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B cTaTbe nokasaHbl pe3y/ibTaTbl

KpaTKOro aHasusa pbiHka GaAs-naacTuH,
npepcTtaBneH 0630p OCHOBHbIX MPOAYKTOB
OnTO3/1eKTPOHUKU, NepeyuncsieHbl MUpPOBbIe
npoussoauTenu-nuaepbl nsgenuin (CINTKOB.,
NAACTUH U 3NUTaKCuUanbHbIX cnoes) GaAs

M paccMoOTpeHa cUTyaums pocCcMinckom 6asbl
npousBoacTBa GaAs-maTepuanos. [lBonHoe
noaynpoBoAHUKOBOE COeAMHEeHNe apceHuna,
rannusa (GaAs) - TpagULMOHHbIA MaTepuan
CBY-3n1eKTpOHUKU. [10 HeAaBHUX NOp OAHUM
13 Hambosnee 6bICTPOPACTYLLLUX CEFMEHTOB
pblHKAa NPUMEHEeHU 3TOro matepmana 6bim
BbICOKOYACTOTHbIE UHTErpasbHble cxembl (UC)
Ha GaAs ang mobunbHom TenepoHnn. OgHako
napagurmMma passutus pbiHka GaAs meHsieTcs.
HoBbiM aBUraTtesemM pa3BMTUS MUPOBOIro pbiHKA
apceHupaa rananmsa cTaHoBUTCSA PoToHMKA.

Knto4yeBble cnoBa: apCceHnp raanms, CBeTOAMOAbI,
nasepHole gnogbl, VCSEL, EEL, pagapobl
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APCEHUA FAINA (GaAs) -

NCTOPUA N NEPCMNEKTUBDI

ITpou3sBonacTBo GaAs IOSBHIOCh M Pa3BUBaJIOCh
KaK BHeJpeHHe TeXHOJIOTHM CO3[aHHS MaTepHaia
CBY-3/1eKTpOHHUKH. B cepenurHe 60-X rofoB IIPOIIIOrO
BeKa ofgHoBpeMeHHO B CIIA 1 B CCCP Havya/IMCh UCCIe-
InoBaHUS CBOHCTB GaAs. OHH 3aBepLIMJIMCh paspa-
60oTKOI MHTerpanbHbIX cxeM (HC) BBICOKOrO 6BICTPO-
DeMCTBUS, HCIONb3yeMBIX B «HMHTe/JIeKTYaJIbHbIX?
CHCTeMax yIpaBjieHHs OTHEeM U B CyIIePKOMIIBIOTEPaX.
[IpoMBINIUIEHHOE OCBOEHHeE ITPOLIecCoB 06paboTKH IL1a-
ctvH GaAs nuameTpoM 150 MM IIPHMBEJIO K CYIeCTBeH-
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The article presents the results of a brief analysis
of the GaAs wafers market, provides an overview
of the main products of optoelectronics, lists

the world leading manufacturers of GaAs
products (ingots, wafers and epitaxial layers)
and considers the situation of the Russian

base for the production of GaAs materials. The
double semiconductor gallium arsenide (GaAs)
compound is a traditional microwave electronics
material. Until recently, one of the fastest
growing market segments for the use of this
material was GaAs high-frequency integrated
circuits (ICs) for mobile telephony. However,

the paradigm for the development of the GaAs
market is changing. Photonics is becoming a
new engine for the development of the global
gallium arsenide market.
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ARSENID GALLIUM (GaAs):

HISTORY AND PROSPECTS

GaAs production appeared and developed as the intro-
duction of technologies for creating microwave electron-
ics material. In the mid-60s of the last century, studies
of the properties of GaAs began simultaneously in the
USA and the USSR. They culminated in the development
of high-speed integrated circuits (ICs) used in “smart”
fire control systems and in supercomputers. The indus-
trial development of the processing of GaAs wafers with
a diameter of 150 mm led to a significant reduction in
the cost of microwave transistors. This ensured their
widespread distribution in all sectors of application:
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HOMY CHMKEHHIO CTOMMOCTH CBY-TpaH3UCTOPOB. ITO
obecrieuni0o MUX IIHPOKOe PacIpOCTpaHeHHe BO Bce
CeKTopa NpPHMeHeHHs: OT MOOMIBHBIX TenedOHOB
1 6a30BBIX CTAHIMH [0 PafiapoB U CHCTEM CBSI3H
MWJIJIMMeTPOBOro [AuamasoHa [1-2]. GaAs Takke
IIMPOKO HMCIIONB3YeTCsd B OIITO3JIeKTPOHMKEe - Ha
OCHOBE apCeHH[a Ta/UIKMsl H3rOTaB/IMBAIOTCSI CBETO-
nuonel (CH). H3obperenue mepsbix CJI, mu3lydaro-
IIMX MOHOXPOMAaTHUYeCKHH CBeT IPH IOAKIIYeHHUH
K MCTOYHHKY TOKa, OTHOCHUTCSA K 1960-m romam. C Tex
nmop CBY-mpumeHeHuss u CJ-TIpUMeHeHHs II0Je-
JTUIH MEKOY coboil priHOK CaAs. OJHAKO IIOXOXKe,
BEeKTOp Pa3sBUTHA GaAs OKOHYATEIbHO MEHSETCS: OT
CBY-371eKTPOHUKH K POTOHHKe. PybeskoM MOSKHO CUH-
TaTk 2017 roA - MOMEHTA IIOSBJIeHUS B CMapTdoHax
iPhone X GYyHKRIMY 3D-CKaHHUPOBAHUSA UL C UCIIONb-
30BaHMEM JIa3€PHBIX OHOLOB C BEPTUKAIIBHBIM H3JIy-
yapmuMm pe3oHatopoM (VCSEL) Ha 6ase GaAs (puc. 1).
OcHOBHBIe THUIBL ITPUOOPOB Ha ocHOBe GaAs IIpHBe-
IeHbl B Tabm. 1 [1].

CrnocCcoObbl NMONYYEHUA
MOHOKPUCTAJIJ1IOB GaAs

[IpoMBIIUIEHHble MOHOKPHUCTA/UTBL GaAs MOKHO pas-
IeNUTh Ha 2 6oJIbIIMe TPYIIIIbL:

e TIlonyusonupyromuri (IIM) GaAs C BBICOKHM
YAETbHBIM COITPOTHBIEHHEM /COOCTBEHHOM ITPO-
BoguMocTeio (107 Om-cm). Hcmomnp3yeTcss Ipu
H3TOTOBJIEHUU BBICOKOYACTOTHBIX MIC U AUCKpeT-
HBIX MHKPOYIEKTPOHHBIX IpubopoB. IIoMHUMO
BBICOKOTO Y[e/bHOIO COIIPOTHBJIEHHS, MOHO-
kpuctauisl I[IM-GaAs [O/KHBI MMeETb BBICOKHE
3HaueHHs IIOABIDKHOCTH HOCHTeNeH 3apsnaa

=

from mobile phones and base stations to radars and
millimeter-wave communication systems [1-2]. GaAs
is also widely used in optoelectronics - light-emitting
diodes (LEDs) are made on the basis of gallium arsenide.
The invention of the first LEDs emitting monochro-
matic light when connected to a current source relates
to the 1960s. Since then, microwave applications and
LED applications have divided the GaAs market. How-
ever, it seems that the GaAs development vector is
finally changing: from microwave electronics to pho-
tonics. The year 2017 can be considered a milestone - the
moment the appearance of the 3D face scanning func-
tion in iPhone X smartphones using GaAs laser diodes
with a vertical emitting resonator (VCSEL) (Fig. 1). The
main types of devices based on GaAs are given in
Table 1 [1].

