The i nvention relates to infra red transparent wi ndows useful on high speed
“aircraft and mssiles. Such vehicles may fly through rain cfog#ds St can
destroy 5 conventional infra red transparent w ndows. The effect
of inpacting rain drops is to produce high local stresses in the surface.
Thr.s can gradual l.y erode the surface _r_mlki ng it scattering to the infra red
armd -t hus reduci ng transm ssion. Al so the local stresses can cause

cracki ng whi clTheainventiah wplatest ta dhfi) red transpayenipeiado¥s tusefws wdow.

These w ndows hlgg%e#ﬂ%g:v;i%%% REE hidBffsQf germanium or zinc sel enide, or
ni“o

zi nc sul phi de. rtunately gernmani um becomes opaque with increasing
Jenperature nmaking it unsuitable for high speed vehicles which heat up due

to air fricti @ich vehl8fesShphiigeti®ubh &adh! AQubS Cihes Coddf dbdtropetter 15
transni ssion at hltg;g t enper at ur es. Unfortunately it is gurte soft and
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syst ens. At jmRpRcting FAR irojav es efagbloduystieizh ldvalesiresaesvidethehoi ce of
materials, e.q._sapphire.my be use 20 att eppt .to overcone

t hese probl en%“ﬁgae%Ra v@?? H ﬁr?ﬁgufglﬁefrrﬁgﬁ té‘ga?‘%f’e "'g%gﬁg (?E)tati ngs are

di amond- | i ke iseattegiing ar dhesinfandredndnd thesl reduriggatemsmissitachnitdaes for
formng such Occhgt%bgi g{fFﬁggsS%ghb (b OraQX AR Whi1 dr) uiE@t\ﬁptt? NQ%a)

2,069, 008, 2, ese coatings have proven to be excellent in
statit025 collgppggpfitheywindny. anBhese wirdrowshaye prevdrusly dree|mede t anks

etc. However, gigdiiaageh OBr 2398 $d184id¢] B LincasliphPiOP A0 R rikind aey ZnSe
when subjected to high speed inpact b% rai n drops. Attenpts were nade to

ptoduce t hi ck EETREIYRCBRFBAS PARTH ¥ U jncrensdast tampate tEe BREE riter nal
stresses in th@sePRDbLEJfHrCRid speeds @elicaliviichMed® up due td RErunderlying

?;3? ;,[ Iagﬁ @r?gtitorr]l? ¢ %EIL n&ipi’x\zed’ee ig Olg)re?‘gxs'lgerdb IDQ utsg tg ?tls rgert%ezr' ed
15 transmission at high temperatures. Unfortunately it is quite

soft and brittle. These problems are most severe for 8-14 um
wavelength detector systems. At the 3-5 um wavelergth systems

there is a wider choice of materials, e.g. sapphire may be used.

20 One attempt to overcome these problems used a very thin hard
carbon coating. Such coatings are diamond-like in their hardness
"and infra red transparent. Techniques for forming such coatings
are described for example in G.B. Patent Nos. 2,069,008,
2,082,562. These coatings have proven to be excel;Lent in static

\_ 25 imaging systems and as windows on tracked vehicles, tanks etc.

However, when used on ZnSe they helped cracks propagate in the
ZnSe when subjected to high speed impact by rain drops. Attempts
were made to produce thicker hard carbon coatings but these failed
because internal stresses in the coatings could cause breaking on

30 the underlying substrate. Also the coatings were too absorbing

to the infra red radiation.
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fra red transparent material that can be prepared in str
ings is [err]This material has a hardness. [err] that var
of x; high values of x give a soft material whilst [owv

X give a material of extrenme. hardness simlar to that of dianond-
carbon coatings. Processes for making this are described in G B. Patent
Nos. 2,129,833 A, and 2 132 636 A - FZhese have been found suitable fqr use

in static
speed rain
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According to this invention an infra red transparent window for
high speed aircraft and missiles comprises a substrate of ZnSe or
ZnS coated with a 5um or more thick layer of the material infra
red transparent Ge,C,_, where 0<x<1, itself coated with a thin
layer of infra red transparent hard carbon or germanium nitride

having a thickness of not more than 1;§Pm.

The thickness of the chcl_x is dependant on the expected aircraft
speed; higher speeds require thicker coatings than slower speeds.
The thickness is also affected by the angle of the window'relative
to the air flow. A further constraint on thickness is anti-
reflection properties. VWhen calculating anti-reflection
properties of layers it is necessary to consider both refractive

index and layer thickness.

