1,102,920 TABLE 1V
Conposi tion Atom c Per Cent Sanple No.
Ge Se Te Softening Point in [err]C 1006
30 40 30 305 1009 ' 15
70 15 155 1023 25 25
50 220 1027 30 30 40
275 1028 350
1029 : _ 2CP ATENT 48 }3}3}(}I}i;[#f;}EA{DI(1)01217 307 3055 '
DRRWIGH ATTACHER, 1:102:9202
D@Oof dpplication and filing Comfile Spec:f ication: 7 Apldil, 1966. 40
No. 15683/66. 48 47 *150
Two Appucauaﬁ made in United Stdt&s of America (Nos. 449,994284d 450,125)1089
40 22 April, 1965. 132 1090 30
Complete 3fle@ification Palilighked: 14 Feb., 1968. 20 - 50
©1@®@ Copyrlght 1968. 10 55 35
55 25 199

10%hdex at acceptance: —3}5 M(11A2, 1135011F2 11F3, 114, 11F10, 11F22, 11328, 11J1,
11K8, 11K9, 11R, 11T, D15) ; G2 JBTC13

int, OL:~C 08 ¢ 8/12,C03 ¢ 3/30
COMPLETE SPECIFICATION

Amorphous Glass Compositions

10

13

20

30

35

40

45

We, TEXAS INSTRUMENTS INCORPORATED,

a Corporation organized according to the laws -
of the State of Delaware, United States of .

America, of 13500 North Central Expressway,
Dallas, Texas, United .States of America, do
hereby declare the invention, for which we

pray that a patent may be granted to us, and .

the method by which it-is to be performed,
to be particularly described in and by the
followmg statement : —

This invention relates to amorphous com-
positions of matter, More particularly it relates
to infrared transparent glasses.

The invention appertains to germapium-
selenium amorphous glass compositions modi-
fied by the inclusion of antimony or tellurium
so that the ternary composition lies within
line' A of the ternary diagram of Figure 1 of
the accompanying drawings when the added
element is antimony and within the line C of
the ternary diagram of Figure 3 of the accom-
panying drawings when the added element is
tellurium. An amorphous glass compesition

"can be formed in accordance with the invention

which has good transmission properties in the
1-—20 micron wavelength region of the electro-
magnetic spectrum. Such a composition can be
produced which has a high softening point in
the same wavelength range,

An amorphous glass composition according .

to the invention can be used to form a trans-
mitting member in an infrared detection sys-
tem, the transmitting member being in optical
contact with a detector sensitive to infrared
energy.

By way of example the invention will be
described in greater detail with reference to
the accompanying drawings wherein:

Figure 1 depicts a _ternary diagram of the
atomic percentages of germanium, antimony,
and selenium for various amorphous composi-
tions of matter of the invention;

Figure 2 is a graphical representation of
per «cent transmission at- room temperature

at various wave lengths of the electromagnetic

[Price 4s. 6d.]

spectrtum for various glass compositions
according to this invention;

Figure 3 depicts a ternary diagram of the
atomic percentages of germanium, selenium,

and tellurium for various amorphous compo-

sitions of matter of the invention;

Figure 4 is a graphical representation of
per_cent transmission at room temperature at
various wave lengths of the electromagnetic
spectrum for various glass compositions accord-
ing to this invention; and

Figure 5 illustrates one particular form of
the glass compositions of this invention, usable
as an infrared transmitting element, such as
a dome or lens, within an infrared detection
system,

Referring to Figure 1, various composmons
of germanium, antimony; and selenium were
compounded and evaluated to determine
whether they were amorphous or crystallive.
The general procedure for making the various
compositions is described hereinafter.

Various atomic percentages of germanium,
antimony, and selenium were chosen for each
sample to be made, The appropriate amounts
of the constituents were weighed and then
placed in a previously cleaned quartz ampoule.
An example of a suitable cleaning step for
the ampoule is brushing in a suitable deter-
gent for 30 minutes in solution, rinsing
throughly in deionized water, and then drying.
The total weight of each of the samples was
between five and 15 grams. The constituents
were placed in the cleaned tube, evacuated to
about 10— torr, and sealed. The sealed tube
was then placed in a furnace and gradually
heated to a temperature of about 800°C to
900°C and held at that temperature for about
16 hours to provide sufficient time for the
constituents to react completely with each
other, The furnace was a rocking furnace
which may be of any suitable design to provide
agitation of the constituents so as to achieve
complete reaction thereof. The samples were
then removed from the furnace and held in
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conpositions form ng anorphous glass (listed In particular, the
anor phous conpositions |0 in Table V) are also plotted in Figure 3
within the areg