METHODS FOR PRODUCING

GaAs SINGLE CRYSTALS

Industrial GaAs single crystals can be divided into
2 large groups:

+ Semi-insulating (SI) GaAs with high resistiv-
ity/intrinsic conductivity (10’ Ohm-cm). It is used
in the manufacture of high-frequency ICs and dis-
crete microelectronic devices. In addition to high
resistivity, SI GaAs single crystals must have high
carrier mobility and high macro- and microscopic
uniformity of the distribution of properties both
in the cross section and along the length of the
grown ingots.

« Doped (SC) GaAs n-type conductivity with a low
dislocation density. Single crystals of heavily
doped (107-10"8 cm™) GaAs, in addition to high

conductivity, should have a fairly

perfect crystalline structure. They

—
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«COVID-KOppeKIus» (II0Ka3aHO YCIOBHO).
BecbMa BEPOSITHO, YTO CIIaf 6yAeT UMETh
V-06pasHBIN XapaKTep C 6bICTPEIM

BOCCTAHOBJIEHHEM \A

@
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applications

GaAs Instrument Market, billion USD

O6peM peIHKA IIPU60POB Ha GaAs, MIIDJ, IO,

of optoelectronic applications

are used in optoelectronics for the
manufacture of injection lasers,
light and photodiodes, photocath-
odes, and are material for micro-
wave oscillators. Chromium-doped
gallium arsenide single crystals are
used in IR optics.

VAN

JIOMHUHHPOBaHUE JIOMHHHPOBaHUE Three methods of growing are

CBY-TIpHIIOKeHHH OIITO3/IEKTPOHHBIX used in the industrial production
8  Dominance TIPUJIOKEHU .

of microwave N e of GaAs single crystals: the Czo-

chralski method with liquid encap-
sulation of the melt with a layer of
boric anhydride (Liquid Encapsu-

2011

2013 2015 2017 2019 2021

Fig. 1. GaAs device market development, billion USD [3]

2023

Puc. 1. Pazsumue puiHka npubopos Ha GaAs, muaauapd donnapos CLLA [3]

lated Czochralski - LEC), the Bridg-
man method of horizontal direc-
tional crystallization (Horizontal
Bridgman - HB) or “crystallization
in a moving temperature gradient”

2025 2027
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H BBICOKYIO MaKpO- 1 MHKPO-
CKOITUY€eCKYI0 OOHOPOAHOCTD

pacIipeneneHus CBOYICTB KaK
3aTpaBKa KBapuesasa

B IIOII€PpEeYHOM CeYeHHH, TaK Seed ammyna 1260 °C
U II0 JIMHE BBIpPAIleHHBIX Quartz
Ampoule
CITUTKOB.
. T
* JlerupoBaHHbik (ITII) GaAs o

n-TUma IIPOBOJUMOCTHU
C HM3KOH IIOTHOCTBIO JHC-
JTOKaUWH. MOHOKpHCTA-
JIBI CHJIBHO JIETHPOBAHHO-
ro (10¥-10® cm™3) GaAs, 1mo-
MHMO BBICOKOM ITPOBOZM-
MOCTH, MOOJIKHBI 00651a7aTh
OOCTaTOYHO COBepUIeHHOM
KPHUCTAJI/IMYECKON  CTPYK-
Typori. OHH HCIIOJb3yeTCs
B OITOYIeKTPOHHKe OIS H3-
FOTOBJIEHHUSI MHKeKIIHOHHBIX
na3epoB, CcBeTo- U GOTOAMO-
noB, (GOTOKATOMOB, SBISIOT-
cd MaTepHUaJioM JJi reHepa- 3atpaska
TopoB CBY-konebanuui. Mo- Seed
HOKPHCTA/I/IBl apceHUa raj-

CIIMTOK
Ingot

PacruiaB
Melt

PacruiaB
Melt

JIVSI, JIECHPOBAHHbIE XPOMOM, 1200°¢
KCITI0/1B3YIOT B K-OIITHKeE. a) b)
B IOpOMBIIIJIEHHOM  IIPOM3-
BOACTBEe MOHOKpHCTanaoB GaAs Puc. 2. Cxema sbipauiueanus MoHokpucmaanos GaAs: a) LEC-memod;
HCIIOJb3YIOT TPU METOAA BBIpa- b) BHK-memod
IIMBAaHHA: MeTol YoxpaJIbCKOIo Fig. 2. Scheme of growing GaAs single crystals: a) LEC method; b) VDC method

C JSKHUAKOCTHOM TrepMeTH3alluen
pacmiaBa cimoeM OOpPHOTO aHTH-
npuna (Liquid Encapsulated
Czochralski - LEC), meTon ropu-
30HTaJbHOU HaIlpaBJIeHHOU

KPUCTA/UIM3aUM B BapHaHTaX

«mo  bpumkmeHny» (Horizontal

Bridgman - HB) uau «KpHCTal-

JHU3ALMKU B ABKKYIIEMCS IPajy- 5,4
eHTe Temmepatypsl» (Horizontal MIIH JIOILT.
Gradient Freeze - HGF) u metop, M
BePTUKAJIPHON HaIlPaBJIE€HHOU

kpuctasnusanuu (BHK) B Tex

ke nABYX BapuaHTax (Vertical

Bridgman - VB u Vertical Cradient J PhOXIerHpoBaKHOrO CGaAs
Freeze - VGF). GaAs Semi Conductive Market
. PeIHOK ITH GaAs

