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which were forned °éc9<§] vateelpwntutehedem triach_friopld churface
with silicon carbid® €y E‘Q gg“" ebegg|fgmﬁa\9fﬁgmaureaéﬂgwlceraﬂe
nitride dr m Xt uisg fate il vel Gen i&r Ftoi Q63R AP ol P 125
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t hrough sprues i-nto noul d apprOX|nater 11% by melgh cuttlng the 90
cavities;defined by the noul ding surface. The coated substrate in half,
and performing-the remainder of  the manhuf acturing process is polishing
necessary to secure a specular similar to tRat described above.

surface having-high surface quality and high The foll owi ng Exanpl es
illustrate the surface accuracy.. 30 I nventi on. . .

95 WHAT WE CLAIM | S Exanmple 1 - 1. A method
of..maki ng-.an -optical . Using the- apparatus shomn I n the drawi ngs, el enent

whi ch’ conprises pressing heat- with the |ower nould assenbly 3 inits
softened gl ass in a non-oxidizing environ-



35 downward position, a portion of extra dense nent against an Qpfd il
- smoot'h nould 1004 flint optical gl ass was pl al:.’s@.%m i nsert 27 sure 4
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chert cal nitri de. ket PRI AL A ol Lmlg%ﬁﬁ b,
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and 27 were out gasseMongIasfscearasmsed forhhspmted to below its transl tion at

a tenperature be’c tom,m P"h@at} COI| 4 u‘glggethe 80
port 17 was % Qgﬂg - _
Qﬁi 0 l ﬁea St $Dand >

centrolled at rmSpheﬁ eslﬁg th%h@pﬂh a:&sptltﬁat and 27
nitrogen gas int roabﬁglesd is placed inraaramfmcllam rwhnehvwem m sullsmutledn the

surfaces which 1251 bly ¢ Hined, oon 19‘51 @ sfl' B O@Vgilphrt dnll 85
noul d cavity, each %&ﬁ% Eﬂ’aﬁgugg‘fg‘gk Qt%@ t l_agléﬂm f %ess
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of about 1050[ er39) m¥e#fonextra dense flint optical éﬁé_;{%e]g of a mxture?93

of silicon carbide glass,;is sufficient, but the d ptlcal

carbon. 60 ture w | Uuegme%aamlsmmm&mwmga, uaem com‘imsea Jheat-
accordi ng to C ai mwithsths- lo}@ﬁ ualsssstl@l im itk d eaflenedAglissric e moxxdhsng environ-

stantially as de%50| %‘CP"F 4 IPé“‘B“ H§ ﬁ“ns p feasaeqst o °“1d 100
assenbly 3, &ﬁr % SI rr anﬂi Iass
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moul di ng chanber b anonlk assembly) 3 - waSTInOMW iocfat mmpma ture. made by a_met-hod

29 and | nser ts assem%jgmscrt ﬂgh was also%orm ag emen | H‘E ﬂ?%g%:.adgﬁ%m;l 105

3 and 5. 130 4 slicon earblde The mouldin ﬁ&ambbr was ‘softened glassr a‘s) ~0! ng environment
4 load is renoved fiheNeva 2 t O Bguinst PP lopMally 600t @tbufil surrace

pressure of assenblaypl@xmmlyrmmdcrp@ mcsmgofmed of aappﬂuvxmﬂmhoehyarhﬂé)and
pounds per squar® |”P11l z“‘g}'ﬁ;&% th%%s bon s T “'f)‘eg ﬁfg’: ﬁﬁ'gééé‘ 1o
mai nt ai ned for abo(} s foa -mulsh pesatie, | AKEN OU

moul d. Heating of tbbaueaﬁdfdeermgbﬁrﬂ ohamwaﬁl- 3. AI meﬁiadahdcaﬂmgt t0/€Cla1m 1
met hod of the mverthqnmlpsehmha Pfodlhergo ﬂlhdl@attf»bf

moul d as speci fi¥d ‘;ﬂf"‘}ﬁ] ‘Ea {n% :I%@us
| ower noul d appar atﬂ,@ fe rm@&%P rbi&& it

gl ass had cool ed ta’oaag&ocoam hha ﬁtbdl@og Xﬁfg Dipedel f i cat | on bel ow |ts

transformatlonte th4s éh mst ed
of moul d: chanber? %‘ ]ﬁ b 120
before being intro of - 5 i aaaenume a%oﬁma gm 4

the nmould cavity befum IOSQGF fmwkuh dwgse ﬂmtu:lpdeﬂ ghwbmédemarmlxmemfmlw talrlade

pos- surfaces, end@rlm ty of .oxidation sué_ 125
B i o D b E@Eﬁ 1
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t he rlng 29,
: ac&&dfngve a0 2 suby
al so be errpl oyed i nhaqtpapwm Hhen hphtssoftdned glass stanually as descnbed in Exan@le 2\ berein