generally circunscribed by Iine (specifically [err] C and desi gnat ed
by bl ack dots, each dot being [err] identified by a sanple nunber.
[err] were found In Figure 4, the per cent transm ssion of to be
exceptionally stable up to about 550- 15 radiation of the el ectromagnetic
spectrumat 65Q0[err}C irf an inert at¥Wd%¥here, such as nitro- 803 room
tenperature Tn the one to 20 mcron gen, approximately 50-100[err]C above
t hat Wwave length region is plottegfaqr. various of the tenperature
required Tn order to pour the glass sanples listed in Table IV. Curve
3 nolten material into nolds for pa'BP‘iEIE?eigng represents a "typical”
set of transm ssion optical _har NP P Temtydi ¢ on, these anorphous 20
characteristicssgmgeRa to t he @ror phows gl ass Se CoONBafitding Pt wet® cool ed
slowy (as sl-ow —8& sHpesH--ens—destgratetd—i -gre—3. A
1[err] C per mi nute¥®hnd renai f@d substldnti al [ Y2

nodet®8t el y strong
absorption b and ajyl3 [err] wgs if nqgg conpl gkely, anorggous.

observed, as shown by Curve 3, due in l|arge It should be understod that
al't hough nost of 1005part to tle presé@bce of &Xtraneous WRides in the
sanpl es di scussed appve were ggsentialky 25 these repregsgnted
conpositions. This absorp- germani um “sel enium and either antinmony or 90 .
tion band was substiemti ally el2sm nat ed5 how 70el |l uri unt3sm nor percent ages
of , for exanple, ever, whep the ar‘iBouI e in which the, gsanples silicon,
sul fur, phosphor usl,u%r seni c, tﬁgsrruth, vvergopr epar ed dits inside
syrface initially 1jand telluriggm or anpi nony @f not incizxded as car bon
coated in order to reduce these oxides. ~a mmjor constituent), may be used -
inthe glass 30 TH& resul tingcurve, Efter el®nination Y2 the of the
invention to proviges variationg in thes 95 55 absor pti oggsband, is
represented by Curve 4. softeni ng point and wave | ength transm ssion
Figure 5 depicts allBbrm of theSglass cdm of 8he gl ass #¥npositions. -
positions of this hg&/enti on usgble within a g A though ;only the

ai r-quench cooling particul ar infrared 3et ecting system The nmethod
has been descri bediitdr naki ng the 35 20etecti iy system FR5normal | y conposed
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* Approximate Value.

In Figure 1, the peripheral line A generally
circumscribes the amorphous compositions of
germanium, antimony, and selenium according
to the invention. The samples which failed

Ge,;Sby,Seqs. A moderately strong absorption
band at approzimately 13 was observed, as

“shown by Curve 1, possibly due to the presence

of extraneous oxides in these represented com-

to form amorphous glass by the. air quench~-, -positions. This absorption band was decreased,

cooling technique (listed in Table I) are plotted
on Figure 1 by block triangle and identified
by sample numbers, The sample compositions
forming amorphous glass (listed in Table II)
are also plotted in Figure 1 within the area
generally circumscribed by line A and desig-
nated by black dots, each dot being identified
by a sample number; '

In Figure 2, the per cent transmission of the
electromagnetic spectrum at room temperature
in the one to 20 micron wave length region is
plotted for various of the glass samples listed
in Table II. Curve 1 represents a “typical ”
set of transmission characteristics common to
the amorphous glass compositions designated
in Figure 1 except for the composition

however, when the ampoule in which the
samples were prepared had its inside surface
initially coated with a material, such as carbon
for example, in order to reduce these ex-
traneous oxides. Other materials may be added
to the melt, as for example aluminum, which
will tend to reduce the extraneous oxides. The

. resulting curve, after elimination of the absorp- '

tion band, is represented by the dotted line.

‘Curve 2 represents the transmission charac-

teristics of the composition Ge.;Sbi,Se,s,

" these characteristics having been observed to

depart from the “typical ® set of Curve 1.
Referring now to Figure 3, various composi-

tions of germanium, selenium, and tellurium

were compounded and evaluated to determine

35



tive to infrared energy striking its surface, and ated that other

vari ations and changes in the an infrared transmtting el enment 2 such
as_a _manner of producing, conpositions according to donme or _lens in
optical contact with the detec- the invention, as described above, are
possi ble. 40 tor. The optical properties of the anorphous - gl ass
conpositions of this invention make them WHAT WE CLAIMI S:

105- particularly suited, anong other applications, 1. Aternary

gl ass conpésition consisting f orLIB%L0as the transhitting el enent 2. In

addi - essent of__ger mani a ng.