GaAs SI Market

2011 2023
MUJIH OOJII.
$M
Baskuenmelr  0co6eHHOCTHIO
MmeToga LEC (puc. 2a) sBisercs
TO, YTO BBIpalllMBaHKHE MOHO-
KpHCTa/UIa OCYIIeCTB/ISIETCS IIpHU
JOCTAaTOYHO OOJBIIMX OCEBBIX Puc. 3. JuHamuka paseumus M- u MI-cekmopoe puiHka GaAs [4]
U pafHaJIbHBIX TpajHeHTaxX TeMm- Fig. 3. Dynamics of development of SI and SC sectors of the GaAs market [4]
IepaTypsl BOMH3M OPOHTa KpH-
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Tabnumua 1. OCHOBHbIE TUMbI NPMB0POB Ha 0OCHoBe GaAs
Table 1. Main types of GaAs-based devices
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Mpubopsl CrpykTypa HasHavyeHune MeToz
Devices Structure Purpose nony4yeHus —
GaAs-noanoXKn
Method of
obtaining —
GaAs substrates
CeeToauonbl SnuTaKcnanbHbie Cion C[ cTaHAAPTHOW APKOCTU — NS UHAMKATOPOB, LNd- BHK, LEC
(CA) BuammMoro GaAlAs, GaAsP nan poBbix aucnnees u NK-n3nyvatenen; C NOBbLILLEHHON
AManasoHa, BT.4. InGaAsP Ha APKOCTU — AN NOACBETOK, UINIOMUHALMN, CUFHAb-
MnKpo-CJ nognoxke GaAs HbIX YyCTPOWCTB, yKa3aTenen, aBTOMOBUAbHbIX OFHeN
Visible LEDs, Epitaxial GaAlAs, GaAsP, | v npo4une
including micro- or InGaAsP layers on a Standard brightness LED - for indicators, digital
LEDs GaAs substrate displays and infrared radiation; High brightness
LED —forillumination, illumination, signaling devices,
indicators, car lights and others
JlazepHble onoabl SnuUTakcuanbHble Csion [NayCcTpOMCTB 3aNnUCK N CYNTBLIBAHMUSA BHK
B T.4. VCSEL, EEL, GaAlAs, GaAsPwu gp. CD v DVD-AnNCKOB, B TeIEKOMMYHUKALMOHHbIX
UK, YO u ap. Ha nognoxke GaAs ycTpouncTeax, BOJIC, MmegmumHe, npuHTEpax, 4na
Laserdiodes Epitaxial layers of HaKa4yKM TBEpAOTENbHbIX 1a3epOB, ONTMYeCKas 1oKa-
including VCSEL, GaAlAs, GaAsP, etc. ums LiDAR
EEL, IR, UV, etc. on a GaAs substrate Forrecording and reading CD and DVD discs, in
telecommunication devices, fiber optic links, medicine,
printers, for pumping solid-state lasers, LiDAR optical
location
CoNHeYHble SnuTakcmanbHble C/1on Ona 60pTOBbLIX UCTOYHMKOB MNTAHNSA KOCMUYECKNX BHK, LEC
6atapeu nernpoeaHHoro GalnAs annapaToB; pacTeT PbIHOK HA3eMHbIX 6aTapen Takoro
Solar panels nam AlGalnP Ha Ge Tmna
Epitaxial layers of doped | Foronboard power supplies for spacecraft; growing
GalnAsor AlGalnPon Ge | market for this type of ground battery
AHanorosble SnunTakcmabHble Cioun BbICOKOCKOPOCTHbIE Norndeckune 610KM, KOMMYHU- LEC
1 undposble GalnP, GalnAs, AlGalnP KaLMOHHbIe 610KN A8 TeNeKOMMYHUKALMOHHbIX
MHTerpanbHble nap. Hanognoxke GaAs = CUCTEM; yCUANTENU MOLLHOCTY 415 MOBUNbLHbLIX Tene-
CXeMbl Epitaxial layers of GalnP, | ¢oHoB
Analog and digital GalnAs, AlGalnP, etc. High-speed logic blocks, communication blocks for
ICs on a GaAs substrate telecommunication systems; power amplifiers for
mobile phones
NK-maTpuyHbIe CTpYKTYpbI C ¢<KBAHTO- NHppaKpacHble 1 TeNI0BU3MOHHbLIN MPUBOPbI HOY- BHK
doTonpuemHbie BbIMU AMamMmy», GalnAs, HOro BUAEeHUS
YCTPOMCTBA “CMO- nap. Hanopnoxke GaAs | IR and thermal imaging night vision devices
TpALLEero» Tmna Structures with “quan-
Focal Plane tum wells”, GalnAs, etc.
Array (FPA) on a GaAs substrate
photodetectors

CTa//IM3allMHU, T.e. B 00/IacTU MaKCHMajbHOM Ilja-
CTUYHOCTH MaTepuana. CiefCTBHeM pocTa KpUCTajia
[IPU BBICOKHUX IPafHieHTaX TeMIIepPaTyphl B TeXHOJIO-
ruu LEC gBisieTcs BBICOKAS IUIOTHOCTh JHC/TIOKAIIHI.
TunuyHele 3HadeHUs Np B HeJIeTHPOBAHHBIX MOHO-
KPHUCTALJIAX COCTAB/SIOT Ao (1-2)-10° cm™? mpu gua-
MeTpax CIMTKa 100-200 mMm. Martepuan LEC obna-
naet 6osiee OMHOPOSHBIM pacIIpesie/IeHHeM yIeIbHOIO
COIIPOTHBJIEHHS I10 IIJIOMAAU IVIACTHHEL.

(Horizontal Cradient Freeze - HGF) and the method of
vertical directional crystallization (VDC) also in two
versions (Vertical Bridgman - VB and Vertical Cradient
Freeze - VGF).

The most important feature of the LEC method
(Fig. 2a) is that the single crystal is grown at suffi-
ciently large axial and radial temperature gradients
near the crystallization front, i. e. in the field of maxi-
mum plasticity of the material. A consequence of crys-
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Marepuan, nonydeHHbIH MetonoMm BHK (puc. 26),
rMeeT bojiee HU3KYIO IVIOTHOCTD JUCIOKAKE. OCHOB-
HBIMHU TPeOOBAaHUSIMHM K KadecTBY JIeTHPOBAHHOTO
nonynpoBogHUKoBoro (IIII) apceHMAa Ta/UIHs, Kak
IOJJIOKEYHOTO MaTepHaja, SB/ISIOTCS HH3KO0e YHesb-
HOe COIIpOTUBJIEHKe. DTO LOCTHUIAETCS BBeLeHHEeM
IIpYMecH KpeMHHS (N-THUI) HIM LHUHKA (p-THII)
B HeoOXOOMMOM KOHLIEHTPAaLMH. BhICOKOe CTPYKTyp-
HOe COBEpILIEHCTBO SIBJISIETCS K/IIOUYeBBHIM TpeboBa-
HHeM, IIOCKOJIBKY B IIPOLIeCCe SIIUTAKCUU IIPOHUCXOMUT
Hac/lemoBaHMUe OHCIOKAIHN H3 MOMJIOKKH B SIIHTAK-
CHAJIBHBIN CJI0M, SBISIOMIMIICS aKTHBHBIM 3JIeMeH-
ToM OymyImero cBeTomsnydaromero mpubopa. B ornu-
yre or CBU-nipubopoB, B mpubopax, reHepHpyOIINX
H3/1y4eHHue, MPUCYTCTBHE AMCIOKALMM B aKTHBHBIX
0671aCTAX CBETOM3NTYYAIOIIUX CTPYKTYp HeKela-
TEJIbHO, II0CKOJIBKY IIPUBOIUT K OBICTPOM Aerpagaliii
XapaKTepUCTUK IpHbopa. COOTBETCTBEHHO, TpeboBa-
HHUEe HHM3KOHM IUIOTHOCTH AUCIOKAIui (Np) sSBIseTCS
OCHOBHBIM TpebOBaHHEM K CHJIBHO JIETHPOBAHHOMY
MaTepuajly, HCIOIb3yeMOMY B KaudecCTBe IIOJJIOKKH
JJIs CBETOM3/IYYalOIIHX CTPYKTyp. Ha mpakTHKe ciio-
SKUJIACh CJIeAyIollas Tpajalivs:. B IIPOM3BOJACTBE CBe-
TOAWOLOB MCIIOB3YIOTCS KPUCTA/IbL C IIJIOTHOCTBIO
nucrokanun Np<5,103-1,10% cm™, a B IIPOM3BOACTBE
naszepos - ¢ N;,<5,10% cm™2.

CTOMMOCTHOM 0COBEHHOCTBIO ITPOM3BOACTBA OIITO-
3JIEKTPOHHBIX MPUOOPOB B CPaBHEHUH C IIPOH3BOL-
ctBoM CBY UC sBisieTcs pasauvMe BKIJA Olepaliuu
W3TOTOBJIEHUSI B CTOMMOCTb HM3JENHI, 4YTO IIpeobra-
JAIOIAsl 4acTh cebeCcTOMMOCTH ITpubopa IPUXOLUTCS
Ha oIlepaliiH, BBIIIOJIHSIEMBIe Y3Ke II0C/Ie pasfeieHHUs
CTPYKTYpPbl Ha OTAeJbHBIe YHIIBI. COOTBETCTBEHHO,
B IIPOM3BOJCTBE OIITOYIEKTPOHHBIX TPHUOOPOB He CTONb
aKTyaJbHO YBeJIMYeHHe IJIOIAAH IIIACTHH . ITo3ToMy
B MHPOBOM IIPOM3BOACTBE CBETONHOLOB U J1a3epOB
1o CHUX IIop B OonbmMX o6beMax HCIIONb3YIOTCS ILIA-
CTHHBI AuaMmeTrpom mo 100 MM. KM 3TO IIpOMCXOOHUT
IIOBCEMECTHO, HeCMOTPs Ha TO, YTO IPOMBINLIEHHO-
CTBIO OCBOEHO IIPOM3BOACTBO MOHOKPHCTA/IJIOB C HU3-
KO IUIOTHOCTBIO IMCIOKAIIMH OONMbLIero IuaMmerpa
200 MM,

