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The penetration into new optoelectronic markets such as Solid-State-Lighting (SSL) requires the
consistent reduction of cost per device. The reduction of Cost of Ownership (CoO) of the MOCVD
production tool is one contributor to this cost optimization strategy.

This paper will review the necessary actions to reduce the Cost of Ownership.

The on wafer uniformity, wafer to wafer (w2w), run to run (r2r) uniformity and reproducibility,
respectively, is one major criteria to increase the yield of a MOCVD mass production. Results on 6-inch
and even 8-inch will be discussed and an outlook is given for future wafer sizes and materials. Proper
design of the reactor including excellent modeling techniques predicting the outstanding characteristics is a
mandatory condition to a low CoO and quick time to the market of new reactor generations. The usage of
in-situ measurement technology for a fast optimization process of new devices will be presented and
discussed with regard to the reproducibility of the production system.

Overall excellent layer performance will be presented mandatory to fulfill the request of the lighting
market.

Factors lowering the process times will be discussed and presented accordingly.

MNPOMBIIUJIEHHBIE I'®3 MOC PEAKTOPBI /111 TBEPJOTEJIBHOI'O OCBEIIEHUA
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B noknage OyayT paccMOTpEeHbI BOIPOCHI CHM)KEHHS CTOMMOCTH IPOM3BOJCTBA CBETOIMOIHBIX
CTPYKTYp HPH NPOMBIIIIEHHOM POCTE METOIOM Tra30(a3HOil SMUTaKkcHH. BymayT paccMOTpeHBI Takue
BONPOCHl KaK OJHOPOAHOCTh PACPEICTHUS MapaMeTpoB IO IUIACTHHE M BOCHPOU3BOIUMOCTH MEXAY
SMUTAKCUAIBHBIMU TIACTHHAMH B OJTHOM IpOLIECCE M MEXIy Ipoleccamu. BynyT nmpopeMoHCTpupoBaHbl
pe3yNbTaThl poCcTa Ha IUTACTHHAX AUaMETpoM 6 U 8 JTr0iMOB.

(Russian text is written by editors. Pycckuii mexcm — peo. coopHuka)
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ADVANCEMENTS IN MOCVD TECHNOLOGY REQUIRED TO REDUCE
LED MANUFACTURING COST

A. Gurary*, M. Lamarra
Veeco Compound Semiconductor. 394 Elizabeth Avenue, Somerset, NJ 08873
* e-mail:agurary@veeco.com

The recent explosion of the LED-backlit flat panel display television market presents both tremendous
opportunities and challenges to the Compound Semiconductor community, including Metal-organic
Chemical Vapor Deposition (MOCVD) tool manufacturers. On the one hand, substantial multiple system
orders enable more resources to be applied to equipment development to significantly increase its
performance. On other hand, this new market presents MOCVD equipment manufacturers with a new set of
requirements, somewhat identical to the silicon semiconductor and flat panel display markets.

As major LED manufacturers have already demonstrated the ability to mass produce sufficiently
efficient white LEDs, the primary challenge for the modern LED industry is to significantly reduce LED
cost. The most recent U.S. Department of Energy Solid State Lighting R&D Manufacturing Roadmap calls
for an 85% reduction in final packaged LED cost within the next 6 years. According to our estimate the
operational cost of epi must decline by at least 80% to help LED manufacturers meet the targeted LED cost
efficiency goals for solid state lighting. The single largest cost driver in LED manufacturing is yield. For
MOCVD equipment manufacturers such as Veeco, the most significant impact to yield is through reactor
gas flow uniformity, thermal uniformity of the substrates, and repeatability: wafer-to-wafer, run-to-run, and
tool-to-tool.

The LED industry is currently demanding epi yield of 90% of the entire wafer production population
in a 5 nm bin. Near term requirements will tighten to 4 and then 2 nm bin sizes at the same yield of 90%.
What is even more challenging is that 90% yield at 2 nm bin will be required for any wafer size: 100 mm,
150 mm or 200 mm. Achieving these results requires detailed understanding of the flow and temperature
fields on the wafer carrier which can be provided only through the progress in detailed modeling and in-situ
implementation.

Veeco’s newest technology offerings are demonstrating a path to achieve these targets for the industry
by optimizing gas flow uniformity within the reactor across the wafer carrier, by optimizing wafer pocket
geometry to account for wafer bowing and thermal proximity effects and by the integration of in-situ
metrology and active process control to tune growth steps. As an example, the figure at the end of abstract
shows PL wavelength distribution for a production run of twelve 4” wafers. Every wafer exceeds a die yield
0of 90% in a 5 nm bin. All wafers are sub-1.3 nm, 1 sigma uniformity — most below 0.8 nm. The run-to-run
mean PL wavelength repeatability over a 75 run mini-marathon was within 1.6 nm. Additionally, LED
manufacturers want to run only one recipe for each product for all production runs between consecutive
preventive maintenance events and utilize tool operators with minimum education and experience level.
This eliminates the traditional approach of process tuning in between runs.

Second to yield and process repeatability in LED cost drivers is equipment throughput. Several factors
dictate throughput, including batch capacity, process cycle time, idle time between runs and tool uptime.

Batch capacity is controlled by the MOCVD equipment manufacturer and is based upon the physical
dimensions of the reactor and the ability to adequately provide and control thermal and flow uniformity.
Reactor batch sizes have been increasing steadily over the past 20 years. In the case of Veeco’s MOCVD
equipment, the surface of the wafer carrier has increased almost 40 times. It is evident that at some point we
will come to a point of diminishing returns in increasing reactor sizes, but the ultimate reactor size which
provides the optimal Cost of Ownership is still an open issue.

