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We further the technical progress by
providing excellent Germanium and
Germanium-containing products, as well as
other materials, for high-tech applications.

Our unlimited access to vast resources allows for
practically unlimited quantity of Germanium in
various forms.

«Germanium and Applications» owns a deposit

of Germanium-containing coal and offers all
processing stages up to Germanium Poly-Crystalline
and chemical compounds of Germanium, grows
Germanium Mono-Crystals and manufactures
Germanium blanks. This vertically integrated,
reliable and flexible technology cycle enables us to
have a stable position on the marketand to share
our competitive advantages with our customers.

Our company is consistently working to extend
its capacities. We are continually developing new
products (including non-germanium materials),
we enhance production with state-of-the-art
equipment and utilize advanced quality control.

We are confident that our access and our efforts
set us apart from our competitors. We consider our
customers as our partners, and we aspire to meet
and exceed their expectations and requirements.

Vladimir S. Vitkov
General Director (CEO)

Mbi COAEVICTBYEM TeXHNYeCKomy nporpeccy,
o6ecneunBas npou3BoACTBO COBepLUEHHOro
MaTepuana repmaHua u repmauuﬁconepmamux
NMPOAYKTOB, a TAKXe APYrux marepuanos anAa
BblCOKOTEXHONOrnYyeCKnx ﬂle’IO)KGHVIFI.

Mbl umeem BCE Heobxoanmoe, uTobbl 0becneynTb
HaLLWX NoTpebuTeneil repMaHuem NpakTUYeCKy

B HEOTPaHNYEHHOM KOINYECTBE 1 B CAMbIX
pa3Ho00pa3HbIX Biaax 1 popmax.

«[epmaHuii n npunoxeHna» Bnageet cobCTBEHHbIM
MeCTOpOXAEHNEM repMaHmiACOAepKaLLero yra,
0CyLLieCTBAAET ero nepepaboTKy BNNOTb A0 NONYYeHNA
NONUKPUCTANNIMYECKOr0 repMaHIA U XMMUYeCKNX
COeQIHEHNIA repMaHNA, BbIpaLLUBAET MOHOKPUCTaNIbI
repMaHu1A 1 Npou3BOAMT repMaHueBble 3aroTOBKM. ITa
[ASIMHHAA, HO YCTOIYMBAA TEXHONOTMYECKasA LienoyKa
M03BONAET HaM BCErfa 3aHMMATb YCTORYNBYHO NO3NLIAK
Ha pblHKe, 6bITb KOHKYPEHTOCMOCOOHBIMIA M eNINTHCA
HaLUMMM NPeUMYLLIECTBAMIA C HALUMMU 3aKa3uMKaMMU.
KomnaHua nocToAHHO paclumMpAeT CeKTp CBOUX
BO3MOXHOCTelR. Mbl 0cBanBaem npon3BoaCTBO

HOBbIX MPOAYKTOB (B T.u. U3 He repMaHIeBbIX
MaTepuanoB), OCHaLLaeM CBOV NPON3BOACTBA HOBbIM
BbICOKOTEXHONOTNYHBIM 060pYA0BaHMEM, UCMONb3YeM
COBepLUEHHbIe NPUOOPBI 1 CUCTEMBI KOHTPONA KauecTBa.
Mbl yBepeHbl, 4To BCe 3T YCUNA Oy AyT OLieHeHbl
BaMU, HalLN yBaXkaeMble NapTHEpbI. IMeHHO
NapTHEPbI — B 3TOM KaueCTBe Mbl PacCMaTpiBaeM
HaLLNX 3aKa34MKOB, KOTOPBIM 3TU YCUNA aAPECOBAHDI,
)l Ubll NHHOBALIMOHHbIE UHTEPeCbl Mbl CTPEMUMCA
yZ0BNETBOPATD.

Bnagummp C. Butkos
[eHepanbHebiti dupekmop



In business since 2004
Production and export
activity since 2005
Registration of “Germanium
and Applications Ltd."in
Moscow — 2006

Acquisition and development
of own source of raw
materials for Germanium
production — 2007
Beginning of construction of
the Germanium concentrate
production complex — 2008
Beginning of production
activity in non-germanium
materials — 2009

Beginning of cooperation
with RUSNANO — July 2010

BxoxpaeHue B 6u3Hec —
2004 rop

Hauano npou3BoaCTBEHHON
W 3KCNOPTHON AeATeNbHO-
ctn—2005ron
Peructpauus 8 Mockse 000
«[epmaHmii U NPUNOXEHUAY
—2006rop

[pnobpeTeHue 1 0cBOEHME
C0OCTBEHHOI CbIpbeBON
6a3bl — 2007 rop

Hauano ctpoutenbcrea
KOMnJieKca no npoms-
BOACTBY repMaH1eBoro
KoHLeHTpaTa — 2008 ro
Hauano npou3BoaCTBEHHON
AeATeNbHOCTY B 0601acTy He
repmaHueBbIX MaTepuanos
—2009rop

Hauano cotpyaHnyectea

¢ POCHAHO — nionb 2010
roga

Russian company Germanium and Applications Ltd. works on the market of materials
and chemical products, used in high-technology applications in optics, electronics,
chemistry, aerospace equipment, in telecommunications and solar power engineering.
Being the biggest Russian producer and exporter of Germanium blanks for optics and
electronics, company is one of the leading world producers of Germanium.

Company is vertically integrated. It controls extraction and concentration of initial
Germanium-containing raw materials and its subsequent multistage processing to
commercial chemical products and materials and produces blanks and components for
various applications.

Company joins following production structures:

- open-pit mine in Pavlovskoye deposit of Germanium-containing coal (Primorski Krai);
- production of Germanium concentrate (Primorski Krai);

- chemical productions of Germanium and Zinc Selenide (Novomoskovsk, Tula oblast);
- blanks productions (Moscow and Novomoskovsk).

Company’s marketing service has its representatives in USA and UK. Company is
participant of specialized international exhibitions. Its trademark is presented in
Europe, North America and Asia.

Poccuiickas KomnaHmA «[epMaHmii 1 NPUNOXKeHUA» paboTaeT Ha PbiHKe MaTepuanos 1
XUMUYeCKNX NPOAYKTOB, MMEIOLLMX BbICOKOTEXHONOTMYECKIe NPUMEHEHIA B ONTHKe,
M1eKTPOHIKE, XUMMIA, B a3POKOCMUYECKOIA 06nacTi, B chepe TeneKoMMyHIKaLmii, B
CONHeYHoli 3HepreTuke. OHa ABNACTCA KPYNHeMLWMM POCCUIACKUM NPOU3BOAUTENEM U
3KCMOPTEPOM repMaH1eBbIX 3ar0TOBOK ANA ONTUKM 11 SNEKTPOHNKI 1 BXOAWT B UNCNO
MUPOBBIX NIAEPOB B NPOKU3BOACTBE repMaHuA.

KomnaHua BbICTpoeHa KaK BepTUKaNbHO MHTerpupoBaHHas. OHa KOHTponupyet fo-
Obluy 1 060raLLEHNe MCXOAHOTO FepMAHUIACOAEPKALLEro CbIPbA U ero NoCNeayIoLLyio
MHOTOCTaZuiiHyI0 nepepaboTKy B KBaNUQULMPOBAHHBIE XUMUYECKIE MPOAYKTbI 1 Ma-
Tepuanbl, a TaKKe NPOU3BOAMT 3ar0TOBKIA 1 U3AeNuA ANA Pa3NUYHbIX NPUNOKEHNIA.

B cocTaB KomnaHuN BXOAAT NPON3BOACTBEHHbIE CTPYKTYPbI:

- pa3pe3 Ha [1aBnoBCKOM MeCTOpoXAeHNM repMaHuiicofepxatuero yrna (Mpumop-
CKWNIA Kpait);

- NPON3BOACTBO repMaHMeBOro KoHLeHTpaTa ([pumopckmii kpait);

- XUMUYecKmre NpoM3BOACTBA repMaHiA U ceneHnpa LnHka (HoBoMockoBeK, Tynbekoil
obnactn);

- NPON3BOACTBA 3aroToBoK (MockBa n HoBOMOCKOBCK).

MapkeTiHroBas cnyx6a komnaHum umeet cBou npefcTaButenbcea B CLUIA n Benuko-
OpuTtaHum. KomnaHuA ABNAETCA YUaCTHUKOM CrieLnani3npoBaHHbIX MeXAyHapOAHbIX
BbICTaBOK. Ee ToBapHbIil 3HaK npeacTaBneH B EBpone, B CeBepHoil AMepuke 1 B A3uu.
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Q: What is the best way to ask for a price quote?

A:You can use e-mail RFQ@GeApplic.ru or our website www.GeApplic.ru or our fax +7 495 639 9352 - whatever
is more convenient for you. Also you can call us forimmediate questions by phone in Moscow +7 495 926 5174.

Q: How soon will | get an answer to my question?

A: In any case you will get an answer within 24 hours; if time difference between your time zone and Moscow is
not big — much sooner.

Q: Can | order Germanium blanks with non-standard characteristics or of unusual shape? Can | order chemical
products with characteristics, not specified in the standard specifications?

A: Any special characteristics are always a matter of specific capabilities. But in any case you can be sure

that Germanium and Application will do its best to make just what you need. Considerable experience and
knowledge of our specialists (many of them have degrees in science) will be used for finding solutions of any
non-standard problem.

Q: Can we return the products to «Germanium and Applications» if they do not work for us?

A: Yes, Germanium and Applications has a warranty on all products. You can do it in line with the standard terms
and conditions.

Q: Do you accept credit cards or checks?
A: Unfortunately we can't do it. Only wire transfer payments are accepted.

Q: How is the delivery of the products to the customers organized?

A: Usually «Germanium and Applications» delivers products via specialized services — UPS, DHL in case of export
or SPSR for deliveries in Russia. «Germanium and Applications» is responsible for the cargo until it is delivered to
the customer.

Q: Are the «Germanium and Applications»’s products liable to import duty?

A: In many countries (for instance, in USA) products of Russian company «Germanium and Applications» are not
liable to import duty. Sometimes customs authorities may ask confirmation of Russian origin of the goods. In
such cases the company could provide Form A international certificate of origin.

Q: Why Germanium and Applications?

A: Germanium and Applications is well known in the Germanium world and it has many years experience in
production and deliveries to lots of customers all over the world. It is very stable due to the own raw material
base and can keep flat price for long time programs. Good service quality is a special feature of the company.



1. Germanium Blanks and Components

Germanium blanks — made from poly- or monocrystalline germanium windows, prisms, cylinders, rotation bodies with
generated surface, which, after additional processing could be used as optical or electronic components of various devices.
Components could have specific features: special chamfers, linear or non-linear outline, holes etc.

Depending on application for production of the blanks germanium with P- or N- type of conductivity is used, specially doped and
having desired conductivity. Monocrystalline germanium has definite orientation.

Transparency in the range 3-10 microns is not less than 46% (for 10 mm thick polished sample).

Application Conductivity type Dopant Resistivity, Ohm*cm Orientation (mono)
IR optics N Sh 5-40; 5-20; 8-16; 2-5 [111]

Wafers for solar cells N; P Sb; P; Ga 0.01-0.05 [100+6° — 111]
Substrate for photodetector arrays N Sh; absent 5-40 [111]; [211]
Various electronic applications P:N Ga; Au; Sb; P 0.01-45 [1113; 11101

Additional processing usually includes grinding and polishing of the surfaces of the blanks and coating of the surfaces with
special compounds. Articles are optical windows, lenses, substrates etc.