IOBymMms metogamu, LEC-metomom u BHK-meTomom,
MOKHO BbIpaliuBaTh Kak IIIT GaAs-, Tak u IIM GaAs-
KPUCTA/UIBI. Ba’kHO MOAYEPKHYTh, UYTO MOHOKpPH-
CTaJUUIBI, BhIpallleHHble MeTomomM BHK, mMerT 6oiee
BBICOKYIO ce6eCTOMMOCTb, YeM BhIpallleHHble MeTOLOM
LEC. 910 06yC/I0B/IEHO MeHBIIElH CKOPOCThIO KPHUCTAJI-
nu3anyu (B 4-5 pas) U UCKIOYEeHHEeM K3 TeXHOJIOTU-
YeCKOIo LJMKJIa OIepallMH IIOBTOPHOIO 3aTpaB/IeHHUS.
CpaBHMBas COBOKYIIHOCTb XapaKTePUCTUK, IPUCYIITHUX
npubopaM, IONTy4YeHHBIX Pa3IMYHBIM MEeTOJaM BbIpa-
IIMBaHUS, MOKHO BHUIETb PasHHUIly. [1si OONBIINH-
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O60pyLoBaHUE IJISI SITUTAKCUU, MIIPZ, JOJLI.
Epitaxy equipment, B$

0 | | | | |
2019 2020 2021 2022 2023 2024 2025

Puc. 4. luHamuka pbIHKa 060py008aHus 0Asl 3NUMAKcUU
(MOCVD, CVD, M/13), mapd doaa. CLLIA [5, 6]

Fig. 4. Dynamics of the market for epitaxy equipment
(MOCVD, CVD, MBE), billion USD [5, 6]

tal growth at high temperature gradients in LEC tech-
nology is a high dislocation density. Typical N}, values
in undoped single crystals are up to (1-2)-10° cm™ at an
ingot diameter of 100-200 mm. The LEC material has
a more uniform distribution of resistivity across the
plate area.
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Puc. 5. Pazgumue pbiHka K M®ITY Ha KBAHMOBbIX SIMSIX
8 cmpykmypax GaAs u npozHo3s, wm. /200 [7]

Fig. 5. Development of the market of quantum-well infra-
red array photodetectors in GaAs structures and forecast,
pcs/year [7]
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Tabnuua 2. VIK-moaynm psaa nponssoanTenen c oxnaxgaembimm MOTY Ha KBAHTOBbIX iMax Ha GaAs

Table 2. IR modules from a number of manufacturers with cooled GaAs-based quantum-well array photodetectors

Mapka ®ny IRnova320ER-LW IDCA | Irnova640 integral Irnova640-ER split cooler ACTPOH-640KA20A89

PD Type cooler DDCA DDCA

®dopmat MaTpuLbl, 320x256 640x480 640x512 640x512

3/1eMeHTOoB

Matrix format,

elements

Lar maTpuLbl, MKM 30 25 25 20

Matrix pitch, pm

CnekTpanbHbLIN 7,59 7,59 7,5-9 8,3-8,7

AnanasoH, MKM

Spectral range, pm

Makcrumym 8,6 8,6 8,6 8,7

CNeKTpanbHOM YyB-

CTBUTENBHOCTU, MKM

Maximum spectral

sensitivity, um

BpemeHHas NETD, mK 25 35 30 30

Temporary NETD, mK

KapgposasiyacToTa, 'y, 60 30 107 50

Frame frequency, Hz

CncTeMa oxnaxaeHus MHTerpanbHbI MHTerpanbHbIn CnanT-CTUpAVHE MHTerpanbHbii CTUPANHT

Cooling system CTUPANHT CTUPAUHT Split stirling ACTPOH-MKC500
Integral Stirling Integral Stirling Integral Stirling

cTBa CBU-IpMMeHEeHU I IIpefIIOUYTHTENbHO (II0 Kpa-
Hell Mepe, 3KOHOMUYeCKH) HcIoab30BaHKe LEC-GaAs,
B TO BpeMs Kak i u3rorosjaeHus CII, a Takke i
BCeX OIITO3JIeKTPOHHBIX MPUMEHeHMHM, — HCII0Ib30-
Banue GaAs, monydyeHHoro meromoM BHK. 2Tu Tex-
HUYeCKHe pelleHMs, IoNydyeHHBle bnaromaps 6ob-
IIOMYy IIPAaKTH4YeCKOMY OIBITY, Oe3a/bTepHATHBHBI
(Tabn. 1). ITosTomy oba MeToma MPHCYICTBYIOT Ha
PBIHKe, HO C CyIeCTBeHHBIM ITpeobnamaHuem BHK.
Eciu B 2011 rogy Ha phlHKe Ipeobnaman LEC-GaAs
KPUCTa/I/IBL, TO B 2016 rooy MaTepHasl, MONy4YeHHBIH
VCE-meTomoM, cocTaBisil 62,93% B TO BpeMs, KakK
LEC-MaTepHal COCTaBISI TONbKO 26,97%. B manpHemH-
ImeM, 10 MHEHUIO aHAIMTHUKOB, 3T TeHAeHLIUs byeT
MIpoJoKaThcs (pHc. 3)

OMNTOSJIEKTPOHHDBIE NTPUMEHEHWUA GaAs
CeBeTogunopanbl

[TosiBlIeHHe CUHUX (B cepenrHe 1990-X rofoB) U bembix
CJl (B Havase 21 Beka) U IIOCTOSIHHOE CHIKEHHE CTO-
MMOCTH II03BOJIM/IM PACIIMPUTh HCIIONb30BaHMe CJ]

The material obtained by the VDC method (Fig. 2b)
has a lower dislocation density. The main quality
requirements for doped semiconductor (SC) gallium
arsenide as a substrate material are low resistivity.
This is achieved by introducing an impurity of silicon
(n-type) or zinc (p-type) in the required concentration
and high structural perfection. The latter quality is due
to the fact that in the process of epitaxy, dislocations
from the substrate are inherited into the epitaxial layer,
which is an active element of the future light-emitting
device. Unlike microwave devices, in devices that gen-
erate radiation, the presence of dislocations in the
active regions of light-emitting structures is undesir-
able, since it leads to rapid degradation of the charac-
teristics of the device. Accordingly, the requirement of
a low dislocation density (Np,) is a basic requirement for
a heavily doped material used as a substrate for light-
emitting structures. In practice, the following grada-
tion has developed: in the production of LEDs, crystals
with a dislocation density N}, <5.103-1.10* cm™ are used,
and in the manufacture of lasers with N, <5.102 cm™.
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B Ka4eCTBe HHIMKATOPOB PESKUMOB PaboThl 31eKTPOH-
HBIX YCTPOMCTB, AJISI IIOJCBETKU SKUIKOKPHUCTAIHYe-
CKHX 3KPAaHOB Pa3IHYHBIX IIPUOOPOB. BIiociencTBUH
npuMeHeHHe CJl OCHOBHBIX I1BETOB (KPaCHOr0, CHHEro
1 3eJIeHOro) I103BOJIKJIO KOHCTPYHPOBATh U3 HUX JHC-
IUIeN C BBIBOAOM IIOJIHOLIBETHOM I'PadHKH M aHHMa-
1uu. Cpok cy>k6sl C/I, IIpeBBIMIAIOMINI B 6-8 pa3 mo-
FOBEYHOCTh JIIOMHUHECLIeHTHBIX JIAMII, OTHOCUTEe/IbHAs
IIpocToTa B paboTe c HUMH Ha 3Tarle cOOPKU U3JeNHH,
OTCYTCTBHE HeOOXOOUMOCTH B PeryispHOM OOCTy>KH-
BaHUU CHeNIa/IM — BCe 3TO IPeBPaTUI0 HMCTOYHUKU
CBeTa B JIMJEPOB Ha I3Talle COPeBHOBaHUS C Oonee
TPaSULIMOHHBIMH HCTOYHHKAMHK: [a30pa3’psOHBIMU
Y JIIOMHHeCLIeHTHBIMHU JIaMIIaMH, a TaKKe JJaMIIaMH
HaKa/IMBaHUA.

