundbottom fl ask containing an etheral 5
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9 solution of aurum (I11) chloride (500my in 20mM ether 10 Al drich
Chem cal Co) cooled with powdered ice. The 11 et heral solution of butyl
magnesi um broni-de was added 12 slowly with stirring to the aurum (111)
chloride 13 solution over a 20 mnute period. After reaction 14
powdered i ce was added to the reactant m xture which 15 was then all owed
to warmup to anbient tenperature. 16 17 The resultant organonetallic
gol d haljde was=Ztracted 18 fromthe reactant m xture using isopentane
in a phape 19-=—=separation process. A dry get hanol /i sopent ane phase 20
separati pn pr as performed a further t@ree times. 21 - The product
m xture, pas rea ith sodiumfluoride 22 (Aldrich Chem cal Co, 2.10Q)
di ssolvef in 50@=ztdried 23 nethanol (BDH), and shaken at anbient
tenperature over==274 - a 24 hour period. The m xture was then passed

t hrough |25 i%ewd glass filter to renove any undi ssol ved NaF

=i

Al

\

S \
< = " This Sheet Has Bee

= R

[3 . hreduadary Sy Sor Far Roy Sany =20 ~ZXIT="3 zUrnoume OO
TN — LDV TN mNIDINE NEDme—LT DT
=~ ~ =L
ND 0 1 1=
= o LI . - e e——0 N
= w - — DI do
E= T 3 TN NN PONIND: —~ NS
W N N N S DIDVDLDED 1 O
=IOV IR BT B SIS D 1
L T s e« a2 & v & = D. - . - . - » Q- i S ’_"\—
SOOI E oo joeg cogov] —_ N ~8IN O
[ RNT SRR ] = = [o ) e } WU TR0 v
S — [o] {54 in N NE2®=
hr~fu &



-

26
vessel .

prior to the eluent being transferred to a phase

Three phase separation cycles were 28

27
performed using an

separation

I sopent ane/ dry met hanol m xture 29 contai ning the reaction products, the
hydr ocar bon phase 30 being carried over i each step of the separationse.
31 The final hydrocarbon phase was tramsférred to a round 32 bottom g
flask, affixed to a rotary exaporator, and 33 al l oned to evaporate down
until a precipitate appeared. 34 The product material had a white waxy o
appear ance and 35 gqave off a pyngent_odour. Contact of the_ product =
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13 1 material with the skin left a purple stain consistent 2 W th

the deposition of colloidal gold. 3 4 Char acterisation of the product
material was performed 5 using [err]H [err]3C, [err]9F, and
Di stortionl ess Enhancenment by 6 Pol ari zation Transfer (DEPT) |iquig 24
phase NVR (nuclear 7 magneti c resbniance) analy5|s using CDCl[err] gr=8
deut er obenzene as sol vent (Figures 1-5). N%$s spectroscopy was al?o
used to identify the product _ o ;
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10 material (Figures 6-7). 11 12 Results: 13 14 [err]H NWR
anal ysis of the product material gave peaks at 15 1.38 (hextet), 1.13
(hextet) and 0.79 (d of d) (Figures 16 1 and la). Two dinensional

[err]H analysis of the material 17 y,showsqthree proton environnentss= -
(Figure 2) and DEPT 18 analysis shows t hat” the proton arrangenent or& tthe
19 organic liquid is one carbon containing an even nunber 20 of & 5 3
protons and three carbons contai ning an odd nunber 21 of protons = 2
(Figure 4), _[errkC NVR analysis XFi gume 3) =of 22 =t he produc:t rrateda;b
shows 4 peak iy A - . TRe =
dat a i ndi c&t s that four 24 car bon environnents are present i the® @
product 25 mat eri al [err] F NVR anal ysis of the product natjegi al -6
(proton coupted and proton decoupl ed spectra) shows a 3 } o
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27 singl et peak at -66.3 ppmconfirm ng the presénce of 28 fluorine
in the product. The [err]F NMR datum (Figure 5) 29 al so indicates that

the- fluorine environnment is 30 contained in a symetrical field. 31 32
Mass spectroscopi c anal ysis of the product material 33 confirms the
nmol ecul ar ion mass of the product naterjal 4 to be 661 anu (Figures’Gz
and 7). Fragnentation of the 35 product  fraterial is consistent wtlg th
| oss of the ' <
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14 1 foll owi ng nol ecul ar fragnents:- 2 3 Fragnents
Resi dual Mass (amu) 4 5 CH err]- group 647 6
632 8 9 3 @CHerr]- +1