Manufacturing Capabilities for PLANO Blanks

1.1. Windows and prisms

Windows are used for protection and isolation of the system from external factors. Germanium windows provide access to the
system of only IR-range radiation.

Manufacture of blanks for plane-parallel, wedge like and Brewster windows with various special features is possible.
Thickness of the windows is usually bigger than 2 mm.

Parameter Comments
standard optional
Profile round, rectangle oval Li:1”iitne;ii';(z)l[’)ol>yc2r())l(s)t-
Diameter or diagonal (0D, mm), mm 8-+300 6+300
Diameter tolerance, mm =00 =002 D=8
<0.1 <0.05 0D >80
Thickness, mm >2;<200 >2:<400
Thickness tolerance, mm <0.05 <0.025
Dimensions of rectangular blanks, mm Ieng’Fh, width < 300; Ieng’Fh, width < 500; Limi.ted.to Polycryst-
thickness < 200 thickness < 300 alline if 0D > 200
Tolerance for linear dimensions of rectangular blanks, mm <0.1 <0.05
Tolerance for angular dimensions of rectangular blanks, arc min <5 <3
Wedge angle, deg 0 <45
Accuracy of the wedge angle, arc min 30 10
Protective chamfers obligatory for 0D>50 optional for 0D=10--50
Technological chamfers, mm 02+20 upto3
Cornering cut corners rounded corners
Holes no yes




Tolerances for prisms are close to these indicated for windows. Angle tolerance < 30
Surface quality of blanks for windows and prisms

Make
Parameter - Comments
standard optional
) . - . <1.2(ascutor 0.2-04 Possible for blanks less than 20 mm
Grinding Roughness (arithmetic average of profile deviation, Ra), microns D46 tool) (D15 tool) thick
For information: roughness height at 10 points - Rz, microns 25-63 1.0-20
Flatness (Power/Irregularity) wave @ 633 nm (5/1)
EZ:?: Parallelism (wedge tolerance), arc min <4
Surface Finish, Scr/Dig 80/50

Packing of the blanks: on cardboard sheets, wrapped into shrinkable film, which are placed to cardboard (plywood) boxes, filled with
plastic material for protection from the shocks during transportation.

Packing for the polished blanks: in cases, using special wrapping materials for optics. Transportation — in cardboard (plywood)
boxes, filled with plastic material for protection from the shocks during transportation.

Germanium lenses — spherical and aspherical —
are used in various optical systems, working in IR-range.

Manufacture of blanks for plano-convex, plano-concave,
double-convex, double-concave, convex-concave lenses,

aspheric lenses, domes and hyper-hemispheres is possible.

Manufacturing Capabilities for LENSES’ BLANKS

Make
Parameter - Comments
standard optional
Diameter (D), mm 15+200 10 =240 Limited to Polycrystalline if D > 200
<0.05 <0.02 D<80
Diameter tolerance, mm
<0.1 <0.05 D>80
Thickness tolerance, mm <0.05 <0.025
<0.03 <0.02 D<50
Edge thickness variance (ETV), mm <0.05 <0.025 D <100
<0.1 <0.03 D>100
Roundness, microns <30 <10
(6;Ra<2.0) (8;Ra<0.5 D > 90 (D76 tool; for special quality - D18)
Surface quality (class; Ra, microns)
(7;Ra<1.2) (8;Ra<0.3) D <90 (D46 tool; for special quality - D15 or D18)




Tolerances for domes and hemispheres’ blanks are close to these indicated for the lenses.

Packing of the blanks: on cardboard sheets, wrapped into shrinkable film, which are placed to cardboard (plywood) boxes, filled with
plastic material to protect from shocks during transportation.

1.3.  Wafers and substrates

Germanium wafers are a base for production of substrates for various applications in solar cells and electronics. Thickness of
manufactured wafers is usually of 0.15 — 2 mm range.

Manufacturing Capabilities for WAFERS

Parameter Make Comments
standard optional
Diameter or diagonal (D, mm) 8+ 150 6+ 150
Diameter tolerance, mm =00 =002 D=8
<0.1 <0.05 D>80
Thickness, microns > 200 >150
Thickness tolerance, mm <0.05 <0.025
Dimensions of rectangular wafers, mm length < 150 width <150
Tolerance for dimensions of rectangular wafers, mm <0.1 <0.05
Angle tolerance rectangular wafers, arc min <5 <3
Protective chamfers always for D > 50 forD=10+50
Technological chamfers, mm 02-+1.0 upto2
TTV (total thickness variation), microns <15 <8
Warp, microns <20 <15
Wafers surface quality
Parameter Make Comments
standard optional
o Roughness (arithmetic average of profile deviation, Ra), microns < 1.2 (as cut or D46 tool) < 0.2 (D7 tool)
findng For information: roughness height at 10 points - Rz, microns 25-63 0.8-125
Flatness (Power/Irregularity) wave @ 633 nm (5/0.5) (1/0.5)
I;zlljlg: Parallelism (wedge tolerance), arc min <4 <05
Surface Finish, Scr/Dig 80/50 60/40

Quality of surface of the substrates: polished, one side epi-ready, the other side roughly polished.

Packing of the wafers: in cases, using special wrapping materials for
optics. Transportation — in cardboard (plywood) boxes, filled with

plastic material to protect from shocks during transportation.
Packing of substrates: in inert gas, in special plastic cases, double

bagged.

Transportation - in cardboard (plywood) boxes, filled with plastic

material to protect from shocks during transportation.




Zinc Selenide is used for manufacture of optical components: windows, lenses, mirrors, prisms, beam splitters etc. with a very
low absorption in a middle infrared range, for instance, in (02 lasers and in broadband spectral devices, working in 0.6 - 19
microns range. It is also suitable for manufacture of imaging optics.

As far as Zinc Selenide components have bigger forbidden-band width than Germanium, they can be used at higher

temperatures (up to 2000C compared to 500C).

Polycrystalline Zinc Selenide is obtained by chemical deposition from the gas phase (CVD - Chemical Vapor Deposition) and has

uniform structure.
CVD - ZnSe
Physical properties Optical properties
Density @ 300 K, g/cm? 597 Thermo-optic coefficient, (dn/dT) @ 10.6 um @ 298-358 K, 1/K 6.1x10°
Restrahlen peak, pm 45.7
Melting point, K 179510
Reflection loss @ 10.6 pm (2 surfaces), % 29.1
Thermal conductivity @ 298 K, J/(Kx m x ¢) 18.0
Reflection inhomogeneity (dn/n) @ 0.633 pm, less than 5x10°¢
@273K 7.1x10°
Thermal expansion, Refractive index vs wavelength
1K @373K 7.8x10¢
A, pm n A, pm n A, pm n
@473K 83x10° 0.54 2675 | 300 | 24376 | 1060 | 24028
0.58 2.6312 3.40 2.4356 11.40 2.3974
Heat capacity @ 298K, J/(9 xK) 0356 0.62 25994 | 380 | 24339 | 1180 | 23045
) ) 0.66 2.5755 4,20 24324 12.20 23915
Knoop, with 50 g indenter, kg/mm? 120
Hardness 0.70 2.5568 4.60 2.4309 12.60 2.3883
Vickers, with 1 kg indenter, kg/mm? 112 0.74 2.5418 5.00 2.4295 13.00 2.3850
0.78 2.5295 5.40 2.4281 13.40 2.3816
Youngs modulus (E), Gpa 67.2
0.82 2.5193 5.80 2.4266 13.80 2.3781
Bulk modulus (K), Gpa 40 0.86 2.5107 6.20 2.4251 14.20 2.3744
0.90 2.5034 6.60 24235 14.60 2.3705
Apparent elastic limit (Rupture modulus), Mpa 55.1 0.94 2.4971 7.00 24218 15.00 2.3665
0.98 2.4916 7.40 2.4201 15.40 2.3623
Fracture toughness MN m™'*, Vickers, 100 g 0.5
1.00 2.4892 7.80 2.4183 15.80 2.3579
Poisson's ratio 0.28 1.40 2.4609 8.20 2.4163 16.20 2.3534
1.50 2.4560 8.60 2.4143 16.60 2.3487
lubilitv i
Solubilty in water no 1.80 2449 | 900 | 24122 | 1700 | 23438
Resistivity, Ohm x cm 1002 2.00 2.4460 9.40 2.4100 17.40 2.3387
2.20 2.4437 9.80 2.4077 17.80 2.3333
Band-gap, eV 27 2.60 24401 | 1020 | 24053 | 1820 | 23278




Transmission spectrum of CVD
- InSe window thickness of 6 mm 100

0.4 0.6 08 1.0

78

Wavelength, um
910 12 1820

1.5 2.0 25 3 4 5 6
T

Absorption index @ 10.6 mm, less than,
1/cm

Damage threshold, not less than, J/cm?

Acceptable inclusions, pm

LA IRA 3 80
E
£ 60
- -4 3 E
(5-8)x10 1x10 =
20 E: 20
absence <100

Impurities content, % <10
Average grain size, pm 50-70

R

Materials: LA - Laser Application grade; IRA - Infra Red Application grade

CVD - ZnSe blanks

Make
Indices Comments
standard optional
Plano blanks

Diameter or diagonal (D, mm), mm 8-100 6—150

<0.05 <0.02 D<80
Diameter tolerance, mm

<0.1 <0.05 D>80
Thickness, mm >05<20 >05;,<25
rLrllrrl:]ear dimensions of rectangular blanks, <100 length < 150 mm, width < 150
Parallelity, mm <0.05 <0.02 D=200
Protective chamfers always for the blanks of D> 50 mm possible for the blanks of D 10-50 mm
Technological chamfers, mm 0,2-1,0 upto 3

Generated blanks

Diameter (D), mm 20-100 8-150

<0.05 <0.02 D<80mm
Diameter Tolerance, mm

<0.1 <0.05 D >80 mm
Thickness Tolerance, mm <0.05 <0.025

<0.03 <0.02 D <50mm
ETV, mm <0.05 <0.025 D <100 mm

<0.03 D> 100 mm

Radii tolerance, % <1

Packing of the blanks: on cardboard sheets, wrapped into shrinkable film, which are placed to cardboard (plywood) boxes, filled with
plastic material to protect from shocks during transportation.




3. Germanium

Poly- or monocrystalline Germanium is used for production of the blanks. Properties of these materials are set in their production
from so called GPZ (Germanium polycrystalline zone refined). GPZ is a standard material, obtained by chemical processing of
Germanium raw materials and purification of ingot of metal Germanium up t0 99.9999%.

Germanium monocrystals of desired orientation are grown from GPZ, which is doped with some chemical element to give
definite type of conductivity and other desired properties to the monocrystal.

Base for manufacture of polycrystalline material, which is used for production of the blanks as well as monocrystalline material
is GPZ, doped with proper element, depending on application.

Ina lot of applications Germanium is used in form of powder, granules or pieces. Granules and pieces are convenient for coating
optical components. Powder is used as a doping addition.

