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(57) ABSTRACT 

The invention concerns an optical colored glass of the 

composition (in % in Weight on oxide basis) SiO2 50-62; 
K20 10-25; Na2O 0-14; A1203 0-2; B203 3-5; ZnO 13.5-37; 
F 0-1; TiO2 0-7; In2O3 0-2; Ga2O3 0-2; SO3 0-1; SeO2 0-1; 
C 0-1; MIMHIYZII 0.1-3, Whereby MI=Cu+ and/or Ag+ 
and/or Mm=ln3+ and/or Ga3+ and/or A13+ and/or YH=S2_ 
and/or Se2_ and at least 0.1% in Weight of the oxide (M203) 
of the Mm, Which is/ar present in MIMHIYHZ, and With at 
least 0.2% in Weight of the oxide, of YH, Which/are present 
in MIMIIIYIIZ' 



US 2005/0054515 A1 Patent Application Publication Mar. 10, 2005 

TE; .6 
ooom v 1 .82. ~ 82 . @ oon 

- _ 

f 

523.; M5236 m: as Eu . N 50.236 m1 ssmnvdiz?w zomiézou T 
H $50; 

N O n 0. qd md 0.0 \..0 m6 m6 



US 2005/0054515 A1 

OPTICAL COLORED GLASSES 

[0001] The subject of the invention is an optical colored 
glass, its use as optical square edge ?lter as Well as an optical 
square edge ?lter. The subject of the invention is also a 
procedure for the production of optical colored glasses. 

[0002] Optical square edge ?lters are characteriZed by 
characteristic transmission properties. Thus ones With long 
pass characteristic shoW a loW transmission in the short 
Wave range, Which rises over a narroW spectral region to 
high transmission and remains high in the long-Wave range. 

The range of loW transmission (pure transmission value Sis# 
10') is called stop band, the range of high transmission (pure 
transmission value Sip 30.99) as pass range or pass band. 

[0003] Optical square edge ?lters are characteriZed by 
means of certain parameters. Thus the absorption edge of 
such a ?lter is usually indicated as the so-called edge 
Wavelength 8C. It corresponds to the Wavelength, for Which 
the spectral pure transmission factor betWeen stop band and 
pass band amounts to half of the maximum value. 

[0004] Optical square edge ?lters are usually realiZed by 
colored glasses, in Which through colloidal elimination of 
semiconductor compounds during the cooling of the molten 
mass or through additional thermal treatment the coloring is 
produced. One speaks of so-called tarnish glasses. 

[0005] Commercial square edge ?lters are manufactured 
by doping the basic glasses With cadmium semiconductor 
compounds. Depending upon the edge position CdS, CdSe, 
CdTe or also mixed compounds of these semiconductors are 
used for this. With these square edge ?lters edge Wave 
lengths of a maximum of 850 nm can be reached. In 
addition, for the use eg in IR cameras or as laser protecting 
glass longer-Wave square edges are desired. Due to the toxic 
and the carcinogenic characteristics of cadmium it is desired 
to be able to do Without these compounds and to use other 
doping factors instead. In order to achieve equal or similar 
absorption properties of the glasses, alternative doping fac 
tors must likeWise consist of semiconductors With direct 
optical transitions, because only through the special band 
structure of the semiconductors, the energy gap betWeen 
valence band and conduction band, the sharp transitions 
betWeen absorption range and transmission range of the 
glasses and thus to the ?lter characteristics of these glasses 
take place. 

[0006] The I-III-VI semiconductor system, eg copper 
indium-bisul?de and copper-indium-biselenide could also 
represent an alternative to the CdS -, CdSe -, CdTe-com 
pounds. These for a long time Well-knoWn semiconductors 
are so far only of greater practical importance in the pho 
tovoltaic. 

[0007] In a number of Russian and Soviet patent applica 
tions for a very close glass composition range are already 
CuInS2 doped and/or CuInSZ-CuInSe2 mix doped glasses 
described, Which are supposed to be applied as ?lters: SU 
167702A1, SU 1527199A1, RU 2073657C1, SU 
1770297A1, SU 1770298A1, SU 1678786A1, SU 
1678785A1, SU 1701658A1, SU 1677025, SU 1675239A1, 
SU 1675240A1 and SU 1787963A1. All these glasses have 
in common that they contain no or very little B203 and no 
or very little ZnO and that they have With portions of up to 
79% in Weight a high SiO2 content. The glasses of these 
applications do not possess good chemical stabilities. 
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[0008] It is subject of the invention to make chemically 
resistant optical Cd-free colored glasses available, Which 
possess square edge characteristics and exhibit absorption 
edges betWeen >0.4 pm and 1.2 pm. 