7 2 @CH
@ derr]lHerr]- 558 10
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11 3 @CHerr]- +1 @Cerr]Herr]- +1 @lerr]Herr]- 516 12 13

1 @Au 463 14 15 1 @Au +1 @
Cerr]Herr]- 421 16 17 1 @Au + 1 @Cerr]Herr]- + 1
@ F 402 18 19 1 @Au + 1 @Cerr]Herr]- +1 @F
385 20 21 1 @Au + 1 @Cerr]Herr]- + 2 @F 368 22 23
1 @Au + 2 @Cerr]Herr]- +1 @derr]Herr]- 24 +2 @F
269 25 26 27 UV analysis of an evaporated filmof organoaurum
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28’

transpar ent

product supported on quartz shows that the materi al
I n the range 900nm 350nm and .hence the 30

for use in mask-maki ng where uv 31
St udi es have shown that the optinmm solvent to

abstraction of the product materi al

of the preparation and

n
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is 29
mat eri al

uv
is suited

lithography is to be applied. 32 33

from 35

be used, 34

bot h

in the

t he phase separation stage
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15 1
a low boiling point saturated al kane.
applied to the quartz substrate 4

adhesi on of organocaurumfilmto the quartz 7
enhanced by exposing the coated 8
radi ation prior to 9 el ectron beam bonbar dnent.

Hence, the

10 process effectively evaporates off residual sol vent

bet ween the organoaurum filmand the quartz

[Ty o)'. 11

the deposition of the material onto a quartz substrate, 2 IS
product material was
usi ng i sopentane solvent. 5 6 The
substrate material is
quartz substrate to m crowave

i s thought that this
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1Z substrate to give better contact at the interface. The 13 quartz
substrate can also be coated with the 14 organoaurum materi al via
organonetal | i c vapour 15 deposition technique (OWD). The OWD
deposition 16 method results in a snoother nore uni form coverage of 17
t he organoaurum nmateri al conpared to the solvent 18  application nethod.
19 20 El ectron beam bonbardnent of the coated quartz 21 substrate was
performed using a JEOL JSM T220 Scanning 22 M croscope. The m croscope
was set at an accelerating 23 vol tage of 20kV, focusing and novenent of
the sanple 24 under the el ectron beam being both perfornmed manually. 25
The organoaurum naterial easily reduced to the netal 26 conponent under
the el ectron beamirradiation (Figure 27 8). The best line width
attained to date using the 28 focussi ng power available on the JECL
instrument is
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29 500nm 30 31 A sanple of the dibutylaurum (I11) brom de di mer was
32 applied to the quartz substrate nmaterial and subjected 33 to

el ectron beam bonbardnent. A film of reduced gold 34 nmet al was obtai ned
on the quartz substrate. 35
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16. 1 Modi fications and inprovenents can be made w thout 2

departing fromthe scope of the invention, for exanple 3 by using
vapour phase deposition of the netal- 4 containing polyner. 5 6 7
Exanple 3 8 9 Preparation of Dibutylplatinum(lV) Fluoride dinmer. 10