Physical Data & Typical Characteristics
Electro Magnetic
CAS registry ID: 7440-56-4 Dielectric constant € (300 K) 16.2
Atomic weightt 72.61 Magnetic susceptibility xm (300 K) -7.09x10°%
Density (298K) 5.323(%0,001)x103 kg/m? Optical
Mechanical Refractive index n (293 K)

Coefficient of compressibility <1.4x10"Pa’ A (um) n (£ 0.000 30)
Young's modulus (298K) 10...15.5x1010 Pa 8 4.00541
Torsion modulus (298K) 6,8(+0.2)x1010 Pa 9 4.00412
Tensile fracture strength (298K) 95(+16)x106 Pa 10 4.00319
Microhardness HK (25¢ load) 780(+79)x106 kg/m? 1 4,00248
Microhardness HV (50q load) 845(+30) HV0.05 12 400194

Thermal 13 4.00151
Melting point 12104 K 14 4.00116
Specific heat (273 to 373 K) 310J/g.K
Latent heat of fusion 36,945 x 103 J/mol Temperature coefficient of refractive index dn/dt at 293-298 K | 0.0004 +0,00002 K’
Linear thermal expansion coefficient (300 K) | 5.90x 10¢ K™ Refractive index variation within a | monocrystalline | 0.1-1x10*
Heat of fusion 36.945 kJ/mol component: | nolycrystalline | 0.5—2x 10
Heat of sublimation 374.5kJ/mol i -
Vapour pressure (298 K) 3.546 10-54 Pa Absgrot mgsf:tcze& tﬁaJri)gfyﬁfcI:Islir monocystaline | <0.020¢m
Thermal conductivity (300 K) 60 W/m.K polycrystalline | 0.020 - 0.035 cm™




3.1. Germanium poly- and monocrystalline

Parameters Mono Poly Method of measurement Ainpm Transmission,%
Conductivity type N; P N Thermoelectric effect 2 46
Dopant Sb; P: Ga: Au S 3 46
[1113; [110]; [100]; [110]; [211]; : d
Orientation [1004+6°—>111]:620° X-ray diffraction 5 16
Resistivity, Ohm*cm 5-40; 5-20; 8-16; 2-5 5-40 Four point probe i 46
Transmission 46% min in the wave length range 3-10 pym (for 10 IR Fourier spectrosco ! 46
mm thick polished sample) p Py 8 46
. : : o 9 46
Ingots are delivered sized on diameter. Possible diameters are up to 200 mm for 0 “
monocrystalline and up to 300 mm for polycrystalline material. - .
Packing of Germanium ingots: are heat sealed between a tough plastic sheet and a firm ” 395
suppotting base. Then they are packed in cardboard boxes, filled with shock absorbing 13 105
materials. " 405
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3.2. Germanium polycrystalline zone refined (GPZ)

Guaranteed to exceed 50 Q*cm n-type over the whole length at 20 + 0.5 °Cby the 2-point probe method (ASTM F48-93) and
thermoelectric probe method (ASTM F42-93-A) on the bottom surface of the ingot.

T,°C

18 19

20 21 22

23 24

Resistivity, Ohm*cm (min)

52 51

50 49 48

47 46

Form: segment cross-sec tion.

Packing: GPZ ingots are heat sealed between a tough plastic sheet and a firm-supporting base. They are then packed in cardboard

boxes, filled with shock absorbing materials.

3.3. Germanium in form of powder and granules

Parameters Granules Powder Method of analysis
Product appearance light-grey shiny granules grey powder

Ge content (min), % 99.99 99.5 Photocolorimetry
Ge0z2 content (max), % - 0,5 Photocolorimetry
Impurity content (Fe, Ca, Al, Cu, Mg, Na, Ga - sum max), ppm 0,1 0,01 Emission spectral
Standard granule (grain) size 3-7mm 10— 50 pm

Formats and Packing polyethylene bottle airtight zzl);?rt:;;’:in:o?;gtﬁ;iﬁt:ﬁﬁ adkedin




The main chemical compounds, which have various applications, are germanium dioxide and germanium tetrachloride. There
are also other compounds — for instance, organic compounds of Germanium, used as healthcare products, biologically active
additives, materials for perfumery and cosmetics. Germanates are used in lighting technology (luminophors), there are also less
common applications.

Physical properties
Appearance White powder Molecular weight 104.59
Density (291K), kg/m? 4.23x10° Heat of formation (293 K), J/kg °C 531.7
Magnetizability -1.94x10°% Melting point, °C 1116
Solubility in water (293 K), kg/I 4.5x10° Refractive index 1.7

There are three main grades of Germanium Dioxide: technical (T), basic (B) and special (S), according to application.

Grades of Germanium Dioxide
Indices
DG-T (technical) DG-B (basic) DG-S (special)

Content of the main substance (in terms of germanium dioxide), not less than, wt % 95,0 - -
Moisture (at 105°C), wt % not more than 0.5 not more than 0.5 0-0.5
Ignition loss (dried material at 820°C), wt % not more than 3.5 not more than 3.0 0.5-3.0
Chlorine content, wt % not more than 0.5 not more than 0.1 0.01-0.1
Content of impurities*, not more than, wt % - 0.0001 0.0001

* Impurities: aluminum, gallium, magnesium, iron, arsenic, manganese, nickel, cobalt.

On the customer’s request additionally could be controlled following indices: solubility in water and ethylene glycol, individual
impurities.

Grade T is used in applications for which purity is not principal.

Grade B is universally applied when there are no additional requirements to the product. Germanium Dioxide of that quality

is directly applied in some technological processes, as a raw material for organic synthesis and as an intermediate product in
production of special Germanium Dioxide.

Grade S is manufactured according to the individual requirements. Examples of Germanium Dioxide of this grade for some
applications:

Reduction Catalysts etc. Synthesis of
Parameter to electronic bismuth germinates
germanium GD of good solubility | Fine dispersed GD | amorphous GD (BGO)
Hexagonal structure, % >98 - >99,5
Ge0z2 content, % >97.5 96.5 96.5 >99
Ignition loss (800°C), % <03 3.5 3.5 <0.5 <0,1
Bulk density, g/cm? 213 0.5-1 0.5-07 12-16
Particles size, microns 5-50 (average 30) < 20 (average 10) <10 (average 2 - 3) 8-10
Chlorine content, % <0.05 <0.05 <0.05 <0.15 <0.05
Content of impurities, % <0.0001 < 0.0005 < 0.0005 <0.001 <0.001
Solubility in water, % >99.9 >99.9
Solubility in 1% ethylene glycol solution, % >99.9 >99.9




4.2. Germanium tetrachloride (GeCl4)

Physical properties
Appearance liquid Boling point (760 mm of mercury column), °C 83.1
Density (291K), kg/m? 1.874x103 Melting point, °C -49.5
Molecular weight 2146

Depending on application germanium tetrachloride is manufactured of two main grades: basic (B) and special (S). First is

applied mainly in the cases when germanium tetrachloride is used as a raw material for chemical synthesis; the second — mainly

in production of optical fibers.

Maximal content of controlled impurities (measurement method — emission spectroscopy): 10 ppm for grade B and 10 ppb for

gradeSS.
Impurity B (basic), ppm S (special), ppb Impurity B (basic), ppm S (special), ppb
Al 0,1 1 Fe 0,5 2
As 1,0 Mn 0,04 0,5
Cr 0,1 1 Ni 0,02 1
(o 0,2 05 ) 0,1 0,5
(u 0,05 1 In 0,5 1

For the grade S (special) content of hydrogen donors (H-Cl, OH, CHz, CHs) is also controlled, according to special requirements of
the customer. Their total content makes 10-30 ppb.




5. Germanium Raw Materials and Recycling

Main raw material for production of germanium and its compounds is germanium concentrate — product of special processing
of germanium-containing coal. In production of germanium there are also used powders and suspensions from grinding and
polishing of germanium blanks and articles, germanium scrap and germanium-containing wastes of other productions. Share of

recycled germanium in total balance of production and consumption of that costly material is very significant.

5.1. Germanium concentrate

Germanium concentrate could be supplied for its further processing.

Content, wt %
Grain size, mm, not
Grade th
Germanium Sulfide sulfur, not more than | Arsenic, not more than | Moisture, not more than LGN
B(G-4 less than 0,3 40
BCG-3 | morethan0,3-0,8indl. 40
not restricted not restricted 0,2
B(G-2 more than 0,8-1,5 indl. 40
B(CG-1 more than 1,5-5,0 indl. 40
(G-5 more than 5,0-10,0 incl. 0,2 45 40
0,5
(G4 more than 10,0-20,0 indl. 0,1 45 40
G-3 more than 20,0-30,0 incl. 0,1 45 40
0,5
(] more than 30,0 0,1 45 40

Packing. Germanium concentrate of the grades (G is packed to multilayer bags (30 kg). Concentrate of grades BCG is packed to
Big Bags with a polymer liner (~ 500 kg).

Concentrate of grades (G is transported in containers, concentrate of B(G grades is transported in railway open wagons.

5.2. Services - processing of germanium waste

Recycling of germanium is made on commercial terms, but first of all it is realized as a service for the customers, purchasing
germanium blanks or articles. When there is a big lot of material for processing, it makes sense to send it directly to “Germanium
and Applications”. If the quantity is not big, we can consolidate the cargo with the help of our agents, not bothering the
customers with complicated logistics problems.

On their choice our customers could get money for the sent material or use it as a deposit for purchase of germanium products of
our company. Actual terms and conditions should be discussed with the managers of the company. For sure they'll be favorable
for our customers!




QUOTATION

Prices and delivery terms are sent in a written request and are an official commercial offer, valid for definite time period.
Each offer is realized only in case when the customer’s purchase order is issued within the time, indicated in commercial
offer.

All requests should be sent via e-mail or faxed to the Company or to its official representative (agent).

PURCHASE ORDERS
Purchase orders are accepted by Company or its official representative (agent) by phone, by fax or e-mail. Phone orders
should be confirmed in written form.

PRICES

It is not said otherwise in commercial offer, given prices include expenses for delivery to the destination point on CPT or DAP
terms and export customs procedures.

All prices are valid within the time, indicated in official commercial offer or pricelist.

TERMS OF PAYMENT
Usual delay of payment (if any) is 30 days from the date of delivery (date of the cargo arrival to the destination point).
Increasing of the payment delay is possible only on a credit basis.

SHIPMENT
Usually shipment is made via company SPSR (in Russia) or UPS (for export). In case the cargo is non-standard or on the
customer’s request another company could be used.

DAMAGES IN COURSE OF TRANSPORTATION

If you have received the goods, damaged during the transportation, it is important to save the boxes, packing material and
parts of the goods intact.

Please make photographs of the damages and apply to the Company or its representative (agent) to prepare the claim.

POSSIBLE PROBLEMS AND TERMS OF RETURN

In case any problems with the received goods or with accompanying documents arise (quantity or quality unconformity)
please immediately inform the Company or its representative (agent) to make a decision about the subsequent actions.
In case of necessity to return or repair the goods (or part of the goods) Company will organize return and (or) will give a
credit for the amount, equal to the value of the goods after receipt of the written claim.

To make a return of goods you'll have to fill in several simple documents, samples of which will be sent to you, to get

the account number in the transport company for the shipment of the cargo and passing it to the representative of that
company.

The goods (or part of the goods) should be returned in proper condition.

The return should be made within 30 days from the date of delivery.



Bonpoc: Kak nyytle BCEro BbIACHUTb BO3MOXHOCTb NOCTABKK U CTOUMOCTb UHTEPECYHOLLNX MEHA n3genun,
3aroToBOK Unun MaTepI/IaJ'IOB?

OTBer: Bbl MOXeTe HanpaBuTb CBOIl 3aMPOC, BOCMONb30BABLUNCH NeKTPOHHOI nouToit RFQ@GeApplic.ru
unu Hawmm Be6-caittom www.GeApplic.ru nnn Hawum pakcom +7 495 639 9352 — uto Bam ynobHee. [1na
CPOYHOTO KOHTAKTa Bbl MOXeTe N03BOHMTb N0 MOCKOBCKOMY TenedoHy +7 495 926 5174.