CJl COCTOUT M3 3IIHTaKCHAIbHBIX c/10eB GaAsP unu
InGaAsP, BrIpallleHHBIX Ha GaAs- MOAJIOXKKe. Jlxara-
30H HUX U3/IyYeHHUs IIPOCTUPAETCS OT b1eJHO-3e/IeHOr0
Ilo KpacHoro cBeta. CIl u3 AlGaAs Ha mogmokkax GaAs
M3/Iy4aloT CBeT OT KpacHoro no uMK. B Haudaje 2000-x
rogoB CI-UHAYCTPUS BCTYIIM/A B HOBBIM 3TaIl Pa3sBU-
THSI. ITO OBLIO BBI3BAHO T€M, UTO Ha SIPKHE U CBePXbSIP-
kue CJI mas BeIOOp IIPU UCIIONIb30BAHUS UX B KAYECTBE
HCTOYHHUKOB CHCTEeM 00I1Iero ocBeleHHsI HOBOTO ITOKO-
JIeHHd, THe OHHU 3aMeHSIOT TPaAULIMOHHBIE JIaMIIBI
HaKa/IMBaHMS U JIIOMHHeCLIeHTHBIe JIaMIIbl. HefgaBHO
IIOSIBUJIMCDh HOBbIe NpH60psI — MuKpo-CJl. OHU coenu-
HSIOT B cebe IIperMyIIecTBa BBICOKOM 3QPEeKTHBHOCTH,
SPKOCTH M HaflesKHOCTH C 6olee KOPOTKUM BpeMe-
HeM OTKJIMKa, YTO II03BOJISET CO3JaBaTh boiee jer-
KHe, TOHKHe U TMOKHe JUCIUIeH C IIPeUMYInecTBaMHU
sHeprocbepeskeHUsi. TaKue YCTPOMCTBA IOB3YIOTCS
[IOMY/ISIPHOCTBIO B TaKUX IIPUIOKEHUAX, KaK HOCH-
MbIe YCTPOHCTBA, aBTOMOOMIIH, OOJIbIIKe TeTeBU30PHI,
IOIIOJIHEeHHaAs! peaibHOCTE (AR) M MHOTOe JIpyroe.

[Tpubopsl Ha 6ase GaAs IIONy4alOT METOHOM SIIH-
TaKCUK MeT/IJIOOPraHUUYeCKUX COeIUHEHUN U3 ras3o-
BoX ¢a3bl (MOCVD), BbICOKOTeMIIepaTyPHOL Ia30BOH
snuTakcuy (HT CVD), nubo MeTOomoM MOJIEKYJISIPHO-
Jy4eBOM 3MUTaKCUH (MJIJ) Ha noanoxKy GaAs. Bcero
B MHUPe CerofHs paboTaloT 3MHUTAKCHATbHBIE pPeaK-
TOpa 0611el CTOMMOCTBIO 6osiee 1 MUILTHAPS, JOUIAPOB
CIIA. [ina obecriedeHUss UX PaboThl HCIIONb3yeTCS
cBhille 100 T rajivusg U MBIIIbsIKa B I'Ofl, B BH/E COeIU-
HeHHI BBICOKOM 4HCTOTHI. K 2025 romy, Kak OKHIa-
eTCsI, KOJTMYeCTBO PeakTOPOB BhIpacTeT Hosee ueM B 6
pas (puc. 4), mperMyIeCTBEHHO IO/ BIMUSHHUEM pocTa
nazepusix C[l u mukpo-C/l mpuMeHeHUH (5, 6].

NasepHble anopbl (VCSEL, EEL n gpyrue)

Cmaptdon iPhone X kopriopariuu Apple cran nmepBsiM
1oTpebUTeNBCKUM IIPUOOPOM, B KOTOPOM CTasa IpH-
MEHSATBCSI TEXHOJIOTMSA pacIio3sHaBaHus Uil - MK-CJJ
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Puc. 6. [pozHo3 pocma ¢ 2017 no 2023 200 npou3goocmed
noonoxxek GaAs 94s1 pasHblX ONMO3NEKMPOHHbIX NpUMeHe-
HUl, MAH WM. 8 nepecyeme Ha duamemp 150 mm [5]

Fig. 6. Growth forecast from 2017 to 2023 for the production
of GaAs substrates for various optoelectronic applications,
min. pcs. In terms of diameter of 150 mm [5]

A cost feature of the production of optoelectronic
devices in comparison with the production of micro-
wave ICs is the difference in the contribution of manu-
facturing operations to the cost of products, that the
predominant part of the cost of the device is accounted
for by operations performed after the structure is divided
into separate chips. Accordingly, in the production of
optoelectronic devices, increasing the area of plates is
not so relevant. Therefore, in the global production of
LEDs and lasers, plates with a diameter of up to 100 mm
are still used in large volumes. And this is happening
everywhere, despite the fact that industry has mastered
the production of single crystals with a low dislocation
density of a larger diameter of 200 mm.

Using two methods, the LEC method and the VDC
method, both SC GaAs and SI GaAs crystals can be
grown. It is important to emphasize that single crystals
grown by the WNC method have a higher prime cost
than those grown by the LEC method. This is due to a
lower crystallization rate (4-5 times) and the exclusion
of re-seeding operations from the technological cycle.
Comparing the set of characteristics inherent in the
devices obtained by different methods of cultivation,
you can see the difference. For most microwave appli-
cations, it is preferable (at least economically) to use
LEC-GaAs, while for the manufacture of LEDs, as well
as for all optoelectronic applications, it is preferable to
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Fig. 7. Business models of manufacturers of GaAs-based slicks, plates, epitaxial structures and devices [5,6]

CB4

JIerMpOBaHHBIN
GaAs LEC

CIUTKHU U IUVIACTUHBL

SIUTaKCHAIbHBIE
CTPYKTYPHI

CBY: 3C + nmpu6opel

CBY nipu60opsl

QOTOHHMKA:
3C + mpubopel

- DOTOHUKA:
IpH60pEL
CJ: 3C + npu60opsL

DOTOBONIBTAMKA
3C + mpub6opel

[10TyU30MUPYIOLHE
GaAs BHK

CKaHHUPYeT JIMLO I10/1b30BaTe/Is K CTPOUT 3D-Momesisb.
B iPhone X 150-MM GaAsS-IIOJJIOKKH HCIIOIb3yIOTCS
I usrorosiieHuss VCSEL 1 $OTOeTeKTOPOB, IpUMe-
HSEeMBIX IIPY PaclioO3HaBaHUM JIML. YUUTHIBAs IIOTEH-
LHa/JIbHOe BHeJpeHHe 3TON TeXHOJOIHH BCeMH IIIaT-
dopmamu Android, aHaTHUTHKHA OXUIAIOT, YTO 3TOT
CerMeHT pBIHKa I1acTHH GaAs s VCSEL 6ynet Belpa-
CTH Ha 58% ekerofHo B Ilepuof no 2023 ropa, a cam
phiHOK VCSEL BBIpacTeT 10 3775 MHUJIJIMOHOB [I0/IAPOB
CIIA B 2024 ropy. CiegyeT BCLIOMHMTD, YTO BCEro IBa
roga ToMy Hasazn, B 2018 rogy, oH cOCTaBIIslI 783 MUJI-
nroHa mojuiapos CIIA.