11 Magnesi um turni ngs were degreased by washing in sodium 12 dried
ether and transferred to a doubl e- necked lahnd,
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13 bottom fl ask containing a magnetic stirring bar. 14 Sodi um dri ed
et her was added sufficient to cover the 15 - magnesiumturnings. The
flask was fitted with a water 16 cool ed condenser and a droppi ng funnel
charged with 17 5.62g di butyl brom de (Al drich Chemcal Co.) in 80m of
18 sodiumdried ether. The butyl brom de/ ether mxture 19 was added
slowy and allowed to react with stirri ng 20 w th the nmagnesi um
turnings. The systemwas left to 21 reacfy for 2 hours at anbient
tenperature. 22 23. The prepared butyl may eS|un1bron1de/ether m xture
was 24 decanted to a dry dgQppiagvesselsand fitted to a doubl e
necked roundi bottom fl ask cont%u-m"ﬁ*g “500"g Ot= Ze-=2=pl a;tfmum-(‘hvfzchl ori de
(Al drich Chelrical Co) cooled 27a% with powdered ice. The_hutyl rrﬂ?g;wem um
broni de mi ®ture 28 was added}® sIowI vmtl%s&ln,rlngtotg@amsaglﬁ V)
29 chloFile solution. After ofeasiinn povdeledice WBERIZS SCE
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30 added to the reactant m xture and allowed to warmup to 31 anbi ent
tenperature. 32 33 The di butyl pl ati num brom de di ner was extracted from
34 the reactant m xture using n-pentane in a phase 35 separation

process. A

dry net hanol/ n-pentane phase
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¥ separation process was perforned a further three tinmes. 2  The product
m xture was reacted wth sodiumfluoride in 3 dry nmet hanol as descri bed
for the polydibutyltin 4 di fl uoride process. 5 6 The di butyl pl ati num
(1'V) fluoride diner product was 7 applied to a clean quartz substrate
froman n-pentane 8 solution and n-pentane was driven off in a m crowave
9 cooker to bake the product onto the quartz. The 10 m crowave process
ensured that the n-pentane was driven 11 off fromthe quartz interface
instead of fromits own 12 surface. This gave very good deposition of

t he product 13 on the quartz and allomedgﬂkry good definition after
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12 el ectron beam bonbardnent. A film of reduced platinum 15 metal was
obt ai ned supported on the quartz substrate. 16 17 A sanpl e of the

di butyl plati num (1V) brom de di mer was 18 applied to the quartz substrate
mat eri al and subjected 19 to el ectron beam bonbardnent. A film of
reduced 20 pl ati num net al.- was obt-ai ned on-the quartz substrate. 21 22 - .
Exanpl es 4-7 23 24 Preparation of Propyl, Tertiary butyl, 25

cycl ohexyl net hyl , benzvl anal ogues 26 27 An anal ogous procedure to that
described in Exanple 2 28 was perfornmed to prepare the propyl, tertiary
butyl, 29 cycl ohexyl net hyl and benzyl anal ogues of organo gold 30
hal i des. The preparation of the organo nmagnesi um
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31 halide internediate involved reaction of degreased 32 magnesi um
turnings wth the ethernal solutions of the 33 appropriate propyl,
tertiary butyl, cycl ohexyl nethyl 34 and benzyl bronm des respectively. 35
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I Results: 2 3 a) NMR anal ysis of the Propyl Auric Halide Material: 4

5 The [err]H NVR of the product material fromthe 6
reaction of the propyl magnesium Grinard with an 7 et her nal
solution of auric (Il1l) chloride is shown 8 in figure 9. The NWR
shows peaks at 0.89 ppm 9 : (triplet), and 1.29 ppm (nmultiplet) :
relative to 10 TMS (tetranethyl sil ang which is consistent with 11
the spectrum expected fromthe propyl li gand™ ™ The 12 broad band at
1.57 ppmi g consistent with that 13 expected for the -CH err]-
adj acent tq a group inducing %ﬁ3322856|%12r H5EZBER dErgn2IRe d2rr] C NWR
is showmn i@ Figure =S 3 : mS
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rd

15" 10. Al
at 14 ppm 22 ppm

t hough noi sy, the spectrum shows three 16 ' peaks
and 33 ppmrelative to 17 TMS. The [err]C

environnments are consistent with CHerr]-, 18 -CH err]- and a

shielded -CH err] -

respectively. The [err]F 19 NVR of the sanple

(proton coupl ed and decoupl ed) 20 shompqda singlet at -67.64 ppm
relative to CO[err]F 21 indicating that “the material contained

fluorine in 22
material was appli
Example 2. Electr
quartz 27

reduced under the
identical to thosq
di fluoride nmateri g

a symetrical field. 23 24 The product
ed t0 a WIEHFI2VSL [0 SEEREA GASIEBLrBEed inF
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33 34
presented in