Bonpoc: Kak ckopo A nonyuy oTBeT Ha (Boil 3anpoc?

Otger: 563yCJ'IOBHO, B TEYEHUE CYTOK, a €I Pa3HiLa BO BPEMEHN U3-3a PA3HbIX YaCOBbIX NM0ACOB HebonbLLas,
TO 3HAYUTENIbHO 6bICTpee.

Bonpoc: MoxHo v 3aKa3aTb 3aroToBKI U3 repmMaHuA ¢ HeCTaHAAPTHBIMU XapaKTepuCTUKamMI Ui HeobbIYHOI
dopMmbl? MoxHO i1 3aKa3aTb XMMUYECKIe NPOAYKTbI C 0COBEHHOCTAMM, He 0603HAYeHHbIMI B CTAHAAPTHbIX
cneundukaumax?

OtBeT: 0cobeHHOCTH — 3T0 BCerfia BOMPOC KOHKPETHbIX BO3MOXHOCTelA. Ho B Niobom Cnyyae, Bbl MoxeTe
paccuuTbIBaTb Ha TO, YTO KOMNAHMA «[epMaHWii U NPUNOXKeHUA» NOCTAPAETCA (enaTb UMeHHO T0, YTo BaM
HYHO. bOMbLLION ONbIT 1 3HAHNA COTPYAHMKOB KOMMAHWM (Cpeau HUX MHOTUE UMEIOT YUéHble cTeneHu) OyayT
MCNONb30BaHbI A1A peLLeHna Niboil HeCTaHAAPTHOI 3aaun.

Bonpoc: MoxHo vt BepHyTb B KOMNaHMI0 «[epMaHIii 1 NPUNOXKeHA» NPOAYKTbI, €CIN OHU He NOAOLLNN?

Otget: [la, Komnauus «Fepman?l N NPUNIOKEHNA» NPEA0CTABNAET rapaHTUN Ha BCE NPOAYKTbI. BO3BpaT MOeT
ObITb Ocyl.l.l,eCTBJ'IéH B COOTBETCTBMW CO CTAHAAPTHBIMIW YCNOBUAMU 1 NPaBUNaMI.

Bonpoc: [puHnMatoTcA nv K onnate KpeauTHbIE KapTbl UK Yekin?
OtBeT: K coxaneHuto, HeT. [InateXu NpUHUMAIOTCA TONbKO OaHKOBCKMMM NepeBoaaM.

Bonpoc: Kak OpraHn3yeTca A0CTaBKa NPpoAYyKTOB I'IOKyI'IaTeJ'IﬂM?

OteT: 00bIYHO KOMNaHWA «[epMaHNIi 1 NPUNOXKEHUA» UCMONb3YIOT CeLuannU3MpoBaHHble CTyX0bl IKCpecc-
poctaskin — UPS, DHL npu 3kcnopte unu CMCP gna goctaBok no Poccun. B nepuon AocTaBkm aeincTeyet
OTBETCTBEHHOCTb KOMNaHMI BNJIOTb [0 Nepeayuv ToBapa nokynatento.

Bonpoc: Obnaratotca i npoAyKTbl KoMNaHuy «[epmaHnii 1 NPUROXKEHNA» UMNOPTHOIA NOLLANHOIA?

OteT: Bo MHorux cTpaHax (Hanpumep, B CLLIA) npoayKTbl poccuitckoii Komnanum «[epmaHinil 1 IPUNOMKEHNA»
MMMOPTHOI NOLLANHON He 06naratoTcA. HOrAa TaMoXeHHble OpraHbl MOryT NONPOCUTL NOATBEPAUTD
POCCMIACKOe MPOUCXOXKEeHINe TOBapa. B Takix cnyyasax KOMNaHUA MOXeET NpefoCTaBUTb MeXAYHAPOAHbIIA
cepTuduKat nponcxoxaeHna Gpopmoi A.

Bonpoc: lMouemy nmeHHo KomnaHna «[epmaHuii n NPUNOXeHNA»?

Otget: KomnaHua «repMaHI/II7I N NPUNOKEHNA» XOPOLLO U3BECTHA B repMaHNEBBIX KPYrax 1 UMeeT
MHOTONETHUIA ONbIT npon3BoAcCTBa U NOCTAaBOK NPOAYKLUUN MHOTOYNCNIEHHBIM 3dKa34MKaM 0 BCEMY MUpY.
limea CO6CTBEHHy|0 CbIpbEBYI0 6a3y, KOMMaHNA 0YeHb CTabubHa 1 CNocobHa JAepPaTb NOCTOAHHbIE LiEHbI ANA
MHOTOJIETHUX NpOrpamm. KomnaHuto otnnyaet Tpaanuuna npeaocTaBieHna ycnyr BbiICOKOro KayecTtBa.



[epMaH1eBble 3aroTOBKIN — U3rOTOBAIEHHbIE 13 NOAK- I MOHOKPUCTANIMYECKOrO repMAHKA NAACTUHBI, IPU3MBI, LUTUHAPSI,
Tena BpaLLeHNA C reHepupOBaHHOI MOBEPXHOCTbIO, KOTOPbIE, NOC/e AONOAHNTENbHOI 06paboTKIn, MOTYT ObITb MCMONb30BaHbI
KaK ONTMYeCKMe WK INEKTPOHHbIE KOMMOHEHTbI Pa3fIMuHbIX YCTPONCTB. 3ar0TOBKM MOTYT UMETb 0COOEHHOCTI: ONpeAeNnéHHble
$acKin, NMHENHbINA U HENMHEIAHBIA KOHTYP, 0TBEPCTUA 1 T.N.

B 3aBucMoCTIN OT Ha3HaueHNA, AnA NPOM3BOACTBA 3aroTOBOK BblbUpaeTcs repMaHuii, umerowuii P- unm N- tun
NPOBOANMOCTA, ONpefeNéHHbIM 00pa3om NerMpoBaHHbII 1 06NaJAKLLIAA COOTBETCTBYIOLYNM YAENbHbIM dNEKTPUYECKIM
conpotusnennem. MOHOKpUCTaNNUecKInin repMaHinii IMeeT onpeaenéHHyI0 OpueHTaLmio.

MponyckaHue B AnanasoHe AnMH BoNH 3-10 MKM He MeHee 46% (AnA 0TNoNMpoBaHHOro 06pasua 10 MM TONLLMHI).

06nacTb NpUMeHeHus Tun npoBogumocty | Jlernpyrowmii anemeHT ACLEDEENE R OpueHTaumsa (MoHo)
conpotusnenue, OM*m

VK-onTuka N Sh 5-40; 5-20; 8-16; 2-5 [111]

MToanoxKm AnA ConHeyHblx baTapeil N; P Sb; P; Ga 0.01-0.05 [100+6° — 111]

MoAn0XKKM ANA MAaTPUYHBIX GOTONPUEMHNKOB N Sh; absent 5-40 (111, 1211

Pa3Hble npuMeHeHNA B INEKTPOHIKe P;N Ga; Au; Sb; P 0.01-45 [1113; [110]

JlononHutenbHaA 06p360TKa, KaK NpaBuno, 3aKnK4aeTca B LIJJ'II/I(I)OBKE N nonnposke I'IOBEpXHOCTQVI 3droToBKK, a TaKXe B Ha-
HECEHUWN Ha 3T NOBEPXHOCTU CMeUanbHbIX I'IOKprTI/II7I. V13mpenua — 310 onTuyeckme OKHa, INH3bI, NOANOXKKM U T.A.

OptoTech

OkHa NCnonb3yTca ANA 3aluTbl N 30NALIUN CUCTEMbI OT BHELLIHETO BO3/eNCTBUA. repMaHI/IEBble OKHa 0becneunBaiot
MPOHWKHOBEHKE B CCTEMY TOJIbKO U3JTYUYEHUA VIK-guanasoHa.

Bo3MO0XHO U3roTOBNEHME 3ar0TOBOK /1A NNIOCKO-NapannesbHbIX, KNMHOBUAHBIX OKOH 1 OKOH bplocTepa ¢ pa3nuyHbiMu
0cobeHHocTAMN. TonLHa OKOH 00bIYHO GonbLLe 2 MM.

Bo3MOXHOCTM NO U3rOTOB/IEHUIO 3ar0TOBOK ANA OKOH

Napametp Weronkenie Mpumevanus
06bluHOe ROCTIHKMMOE
(Oopma ceuenua KpYr, NPAMOYTONIbHIK oBan
[Jlnametp unu auaroHans (D, Mm), MM 8+-300 6300 Mpu D > 200 matepuan TonbKo nonu-.
<0.05 <0.02 0D <80
Ronyck o auameTpy, um <0.1 <0.05 0D > 80
TonwmHa, mm >2,<200 >2,<400
[Jlonyck no ToniwmHe, Mm <0.05 <0.025
JIuHeitHble pa3mepbl NPAMOYTObHBIX 3ar0TOBOK, MM Anika < 300 Anika < 500 [Tpu D > 200 matepuan TonbKo nonu-.
wupuHa < 200 WwupuHa < 300
[lonyck no nuHeliHbIM pa3mepam NPAMOYTO/bHbIX 3ar0TOBOK, MM <0.1 <0.05
Jlonyck no yrnoBbiM pa3mepam NPAMOYFoIbHbIX 3aroTOBOK, YIl. MUH <5 <3
Yron KnuHa, yrn. rpag. 0 <45
TouHOCTb N0 YAy KAWHA, YT, MIAH 30 10
Hannune 3awmTHbIx Gpacok Bceraa npu D>50 npuD=10-+50
TexHonornyeckue Gacku, Mm 0,2+2,0 no3
06pabotka yrnos pe3 CKpyrneHue
OTBepcTua HeT Aa




[lonycku no pa3mepam 3aroToBOK 1A NPU3M OIM3KM K TeM, uTo 0603HaueHbl As OKoH. [lonyck Ha yrbl < 30'
KauecTBO NoBepXHOCTN 3aroTOBOK /1l OKOH U NpU3M

WUcnonxenne
Napametp Mpumevanus
006bl4yHOe LOCTIKUMOE

LllepoxoBatocTb (cpesHee apudMmeTnueckoe oTkoHeHMe npoduna, | < 1.2 (mocne pea uin 0.2-04 JOCTUXKUMOCTb — N1 3ar0TOBOK

qL)”""" Ra), Mkm UHCTPYMeEHT D46) (MHcTpymenT D15) TONLLMHON MeHee 20 MM
0BKa

CnpaBoyHo: BbicoTa HepoBHOCTeil npoduna no 10 Toukam - Rz, Mkm 25-63 1.0-2.0
Ipy6as Tounoctb noBepxHocTi (Power/Irregularity) wave @ 633 nm (5/1)
nonu- | MapannenbHoCTb (ZONYCK Ha KNMH), Y. MUH <4
POBKA | Yycrota nosepxHocTw, Scr/Dig 80/50

Ynakoska 3a20mo8ok: Ha NGHWemax ¢ mepmoycadoyHol NAEHKOU, NIaHWemsl ynakosbi6aomcs 8 KApMOHHbIe (harepHbie)
KOpoOKU, HANONHEHHbIe NIACMUKOBbIM MAMEPUAIOM, 3AWULLAIOWUM 0m yOapos npu MpaHcnopmuposke.