Typical coating layer thicknesses are'?)nm giving protection up to
impact speeds of 235 metres/sec to 25 pm giving protection up to
speeds of 433 m/s. Thicker coatings e.g. SO‘pm.ép.more may also
be used. The final coating of hard carbon is typically 0.5 to
1.5 pm thick. '
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1.5 [err] thick. -3- The invention will now be described by way of
éxanple only, with reference to the acconpanyi ng drawi ngs of which:- Figure
1 is a cross sectional view of a window, Figure 2 is a sectional view of
.apparatus for growing 5 coatings by reactive sputtering,
Fijgure 3 is a sectional view of apparatus for grow ng coating by cathodic
deposition in a plasm discharge, and Fi gures 4, 5 and 6 showinfra red
transm ssi on cufhesinvegtion will Agw Sieodesciyyted dureayl ofirexamblen ondyh with

transparent W ndewsbnc@ gy itﬁ@_sacéo%ﬂa g.j%gldg%q%s & whid&f-sul phide substrate

2. Typically the thickness is abou mm thick, and 1ts dianeter about

10cm A coating 3 offigure | 1chy ér erasseseqfierak yiewf atdnievy t sel f coat ed

with a hard carbon IfaygFe £ is al¥bdfidhal Mieknasspprathd Fobl grdhidd
coating 3 is 5-30 [err] %gg for_ the sgpond coating 4 about 0.5-1.5 pm The

Breci se X hi cknesses are theR BE o8 ’t‘f?esP‘i‘VER/“qg’rrpact vel ocity of rain
drops, the wavel engtiigafe Gpes ai settiongl vieb off affkrhdud eor] grovies coapimy ti on

val ue of x and hence refyacijve.i X 5 Sj L1 oni f wi ndow in
the vehicle i.e. the 20 ﬂy 83&0%?%::@?3%1%@% }ox{]%t ﬁie)as\lf'\ngn%ofvggro&t’hséx%i r flow
For anti-reflecti onRigores #i 6 ek 60phow dhiraired mregsei@sidn |cuyvess (i.e.

t hi ckness tinmes refractive index) are each approxi mately Wavel engt h/ 4,

al though | ayer 3 may be increased in units of Wavel ength/2. 25 . For
an uncodt ed zi nésseHoyRi bie Figpre: oAt 1087 TRApHARSRANSRY SIRAPY TocRTRTiFET 2

i npact speeds aboNe sabewildel3gr Bife sulpHiRRChurEReLElS 20T 299ida1290tHd s require
the coating 3 abo The increase_jn thickness seemi to be

utlﬂ%err t hi ck. - X
abQ_gI i near Wi ttﬁ:cf ) ﬁbov.gtpé%st_h:ck, and its diameter about 10cm.

coating 3 of Gexf:l_x covers the upper surface and is itself coated
with a hard carbon layer 4. Typical thickness for the first

15 coating 3 is 5-30 pm, and for the second coating 4 about
0.5-1.5 pm. The precise thicknesses are determined by the likely
impact velocity of rain drops, the wavelength of operation i.e.
3-5 or 10-14 um, the composition value of x and hence refractive
index, and the positioning of the window in the vehicle i.e. the

20 inclination of the window to the air flow. For anti-reflection

' properties the optical thickness 28 of layers (i.e. thickness

times refractive index) are each approximately Wavelength/4,

although layer 3 may be increased in units of Wavelength/2.

— 25 For an uncoated zinc sulphide substrate rain impact damage will

| occur for impact speeds above about 135 m/s. Impact speeds of
about 500 m/s require the coating 3 about 27 pm thick. The
increase in thickness seems to be about linear with increasing
speeds.