Auric Halide Material:
is 35
29

of the Benzyl

The NMR data shows nmj or

NVR anal ysi s

b)
The [err]H NVR spectrum of the product materi al
figure 11.
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1 peaks at 7.3 ppm (nultiplet) and 2.9 ppm (singlet) 2
relative to TM5. Smaller peaks consistent with 3 trace quantities
of -i sopentane are al so evident. 4 The spectrum shows that the-
product material 5 contains |ligated benzyl groups. The [err]C
spectrum 6 Is presented in figure.12. The spectrum shows 7 _
peaks at 141.7 ppm 128.5 ppm 128.3 ppm 1298 8 ppm and 37.9 ppm
relative to TMS5. The [err]C 9 envi ronment s- ar e con5|stent W th
the distribugion 10 Of%%’.ﬁkﬁl-daza;gu etféctmbied 2 hg<ehziik @oup
ligated 11 to an el ectrahai nduci ng speci es. The1 9F . NYR 1'2;
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16" The product material fromthe benzyl Ginard 17 r eagent

reaction with an etheral solution of auric 18 (I'11) chloride was
applied to a clean quartz 19 - substrate and subjected to electron
beam 20 bonbar dment as described in Exanple 2. The 21
material did not reduce to give netal lines. 22 23  «c¢) NMR anal ysi s of.
the t-Butvl Auric Halide material. 24 25 The [err]H NMWR anal ysi s of
the product material from 26 the reaction of the t-butyl Ginard
reagent wth 27 - an etheral solution §7auric (111) halide is 28
presented in figufe 13. The NMR data shows the 29 bresence of a
maj or peak at 1. ppm (si ngl et) SRESISCEE IUE abibvdoe UWSWArCh 33CE
consistenf with tgat 31 e":cted for,the t-butyl Jg §m I _DE' es
in the 32 gNI\/R have been icgeptified tZRBeMOH, TN%Q@@,:Z%__ SENE
3" § Zudsardom %38 G888 Qi CeEEONS O OLE
"""" aos p . ol DOK OC «
] 3 e PP
" i
] ;!
| 3
i
T~ 124,32
_ ¢
A
1 §
n_ % )
n _
] 1
;— % 14.8
— —
] 3
.- % Fiy a4

This Sheet Has Been Reﬂlaced




33"?“ b " 'Peaks consi stenf- W th sonme trace hydrocarbon 34 sol vent
are al sp observed. The [err]F NWR anal ysis 35 showed one peak at
-67 ppmrelative to CFC 1l. 20
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1 The product .material fromthe react
cl ean quartz substrate and subj-ected to 3
bontfar dnent as described in Exanple 4
reduce to give gold netal 5 | i nes.
t he Cycl ohexylnmethyl Auric (l111) 8

Lon was_applied 2

Qo

[err]C NVR spectrumis presented in figute J4g

shows peaks at 36.15 ppm 34.67 ppm 12

26.6 ppmrelative to 13 TVMS. The spqg

14 expected for nethyl cycl ohexane.
Is presented in figure 15. The spectrum 16
(singlet) 1.6 and 1.7 ppm 17
(doubl ets). The
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18 spectrumis consistent with that of 19 met hyl cycl ohexane.

The [err] F spectrumis :shown in 20 figure 16. A singlet peak at
-68 ppmrelative to 21 . CFC-11 is again observed. 22 23 The
product material fromthe methyl cycl ohexyl 24 aurum reacti on was
applied to a clean quartz 25 substrate and subjected to el ectron
beam 26 bonmbardnent as described in Exanple 2. The 27
material did reduce under the conditions used to 28 deposit fine
| ines of gold as observed under 29 _ optical magnification. The
wi dth of the gold 30 | i nes obtained were ca 500nm 31 32 33
Exanple 8 34
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35 Preparation of organopl ati num halide conpl ex:
21 1 The preparation of platinum anal ogue materials was
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2: perfornmed anal ogously to those described in Exanple 2. 3 Propyl,
butyl and nethyl cycl ohexane anal ogues were 4 prepared. The respective