Ynakoska nonuposanHsix 3a20mMo8ok: onmuyeckue cangemku (KoH8epmbl), yoxeHHvle 8 Kaccemol. [lepesoska - 8 KApMOHHbIX
(hanepHbix) KopoOKax, HANOTHEHHBIX NAACMUKOBLIM MAMEPUANIOM, 3aWULAWUM 0m YOapoe.
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[epmaHueBble NMH3bl — chepuyeckine u achepuyeckme -
MCNOMb3YI0TCA B Pa3fIMYHbIX ONTUYECKUX CUCTEMAX,
pabotatowwmx B MK-guanasoHe.

B03M0XHO 113roTOBNEHME 3ar0TOBOK ANA M0CKO-BbIMY-
KNbIX, MNOCKO-BOTHYTbIX, ABOAKO-BbIMYKIbIX,
[1BOAKO-BOTHYTbIX, BbIMYKN0-BOTHYTbIX INH3, acpepuueckinx
NNH3, KYNosoB W runep- nonycep.

B03MO0XHOCTH NO M3rOTOBNIEHNIO 3ar0TOBOK ANA NUH3

WUcnonnexnune
Napamertp Npumeyanus
06blyHOe LOCTIKMMOe
[Nlnametp (D), mm 15+200 10+ 240 Mpu D > 200 matepuan TonbKo nonu-
<0.05 <0.02 D<80
[Jlonyck no anametpy, Mm
<0.1 <0.05 D>80
[Jlonyck no TonwmHe, Mm <0.05 <0.025
<0.03 <0.02 D<50
PazHoTonwwMHHOCTL No Kpaam (ETV), mm <0.05 <0.025 D <100
<0.1 <0.03 D> 100
OKpyrnocTb, MKM <30 <10
(6;Ra<2.0) (8;Ra<0.5 D > 90 (uHcTpymenT D76; Ana ocoboro kauectBa — D18)
YucroTa noBepxHocTy (knacc; Ra, Mkm)
(7;Ra<12) (8;Ra<0.3) D < 90 (uHcTpymeHT D46; nna ocoboro kauectsa - D15 unn D18)




ﬂOHyCKU no pasmepam 3a20moeoK onAa Kynonos u I’IOﬂyCdJEP 6/1U3KU K meM, 4mo 0003Ha4eHbl 0/18 JIUHS3.

Ynakoeka 3a20mogoK: Ha naaHwemax ¢ mepMoycabquoﬁ NNIEHKoU, NaHWemsl YNakosblearmca 8 KApmoHHble ((de@prIE)
K0p06KU, HanoJiHeHHble N1acmuKosbiM Mamepuasiom, 3alyutyariyyum om yaapos npu mpadcnopmuposke.

1.3.  [InacTuHbl 1 NOAN0XKKM

[epMaHueBbIe MNACTUHBI — 0CHOBA /1A NPOWU3BO/CTBA PA3NNUHbIX NOANOMKEK ANA Pa3HO0OPa3HbIX MPUMEHEHWI B CONHEUHDIX
6atapesx 1 B 3NeKTPOHUKe. TONLLMHA U3roTaBNMBAEMbIX MNACTIH, HAXOAUTCS, 00bIYHO, B MHTEpBane 0,15 — 2 MM.

B03MO0XXHOCTH NO U3rOTOBMIEHNIO NNACTUH

WcnonHenue
MNapamertp Mpumeyanua
06bluHoe ROCTIHUMOE
Nuametp (D), Mm 8150 6150
<0.05 <0.02 D<80
Aomyck o Auaiverpy, i <0.1 <0.05 D>80
TonwuHa, MKm > 200 >150
Jlonyck no Tonwute, Mm <0.05 <0.025
JuHeliHble pa3mepbl NPAMOYTObHBIX NAACTUH, MM AnnHa < 150 wupuxa < 150
[Jlonyck no nHeiiHbIM pa3mepam NPAMOYTONbHBIX NAACTUH, MM <0.1 <0.05
Jlonyck no yrnoBbIM pa3mepam NpAMOYrofbHbIX MAACTUH, Yril. MUH <5 <3
Hanuune 3awwuTHbIX Gacok gceraa npu D > 50 npuD =10 +50
TexHonornyeckue dacku, Mm 0.2+1.0 no?2
TTV (nonHblit pa36poc no ToLLmMHe), MKM <15 <8
Warp (kopobneHue), Mkm <20 <15
KauectBo MOBEPXHOCTU NNACTUH
Mapamerp WcnonHenne Npume-
06bluHoe ROCTMMMMoe | “aHuA
<12 <02
Linuos- | Liepoxosatocts (cpesHee apudmeTuueckoe oTknoHeHme npoduns, Ra), Mkm (nocne pesa i uHCTpyment D46) | (nicrpyvenT D7)
a (npaBoyHo: BbicoTa HepoBHoCTeil npoduna no 10 Toukam - Rz, MKm 25-63 08-1.25
py6an TouHocTb noBepxHocT (Power/Irreqularity) wave @ 633 nm (5/0.5) (1/0.5)
nonMpoB- | MapannenbHOCTb (4ONYCK Ha KAWH), YT, MIAH <4 <05
Ka | Yucrora nosepxHoctu, Scr/Dig 80/50 60/40

Kayecmeo nosepxHocmu Noonoxex: NoJIUPOBAHHAA, 20mM08aA K anUmakcuu ¢ 00Hoi CMOpPOHbI U epy6aﬂ noJuposka — ¢ apyeoﬂ.

Ynaxoska nnacmun: onmuyeckue cangemku (KOH8epMbI), y0xKeH-
Hble 8 kaccemel. [lepego3ka - 8 KAPMOHHbIX (haHepHbiX) KOPoOKax,
HANOJIHEHHbIX NIACMUKO8bIM MAMeEPUAZIoM, 3aWuLyarwum om

y0apoe.

Ynakoeka noonoxex: 6 UHEpMHoM 2a3e, 8 cneyuasibHoix Kaccemax,

3aneyamarHbix 8 080LHoLU nakem.

[Tepeso3ka - 8 KApMOHHbIX (aHepHbix) KOPOOKAX, HANOMHEHHbIX

njiacmukoseiM mamepuanom, 3aluyaroum om yaapoe.




(enenma LMHKA NCNONb3yeTcA ANA U3rOTOBAEHIA ONTUYECKNX JNEMEHTOB: OKOH, IMH3, 3epKan, NPU3M, CBETOAeNUTeNei 1 T..

C 04eHb HU3KUM KOIQGULIMEHTOM NOrNOLLEHNA B CPeAHEM MHOPAKPACHOM JMana3oHe, HanpuMep, B YINeEKNCIOTHbIX Na3epax
1 B LUMPOKOMONOCHBIX CEKTpasbHbIX Npubopax, paboTatolwumx B Ananasoe ot 0.6 20 19 MUKpoH. OH Takxe NOAX0AMT ANA n3-
rOTOBNEHMA N306paxatoLLieli onTUKN.

Bcnencteue 6onbLueli LMPMHDI 3anNpeLLeHHON 30Hbl, YeM Y repMaHmA, KOMNOHEHTbI U3 CeNeHNAA LHKa MOTyT UCMOob30BaThb-
A npu bonee Bbicoknx Temnepatypax (ao 2000C npotus 5000).

[MonuKpucTananyecknin ceneHina UMHKa BbIPALLMBAETCA METOAOM XUMUYECKOro ocaxkaeHua u3 ra3oBoi dasbl (CVD - Chemical
Vapor Deposition) n nmeeT 0AHOPOAHYI0 CTPYKTYpY.

CVD (xumuuecku ocaXkAEHHDIN U3 ra3oBoi ¢asbl)

Du3nueckue cBoiicTBa OnTHyeckue CcBONCTBA
TemnepatypHblit K03$dULIMEHT noKa3aTens npenomnenus, (dn/ P
MnotHocTs @ 300 K, r/cm? 5.27 d1)@ 10,6 Mk @ 298-358 K, 1/K 6.1x10
Temneparypa nnanexns, K 1795410 HKHAA rpaHuULa 0CTaTOYHOTO OTPAXKEHNA, MKM 45.7
Motepu oTpaxenus @10,6 MKM (2 noBepxHocTH), % 29.1
TennonpoBoaHoctb @ 298 K, Ix/(Kx M x () 18.0
HepasHomepHocTb oTpaxeHusa(dn/n) Py
5x10
@ 273K 71%10% @ 0,633 MKM, MeHee yem
Koadduument Tennosoro pac-
3aBUCUMOCTb NOKa3aTeNs NpPeoMAeHHUA OT ANUHDbI BOJIHDI
Lnpenna @373K 7.8%10°¢
A, MKM n A, MKM n A, MKM n
@473K 83x10° 0.54 2.6754 3.00 24376 10.60 2.4028
0.58 2.6312 3.40 2.4356 11.40 23974
fennoukocro @ 298 K, Ax/(rx K) 0.3 0.62 25994 | 380 | 24339 | 1180 | 23945
110 KHyny, MHmeHTOp 50T, Kr/mm? 120 0.66 2.5755 4.20 24324 12.20 2.3915
TBépaoctb 0.70 2.5568 4.60 2.4309 12.60 2.3883
Mo Bukepcy, nxaexTop 1kr, Kr/Mm? 12 0.74 2.5418 5.00 2.4295 13.00 | 23850
0.78 2.5295 5.40 2.4281 13.40 23816
Mogynb HOnra (E), MMa 67.2
0.82 2.5193 5.80 2.4266 13.80 2.3781
Mogynb oxarust (K), MMa 40 0.86 2.5107 6.20 2.4251 14.20 23744
0.90 2.5034 6.60 24235 14.60 2.3705
YenosHbiii npepen ynpyroctu (Rupture modulus), Mia 55.1 0.94 24971 7.00 24218 15.00 2.3665
0.98 24916 7.40 2.4201 15.40 23623
YnapHas Bazkocts MH Mm%, no Bukepcy, 100 1 0.5
1.00 2.4892 7.80 24183 15.80 2.3579
KoappuumenT MNyaccona 0.28 1.40 2.4609 8.20 24163 16.20 23534
1.50 2.4560 8.60 24143 16.60 2.3487
Pacraopumocts & Boje no 1.80 2449 | 900 | 24122 | 1700 | 23438
YaerlbHoe conpoTMBTeHie, OM X ch 1012 2.00 2.4460 9.40 2.4100 17.40 23387
2.20 24437 9.80 2.4077 17.80 23333
Pasmep 3anpewuénHoit 30Hbl, 5B 27 260 24401 | 1020 | 24053 | 1820 | 23278




JIIMHA BOMTHEL, MKM
CnexTp nponyckanus CVD — ZnSe, TonwmHa 06pasya 6 Mm 04060810 15 20 25 3 4 5 67891012 1820
g LI LI T T L} T T T L} T T T LI rrrrT
LA IRA s S0
=] LA
[oka3zatenb nornotieHns @10,6 MKMm, g 60
UeHnn @ (58010 |1x107| | fa
MeHee yem, 1/cm B 40
JlyueBas CTOIAKOCTb, He MeHee Yem, KBT/cm? 20 ;_—3-‘ 20
[JlonycTumble BKIKOYEHNA, MKM oTcyTeTByIOT | < 100 o
Cofepxatvie npumeceit, % <10* Marepman: LA — pna nazeprsix npunoxenmii; IRA — ana HK npunosxermit
(CpenHuii pazmep 3epHa, MKM 50-70

3arotoBku u3 CVD - ZnSe

UcnonHenne
MNapametp Npumeyanua
06bluHoe ROCTIKUMOE
Mnockue 3aroToBKK

Nlnametp unu guaroHans (D, Mm), Mm 8-100 6-150

<0.05 <0.02 D<80
[Jlonycku no Anametpy, Mm

<0.1 <0.05 D>80
TonwuHa, Mm >05 <20 >05 <25
JHeliHble pa3mepbl NPAMOYTObHbIX 3ar0TOBOK, MM <100 AnvHa < 150 MM, WwupmHa < 150 mm
lapannenbHocTb, MM <0.05 <0.02 D=200
3awuTHble Gacku gcerga npu D > 50 npuD=10+50
TexHonoruueckue gacku, Mm 0,2-1,0 1o 3

(depuzoBaHHble 3aroTOBKM

Nnametp (D, Mm), Mm 20-100 8-150
<0.05 <0.02 D<80mm
[Jlonycku no Auametpy, Mm
<0.05 D> 80mm
[Jlonyckm no TonwuHe, MM <0.05 <0.025
<0.03 <0.02 D<50mm
PazHoTonwwMHHOCTL No Kpaam (ETV), Mm <0.05 <0.025 D <100 Mmm
<0.03 D> 100 Mm
TouHoCTb N0 paanycam KpUBH3HbI, % <1

Ynakoeka 3a20mo6oK: Ha naaxwemax ¢ mepmoycaaoqﬁoﬁ NNEHKoU, NaHwemsl YNaKkosblearwmca 8 KapmoHHsle ( d)aHepr/e)
K0p06KU, HanoJiHeHHble N1acmukosbiM mamepuasiom, 3alyuarotyyum om ybapoe npu mpancnopmuposke.