30
The layer 3 absorbs impact pressure and reduces the stress in the
front surface of the substrate. Also due to its toughness the
layer resists propagation of stress cracks. Errosion of layer 3
is reduced by the very hard layer 4. Tests have shown that the

35 layer 4 is undamaged after repeated wipes by a wiper blade when
immersed in a sand and water mixture.
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30 The layer 3 absorbs inpact pressure and reduces the stress in the front
surface of the substrate. Al so due to its toughness.the | ayer resists
propagation of stress cracks. Errosion of layer 3 is reduced by the very
hard | ayer 4. Tests have shown that the 35 | ayer 4 i s undanaged
after repeated wipes by a wi per blade )Ig\h_en I mMmersed in a sand and water L
m xture. -3- -4 - The value of x Can vary from1 to 0. At the interface”
with the ZnSeThe majndefmeararvaryt rag Vetm Ogood lthedntigriszyperi thhthest for the
| ast coat 4, X4b S p ; '
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constant or vary acr Ing on t
refractive i ntRB¢ peafuits el = As éﬁ hﬂ"éleha?t |J§et.‘!tm°alh’apeﬁ-@affbm eoat i ng 4 the

layer may be genalthednd¥@it OF B tHel Lhfla JCRARhERE bR theStaidear
manner _usi ng a_ni trogen instead of car bonaous feédstoc 10 Coatings 3, 4

may besproduc‘éﬁrﬁ?‘l AVe FBAPR 1 TEGUHReYE gures 2 and 3. The appar atus of #
Figure 2 conprises a pressure. tlght chanber 6.formed by an annul ar wal | 7

cl osed by earthed t and bot t tes ect i The
plates 8, 9 f aﬁgtt%éga%ve & n}}?ﬁ% ﬁﬁm)‘mlg" gné’o‘ﬁ tggt%’ °5y"d 3F e 11 and
valve 12 to thiaclasgtes bﬂe;ea'hamuernﬂ:radei depost t@dnim adetniled mmaum during
grow h. Suppl o) k apddn i eces. gas such as butane
are bI Sd i nt o&s?%g %k?g%gg%%u\%taegva ves 1:}:%14 ?5 sgn{;}( pi pes 16, 20

A cathode structure 19 is nmounteéed in the-chanber 6 and

eI ect ri cal |y ¢su@hased, 4 Qayt he é,geadc@m B ahe shp¥afusSbeaMgusdd 2ELRCHLI Cal

power is supplied to f he catho 19 by a power source

F

The apparatus of Figure 2 comprises a pressure tight chamber 6
formed by an annular wall 7 closed by earthed top and bottom

15 plates 8, 9 respectively. The-plateé 8, 9 form anodes. A
vacuum pump 10 is connected by a pipe 11 and valve 12 to evacuate
the chamber 6 and maintaiﬁ a desired va¢uum during growth.
Supplies of gases e.g. argon and a hydrocarbon gas such as butane
are bled into the chamber 6 via valves 13, 14, 15, and pipes 16,

20 17, 18. A cathode structure 19 is mounted in the chamber 6 and
electrically isolated from the bottom plate 9 bj a sleeve 20.
Electrical power is supplied to the cathode 19 by a power source
21. For an A.C. supply this is through a capacitor 22, a D.C.
supply needs no capacitor.

25 , . : "
A piece of germanium 23, is located on the upper surface of the
cathode structure 19 to form the target. Above the target 23 a
substrate 2 is held by a holder 24 electrically isolated from the
top plate 8 by a sleeve 25. Inside the holder 24 is an

30 electrical resistance heater 26 supplied with power from a heater
control/power suﬁply 27. The substrate 2 may'be,regular, flat or
curved, or jirregular. To ensure even coating of a substrate 2 it
may be rotated with or by the holder 24. -

35



21. " For an A C supply this is through a capacitor 22, a D.C. supply
‘'needs no capacitor. 25 A-spi.ece of germanium 23, is |ocated on the upper

surface of the cathode structure 19 to formthe target. Above the target
. 23 a substrate 2 is held by a holder 24 electrically isolated fromthe top
late 8 by a sleeve 25. I nsi de the hoI der 24 is an 30 el ectrical

redi stance heater 26 supplied wth b 5t froma heater control/power supply
27. The suletksatiion 2o @'yswtme IC %;xllar as ffloalows. cuk tedgetomateriagu?mrof  To

ensure evené%ogtl rg%n f a,s Qel1dt errxinp%hé Octa?LﬁL wth 892\ 4Py the

hol der era IS as t ar get
qraterial 23 dibcl@rges nduﬁn%cbwntltm 2 aksh §ikked] got Ehef bﬂﬁes‘h@-catﬁhﬁje in a

gl ow di scharggnper B ZQ%V%UQ%%B%@ a%o{r§ 10rRef 0 {d1@ehiied ‘é'ént%ﬂnnant-ghe

chanmber 6 is evacuated to Torr, to renopve contammnants. Argon
‘and but ane dE€oR £0g) Butana: eas e Rlednbato the shgRbethEhTonshethe ¥81Y8E 15 and
the punp 11 1<3|Qem,t ad, té}xdmh@tpﬁhg A ppeated ctoohabiyaih & pressurk ¥r10  Torr.