or ganomagnesi um halide 5 intermedi ate material was reacted with an
etheral 6 solution of platinum (IV)gchloride (Johnson Matthey) 7
O[err]C. Phase separation of the product material was 8 performed as
described in Exanple 2. The product 9 mat eri al obtained had a white
waxy appearance simlar 10 to that obtained fromthe gold conplexes. 11
12 13 Results 14 15 a) NMR anal ysis of the oroduct material from
t-Butvl 16 platinumfluoride: 17 18 The [err] H NWR
analysis is presented in figure 17. The
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19 NMR shows the major peak at 1.25 ppm (singlet) 20 wth

evi dence of MeOH solvent in the sanple. The 21 [err] F NMR
anal ysis gave one peak at -67.66 ppm 22 23 b) NMR anal ysi s of the
Butyl platinic halide product. 24 25 The [err]H NWR of the product
obt ai ned fromthe 26 reaction of the n-butyl Ginard reagent with
an 27 et heral solution of platim?m(ll) chloride is 28
presented in figure 18. The NMR shows peaks at 29 0.82 ppm
(doublet), 1.28 ppm(singlet), 1.39 ppm30 . (singlet) and 1.5 ppm
(singlet), relative to TM5. 31 The spectrumis consistent with that
expected for 32 an n-butyl noiety. The [err]F NVR anal ysis of the
33 mat eri al showed a singlet peak at -67 ppm (Figure 34 x 19).
35 ; &
_ =)
9980 ~ :
| E
) . ' =
= o~
TN - g |
99957 =_— JE=3
0Lps e X
=]
-~
=
ot n
3
=3
o
o
=
-«<

Wd _
- - REPLACEMENT SHEET

29 NOV 197

Lo g e o g ;

k. . - Rp— 2




22 - 1 The product material was applied to a clean quartz 2

substrate and subjected to el ectron beam

described in Exanple 2.

The
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3 bonbar dnent as
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4 .-

8 c)
100" 11

mat eri al
the el ectron beamto deposit a line of netallic
NMR Anal ysi s of the Propyl

The [err] H NMR spectrunlmagbperforned i n deut er obenzene
Th 13

solvent and is presented in figure 20.

was readlly reduced under the influence

Pl ati ni ¢ Fl uori de

5 of
appear ance.

Mat er i

6
9

spect rum shows

peaks at 1.33 ppm(singlet), 14 0.91ppm (singlet) and 0.39 ppm
(singlet) relative 15 to TM5. The spectrumis consistent with
that 16 expected for a propyl nmoiety. [err]F NVR analysis 17
gave a single peak at -67 ppm 18 19 d) NMR Anal ysis of the
Met hyl cvcl ohexyl Platinic 20 Fl uori de Material: .S
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21- 22 The [err]H NWR spectrum of the product material from 23

the reaction of the nethylcycl ohexyl Gi rhard 24 reagent with an
etheral solution of platinum(ll) 25 chloride is presented in
figure 21. The spectrum 26 i s Wbnsistent with that expected for
the 27 met hyl cycl ohexyl ligand. The [err]C carbon NVR is 28

al so presented indigures22. Zhe spestrumalso 2 & coMirns that
t he product mat epifat—Tontains 30 i gat ed net hyl cycl ohexyl groups.

31 32 33 Exanplie 9 34 35 Exanpl e of the Butyl pal | adi um apal ogue
conpl ex: . —
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hal i de i nternedi at-e materi al was

23 1 The preparation of the butyl palladium anal ogue was 2

performed as described in Exanple 2. The respective 3 or ganomagnesi um
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4 . reacted with an etheral solution of palladium(Il) 5
was observed that the product nmaterial 6

resul'ting in deposition of the
pal | adi um et al

surface and could only be renoved using aci d<.
The [err]H NVR anal ysis of the product materi al
Ginard reagent with an et heral