[epMaHuii, ucnonb3yemblil AnA NPoU3BOACTBA 3ar0TOBOK, 3T0 NOAK- U MOHOKPUCTANYECKIN MaTepuan, CBONCTBA KOTOPOTO
3a/1al0TCA NpY ero Npon3BoAcTBe 13 T.H. [M13 (repmaHuA NOANKPUCTANANYECKOT0 30HHO0UMLLEHHOrO). [T13 — cTaHAapTHbI
matepuan, nonyyaemblii B pe3ysbrate XMMIYecKoii nepepaboTki repMaHeBOro Cblpbs 1 OYNCTKN CIMTKA METAIMYeCKoro
repmanua 0 99,9999%.

MoHoKpuCcTan/ibl repmaHms Tpebyemoil opueHTaLI BbipaLLBatoT u3 IT13, KoTopblil NErnpyeTca Tem i MHBIM XUMUYECKIM
NeMEeHTOM ANA 06ecneyeHns onpeaengéHHoro Tuna NPOBOAMMOCTY M MPUAAHMA MOHOKPUCTATY APYTUX HYXHbIX CBOACTB.
OcHOBOIA MoyYeHNA NOANKPUCTANINYECKOTO MaTephana, UCMoNb3yeMoro, Takxe Kak MOHOKPUCTan/Ibl, B IPOM3BO/ACTBE
3aroToBOK, ABAAETCA [T13, nernpoBaHHbIii, B 3aBUCUMOCTM OT Ha3HAUEHMS, ONPeAeNEHHbIM HNEeMEHTOM.

B pAane I'IpMMEHEHMVI ncnob3yeTca repmaHMVl B BuUAE NOPOLLKa, rpaHyn ujin KyCo4ykoB repmaHuA. I'paHynb| N KYCOYKK
repmaHmna y,[l06H0 1Ncnonb30BaTb NP HaHECEHUN I'IOKprTI/II7I Ha onTnyeckne KOMNOHEHTbI. HOPOLUOK NPUMEHAETCA KaK

nerupylowian gobaska.
Ou3nyeckue cBOICTBA U TUNNYHDIE 3HAUYEHUA XapaKTepuCTuK
CAS Homep 7440-56-4 IneKTPOMArHuTHble CBOIICTBA
ATOMHbII Bec 72.61 NlnanekTtpuueckas noctoanHas € (300 K) 16.2
MnotHocTb (298K) 5.323(%0,001)x103 kg/m?* | MarnutHas Bocnpummuneoctb xm (300 K) -7.09x 10
CobcTBeHHOe yaenbHoe conpotuanenme (300K) 470mx m OnTuyeckue cBoiCTBa
MexaHu4ecKue cBOICTBA lToka3atenb npenomneHus n (293 K)

KoadduumeHT Oxumaemocty <1.4x10™"Ma? N (MKm) n (£ 0.000 30)
Moaynb HOHra (298K) 10...15.5x1010 Ma 8 4,00541
Mogynb kpyuenus (298K) 6,8(+0.2)x1010 Ma 9 4.00412
[TpouHoCTb Ha pa3pbIB Npy pacTaxenun (298K) 95(x16)x106 MNa 10 400319
MukpotBEpaocTb o wKane KHyna (Harpy3ka 251) | 780(+79)x106 kr/m? 1 4,00248
MukpoTeéppocTb no wkane Bukepca (Harpy3ka 50 1) | 845(x30) HV0.05 12 4.00194

TennoBble cBoiiCTBa 13 4.00151
Temnepartypa nnasnexus 1210.4K 14 4.00116
YaenbHaa Tennoémkoctb (273 - 373 K) 310 Ix/r. K TemnepaTypHan 3aBHCUMOCTb Ko3¢. 0.0004
(KpbiTad TennoTa nnaeneHus 36,945 x 103 [Ixx/monb npenomnenus dn/dt at 293-298 K +0,00002 K
Ko3add. nuneitroro Tennosoro paciumperns (300K) |5.90x 10 K? PaBHOMEPHOCTb KO3PdULMEHTa MoHo- [0.1-1x 10"
Tennota nnanexns 36.945 k[x/monb NpenomneHna nonu- | 0.5-2x10*
Tennota BO3roHKm 374.5 k[Ix/monb Koa(bd. nornouesa npin 293 K MOHo- | < 0.020 cm™
[llaBnenue napos (298 K) 3.546 10-54Ma (na3epHas kanopumetpus npu 10,6 0.020 = 0.035
TennonpoBoaHocTb (300 K) 60 Br/m.K MKM) TUITHSHBIE SHA4EHIA MO |




3.1. [epmaHuii NON- 1 MOHOKPUCTaNINYECKMiA

MapameTpbi Moo Monun Metop usmepenus A, MKM Mponyckanue,%
Tin NPoBOAMMOCTH N; P N Topaumii 30HA 2 46
Nerupytowuii snemeHt Sb; P; Ga; Au Sb 3 46
4 46
P — [111]; [110]; [100]; [110]; ) Nudpaxuus pentre-
pheHTal [211]; [100-+6°—>111]420° HOBCKMX Ayueil 5 46
YnenbHoe conpotusnerue, OM*cm 5-40; 5-20; 8-16; 2-5 5-40 YeTbIpEx30HA0BbIN 6 46
46% MUHUMYM B Anana3oHe AauH BoNH 3-10 MKM VK Oypbe - ! 46
Nponyckaxue ) 16
(ana oTnonupoBaHHoro 06pasua 10 MM TOLLMHDI) CneKkTpocKonua
9 46
Cumku nocmagnflomca KanubposarHeimu no ouamempy. Bo3amoxHbie duamempei: 10 4%
00 200 Mm 0518 MOHO- u 00 300 MM 0114 NOAUKPUCMANIUYECK020 MamMepuand. 1 45
Ynakoeka 2epMaruessix CIUMKOB: HA XECMKOU 0CHOBE, 3aMAHYMbI NPOYHOU MepMoyca- 12 395
004HoU nnéHKol. Ynakosbleamcsa 8 KapmoKHble KOPOOKU, 3an0IHeHHble HANOAHUMesem 13 40.5
0714 3awumel 0m yoapos npu mpaHcnopmuposke. 4 405
so_l - ) Ge 50 —
o —— \ A B -
|~ v/ \ e
40 \ . 40 - [
2 R'../‘\. 7 K | Ge
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3.2. [epmaHuii NOAMKPUCTANANYECKIA 30HHOOUNLLEHHBII ([T13)

YnenbHoe conpoTBNeHue rapaHTUPOBaHHO npesbitaet 50 Om*cm no Beeit Anune npu 20 £ 0,5 °C npu n3mepeHnm AByX30HA0-
BbIM MeTofom (ASTM F48-93) unn meTogom Tepmo3nekTpuueckoro 3oHAa (ASTM F42-93-A) Ha HiKHeli NOBEPXHOCTY CIIUTKA.

T,°C 18

52

19
51

20
50

21
49

22
48

23
47

24
46

YnenbHoe conpotunexne, Om*cm (min)

(I)opMa: (e2MeHmHoe nonepeyHoe ce4eHue.

Ynakoska [T13: Ha xécmkoli 0cHoge, 3amAHyMble NPOYHOL MepMOYCadoyHoli NIEHKOU. YnaKo8bIBaOMcsA 8 KAPMOHHbIe KOPOOKU, 3d-
NoJHeHHble HANOAHUMeseM 015 3awumal om yoapos npu MpaxHcnopmuposke.

3.3. [epmaHuii B BuAe NOPOLLKA U rpaHy

MapameTpbi Tpanynbl Mopotwok Metop aHanusa
BHewwHuii Bup, (BETNO-Cepble bnecTALe rpaHynbl Cepblil NOPOLLOK
CopepxaHue Ge (min), % 99.99 99.5 (otokonomeTpus
CopepxaHue GeOz (max), % - 0,5 (otokonomeTpus
CopepxaHue npumeceit (Fe, Ca, Al, Cu, Mg, Na, 01 001 IMUCCUOHHBII
(Ga - cymmapHo max), ppm ! ! CMeKTpanbHblil
(TaHgapTHbIi pa3mep rpanyn 3-7mMm 10 — 50 MKm

repMeTUYHble MOANSTUNEHOBbIE MELLKM UK 6aHKN
YnakoBka NOAN3TUNEHOBbIE HaHKM

B repMeTUYHBIX MOANSTUNEHOBbIX NaKeTax.




OCHOBHbIE XUMUYECKIE COeMHEHINA TepMaHIA, UMeloLLie pa3Hoo0pa3Hoe NpUMEHEHNe, - ANOKCAZ 11 TETPaXNopUA repma-
HIA. 3BeCTHBI Apyrie COeANHEHNA, HaNpUMep, NCNONb3yeMble B KauecTBe MeAMLIMHCKIX NpenapaToB, 6uono6asok, cpeacTs
naplomepun 1 KOCMETUKM OpraHueckine coeiMHeHIns repmaHina. [epmMaHaTbl HaXoAAT NPUMeHeHIe B CBETOTEXHMKe (Momu-
HOQOPbI), €CTb U ApyriAe, MeHee PacnpoCTPaHEHHbIE NPUMEHEHS.

Ousnyeckme coiicTBa
BHewwHui Bug benblit nopoLwok MonekynapHaa macca 104.59
MnotHocTb (291K), Kr/m3 4.23x103 (KkpbiTas Tennota 06pa3oBaHus (293K), Ix/kr °C 531.7
MarHuTHas BOCNpUMMUMBOCTb -1.94x10° Temneparypa nnaenenua, °C 1116
PactBopumocTb B Boge (293 K), kr/n | 4.5x10° Mokazatenb npenomnexna 1.7

B 3aBUCMOCTI OT Ha3HAUEHNA AMOKCUA repMaHIA NPON3BOANTCA TPEX OCHOBHBIX MapOK: TexHuueckoii (T), 6a30Boi (b) 1
cneyuanbHoin (C).