[0009] It is further a subject of the invention to make such 
square edge ?lters available. 

[0010] It is further a subject of the invention to make a 
procedure available for the production of optical colored 
glasses. 

[0011] The tasks are solved through a glass according to 
claim 1, a procedure according to claim 9, a usage according 
to claim 10 and a square edge ?lter according to claim 11. 

[0012] Alkali-Zinc-silicate-glass serves as basic glass. The 
basic glass is based on the oxides SiO2, Which have the 
function of forming the structure, ZnO, Which has the 
function of forming the structure and transforming the 
structure, and K20 and optional NaZO, Which have the 
function of transforming the structure. 

[0013] SiO2 constitutes the main part of the glass With 50 
to 62% in Weight. Higher portions Would increase the 
crystalliZation tendency and Would Worsen the fusibility. 

[0014] ZnO is present With 13.5 to 37% in Weight. It 
increases the resistance to thermal shock of the glass, a 
characteristic, Which is substantial for the intended use of the 
glass behind or in front of strong radiation sources, Which 
are alWays accompanied by a high temperature emission. 
ZnO supports in addition the homogeneous nano-crystalli 
Zation of the doping material in the glass. I.e. during the 
Warming up of the glass in such a Way homogeneous crystal 
groWth of the semiconductor doping factors is ensured. The 
very pure and bright color and the sharp absorption edge of 
the glasses result from these mono dispersive crystallites. 
With ZnO contents loWer than 13.5% in Weight the glasses 
shoW a Worse or no tarnish behavior. A ZnO portion of at 
least 18% in Weight is preferred. The mentioned upper limit 
of ZnO is meaningful, since glasses, Which exhibit a higher 
ZnO content, have a tendency for the formation of drip-like 
elimination areas and thus for separation. The separation 
tendency of such “Zinc-silicate glasses” can be loWered by 
the use of the structure transformer K20. In order to prevent 
micro elimination of ZnO enriched areas and to reduce their 
processing temperature, the glasses contain 10 to 25% in 
Weight, preferably 18 to 25% in Weight K20. The glass can 
contain in addition up to 14% in Weight NaZO, Which affects 
mainly the physical characteristics like the ?xed viscosity 
reference points and the coefficients of expansion. With 
higher concentration of Na2O the chemical stability Would 
decrease, the coefficient of expansion Would be too high and 
the transformation temperature Would be too loW. Preferably 
the sum of amounts of K20 and Na2O are 29% in Weight at 
the most. The other expensive alkali oxides Li2O, RbZO, 
Cs2O can in principle also be used, hoWever due to their 
price disadvantage they are preferably are not used. 

[0015] Besides ZnO also BZO3 promotes the resistance to 
thermal shock of the glass. BZO3 is contained With 3 to 5% 
in Weight in the glass. BZO3 improves the fusibility of the 
glass. 

[0016] The glass can contain further up to 1% in Weight F. 
F serves for the improvement of the fusibility, i.e. it loWers 
the viscosity of the glass. 
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[0017] The glass can contain also up to 1% in Weight C. 
C serves as reducing agent, in order to prevent an oxidation 
of the compound semiconductors. 

[0018] The glass is suitable in an outstanding fashion for 
the formation of nano-crystals from compound semiconduc 
tors of the class I-III-VI Which is distributed colloidal in the 
glass. 
[0019] The nano-crystalliZation is affected during the tar 
nish process by the glass viscosity, the oversaturation, the 
solubility product and the groWth rate of the color carriers. 
The tarnish process, Which contains the coloring and thus the 
elimination of the crystallites of the semiconductor com 
pounds, takes place either already at the cooling of the 
glasses and/or through a further temperature treatment 
Within the range Tg # 200K. The tarnish temperature and 
tarnish times thereby affect the crystallite siZe. The larger the 
crystallites become, the smaller becomes the band gap of the 
semiconductors and the more longer-Waved (=red) is the 
inherent color of the glass. The specialist knoWs hoW to 
control these factors if possible. 