The deposited 8

7

sol ution of 15

was thermally unstable

pal | adi um conponent at around 50[err]C.
had strongly adhered to the gl ass

10 11 Resul ts

fromthe 14

is presented in figure 23. The 16 spectrumis consistent with that
expected for a butyl 17 ligand a weak interaction with the |igated
centre. The 18 [err]C NVR spectra shows the presence of 3 car@§n 19
environnments in the gonpound. The [err]F NVR again shows a 20} singlet
peak at -67 ppm (Figure 25). [
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21-22 23 General Discussion 24 25 Exanples 2 to 9 show that the

butyl -, propyl- and 26 cycl ohexyl - gold conpl exes are able to be reduced
to 27 the netal conponent under el ectron beam bonbardnent. 28 The
preparation of the propyl- and cycl ohexyl - 29 anal ogues of the gold

conpl ex show no rearrangenent 30 during Te synthesis treatnent. The
[err]H NVMR spectra of 31 t hese conpounds~do not exhibit any splitting
patterns 32 that are consistent with the incorporation of fluorine 33
into the organic |igand. Wether these conpounds have 34 fluorine as a
constituent in their structure remains to 35 be determ ned. The [err]F
NVR signal for the product
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24 1 materials indicate that fluorine is present in a form 2 whi ch
confers a synetrical field around the fluorine 3 envi ronnent. G ven that
fluorine has the ability to
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4. affect neighbouring carbon atons and cause coupling 5 over |ong
ranges, it seens that whatever formthe 6 fluorine is in, it is
shielded fromthe organic ligands 7 so that coupling cannot take place.
8°9 The reaction of the n-butyl group3to give sec-butyl 10 products
gives rise to sone questions about the 11 chem stry that is affecting
the formation of the 12 butylauric (I1l1l1) fluoride. Firstly, it is

i nportant to 13 note that the organic ligand itself does not contain 14
fluorine. No splitting of the proton signals are 15 observed in the
proton spectra and there are no signals 16 in the [err]F NVR to indicate
t hat hydrof | uoroal kane groups 17 are present. Hence, the isonerisation

step of the n- 18 al kane cannot be taking p} ace during the,fluyoyination
. . ; . R e
19 process. | sozrrerl sation usually requires S r oduct |§8&'828
a =hepe gn“?
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2Q- of a carbocation species in the presence of F ions 21 during the
reaction with the nethanol solution of NaF 22 woul d i mredi ately give
rise to a fluorinated organic 23 | igand, for which there is no evidence.
Hence, the 24 evi dence suggests an intrgnol ecul ar re-arrangenent at 25
sone stage in the production of the fluortded material. 26 27 The mass
spectroscopi c data gives a nol ecular ion of 28 661 anmu, the fragnmentation
pattern of which is wholly 29 consistent with the fornula
(sec-butyl)[err] Au[err] F[err]. It nust 30 be renenbered that the Au
(I'r1) isin a 5d[err] 31 configuration that would give a square planar 32
arrangenent, and woul d al so consider the propensity of 33 gold to form
bridging dinmers. Thus, it is tentatively 34 submtted that the tetrakis
sec-butyl aurum (I11) 35 di fl uoride structure would be as foll ows:
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3456789 10 11 12 The organoaurum product is uv transparent in the
region 13 from 900-3500nm This is a positive result should nmask- 14
maki ng be an application for the material. 15 16 No deposition of netal

| i nes was obtained fromthe 17 benzyl - and tertiary butyl- anal ogues.
These material s