Mapku guokcupa repmanus
Moka3atenb KauecTBa Ar-T Ar-b Ar-C
(TexHu4ecKuit) (6a30Bbiit) (cneuuanbHbIit)

MaccoBas 10715 0CHOBHOFO BelLECTBA (B NepecyeTe Ha AMOKCUE repMaHms), He MeHee, % Macc. 95,0 - -
Copepxkanue Bnaru (npu 105°C), % macc. He bonee 0,5 He bonee 0,5 0-0.5
MoTepu npu npokanusanun (npu 820°C npeaBapuTEbHO BbICYLLEHHOI MACCbl), % Macc. He 6onee 3,5 He 6onee 3,0 05-3.0
Copepx<aHue xnopa, % macc. He bonee 0,5 He bonee 0,1 0.01-0.1
Copepx<aHue npumeceit, He bonee, % macc. - 0.0001 0.0001

* NpUMec: aNOMUHNIA, FannniA, MarHuiA, XeNne30, MbILIbAK, MapraHeLl, HuKeNb, Kobabr.

o TpeboBaHMI0 3aKa3unKa AOMONHUTENBHO MOTYT KOHTPONNPOBATLCA ClefyloLLMe NoKa3aTeNn KayecTa: pacTBOPUMOCTb B
BOZE 1 ITUIEHITINKONE, @ TaKXKe MHANBUAYaTbHbIE PUMeCH.

Mapka T ucnonb3yetcs Torga, Kora YnCToTa He UMeeT CyLLeCTBEHHOTO 3HaYeHUA.

Mapka b npeanonaraet yHuBepcanbHoe nCnonb3oBaHue Tam, rae K NpoAYyKTY He NpeabABNAKTCA AONONHUTENbHbIE TpeboBa-
HIA. Takoli AMOKCUA repMaHns BocTpeboBaH A1 NpAMOro UCMONb30BaHNA B HEKOTOPbIX TEXHONOTMYECKNX NPOLieccaX, a Takxe
KaK CbIpbé AN OPraHNyeckoro CUHTE3a 1 Kak NPOMEXyTOUHbII NPOAYKT B IPONU3BOACTBE CMeLUanbHOro AUOKCMAA repMaHma.
Mapka C BbinyckaeTca B COOTBETCTBUU C MHAMBUAYaNbHbIMY TpeboBaHUAMM. [pUMepbl ANOKCUAA repMaHus 3TOI Mapku, B
3aBUCUMOCTH OT NPUMEHEHUA:

BoccraHoBneHue Katanusartopbi u ap. CuHTe3 repma-
Napamerp AO3NEKTPOHHOTO | yopowio pacTBO- | MeNKoauCnepcHblit | amopdublii | HaTOB BUCMYTa
repmanus pumbiii AT ar ar (BGO)
[ekcaroHanbHas cTpykTypa, % >98 - >99,5
CopepxaHue Ge0z, % >97.5 96.5 96.5 >99
MoTepu npu npokanusanuu (800°C), % <03 3.5 3.5 <05 <0,1
KaxyLwiaaca HacbinHasa nAoTHOCT, r/cv3 >13 0.5-1 0.5-0.7 12-16
Pazmep yacTuLy, Mkm 5-50 (B cpeaHem 30) | <20 (B cpeaHem 10) | < 10 (B cpeHem 2 - 3) 8-10
Copepx<aHue xnopa, % <0.05 <0.05 <0.05 <0.15 <0.05
CopepaHue npumecent, % <0.0001 <0.0005 <0.0005 <0.001 <0.001
PactopumocTb B Bogie, % >999 >999
PactBopumocTb B 1% pacTBope sTneHrmMKons, % >99.9 >99.9




4.2. Tetpaxnopug repmanua (GeCls)

Ousnyeckue cBoiicTBa
BHewwHuii Bup XNIKOCTb Temnepatypa kunexua (760 mm pryTHoro cton6a),’C 83.1
MnotHocTb (293K), Kr/m? 1.874x10° Temnepatypa nnasnexus, °C -49.5
MonekynapHas macca 214.6

B 3aBUCMMOCTY OT Ha3HaueHuA TETpaxNOpIA repMaHIA NPOU3BOANTCA [IBYX OCHOBHbIX MapoK: 6a30Boii (b) u cneumanbHoi (C).
MNepBas NPUMEHSETCA, B OCHOBHOM, B TeX CJTy4asix, B KOTOPbIX TETPAXI0PA repMaHus NCnonb3yeTcs Kak Cbipbé ANna Xumnye-
CKIX CUHTE30B; BTOPas — B OCHOBHOM, UCMONb3YeTCA B NPON3BOACTBE ONTUYECKOTO BONOKHA.

MakcumanbHble CofepXXaHnAa KOHTPOAMPYEMbIX NpUMeceit (MeTos M3MepeHUA — IMUCCUOHHAA cekTpockonna): 10 ppm ana
mapku b n 10 ppb ana mapku C.

Mpumecn b (6a3oBas), ppm C (cneyuanbHas), ppb Mpumecn b (6a3oBas), ppm C (cneuuanbHas), ppb
Al 0,1 1 Fe 0,5 2
As 1,0 - Mn 0,04 0,5
(r 0,1 1 Ni 0,02 1
) 0,2 0,5 v 01 05
(u 0,05 1 In 0,5 1

[ina mapku C (cneumanbHas) Takxe KOHTPONMPYeTCA CofepaHme BogopoaHbix AoHopoB (H-Cl, OH, CHz, CHs), ¢ yuétom
KOHKpeTHbIX TpeboBaHuil notpebutens. lx obuiee copepxanue coctanaet 10-30 ppb.




5. [epmaHmneBoe cbIpbEé 1 nepepaboTka 0TX0/10B

OCHOBHbIM CblpbéM IN1A NPOM3BOACTBA repMaHuA U ero XMMUYeCknx COEAMHEHNI ABNALTCA FepMaHMEBbIVI KOHLIeHTpar -
NPoAYyKT CnewumanbHoil nepepa60TKM repmaHMVlconepmamero yrna. Takxe B npou3BoAcCTBe repMaHiaA NCNoJib3yTcA NOPOLLKK
n cycnensnu, 06pa3y|0umem npu LI.IJ'IVI¢OBK€ N NONNPOBKe repMaHNEeBbIX 3ar0TOBOK U n3gennia, FepMaHMEBbIﬁ Nom 1 co-
hepxatyne repmaHMﬁ 0TXO0Abl APYrUX NPOnU3BOACTB. BTOpI/IlIHOE Ncnonb30BaHne repMaHnA Urpaet 60ﬂbLU)/I0 ponb B obwem
banauce npon3BoACTBa U I'IOTpEﬁJ'IEHVIFI 3TOr0 A0POroCToALLero marepnana.

5.1.[epmaHuneBbIN KOHLEHTPAT

[epMaHUeBblii KOHLLEHTPAT MOXET NOCTABNATbLCA AIA €ro nocneaylolLeil nepepadoTm.

ConepxaHue, % macc.
Mapka KpynHocTb 3epHa,
lepmaHusa Cepbi cynbQupHod, Meiubka, Bnaru, He Gonee MM, He Gonee
He Gonee He Gonee
bKr-4 MmeHee 0,3 4,0
BbKr-3 Bbiwe 0,3 - 0,8 BKN. 40
He pernameHTupyetca He pernameHTupyetca 0,2
bKT-2 ¢Bbiwe 0,8-1,5 BKA. 40
BKI-1 Bbiwwe 1,5-5,0 BK. 40
KI-5 Bbiwwe 5,0-10,0 BKA. 0,2 45 40
0,5
Kr-4 ¢Bbiwe 10,0-20,0 BKA. 0,1 45 40
Kr-3 ¢sbiwe 20,0-30,0 KA. 0,1 45 40
0,5
Kr Bbiwe 30,0 0,1 45 40

YnakoBka. KoHueHTpaT repmaHmeBblit Mapok KI' ynakoBaH B MHorocnoiiHble Melukm (Bec 30 kr). KoHueHTpat mapok bKI ynako-
BaH B «OMr-03ru» ¢ BHYTPEHHIUM BKNajbllLeM 13 noauMepHoro matepuana (sec ~ 500 Kr).

TpaHcnopTupoBka KoHLeHTpaTa Mapok KI ocywiecTBRAeTcA KoHTelHepami, a KoHLeHTpaT Mapok bKI nepeo3uTca xenesHo-
LOPOXHbIMI 0/TyBaroHaMu.

5.2. Ycnyru no nepepaboTKe 0TX0[10B repmMaHus

I'Iepepa60TKa repmaHuna Ana BTOPUYHOro UCnoJib30BaHWA 0CYLLECTBNAETCA Ha KOMMEPUECKMX YCNOBUAX, HO, B MEPBYIO0 0Ye-
peab, 3Ta nepepa60TKa peann3yetca Kak yiyra TemM KJneHTam, KoTopble npmo6peTa|0T 3aroToBKN Win repmaHueBble U3AENNA.
B yyae 00M1bLUIOr0 KONNYECTBA HAKOMEHHOTO ANA I'IEpEpE]ﬁOTKI/I MaTepuana umeet CMblCJ1 HanpaBaATb BCO NapPTULO HENO-
C(pencTBeHHO B «FepmaHMVl N NPUNOKEHNA». Ecnu KonuuecTBo 0THOCUTENIbHO HEOOMBLLIOE, Mbl MOMXEM KOHCOJIMANPOBATD Ipy3 C
NMOMOLL b0 HaLLINX areHTOB, HE 06pEMEH$Iﬂ KJINEHTOB CNTOMKHbIMU JIOTUCTUYECKUMMU npo6nemaM|/|.

Mo (BOEMY YCMOTPEHNIO, HALLW KNWEHTBI MOTYT MNONYYUTb AEHBIU 3a nepep,aHHb||7| MaTepuan unn ncnonb3oBatb €ro Kak
[eno3unt npu I'IpVIOGpETEHVIVI repMaHUEBbIX MPOAYKTOB KOMMAHUK. KOHKpETHbIe YyU10BNA HYXHO Oﬁcyﬂ,MTb CMeHepKepami
komnaHun. OHu 6y£|,yT 3aBeZI0MO JIbrOTHBIMU 1A HALLNX KNNEeHTOB!



KBOTUPOBAHWE

MpeanoxeHune LieHbl 1 CPOKOB NOCTABKIA BbIAAETCA N0 NMCbMEHHOMY 3anpocy U ABAAETCA 0QULMANbHBIM KOMMEpUeCKIM
npeaoxeHnem, pacnpoCTPaHAKLLMMCA Ha ONpeAen&HHbINA Neprod BpemMeHN.

Kaxxaoe Takoe npeanoxeHue peann3yeTca ToNbKO NPY HaNpaBieHnI 3aka3a Ha NOKYNKY B TeyeHe CPOKa, YKa3aHHOro B
KOMMepUecKoM NpeaioKeHuN.

Bce 3anpocb! 4oMKHbI HANPABAATLCA MO NEKTPOHHOIA NoyTe U no Gakcy B Komnanuto unu eé opuumnanbHomy
npeacTaBuTeNio (arenty).

3AKA3bl HA MOKYNKY
3aKa3bl npuHUMatoTca Komnaxuei i eé opuumanbHbIM NpeAcTaBuTeNem (areHToM) YCTHO, NUCbMEHHO, Mo daKcy unu
3NEKTPOHHOIA NouTe. YCTHbIE 3aKa3bl TPeOYyT NMCbMEHHOT0 NOATBEPXKAEHUA.