[0020] The glasses contain the compound semiconductors 
MI MIII YH2 (Whereby MI=Cu+, Ag", MHI=In3+, Ga3+, A13", 
YH=S2_, Se2_ can be) as chromophore components, thus as 
doping factors to impart the ?lter characteristics. 

[0021] The sum of the compound semiconductors in the 
glass amounts to at least 0.1% in Weight, Which corresponds 
to the minimum concentration of colloidal micro crystals 
distributed in the glass for the light absorption, and at the 
most 3% in Weight, preferably at the most 1% in Weight. 
Higher contents than 3% in Weight Would loWer the trans 
mission Within the pass range after the tarnish process in an 
unacceptable manner. From the mentioned ternary semicon 
ductor systems MI MIII YH2 are all edge components, thus 
e.g. CuInS2, CuInSe2, CuGaS2, CuGaSe2, AgInS2, AgInSe2, 
AgGaS2 and AgGaSe2 as Well as all mixed compounds of 
tWo component systems or multi component systems usable. 
It is also possible to use tWo or several edge components at 
the same time. 

[0022] Doping factors of one or several components from 
the system CuIn(Se1_X SX)2 With x=0 to 1, ie of the edge 
components CuInSe2 and CuInS2 as Well as by their mixed 
compounds are particularly preferable. Particularly prefer 
able is a doping factor content from 0.1 to 0.5% in Weight. 

[0023] The absorption edge in the area betWeen 360 nm to 
1200 nm can be shifted by variations of the portions of the 
respective compounds and the conditions of the tarnish 
process. With doping factor contents betWeen 0.1 and 0.5% 
in Weight, in particular CuIn(Se1X SX)2 edge lengths betWeen 
400 nm and 1200 nm can be achieved. 

[0024] For the characteristics as tarnish gas the compo 
nents In2O3 and Ga2O3 With contents of 0-2% in Weight in 
each case as Well as SO3 and SeO2 With contents of 0-1% in 
Weight are very favorable. These components prevent pos 
sible evaporations of the components In2O3, Ga2O3, S and 
Se from the compound semiconductors. Thus the chalcopy 
rite remains as the chromophore component in or close to the 
intended stoichiometry and thus at the desired speci?c edge 
position. Therefore the glasses contain at least 0.1% in 
Weight of the oxide of the Mm, thus M203, Which is/are 
present in MI MIII YH2, and at least 0.2% in nWeight of the 
oxide of YH, Which is/are present in MI MIII YHZ. 
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[0025] It is particularly preferable, to use SO3 and/or SeO2 
not With elemental S and/or Se but in the form of ZnS and/or 
ZnSe. Preferable 0.1-4% in Weight ZnS and/or ZnSe are 
used. Both components promote the structure of the chro 
mophore crystals of the semiconductor compounds such as 
CuInS2 and CuInSe2 as auxiliary crystal components and 
thus the edge steepness and the transmission in the pass 
range. 

[0026] With this procedure for the production of optical 
colored glasses of the composition range (in % in Weight on 
oxide basis) SiO2 50-62, K20 10-25; Na2O 0-14; MgO 0-4; 
CaO 0-10, BaO 0-10, SrO 0-10; P205 0-10; A1203 0-2; B203 
3-5; ZnO 13.5-37; F 0-1, TiO2 0-7; In2O3 0-2; Ga2O3 0-2; 
SO3 0-1; SeO2 0-1; C 0-1; and the doping factor MI MIII YH2 
With MI=Cu+Ag+, MHI=In3+, Ga“, Ga“, A13", Y“=S2_, 
Se3_ With at least 0.1% in Weight of the oxide (M203) of the 
Mm, Which is/are present in MI MIII YHZ, and With at least 
0.2% in Weight of the oxide, or Y“, Which is/are present in 
MI MIII YH2, With the process steps glass batch preparation, 
melting of the glass, cooling and Warming up, With Which 
0.1- 4% in Weight ZnS and/or ZnSe are added to the glass 
batch, tarnish glasses With de?ned edge length can be 
manufactured easily, purposeful and reproducible. The 
requirements of the to be met conditions regarding tempera 
ture and time of the process steps cooling and Warming up 
are smaller than With conventional procedures. The term 
melting here combines the steps re?ning, homogeniZing and 
conditioning for further processing, Which folloW the melt 
ing itself. 