TexHONOTHUSI IONy4eHHUsT M 00paboTku HHOOP-
Malnuu o6 y#aseHHbIX 0O6BeKTax C IOMOIIBIO JIMAA-
poB (AaKTHBHBIX ONTHYeCKHUX cucTeM, LiDAR - Light
Identification Detection and Ranging - o6HapyskeHuUe,
UOeHTUQUKALIMA U OIlpeleeHre JaJIbHOCTH C IIOMO-
IBIO CBETA”») — KJII0YeBasi TeXHOJIOTHsl. OHa I03BOJIsieT
co3gaBaTh 3D-KapTy OKPeCcTHOCTeM [jisi aBTOHOMHBIX
TPAHCIIOPTHBIX CPEJICTB U IMIHPOKUX 00acTer IpHMe-

use GaAs obtained by the VDC method. These technical
solutions, obtained thanks to great practical experience,
are uncontested (Table 1). Therefore, both methods are
present on the market, but with a significant predomi-
nance of VDC. If in 2011, LEC-GaAs crystals dominated
the market, in 2016 the material obtained by the VGF
method was 62.93%, while the LEC material was only
26.97%. Later, according to analysts, this trend will con-
tinue (Fig. 3)

GaAs OPTOELECTRONIC APPLICATIONS

LEDs

The appearance of blue (in the mid-1990s) and white
LEDs (at the beginning of the 2Ist century) and a con-
stant decrease in cost made it possible to expand the
use of LEDs as indicators of the operation modes of
electronic devices to illuminate liquid crystal screens of
various devices. Subsequently, the use of LED primary
colors (red, blue and green) made it possible to design
displays from them with the output of full-color graph-
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HeHUSI poOOTOTeXHUKHU. B 3TOM HOBOM IIPU/IOKEHUH
HICII0/Ib3yIOTCSI BBICOKOMOIIIHBEIE U KPYITHOTabapUTHBIe
7a3epHble yCTPOMCTBA Ha OoCHOBe GaAs C “KpaeBBIM
usnydyenruem» (EEL), KOTOpble, KaK O>KH/IAeTCsI, TaloKe
anyT 607BIION HMMITYIbC POCTa IJIS PHIHKA “OTOH-
HBIX» ITacTUH GaAs. B 2024 rogy peiHOK EEL, Kak
OKHMJAeTCsi, BbIpacTeT JO0 5100 MH/UIMOHOB [OJLIA~
pos CIHIA, mpu Tom 4TO B 2018 romy OH COCTaBJISI
2500 maH gonn. CIIA.

Oxupaercsi, 4To cexkTop HMK-cBeTOAMOOOB Ha IIOA-
noskKax GaAs byzmeT 1eMOHCTPUPOBATH CHIBHBIN POCT.
HMHdpakpacHble CBeTOOHOIBI Ha oCHOBe GaAs, HCIIO/Ib-
3yeMble B MeJUIIMHCKHUX [ATYHMKaX apTepHUajbHOro
JaB/IeHUs ¥ YPOBHA caxapa B KPOBH, a TaKKe JATUHMKU
[/Is PacIio3HaBaHHUA JKeCTOB B CMapTdOHaX ¥ aBTOMO-
6U/IsIX, TaKoKe COCTaB/ISIOT 3aMeTHBIM CerMeHT PacTy-
II[ero PeIHKA.

B manpHenmem, Opu aHanuse chep NpUMeHEHUS
GaAs, 1715 oIlpefie/IeHHOCTH, OyleM BBIAESATh TPafU-
uroHHbIe CJl BUIMMOTO fHalia30oHa B OTAEIbHYI0 KaTe-
ropuio, a VCSEL-, EEL-, K- 1 apyrue u3ny4aTe/ Ik Mbl
6ymieM OTHOCHTD K KaTeTOPHUH «OITO3/IeKTPOHHKAY.

TennoBU3NOHHbIE NPUGOPHDLI

¢ doTonpmMemMHbIMU YCTPONCTBAMMU

Ha KBAHTOBbIX fMaX

Pactymui crapoc Ha HK-cucTeMbl, BBI3BaHHBIM KakK
BOGHHBIMHU, TaK U IPa’KOAHCKMMU IIPHMEHeHHSIMHU,
BBI30BeT POCT MHPOBOTO PBIHKA TeIUIOBBIX Kamep
B GNMIDKaMIIHe Tofbl. PEIHOK TEIUIOBBIX KaMep IJis
BOEHHBIX M OXPAaHHBIX NPHUMeHEHHH, KaK IIpelCKa-
3BIBAIOT aHAJIMTUKH, IIPeBLICUT 2,4 Miiph mon. CIIA
K 2023 ropy, BC/IeACTBHE BO3PACTAIOIIMX npo6neM bes-
oracHocTu. Mcronp3oBaHnue MK-cricreM KOPOTKOBOJI-
HoBoro MK-pmanasoHa crekrpa (0,9-1,7 MKM) ITOTpe-
60Bao oxJIasKAeHUSI IPUOOPOB ITPU UX IKCIITYaTaI[HH.
TO IIPHBesIO K 3HAUUTENbHOe paclIipeHre obracTen
MX IPHMeHeHHUs IIPHUBeI0 K IIOSBJIeHHIO OXJIaskoae-
MBIX MAaTPHUYHBIX POTONPHEMHBIX YCTPOHCTB (MPIIY)
Ha OCHOBe U KBaHTOBBIX siM (QWIP) (puc. 5). B tabi. 2
IaH KpaTKUi 0630p MK-Moaynu HeKOTOPBIX 3apybesx-
HBIX M OTe4YeCTBEHHBIX IIPOU3BOJUTENEH C OXJIaKIA-
eMbIMH MOITY Ha KBAaHTOBBIX sSIMax Ha 6a3e GaAs.

PA3BUTUE PbIHKA GaAs NOCJIE 2017 TOAOA
Hns peiaka CJl Ha GaAS aHAJMTHKU IIPOTHO3HPYIOT
21% eXXeroJHOro IIPUPOCTA, YTO AACT 6osIee ITOTOBHUHBL
obpeMa mracTuH GaAs K 2023 romy. Ecnu roBopHThb
B GMHAHCOBBIX TepMHUHaX 0 oblleM pbIHKe IUIACTHH
GaAs, TO OXMJAeTCsl, YTO PBIHOK, COCTaB/ISIOIIHI
B 2019 romy 260 muanuoHoB pgojuiapoB CIIA, mpo-
IeMOHCTPUPYeT eXKeTOZHBIK TeMIT PocTa B ONMsKab-
mue 5 netr 4,5%, u mocturHeT 330 MHJIJIMOHOB [0JI-
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ics and animation. The service life of LEDs, which is 6-8
times longer than the longevity of fluorescent lamps,
the relative simplicity of working with them at the
stage of assembly of products, and the absence of the
need for regular maintenance, have all made the light
sources the leaders at the stage of competition with
more traditional sources: gas-discharge and lumines-
cent lamps, as well as incandescent lamps.

LED consists of epitaxial layers of CaAsP or InCaAsP
grown on a GaAs substrate. The range of their radia-
tion extends from pale green to red light. AlGaAs
LEDs on GaAs substrates emit red to IR light. In the
early 2000s, the SD industry entered a new stage of
development. This was due to the fact that the bright
and super-bright LEDs were chosen when they were
used as sources of new generation general lighting
systems, where they replace traditional incandescent
and fluorescent lamps. Recently, new devices have
appeared - micro-LEDs. They combine the advantages
of high efficiency, brightness and reliability with a
shorter response time, which allows you to create
lighter, thinner and more flexible displays with the
advantages of energy saving. Such devices are popular
in applications such as wearable devices, cars, large
televisions, augmented reality (AR), and more.