s e ng@oﬁﬂ“’@ r:#“%%afﬂ%‘aisw%%ﬁ"!l%% i ooy B R S g T 130

described in Ex- In using this apparatus, an unheated portion arrpl e I
except that the inserts 25 and 27 6 glass 7§ placed in a transfer chanber
whi ch were forned by coating a subs s preferably |ined
with siljcon carbide, form of a hol mmdﬁmumwmﬁa!'l having a 85 silicon
nitride or mxture of silicon carbide= anet er 850 inches and a wall
t hi ckness and carbon; the moul d ienbers, transfer of 2 nMmwith a 0.5 mm
thick | ayer of a chanber and gl ass are heated to soften the nmaterial

conprising a mxture of silieon glass and the heated glass is forced from
the carbide and carbon, the silicon carbide.being
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25 transfer chamber through spiues into nould apprOX|nater 1122E%>Q€1i:;)
“cutting the 90 éavities defined by the nnuldéﬁﬁ’gurface The

substrate in half, @ano P&t leltingst ﬂﬂ@bﬁﬁ%&ﬁ%ﬂermﬁimmﬁhw Aqbieli BPa mixture
process i s poli shlaa@rdieg:mgbyctaﬁnssaacuﬁe6a Sspecaflsi éomfﬁdeahdmbcbﬂaat

descri‘bed above. 9. Amwldahﬁambml moethrface Xuall -P“le
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95 WHAT VE CLAI cgt1 % c% ﬂ:)g an optically smooth

.met hod of making an optica Usi ng 1L__iuxuiﬂ¢gL;LJle_Ln_the dramnngs

el ement which conpri sés pasedar heatswm&ﬂoﬁ&&ﬂms&ﬂﬁnﬂaﬁ%n@w 3in

its soffened glass in a FblisiedatThe Baf 7 Souhpmptarp m\%ﬂdﬂ"ﬁ&"rﬁ , a
bY%

portion of extra dense nent agaipst "an op |caF? gooth mould 100 flint

optical glass was placed on insert 27 surface forned of silicon carbide or
silicon fornmed of silicon carbide by a chemcal nitride and maintaining
pressure on the glass vapour deposition technique. The Ilower until it has
cooled to belowits transition noutrdassenbty—3-was—woved up into the

tenperature.. 40 noul di ng chanber cI 2. A nmethod of
nmeki ng an optical 105 assenbly inse ﬂiﬂgmlﬂi@"“ﬁmlﬂzo formed of el enent
whj ch conprises pressing heat- silica ul di ng chanber was

softened glass in a non-oxidizing environnent then evacuated by neans of
port 17 to against an optically smooth nould surrace appr oxi mat el y 200

m crons mercury pressure formed of a mixture of silicon carbide and 45
andsi mul t aneousl y, t hesur facesof t he gl ass carbon and mai ntai ni ng pressure
on the 110 ring 29 and inserts .25 and 27 were outgassed glass until it has
cooled to belowits transition at a tenperature between [err] tenperature.
by neans of heating coil 34. The port 17 was 3. A nethod according to
Claim 1 then closed and a controll ed atnosphere of wherein the
heat - sof t ened gl ass is pressed 50 nitrogen gas introduced into the noul di ng
between a plularity of nould surfaces which 115 chanber through port 19,
with a slight over define a nmould cavity, each nould surface pressure

mai nt ai ned by neans of port 21. being formed of silicon carbide or silicon
power to coil 34 was adjusted to raise he nitride. tenperature within the
moul di ng chanber 4. A nethod according to Caim 2 55 until the glass
softened sufficiently to nould wherein the heat-softened glass is pressed
120 and the tenperature was mai ntaned for a between a plurality of nould
surfaces which period of .about 15 mnutes (a tenperature define a nould
cavity, each nould surface of about 1050[err]F for extra dense flint
optical being formed of a mxture of silicon carbide glass is sufficient,
but the necessary tenpera- and carbon. 60 ture will vary depending on the
nature of the 5. A nmethod according to Claiml sub- 125 gl ass being
noul ded). A force was then stantially as descirbed in Exanple 1 herein.
applied to the lower nould assenbly 3, 6. A nethod according to aim?2
sub- thereby pressing the heat-softened glass stantially as described in
Exanple 2 herein.within the noul di ng chanber between ring 7. An optical
el ement made by a nethod 65 29 and inserts 25 and 27 as shown in Fig. 3B.
according to any of ainms 1, 3 and 5. 130 5

1,543,954 8. An opti cal elenent made by a nethod surface which surface is

formed of a m xture according to any of Clainms 2, 4 and 6. ' of
silicon cathide and carbon. 9. A nould having an optically snmooth surface
whi ch surface is formed of silicon- L. A TRANGWAR, B.Sc., CP.A, 5
carbide or silicon nitride. Agent for the

Applicantss 10. A nmould having an optically smooth Printed for Her
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