on an air calib e e substrate 2.i eated to ahout [err] and
mai nt ai ned #°° f‘gaqge’t éﬁ%ﬁ 9‘ ere i fB Gy gk H"%}%ﬁ?&%%ﬁ}‘éﬁ 3. t}g F. power of
typical ly 1 dtvetigteld idineated Zﬁ)Chhmtt%OpOVtmﬂ nsirctajppéd ed thoist he cat hode

19, 23. i vely charged carbon ions are
attracted tggeglﬁédpamtu ‘{rog%%%f’g?% )é{ef'tjhg% 15@?1'[ ?g as a cat hode. Wt hout the

presence of argon ions this would result in growth of a carbon |ayer on the
target 23. p fhe,ppsi &t \e%ycﬁhwg%o%gqa M Snd Pb! #dttRObdWrNese newl y

deposi ted carbon nol ecul s and” ger mani um nol ecul es from the target
\,/ supplied to the cathode 19, 23. This ionises the gas mixture.

Positively charged carbon ions are attracted to and stick to the
target 23 acting as a cathode. Without the presence of argon
ions this would result in growth 6f a carbon layer on the target
23. The positively charged argon ions sputter both these newly
deposited carbon molecules and germanium molecules from the target
23. Sputtered molecules of carbon and germanium land and adhere
to the substrate 2 gradually building up a layer 3 of GexCl_x.
The value of x is adjustable by adjusting the argon:butane ratio
inputs. When the required thickness of layer 3 has grown the
argon:butane ratio is adjusted to give a value of x = O and hence
deposit a hard carbon layer 4. The glow discharge is then

stopped and the substrate 2 allowed to cool.
For a D.C. generated plasma the supply is typically at 2 kvolts.

An electrical bias may be applied to the substrate 2 during growth
of the layers 3%, 4.



23. Sputtered nol ecul es of carbon and germanium | and and adhere to the
substrate 2 gradual l'y building up a layer 3 of [err] .The value of x is
adj usting the argon: butane ratio inputs. When the required

adj ust abl e by

t hi ckness of | ayer 3 has grown the argon:butane ratio is adjusted to give a
value of x = 0 and hence deposit a hardb garbon | ayer 4. The gl ow
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capacitor 52. Alternatively an]rﬁ

éjatcg'(rieb% Tiglslppovv\;ser may tt;l DSldbS it@ %ua a block:ng

capacitor 52. Alternatively an A.C. co:l may surround the

chamber 1 and induce a plasma within the cha_m‘ber.

A ZnS, or ZnSe w;ndow is coated wzth a layer % . of Ge Cl_* followed
by a layer 4 of hard carbon as follows. The substrate 2 is
mounted on the cathode 46'with the surface to be coated uppermost.
The chamber 31 is evacuated by the pump 35 to less thaﬁ 10-5 Torr.
to remove contaminants. Argon gas is admitted through the valve
43 and the chamber pressure kept at ahout'10-2'Torr on an air .

calibrated gauge.

A plasma is generated in argon by enei'gi.sin'g .the cathode 46 from
the power supply 51. This provides an argon ion bombardment of
the substrate 2 to clean it prior to'c_oat:ing. About 2 minutes

cleaning is usually adequate.

The cathode heater 48 is operated to raise the substrate 2
temperature to above about 500°C typically 530°C and maintain it
at this value during growth of the coating layers 3, 4. This

jnhibits inclusion of hydrogen within the growing layers 3, 4.
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mounted on the cathode 46 with the surface to be coated uppernost. 20