GaAs-based devices are produced by gas phase epi-
taxy of organometallic compounds (MOCVD), high
temperature gas epitaxy (HT CVD), or molecular beam
epitaxy (MBE) on a GaAs substrate. In total, epitaxial
reactors with a total value of more than 1 billion US
dollars are operating in the world today. To ensure
their operation, more than 100 tons of gallium and
arsenic per year are used in the form of high purity
compounds. By 2025, it is expected that the number
of reactors will increase by more than 6 times (Fig. 4),
mainly under the influence of the growth of laser
LEDs and micro-LED applications [5, 6].

Laser diodes (VCSEL, EEL, etc.)
Apple’s iPhone X smartphone was the first consumer
device to use face recognition technology - IR-SD scans
the user’s face and builds a 3D model. In iPhone X,
150 mm GaAs substrates are used to fabricate VCSELs
and photo detectors used in face recognition. Given
the potential adoption of this technology by all
Android platforms, analysts expect this segment of
the GaAs wafer market for VCSEL to grow 58% annu-
ally until 2023, and the VCSEL market will grow to
3,775 million USD in 2024. It should be remembered
that only two years ago, in 2018, it amounted to
783 million US dollars.

The technology of obtaining and processing infor-
mation about distant objects using lidars (active
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Fig. 8. Epi-ready GaAs plates
Puc. 8. Epi-ready naacmuHbi GaAs

napos CHIA B 2024 romy. [JuWHAMKKa pOCTa pPhIHKA
B HaTypa/bHBIX eIUHHUIAX (M/JH IIT.) IIPUBeleHa Ha
puc. 6.

Mpounssoantenn GaAs B Mmpe u B Poccum

U cywecTByrowme 6usHec-moaenu

OCHOBHBIMH IIPOHU3BOAUTENSIMH H3OeMHH (CIHUT-
KOB, IJIACTUH M 3MHTaKCHATbHBIX Cl10eB) GaAs SBs-
I0Tcst KoMImaHUM: Freiberger Compound Materials,
AXT, Sumitomo Electric, China Crystal Technologies,
Shenzhou Crystal Technology, Tianjin Jingming
Electronic Materials, DOWA Electronics Materials, II-
VI Incorporated, IQE Corporation u Wafer Technology.
B obnacTu mocTaBOK 06BeMHBIX KPHUCTA/IOB GaAs,
Sumitomo Electric, Freiberger Composite Materials
u AXT IHOUPYIOT Ha PBIHKe C oOLIel [osed phIHKA
0KOJ10 95%.

Jo HemaBHEro BpeMeHH B POCCHM COXPAaHSIOCh
HeCKOJIbKO HebO/lbIINX IIPOM3BOJUTENEeN MOHO-
KPHUCTA/IZIOB apCeHHa Ta/UIHUSl PasAIUu4YHOU (OpPMBI
COOCTBEHHOCTH, KOTOpPBle B COBOKYIIHOCTH MOIJIU
YOOBIETBOPATh OOJBINYI0 YacTh OTeYeCTBEHHBIX
rotpebHOCTeN B 3TOM MaTepHane. OgHaKo B 2007 romy
OBLIO JTUKBUANPOBAHO ITPOM3BOACTBO MOHOKPHCTAJI-
j10B B 3A0 «3nma-Manaxut» (T. 3eneHorpa/::), IIpOM3-
BOJMBIIIEM I10 TeXHOJI0ruu LEC MOHOKPHCTA/IIBI Hejle-
TUPOBAHHOTO IIOYKM30/IHUPYIOIIEro ¥ JerupoBaHHOIO
GaAs. B 2008 rogy aHaJIOTHYHO 3aBEpIIMIACH HCTO-
PHS CyLIeCTBOBAHMA [BYX IOPYIrHX KOMIIAHHM, pac-
TUBIIKMX GaAs-kpucTaansl, - OAO «HHUHW maTepuaioB
37IeKTPOHHOM TeXHUKHW» (r. Kajyra), BBbIIyCKaBILEro
110 TexHomoruu LEC MOHOKPHCTA/IBL JIETHPOBAHHOIO
GaAs, u OO0 «I'upmet» (r. MockBa), TPOHM3BOJHBIIEM
MOHOKPHCTa/I/IBI 110 TexHoJioruu BHK. B HacTodIee
BpeMs MOHOKPHMCTAJIIbI apCeHMAA raaaius B Poccuu

optical systems, LiDAR - Light Identification Detec-
tion and Ranging - detection, identification and
range determination using light) is a key technol-
ogy. It allows you to create a 3D-map of the sur-
roundings for autonomous vehicles and wide areas
of application of robotics. This new application uses
high-power and large-sized GaAs laser devices with
“edge emission” (EEL), which are also expected to
give a large growth impulse for the market for pho-
ton GaAs wafers. In 2024, the EEL market is expected
to grow to 5,100 million USD, while in 2018 it was
2,500 million USD.

The IR LED sector on GaAs substrates is expected to
show strong growth. GaAs-based infrared LEDs used
in medical sensors for blood pressure and blood sugar,
as well as sensors for recognizing gestures in smart-
phones and cars, also make up a prominent segment
of the growing market.

In the future, in analyzing the applications of CaAs,
for definiteness, we will single out the traditional
visible-band LEDs into a separate category, and we
will classify VCSEL-, EEL-, IR- and other emitters as
“optoelectronics”.

Thermal imaging devices with
photodetectors in quantum wells

The growing demand for infrared systems, caused by
both military and civilian applications, will cause
the growth of the global market for thermal cameras
in the coming years. The market for thermal cham-
bers for military and security applications, analysts
predict, will exceed 2.4 billion USD by 2023, due to
increasing security concerns. The use of infrared sys-
tems of the short-wave infrared range of the spectrum
(0.9-1.7 pm) required the cooling of devices during
their operation. This led to a significant expansion
of their areas of application led to the appearance of
cooled matrix photodetector devices (MFPs) based on
and quantum wells (QWIP) (Fig. 5). Table 2 gives a
brief overview of the IR modules of some foreign and
domestic manufacturers with cooled MFPs on GaAs-
based quantum wells.

GaAs MARKET DEVELOPMENT AFTER2017
For the GaAs DM market, analysts forecast 21% annual
growth, which will yield more than half the vol-
ume of GaAs wafers by 2023. Speaking in financial
terms about the general market for GaAs wafers, it is
expected that the market, amounting to 260 million
USD in 2019, will demonstrate an annual growth rate
of 4.5% in the next 5 years, and will reach 330 million
USD in 2024. The market growth dynamics in physical
units (million units) is shown in Fig. 6.
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M3roTaBauBaTCcs B AO «Tupenmer» (MockBa, IIpefi-
npusitne Pocatoma) Metomom LEC m B OOO «Jlac-
capn» (r. ObHmHCK) MeTomoM BHK. B AO «T'upenmet»
1 B OO0 «Jlaccapm» cerofHs OCYIIeCTBISIOTCS HHBe-
CTULIMOHHBIE IIPOEKThI, HallpaBJeHHbIE Ha PpPa3BHU-
THe TexHojoruu GaAs. Taxke B 2019 roamy saryiueHo
IIPOM3BOJCTBO TeTePOCTPYKTYpP Ha OCHOBe apceHuaa
rausa. AO «IKpaH-OITHYECKHUE CHCTeMBI», OIHpa-
SCh Ha pa3paboTku MHCTUTYTa QU3HKHU IOTYIIPOBO-
OHUKOB UM. A.B.PxaHoBa (M®II) CO PAH, BBeio
B 3KCIUIYaTallMI0 YCTAaHOBKY MOJIEKY/ISIPHO-JIy4YeBOM
srutakcuu (MJI2) [8].