[0027] In addition the glass can contain up to 4% in Weight 
MgO, up to 10% in Weight CaO, up to 10% in Weight BaO, 
up to 10% in Weight SrO, up to 10% in Weight P205, up to 
2% in Weight A1203 and up to 7% in Weight TiO2. A1203 
improves the crystalliZation ability of the glass, MgO and 
CaO function in the basic glass similar to ZnO. They 
improve the chemical stability, and they are less expensive 
than ZnO. BaO and SrO serve for the ?ne tuning of the 
coef?cient of expansion, transformation temperature and 
processing temperature. HoWever, since BaO and SrO are 
more expensive than MgO and SrO, Which are similar in 
many properties, they are preferably not used. 

[0028] P205 can partially be exchanged against SiO2 or 
B203 as structure formers. It is useful for the loWering of the 
viscosity at certain temperatures. P205 reduces hoWever the 
chemical resistance and is therefore preferably not used. 

[0029] The component TiO2 in this glass system takes 
over mainly the function of the supporting UV-blocking. 
Square edge ?lters must ful?ll an optical density in the stop 
band. Additional UV absorbers such as TiO2 can support 
this. 

[0030] The glasses can be molten With the help of the 
Well-known usual melting procedures for tarnish glasses, ie 
under neutral and/or reducing conditions at temperatures of 
approx. 1100-1550° C. The glasses build already during the 
cooling process and/or through an additional temperature 
treatment ?nely divided nano-crystallites, Which cause the 
color and/or a tarnishing of the glass. 

[0031] For the improvement of the glass quality, one or 
more Well-known re?ning media in the usual quantities can 
be added to the glass batch for the re?ning of the glass. Thus 
the glass exhibits a particularly good internal glass quality 
regarding the non-existence of bubbles and streaks. 
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EXAMPLES 

[0032] Six examples of glasses according to the invention 
Were molten from the usual optical raW materials. The raW 
materials Were Weighed, afterwards mixed thoroughly, 
melted in usual procedures With approx. 1300° C. to 1550° 
C. and Well homogeniZed. The temperature at pouring Was 
approx. 1450° C. 

[0033] In Table 2 the folloWing are indicated: the respec 
tive composition (in % in Weight) and the edge Wavelength 
8c [nm] (sample thickness d=3 mm), tarnish temperatures [° 
C.] and rise times 

[0034] Table 1 shoWs a melting example, for the glass in 
accordance With example 1 from Table 2. The glass Was 
cooled With 20 K/h and afterWards temperature treated for 3 
h at approx. 560° C. The glass possesses an edge Wavelength 
8c of 420 nm. 

TABLE 1 

Melting example of a 0.5-l-glass batch 

Originally 
Weighted-in 

Component % in Weight RaW material quantity [g] 

5102 52.84 5102 524.67 
B203 4.07 B203 40.80 
ZnO 19.71 ZnO 194.96 

K20 22.84 xzco3 332.91 
503 0.1 ZnS 1.02 
CuInSe2 0.23 CuInSe2 2 55 

[0035] 

TABLE 2 
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[0036] The glasses according to the invention and the 
glasses manufactured in the procedure according to the 
invention are especially suitable for the use as optical square 
edge ?lters With long pass characteristic due to their trans 
mission course. They shoW in the stop band a good optical 
density of El3, Whereby the optical density is de?ned as OD 

(8)=1 g (1/9(8)). Their transmission in approximately the 
pass band, Which is longer-Waved compared to the stop 
band, is sufficiently high With 388%. Their absorption edge 
is sufficiently steep. It can be moved With MI MIII YII doped 
glasses, for Which is MI=Cu+, Ag", MHI=In3+, Ga3+, YH= 
S2‘, Se2_ betWeen 400 nm and 1200 nm. Therefore the 
glasses cover With the area of edge position of the usual 
Cd-containing tarnish glasses as far as possible and go in the 
long-Wave are far beyond these. 

[0037] If the glasses contain aluminum doping factors, 
thus MI-Al (S, Se) compound semiconductors like eg 
CuAlS2 and CuAlSe2 or their mixed components alone or in 
combination With the other mentioned M‘ M“ Y“ systems, 
then edge lengths up to a minimum of 360 nm are produced. 