subst anti al | y}ﬁ?g&a&xr’c eﬂ ?g‘%m%oﬂs% c%%‘l,irﬁ,ﬁigl [ gﬂ éffl;.g{r %ﬁg “Q’%ﬂ'q : .
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Consequently, when of Figure 3 of the acconpanying drawi ngs 50. infrared
rays strike the donme 2 at the inciderksenHén t he thi rd el ement is :
tellurium angle [err] as pictured in FI& t he hi'gh 2. A
conposition as claimed in claim 1, 115  Atomid cgﬁ refraction of the done.:
mat eri al causes including a mnor prepertiep—ef—a—fourth the rays to .
be bent toward the det Semple Nanit el em&8t whicfeis sil f8on, phosphorus, '
sul phur, 1 at the angjgqof refractgﬂn [errksthus 1 pereasing arsenic,
bilsmuth or the non-selected third 55 the efficiency of detection.

el ement The anor phoi®8gl ass conpd®itions5bf this30 3. Aternary

gl ass conposition. consi s@dzgg 120 bpventl OBy of fer ngst anti al

advant ages for the esseniially of gerfanium- Selenium and anti - xE
fabrication of the transmamsing elenenss for a2smony a2 |ying within |ine o
A of the ternary varletg of ot her asons {ﬁrst ‘ﬂere is a wde
diagram of Figure 1 of t 12 acconpanyi ra ge of %) ysi-cal properties
fromwhich the draw ngsiose desi gneio nay chepse. Fogs exanple, the

sof t en- 4. A ternary glass conposition consisting 125 i ng points
range from approxi mately ¥®[err]C eddential P& of gethanium sel enium
and anti - to 398[err]fgsoand the Knepp hardpess of ghe nony and lying
within line B of the ternary conposi tions have been rreasured from90 to:
diagram of Figure 1 of tH€0acconpanyi Ay 15 50

1061 .10 30 60

1062 30 10 60

1063 . 5 3 50

1083 0 40 50

1084 20 35 5

1085 s 5 3

1087 O w 20 40

1088 45 35 20,

1098 ' 5 60 - 35

1099 5 35 60-.

1144 0 4w 20

1148 | 20 25 55

1154 25 30 45




65 as high as 174. Second, these conpositions drawi ngs, the said ternary
gl ass conposition 6
1,102,920 Lo Figure 3 the peripheral line C generally offer

substanti al advantages over crystalline ci rcunscri bes the anorphous
conpositions of material in that they may be heated to a ger mani um
selenium and telluriumaccording nolten state and easily worked into
desired to the invention. The sanples which failed to shapes and sizes.
Third, the.reasonably high 5 fgés80anor phous gl ass by the airsquench-

sof tmmmmm que
(I |§f_%ed in Table I'll) are greatf ?‘Ze in grinding, polishing, and hand-
pl otted on Figure 3 by block tr A§f‘i”g s and ling operations, as well as
stability to thermal - ident |dompdmb.y sarrpl e nunbers. The sanple shocks.
conposi tions for m ng anor phoftomig] Bes Left] | st ed In particular, the anorphous
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Ci rcunmscri bedlotuy line {(specificably [eer]  Csmd designated by bl ack
dots, each dot being: Eerr] identified by a sgrrpl'e_ nunber .
[err] and [erlr"]’9 wer e fourf Bn Fi gu?% 4, the cent transm ssion of

to be exceptippal |y stablg up tozgbout 55p- 15 rachzatl on of. the
el ectrorragnetl c spectrumat 650[err]Cin an inert atnmosphere, such as
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detecting system is normally composed of a
detector 1 having a responsive element sensi-
tive to infrared energy striking its surface, and
an infrared transmitting element 2 such as a
dome or lens in optical contact with the detec-
tor. The optical properties of the amorphous
glass compositions of this invention niake them
particularly suited, among other applications,
for use as the transmitting element 2; In addi-
tion to being substantially transparent to infra-
red rays over a broad range of the infrared
spectrum, as depicted in- Figure 2, all of the
compositions have relatively high indexes of
refraction, ranging from approximately 2.3 to
3.0 at 3—5u wave length. Consequently, when
infrared rays strike the dome 2 at the incident
angle ®, as pictured in Figure 5, the high
index of -refraction of the dome matczjial causes
the rays to be benit toward the detector unit
1 at the angle of refraction 8, thus mcreasmg
the efficiency of detection,

The amorphous glass compositions of this
invention offer substantial advantages for the
fabrication of the transmitting elements for a
variety -of other reasons. First, there is a wide
range of physical properties from which the
desxgner may choose. For example, the soften-
ing points range from approximately 132°C
to 398°C, and the Knoop hardness of the
compositions have been measured from 90 to
as high as 174, Second, these compositions

amorphous compositions of miatter, other
methods could be used. It is also to be appreci-

ated that other variations and changes in the
manner of producing compositions according to
the invention, as described ahove, are possible.