The chanber 31 is evacuated-by the punp 35 to |l ess than 10 Torr. to

renove contam nants. Argon gas is admtted through the valve -2 43 and

- the, chanber pressure kept at about 10 Torr on an air calibrated gauge. 25
fgpasna is generated in argon by eneggising the cathode 46 fromthe power

supply 51. Thi s provides an argon Ton~bonbardnent of the substrate 2 to

%ean IL gri Qhet&gﬁgaid: emovAAOLY tRe Mpulifl B% @Eeﬁﬁdnﬂgui'es ofSgirmbire adequat e. 30
e cat hode ' | 3 operated to raise f ate te erature to.
above about Fg%ﬂe)r PV%i%%H‘%Ei[CZ##q Sgﬁnﬁ"ﬁ ntAi ; tpﬁps Al e 33r| ng
growt h of thendoetlveg 423ye4 s 43, 4 Predsurs imhnbntasnedlcdwsrmdoﬁ hydr ogen
within the groyy+& ers T r [ g by the
punmp 35 and 611 Yrrvlgxt S%glyof 63% néowe’is&eﬁa')plg?%&batlgﬁé% %??Z I&Icfmgﬁe via the
Fnl et pipe 3%atip poyer é-ﬁuel/aﬂsvékpldtzd Wy creafe a lﬂ@é%ure pi tiue it ai ned at

around 0.7 tQ:hér%éa ionPlk- ¢ and & Gaoy\ﬁﬁkefaﬂdYPéxﬁahl ¥n knkvalvstidtel 3 Mz and
200 watts power is.applied to create a pla Positively charged

ions of C an@reﬁméérs‘ml&éngaﬁa % AFPH %Hft%csﬂb'st r % VBFURI% Xy bui | di ng
up a layer 3vetidsekith thIh@emahéJﬁ:umﬁne( rd8io @and\¢dnh rédedingesmstast burane rati o
and can renai,n cons aried during growth. The layer 3 thickness

ant,._or Y
is time and (PSnp%rsll? (gwlﬁérfemgﬂh‘t and is selected for required inpact

resistance and optical properties (anti-reflection). Typi cal | ayer
thickness is Tﬁetﬁyég iQ:'iuﬁ.]:lmes\.!s\h:f?é1 time and composition dependent and is
K./ selected for required impact resistance and optical properties

(anti-reflection). Typical layer thickness is 7 to 30 ym. When
the layer 3 has grown to its desired thickness the germane supply
is stopped. A layer 4 of infra red transparent carbon is then
grown to a typical thickness of 0.5 to 1.5)mm. The discharge is
stopped when the required thickness of both layers 3, 4 are grown

and the substrate 2 allowed to cool.

To assist in growing the layers 3, 4 the substrate 2 may be

rotated during growth.

Varying the Ge:C ratio varies the refractive index. With the
apparatus of Figure 3 the }efractive index can be changed from
about 2.2 for the diamond like carbon when x = 0 to about 4.2
when x approaches unity. This compares with a refractive index of
4 for bulk germanium. With the reactive sputtering of Figure 2
the refractive index can be changed from 2.9 to about 4.2. Below
this lower value of 2.9 the sputtering rate for germanium is
insufficient to prevent the target becoming poisoned with diamond-

like carbon preventing deposition of the carbide.



the layer 3 has grown to its desired thickness the germane supply is

st opped. A layer 4 of infra red transparent carbon..s _then growmn to a
typi cal thickness of 0.5 to [err] The di scharge is stopped when the
required thickness of both layers 3, 4 are grown and the substrate 2
allowed to cool. To assist in growng the layers 3, 4 the substrate 2 may
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be rotated during gromh. Varying thé8 ee: Cratio varies the refractive B
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-9- " Cainms:- 1. : An infra red transparent w ndow for—hi-gh—speet———

aircraft and missiles conprising a substrate of ZnSe or ZnS :

“[err] or nore thick layer of the material infra red transpa |§ﬁﬂ)WLmﬂ<‘mﬂHll‘ .

.where O<x<l, itself coated with a layer of infra red transp

carbon or germaniumnitride having a thickness of not nmore than [err] 2.
%’w ndow of claim 1 wherein the optiSal thickness of the [err] and hard

car bon | ayer cagfnalr anged to prow de anti- reflection of infra red
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2. The window of claim 1 wherein the optical thickness of

the ngcl_x, and hard carbon layer are arranged to provide anti-

reflection of infra red radiation wavelengths.

B The window of claim | wherein the thickness of Gexcl_x
is between 5 and 30/pm.
4, The window of claim 1 wherein the thickness of the hard
carbon is between 0.5 and 1.5/um.
5. The window of claim 1 wherein the value of x varies
within the range 0.5 to 0.7 pm.
6. The window of claim 1 wherein the value of x varies
across the thickness of the G?xcl-x layer.

A 7. The window of claim 1 constructed, arranged and adapted

to operate substantially as hereinbefore described with reference

to the accompanying drawings.
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