[0038] When using exclusively the MI-Al—(S, Se) doping 
factors, preferably the Cu—Al—(S,Se) doping factor, edge 
lengths betWeen 460 nm and 360 nm is produced preferably 
betWeen 0.1 and 0.5% in Weight. 

[0039] 
sion factor 9 versus Wave length 8) at samples of the 
thickness 3 mm of the examples 1 and 2 (reference numbers 
2 and 3) as Well as a comparison example (reference number 
1). The comparison example is the commercially available 
Cd-containing glass GG 420 of the applicant. 

FIG. 1 shoWs the transmissions course (transmis 

Glass composition (in % in Weight), edge Wavelength 8C, tarnish temperature 
[0 C.] and tarnish time [h] 

(the difference to 100% results from taking into account CuInSZ/CuInSe2 

as CuO, In2O3, SO3/SeO2) 

1 2 3 4 5 6 

SiO2 52.84 52.9 52.5 52 61.95 52.75 

B203 4.07 4.07 4.05 4 3 4.05 

ZnO 19.71 19.74 19.64 19.4 13.99 19.68 

N320 _ _ _ _ 8.99 _ 

K20 22.84 22.86 22.75 22.47 11.59 22.8 

503 0.1 0.16 — — 0.21 — 

CuInS2 — 0.22 — 1 0.22 0.091 

CuInSe2 0.23 — 0.5 — — 0.094 

C — — — — 0.05 — 

80 [nm] d = 3 mm, 420 324 507 1010 780 416 

(tarnish temperature (560/3) (—/0) (—/0) (—/0) (—/0) (—/0) 
[0 C.]/tarnish time 
80 [nm] d = 3 mm, 460 415 613 1030 898 _ 

(tarnish temperature (560/57) (500/150) (560/57) (590/150) (595/50) 
[0 C.]/tarnish time 
8C [nm] d = 3 mm, — 521 — — 960 — 

(tarnish temperature (515/150) (610/150) 
[0 C.]/tarnish time 
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[0040] The glasses according to the invention are envi 
ronmental friendly, as they do not need any Cd-containing 
components. Due to their composition they can be easily 
melted, they are chemically resistant and resistant to thermal 
shock. 

[0041] Their tarnish behavior is easily controllable. This 
applies in particular to the glasses manufactured in the 
procedure according to the invention, Which exhibit steep 
absorption edges. 

1-20. (canceled) 
21. A method of using a glass comprising: 

providing an optical colored glass having 

5102 50-62 
K20 10-25 
Na2O 0-14 
A1203 0-2 
B203 3-5 
ZnO 13.5-37 
F 0-1 

T102 0-7 
In2O3 0-2 
Ga2O3 0-2 

3 0-1 

SeO2 0-1 
0 0-1 
MI MIII YH2 0.1-3 

Whereby MI=Cu+ and/or Ag+ 

MIH=In3+ and/or Ga3+ and/or 

A13", YH=S2_ and/or Se2_ 

WithHat least 0.1% in Weight of the oxide (M203) of the 
M Which is/are present in MI MIII YH2, and With at 
least 0.2% in Weight of the oxide, of Y“, Which is/are 
present in MI MIII YH2, 

as Well as usual re?ning media if necessary in usual 
quantities; and 

using said glass as an optical square edge ?lter. 
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22. A method of using a glass comprising: 

producing an optical colored glass of the composition 
range 

SiO2 50-62 
K20 10-25 
Na2O O-14 
MgO O-4 
CaO O-1O 
BaO 
SrO 

P205 
A1203 
B203 
ZnO 
F 

TiO2 
In2O3 
Ga2O3 
SO3 
SeO2 

)_k 

. E" TOOOOOOIOMUJOOOO C 
MI M111 YII2 O 

With at least 0.1% in Weight of the oxide (M203) of the 
M‘" Which is/are present in MIMHIYHZ, and With at 
least 0.2% in Weight of the oxide, of Y“, Which is/are 
present in MI MIII YHZ, 

as Well as usual re?ning media if necessary in usual 
quantities, 

With the process steps glass batch preparation, melting of 
the glass, cooling, Warming up, Whereby 0.1-4% in 
Weight ZnS and/or ZnSe are added to the glass batch; 
and 

using said glass as an optical square edge ?lter. 

* * * * * 