[ToCKONBKY HOBBIE J1a3epHBIe IIPUJIOKEHHUS UK~
TYIOT OYeHb BBICOKHe TexHH4YecKHe TpeboBaHUA
K mwiactTuHaM GaAs, KOTOpBIe ITOCTOSHHO YsKecTo4a-
I0TCS, QHAJIMTUKU I10/1ararT, 4To MeTon BHK B 3TOM
cekTope OymeT IJaBeHCTBYIOIIMM, a YIIOMSHYTBIE
HUIPOKM COXPAaHAT CBOE TeXHHYeCKoe IIPeHMYIecTBO,
[0 KpalHel Mepe, B TedeHHe ellle 3-5 neT. Oxkumga-
eTcd, YTO KHTAaMCKHe IOCTAaBIIMKH ILIAacTHH GaAs,
TaKhe Kak Violent Materials, xoTopble 3axBaTHIU
4acTh peiHKa CJI OT BeAyLIUX ITIOCTaBIIMKOB, YBeJIM4YaT
CBOIO JOJIIO.

Yro KacaeTcs IIPOM3BOACTBA SIMTAKCHAIbHBIX
cTpykTyp GaAs u mnpubopoB Ha GaAs, TO TaM Cylie-
CTBYIOT pas3ihuHble 6HU3Hec-Mofenu (puc. 7). PBIHOK
Cl GaAs B OCHOBHOM BepPTHKAJIbHO HMHTeIPHUPOBaH,
C XOpOIIO 3apeKOMEHJOBAaBHIMMH Cebss HHTerpHpo-
BaHHBIMH IIPOU3BOJUTENSIMH YCTPOHCTB, TaKHUMH
Kak Osram, Sanan, Epistar u Changelight. 3a
[OC/IeHHUEe HECKOJIBKO JIeT CeKTOP SIIMTaKCHaIbHBIX
cTpykTyp GaAs mpolien 4depe3 O0IbLIyI0 KOHCOMHAA-
LIUI0, B Pe3yjbTaTe Yero O0CTajaoCh YeThIpe OCHOBHBIX
urpoka: IQE, VPEC, Sumitomo Chemicals (Brnrovas
Sumitomo Chemical Advanced Technologies u SCOCS)
u IntelliEPI.

3AKJTKOYEHUE

OCHOBHBIM [BUTATeIeM pa3sBUTHUS pblHKa GaAs CTaHO-
BUTCSI QOTOHUKA. B cpefHe- U JOITOCPOYHOMU IIePCIIeK-
THBE MHPOBble PBIHKH IUIACTHUH M 3MHTAKCHAJIbHBIX
cTpykTyp GaAs 6ymyT pacTu. PeIHOK IutacTHH GaAs,
KaK OXHAAeTcsl, AOCTaHeT 1,3 MHIMapAa AOJIapoB
CIIIA x 2023 romy c esKerogHbBIM TeMIIOM pocTa 11,5%.
Ha maHHBIM MOMEHT POCCHMCKHE PBIHOK IIOIyIIPO-
BOJHUKOBBIX COeJUHEHHUM JJIs Pa3BUTHUSI POTOHUKHU
M 3JIeKTPOHHO-KOMIIOHeHTHOM 6a3el (CaAs u f1p.)
MMeeT He3HaYHTe/IbHBIN 06beM. B TO 5Ke BpeMs, cylle-
CTByeT IOHUMaHHUe, YTO [JIs1 CO3AAHUS COBPeMeHHO
37IeKTPOHHOK KOMIIOHEHTHOM 6a3sl B Poccuu Heobxo-
OUMO pa3sBHBATh IIPOM3BOJCTBA HMCXOAHBIX MaTepHa-
noB [7]. IlpencTaBiseTcs TakKe, YTO, €CJIU TOBOPUTH
o pasBuTuu GaAs B PoccHH, B IIEPBYIO ouepenb Heob-
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GaAs manufacturers in the world and in
Russia and existing business models

The main manufacturers of GaAs products (ingots,
plates and epitaxial layers) are: Freiberger Compound
Materials, AXT, Sumitomo Electric, China Crystal
Technologies, Shenzhou Crystal Technology, Tianjin
Jingming Electronic Materials, DOWA Electronics
Materials, II-VI Incorporated, IQE Corporation and
Wafer Technology In the field of bulk crystal sup-
ply, GaAs, Sumitomo Electric, Freiberger Composite
Materials and AXT are leading the market with a
total market share of about 95%.

Until recently, several small manufacturers of
gallium arsenide single crystals of various forms
of ownership remained in Russia, which together
could satisfy most of the domestic needs for this
material. However, in 2007, the production of sin-
gle crystals in CJSC “Elma-Malakhit” (Zelenograd)
was liquidated, which produced single crystals of
undoped semi-insulating and doped GaAs using LEC
technology. In 2008, the story of the existence of two
other companies that grew GaAs crystals ended in
the same way - OJSC “Research Institute of Materials
of Electronic Technology” (Kaluga), which produced
single crystals of doped GaAs using LEC technol-
ogy, and LLC “Girmet” (Moscow), which produced
single crystals according to VDC technology. Cur-
rently, gallium arsenide single crystals in Russia are
manufactured by JSC “Giredmet: (Moscow, Rosatom
Croup enterprise) using the LEC method and by LLC
“Lassard” (Obninsk) using the VDC method. Today
JSC “Ciredmet” and LLC “Lassard” are implementing
investment projects aimed at developing GaAs tech-
nology. Also, in 2019, the production of heterostruc-
tures based on gallium arsenide was launched. JSC
“Screen - Optical systems”, based on the development
of the A.V.Rzhanov Institute of Semiconductor Phys-
ics (ISCP) of the SB of RAS, commissioned a molecular
beam epitaxy (MBE) unit [8].

Since new laser applications dictate very high
technical requirements for CaAs wafers, which are
constantly being tightened, analysts believe that
the WNK method will be dominant in this sector,
and the mentioned players will retain their techni-
cal advantage for at least another 3-5 years. Chinese
GaAs plate suppliers such as Violent Materials, which
have captured part of the DM market from leading
suppliers, are expected to increase their share.

As for the production of GaAs epitaxial structures
and devices based on GaAs, various business models
exist there (Fig. 7). The GaAs LED market is mostly
vertically integrated, with well-established inte-
grated device manufacturers such as Osram, Sanan,
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XOOMMO Ppa3sBHBaTh TexHoJoruu BHK-mipousBoncTBa
MOHOKPHCTA/IIOB U epi-ready maacTuH GaAs.
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Epistar and Changelight. Over the past few years,
the CaAs epitaxial structure sector has gone through
great consolidation, leaving four major players left:
IQE, VPEC, Sumitomo Chemicals (including Sumi-
tomo Chemical Advanced Technologies and SCOCS)
and IntelliEPI.

CONCLUSION

The main engine for the development of the GaAs
market is photonics. In the medium and long term,
global markets for GaAs wafers and epitaxial struc-
tures will grow. The GaAs wafer market is expected to
reach 1.3 billion USD by 2023, with an annual growth
rate of 11.5%. At the moment, the Russian market
for semiconductor compounds for the development
of photonics and the electron-component base (GaAs
and others) has a small volume. At the same time,
there is an understanding that in order to create a
modern electronic component base in Russia, it is
necessary to develop the production of raw materi-
als [7]. It also seems that, if we talk about the devel-
opment of GaAs in Russia, first of all, it is necessary
to develop technologies for VDC production of single
crystals and epi-ready GaAs wafers.
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