- WHAT WE CLAIM IS: — '

1. A ternary glass composition consisting
esgentially of germamum, selenium,. and as. a
third element either antimony or tellurium,
the composition lying within line A of the
ternary diagram of Figure1 of the accompany-
ing drawings when the third elément is anti-
mony and within line C of the ternary diagram
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of Figure 3 of the accompanying drawings -

when the third element is tellurium.

2. A composition as claimed “in claim 1,

including a minor proportion of. a fourth
element which is silicon, phosphorus, sulphur,
arsenic, bismuth or the non—selected third
element.

3. A ternary glass composition. consisting
essentially of germanium, selenium, and anti-
mony and lying within line A of the ternary
diagram of Figure 1 of the accompanymg
drawings, .

4, A ternary glass composmon consmtmg

essentially of ‘germanium,. selenium, and anti-

mony and lying within line B of the ternary

diagram of Figure 1 of the accompanying -

115
120

125

drawings, the said ternary glass composition -
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were prepared had its inside surface initially
carbon coated in order to reduce these oxides.
The resulting curve, after elimination of the
absorption band, is represented by Curve 4,
Figure 5 depicts a form of the glass com-
positions of this invention usable within a
particular infrared detecting system. The
detecting system is normally composed of a
detector 1 having a responsive element sensi-
tive to infrared energy striking its surface, and
an infrared transmitting element 2 such as a
dome or lens in optical contact with the detec-
tor. The optical properties of the amorphous
glass compositions of this invention niake them
particularly suited, among other applications,
for use as the transmitting element 2. In addi-
tion to being substantially transparent to infra-
red rays over a broad range of the infrared
spectrum, as depicted in Figure 2, all of the
compositions have relatively high indexes of
refraction, ranging from approximately 2.3 to
3.0 at 3—5p wave length. Consequently, when
infrared rays strike the dome 2 at the incident
angle ®, as pictured in Figure 5, ‘the high.
index of refraction of the dome material causes
the rays to be bent toward the detector unit
1 at the angle of refraction 8, thus increasing
the efficiency of detection. :
The amorphous glass compositions of this
invention offer substantial advantages for the
fabrication of the transmitting elements for a
variety of other reasons. First, there is a wide
range of physical properties from which the
designer may choose. For example, the soften-
ing points range from approximately 132°C
to 398°C, and the Knoop hardness of the
compositions have been measured from 90 to
as high as 174, Second, these compositions
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and tellurium or antimony (i notyin 1:1%' ]
a major constituent), may be used in the glass
of the invention to provide variations in the

softening point and wave length transmission .

of the glass compositions.

Although only the air-quench cooling
method has been described for making the
amorphous compositions of matter, other
methods could be used. It is also to be appreci-
ated that other variations and changes in the
manner of producing compositions according to
the invention, as described above, are possible.

“WHAT WE CLAIM IS:— _

1. A ternary glass composition consisting
essentially of germanium, selenium, and as a
third element either antimony or tellurium,
the composition lying within line A of the
ternary diagram of Figure 1 of the accompany-
ing drawings when the third element is anti-
mony and within line C of the ternary diagram
of Figure 3 of the accompanying drawings
when the third element is tellurium.

2. A composition as claimed in claim 1,
including a minor proportion of a fourth
element which is silicon, phosphorus, sulphur,
arsenic, bismuth or the non-selected third
element.

3, A ternary glass composition consisting
essentially of germanium, selenium, and anti-
mony and lying within line A of the ternary
diagram . of Figure 1 of the accompanying
drawings.

4. A ternary glass composition consisting
essentially of germanium, selenium, and anti-
mony and lying within line B of the ternary
diagram of Figure 1 of the accompanying
drawings, the said ternary glass composition
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1, 102, 920 7 being stable up to

approxi mately 550-650[err]C 8. An infrared detection system conprising
in an inert atnosphere. adetector sensitive 1o
infrared energy and a 5. Aternary glass conposition consisting
transmtting nmenber in optical contact with essentially of germanium

selenium and the detector, the transmtting nmenber com 5 telluriumand
lying within line C of the ternary prising a ternary glass conposition as
cilained 20 « di agram of Fi g;meze; of the accorrpanyl ng in7any one of the

pﬁecgdl nﬂblel al B o An iQrardd Stdeh0n clainmed in claim
3Wma.nmert azgos;heggm Wétéﬁ W1 a detect %P e&e et 51 nor proportion
of "a 5. A ternary glass chinpusitian edsifing emfanslﬁgﬁtgtﬁcmb}ﬂm 5;ﬁidﬂtdantﬁi@mmt which is

Si I mmm ially) h ofs detspagiym, sclenium, and the det | thet yransipiting member gomy- phur arsenic

bI S ‘ﬁmmd C of the ternary  prising a ternary g QW‘ xtﬁd:}afmed 7 A
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