LIEHDI

Ecnu nHoe He oroBopeHo B 0dpuLManbHOM KOMMePYECKOM NpeANoXeHNI, LieHbl GOPMYNNPYITCA Ha YCI0BUAX AOCTaBKN B
NyHKT Ha3HaueHuaA (CPT, DAP) n BKlOYAOT CTOMMOCTb TAMOXKEHHOTO 0OPMAEHMA NpU SKCMOpTe.

Bce LeHbl AeiCTBUTENbHDI B TeUeHMe BpeMeHH, YKa3aHHOro B 0¢pULManbHOM KOMMEpUeCKOM NpeasioKeHnI U npaiic-nuncTe.

CPOKW NNATEXA

06bluHasA 0TCPOUKa NNaTexa (ecm npefocTaBaAeTca) coctanAet 30 AHel ¢ 4aTbl NOCTaBKM (AaTbl NPUOLITUA rpy3a B NYHKT
Ha3HaueHua).

YBenuueHue cpoka 0TCPOUKM BO3MOXKHO TONbKO N0 KpeAUTHOI CXeMe.

OTIPY3KA
06b1uHO 0Trpy3Ka ocywiecteaAetca komnanueid CNICP (no Poccum) unm UPS (Ha 3kcnopr). B cnyyae nocTaBKM HeCTaHAAPTHOIO
rpy3a uam no npocbe nokynatens TpaHCMOPTHAA KOMNAHUA MOXET ObITb M3MeHeHa.

NOBPEMIEHNA NP NEPEBO3KE

Ecnu Bbl monyunnn ToBap, KoTopblil 6bi1 NOBpeXaeH Npiu nepeBo3Ke, BaXkHO COXPaHUTb KOPOOKM, yNaKoBOUHbIIA MaTepuan 1
YacTV TOBapa HETPOHYTbIMM.

Moxanyicra, chotorpadupyiite noBpexaeHNA 1 obpatutech B KomnaHuio unn K e€ npeacTaBuTeNio (areHTy) AnA cocTaBieHunA
npeTeH3nm.

BO3MOXHbIE MPOBJIEMbI U YC10BUA BO3BPATA

B cnyyae BO3HUKHOBEHUA KaKkMX-1M0O0 Npobaem C NonyyeHHbIM TOBapOM (HECOOTBETCTBUE KONNYECTBA AN KauecTBa) uu
C CONPOBOANTENbHBIMU JOKYMEHTaMN, NOXKaNyiACTa, He3aMeaaUTeNbHO 06paTuTech B KomnaHuio unm K eé npeactaBuTento
(areHTy) AnA NPUHATIAA peLLeHNA 0 AaNbHERLINX JeCTBUAX.

Mpu He0OX0AMMOCTY 3aMeHbl AW UCpaBAeHNA ToBapa (ero yacTu) Komnaxua oprannsyet Bo3BpaT v (W) BbIAACT KPeauT Ha
CyMMy TOBapa noc/ie NoAyYeHNA NUCbMEHHOI NpeTeH3nm.

Mpv BO3BpaTe TOBapa BaM Heo6xoaMMo OyAeT 3aN0fHUTb HECKONbKO MPOCTbIX JOKYMEHTOB, 06pa3Libl KoTopbix byayT
MpefoCTaBeHbl, NOAYYNTb HOMEP CYETA B TPAHCMOPTHOI KOMNAHNK ANA 0TNPABKM rpy3a 1 nepedaTb BO3BPaLLAEMDbIIi rpy3
NpeACTaBUTeNH0 3TO KOMNAHMMA.

ToBap (ero uactu) JomxeH ObiTb BO3BPALLIEH B HAZNEXKALLEM COCTOAHNM.

Bo3Bpar fomkeH ObiTb 0CyLiecTBAEH B TeyeHne 30 Hel ¢ AaTbl NOCTABKMU.



What our customers are saying about
Germanium and Applications Ltd.

Last three years we regularly buy Germanium material
(flat blanks and pregenerated lens blanks) from Russian
Company Germanium and Applications Ltd.

Itis a real pleasure to find a supplier that delivers what
they promise.

Germanium and Applications quickly understands our
needs and works closely with us to refine our requirements.

Of course we check several vendors, Germanium and
Applications quotes the target costs and good delivery
times. We receive our orders on time (or earlier!), and the
quality is exceptional.

Natalja Cujeva,
Executive Director, ISP Optics Latvia Ltd.

Germanium and Applications is an important strategic
partner representing one of few of the world’s prime
Germanium Sources; an independent, direct Germanium
Supplier. They offer quality, competitive pricing and
outstanding customer service.

Ed Hogan,
Purchasing Manager, Ophir Optics, Inc. (USA).

During last five years our company regularly orders
monocrystalline germanium in form of plano blanks
and generated blanks for lenses in “Germanium and
Applications Ltd". This cooperation is fully satisfactory for
us, since supplier always fulfills all its obligations in time.
Qualified team of “Germanium and Applications”managers
swiftly and completely answers to our requests, which
helps us to choose optimal decision.

We are working with several suppliers of material and
in most cases “Germanium and Applications” offers the
most beneficial terms of cooperation: relatively low prices
and good time of delivery, and the quality of the material
always conforms to specification.

Dmitry B. Okhrimenkao,
General Director, «Elektrosteklo Ltd.» (Russia).

Over the past few years GeA have supported Phoenix
Optical Technologies in all areas of supply of generated
germanium blanks from the request for quotation process,
through to competitive pricing and on-time delivery.
During this period GeA and their UK agent have delivered a
quality service and product and we have every confidence
they will continue to do so. . ..

Peter Williams,
Sales Director,, Phoenix Optical Technologies (UK).

Y10 roBopAT HalM 3aKa3uMK1 0 KOMNAHWM
«l[epmaHuit u npunoxeHna»

lMocneaHue Tpu roaa Mbl perynApHO NOKynaem 3aroToBKM W3 rep-
MaHNA (nnockme u chepu3oBaHHbIe) Y POCCUIACKOI Komnanum “lepma-
HUIA U NPUAOXEHNA".

HaiiTn nocTaBLLyKa, KOTOPBIN NOCTABAAET MMEHHO TO, UTo 0beLan
— HaCToALAA yAava.

B KomnaHuu “lepmannii n npunoxenna” ObICTPO NOHMMAIOT, UTO
HaM HYXXHO, 1 TECHO COTPYAHMYAIOT C HAMU NPU YTOYHEHINN HALLMX Tpe-
00BaHMIA.

KoHeyHo, Mbl 3anpalunBaeM HeCkoNbko NOCTaBLLNKOB. “TepmaHuii
W NpUNoXeHna" fAéT ycTpanBatoLLme Hac LieHbl 1 XopoLume CPOKN Nno-
(TaBKW. Mbl noslyyaem HaLuu 3akasbl B CPOK (1 Aaxe paHbLue!), Kaye-
(TBO — OT/INYHOe.

Hamanes Yyesa,
UcnonHumenshbiti dupekmop ISP Optics Latvia Ltd. (Jlameus).

“lepmaHiit 1 NPUNOXEHMA” — Hall BaXHbIil CTpaTernueckuin
NApTHEP. 3Ta KOMNAHWUA — OZMH U3 HEMHOTUX MUPOBbIX NOCTABLLMKOB,
pacronarawwnx NepBIUYHbIMI pecypcamn repMaHua; He3aBUCUMDbIIA
N HenoCpeACTBEHHbIA MOCTAaBWMK repManua.  OHM noCTaBnAT
BbICOKOKAUeCTBEHHbIe NPOAYKTbI N0 KOHKYPEHTOCMOCOOHBIM LieHaM U
0becneynBaloT NpeKkpacHoe KauecTBo 06CYKMBaHNA 3aKa3unKa.

30 Xoaan, Meredxep no 3akynkam, Ophir Optics, Inc. (CLUA).

B TeueHne nocneaHUx NATM NeET Halla KOMNAHWA PerynapHoO 3aKa-
3bIBaeT repMaHuii MOHOKPUCTANAMYECKUIA B BIuAe naockonapannens-
HbIX 3aroTOBOK U Cepu30BaHHbIX 3aroToBoK nog nuH3bl B 000 «lep-
MaHWi 1 npunoxenna». Mbl pagbl COTPYAHUYECTBY C NOCTABLUMKOM,
KOTOpbIii CoBI0AeT YCI0BIA 1 CPOKIN NOCTaBKI. KBanudpuumpoBaHHas
komaHaa meHemxepoB 000 «[epmaHuii 1 NPUNOXeHNA» ObICTPO 1 Ka-
YeCTBEHHO OTBEYAET Ha HaLUW BONPOCbI, NOMoras BblbpaTb onTuManb-
HOe peLueHme.

Mbl paboTaem C HeCKONbKMMI MOCTaBLYMKaMIN MaTepuana, u B
bonblmHcTBe cnyyaes 000 «[epmaHuit n Npunoxenna» npepnaraet
Hanbonee BbIrOAHbIE YCIOBUA COTPYAHNYECTBA: CPABHUTENBHO HEBbI-
C0KaA CTOMMOCTb 1 XOpOLLIe CPOKM NOCTABKM, NPN 3TOM KauecTBO Ma-
Tepuana Bceraa CooTBeTCTBYET TpeboBaHMAM CneLudukaumm.

Oxpumerko mumpuii bopucosuy,
[enepaneHbili dupekmop 000 «Inekmpocmekno» (Poccus).

B TeueHne nocneaHux Heckonbkux net il okasbiBan Phoenix
Optical Technologies nogaepxky no Bcem BOnpocam, (BA3AHHBIM C
MOCTaBKOW CQepnU30BaHHbIX 3ar0TOBOK M3 repMaHna — 0T OTBETOB Ha
3anpocbl yepe3 GopmIUpoOBaHIMe KOHKYPEHTOCMOCOOHON LieHbl A0 CBO-
eBPeMeHHOI NocTaBki. B TeueHne 3toro nepuoaa lull u ero arent B Be-
nuKkobpuTaHun obecneunBani BbICOKOe KauecTBO Kak 00CyxnBaHuA,
TaK ¥ NPOAYKLNM, U Y HAC eCTb BCe OCHOBAHNA CYUTATb, UTO Tak byaet
1 BNpeab.

[Tumep Yunvamc, Jupexkmop no npodaxam Phoenix Optical
Technologies (Benuko6pumanus).



Germanium and Applications has been our core
Germanium supplier for over 6 years: they are the “full
package”in terms of product quality excellence, reliability,
timely delivery and stellar customer service.

The company from the USA.

ULO Optics has been buying material from GeA for
some years now, and continues to be impressed with their
prompt response at enquiry, through to on time deliveries
and product quality.

Don Mcdonald,
Production manager, ULO Optics (UK).

Komnanua “lepmanuil u npunoxeHna” yxe WecTb NeT ABNAETCA Ha-
LUMM OCHOBHbIM MOCTaBLUMKOM repmaHis. OHu obecneunBaioT oTanY-
HOe KauecTBO NPOAyKLMM, HAAEXHOCT, (BOEBPEMEHHOCTb MOCTABOK I
NPedoCTaBAAIOT KANEHTaM BENUKONENHoe 06CyX1BaHMe.

Komnarus us CLUA.

ULO Optics npuobpeTtaet 3arotoBku y [ull yxe B TeueHne Heckonb-
Kux net. HensmeHHo 6bicTpble 0TBETHI Ha 3aNpocbl, CBOEBPEMEHHOCTb
J0CTaBKI 1 BbICOKOE KauecTBO NPoAyKLUM NpoU3BOAAT camoe bnaro-
NpUATHOE BNeyaTneHue.

Jlon Makdoxansa,
Hupekmop npoussodcmea ULO Optics (Benukobpumarus).
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