16

e
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18 possess good i nductive properties and are able to punp 19 el ectron
density into neighbouring noieties. This may 20 have an effect on the
reducibility of the gold 21 conpl exes. 22 23 El ectron reduction has
been successfully shown on the 24 buty} anal ogue of the Pt material.
Al so the cycl ohexyl 25 anal ogue of the Pd nmaterials were able to be
reduced by 26 el ectron beam bonbar dnent techni ques. Thermal 27
degradation of the palladiumconplex at 50[err]C resulted in 28 a
strongly bound netallic filmof palladiumthat could 29 only be renoved
by reaction with acid. This result 30 i ndi cates that the palladi um
anal ogue of the 31 organonetal lic conplexes j§ a suitable candidate for
32 met al deposition by |aser degradation.
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2.3 4 1. A met hod of chem cal deposition conprising 5 app! yi ng
to a substrate a conpound whi ch degrades 6 under the effect of a
radi ant or particle beamto 7 . produce a deposit and a degraded
conpound residue, 8 applying to selected areas of said conpound a 9
radi ant or particle beam and renoving t degraded 10 conpound

resi due and unaffected conpound fromsaid 11 substrate. 12 13 2.
A nmethod as claimed in Claim1 for manufacturing 14 an integrated
circuit wherein said deposit is a 15 conductive material. 16 17

3. A nmethod as claimed in Claim1 for manufacturing a 18

phot omask wherein said substrate is a transparent
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19 or translucent material and wherein said deposit 20 i's
opaque. 21 22 4, A nethod as clainmed in any one of Clains 1 to 3 23

wherein said conmpound is an organonetallic 24 material 25 26 5.
A:method as clainmed in any one of Clains 1 to 4 27 : wherein said
conpound is an organonetallic 28 fluoride. 29 30 6. A net hod
as clainmed in any one of Clains 1 to 5 320 wherein said conpound is
an organonetallic gold, 32 pl ati num palladiumor tin fluoride. 33
34 7. A nmethod as clainmed in any one of Clains 1 to 6 35

wherein said conpound is tetra-sec butyl diaurum
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3. 8. A nmethod as clainmed in any one of Clains 1 to 7 4 wherein
sai d conpound is exposed to m crowave 5 radi ation after application
to said substrate and 6 before application of said radiant or
particle 7 beam 8. 9 9. A method as clainmed in any one of
Claims 1 to 7 10 wherein said conpound is applied to said substrate
11 by an organonetal | i c vapour2¥eposition (OWD) 12

techni que. 13 14 10. A nethod as clainmed in any one of Clains 1 to 9 15
wherei n said conpound is degraded by a | aser beam 16 . an
ultra-violet beam and/or an el ectron beam 17 18 11. An integrated
circuit obtainable by the nethod as
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19 claimed in any one of Clains 1, 2 and 4 to 10. 20 21 12. A
phot omask obt ai nable by the nethod as clainmed in 22 any one of

Claims 1 and 3 to 10. 23 24 13. An integrated circuit or photonask as

claimed in 25 either of Cains 11 and 12 havi ng nanoscal e 26
resolution. 27 28 14. An integrated3circuit manufactured by use of a 29
phot omask as clainmed in either of Clains 12 and 30 13. 31 32, 15.
A gol d organonetal lic fluoride conmpound. 33 34 ~ 16. Use of an
organonetal lic conpound in a nethod as 35 clainmed in any one of

Clains 1 to 10.
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28 1 17. Use as clained in Caim1l6 wherein said 2
organonetal lic conpound is an organonetallic gold, 3

pl ati num
pal I adiumor tin fluoride conpound.
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4 5 18. Use of a radiant or particle beamin the nethod as 6

claimed in any one of Clains 1 to 10.
manuf acturi ng an organonetal lic

use in the nmethod 10

A net hod of
, fluoride conpound suitable for
of dains 5 to 10, wherein sodiumfluoride is

11 added to said organonetalllc cpgrpound inits 12 chl ori de

or bromde form 13 14
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ABSTRACT

METHOD OF DEPOSITION

There 1s described a méthod of chemically deﬁositing a
substance. The method is of utility in the direct
manufacture of integrated circuits and in the
manufacture of a photomask for use in production of
integrated circuits. The method involves the use of a
compound which degrades into a deposit and a residue
when a radiant beam (eg a laser beam) or a particle
beam (eg an electron beam) is applied. The residue and
any unreacted compound may be washed off the substrate
to which it has been applied. Nanoscale dimensions of
the deposit can be achieved. A particularly suitable

organometallic compound is tetra-sec butyl diaurum

difluoride. .
REPLACEMENT SHEET
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Representative drawing - Figure 2
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