When it comes to reducing process cycle time, the wide array of customer-unique LED structures, and
the intellectual property that surrounds them, narrows the area of influence for the MOCVD equipment
manufacturer to the only common denominator in all structures, GaN growth rate. The longest process step
in a GaN LED structure is typically the bulk n-GaN layer. Due to the inherently slow growth rate, this one
essential layer typically takes approximately 2 — 2.5 hours to grow. More recent work in Veeco’s lab,
verified by a production customer, is the ability to grow bulk GaN at 3 — 4 times the normal rate of 2
microns per hour. At 8.5 microns/hour growth rate, we grew a 4.5 micron thick bulk GaN layer and
demonstrated approximately 2% GaN thickness uniformity on both the inner and outer rings with superior
crystal quality in the 002 and 102 planes for 4” wafers. Even if this growth rate is reduced by 25% of its’
full capabilities, on a typical 9-hour LED run, the runs per day increases from 2.6 to 3.3; a 22% increase in
throughput. This amounts to an extra 2,600 4” wafers per year per tool. Cost of Ownership calculations
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show that achieving GaN growth rate of 10 microns per hour would eliminate the need for Hydride Vapor
Phase Epitaxy (HVPE) technology for LED manufacturing.

For high volume manufacturing, MOCVD equipment cannot be idle for large amounts of time.
Therefore, the conventional practices of manual loading and unloading of wafers between runs while
having to open the reactor, is no longer acceptable. MOCVD equipment must utilize either robotic wafer
loading or wafer carrier loading to reduce idle time between runs. Several LED manufacturers are
considering true cassette-to-cassette wafer loading where a robot unloads new sapphire substrates from
incoming cassettes and at the end of the process unloads the finished epi wafer back into the cassette before
transport to the Characterization Area. As most people who’ve grown GaN epi know, the process has a
reputation of being rather dirty. In the case of some MOCVD equipment, operators must clean their reactor
after each and every run. While this may have been acceptable in the past when volume demand was low,
high volume manufacturing fabs will not be able to continue operating with this much tool downtime and
resources required for equipment cleaning. Techniques such as Veeco’s wafer carrier exchange along with
off-line carrier cleaning or eventually in-situ reactor cleaning are needed to optimize tool availability.

In addition to the changes in the reactor technology, Veeco MOCVD equipment is transitioning from
stand-alone process tools to fully-integrated nodes within the manufacturing area. Newer fabs are starting to
require data transfer on all digital and analog devices in the equipment. We offer the integration of SEMI’s
SECS/GEM communication protocol for data transfer between the process tool and a central factory server.
In conclusion, Veeco’s line of GaN MOCVD process equipment is well-positioned to address the
challenges facing the HB LED industry as it transforms into a high volume production model.

10955751001 / H263 Flats: outside

Tool: EPI Peak Lambda

Wafers

A B c D E F G H | J K L | Averages
Yield (%) | 92.2 | 94.2 | 92.5 | 92.1 | 94.6 | 91.2 | 93.3 | 95.0 | 92.0 | 929 | 93.1 | 93.1 93.0
1o,nm | 0.64 | 0.74 [ 0.62 | 0.72 | 1.26 | 0.59 | 0.59 | 0.76 | 0.81 | 0.65 | 1.07 | 0.72 0.8

(5 nm bin)

Figure 1. PL map for 12 wafer 4” run on VEECO K465GaN system. Eevery wafer exceeds a die yield of
90% in a 5 nm bin. All wafers are sub 1.3 nm, 1 sigma uniformity — most below 0.8 nm.

YJAYUYHIEHUA B TEXHOJIOI'MU I'dD MOC HEOBXOAUMBIE JJ151 CHUKEHU S
CTOUMMOCTH MPOU3BOJCTBA CBETOJUOJ0B

A. I'ypapu*, M. /lamappa
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* e-mail:agurary@veeco.com
B craTthe paccMaTpHBAIOTCS TOCIEAHNE M3MEHEHHs B yCTAHOBKAX ra30(a3HOIl SMUTaKCHU (UPMBI

Veeco, HampasBJICHHBIC HA YBCIWYCHUAC BbIXOJA I'OHBIX IIPU IPOU3BOJACTBE CBETOANOA0B U HA YMCHBIICHUC
06H.Ieﬁ CTOUMOCTH IIPOU3BOACTBA.
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MEASUREMENT OF REAL WAFER TEMPERATURE DURING GaN GROWTH ON
SAPPHIRE AND SiC

M.Borasio**, K. Haberland? T. Schenk? F. Brunner', M. Weyers’, J.-T. Zettler’
'Ferdinand-Braun-Institut fiir Hochstfrequenztechnik, Gustav-Kirchhoff-Str. 4, 12489 Berlin, Germany
2LayTec GmbH, Helmholtzstr. 13-14, D-10587 Berlin, Germany, Email: *info@]laytec.de

The growth temperature is the most critical parameter to control during MOVPE growth. Especially
for LED production of GaN LEDs the emission wavelength and uniformity and, therefore, the yield
strongly depend on the temperature variation across the wafer. As infrared (IR) pyrometers can only
measure the temperature of IR absorbing and emitting materials, for GaN epitaxy on sapphire and SiC only
the pocket temperature of the susceptor under the wafer is accessible. Due to the strained growth and the
evolving wafer curvature, the true wafer temperature significantly deviates from the pocket temperature.
Up to now, only in-situ measurements of the wafer curvature during growth could be used to indirectly
estimate the wafer temperature and its profile.

A newly developed UV pyrometer takes advantage of the absorption of the GaN layer at 400 nm.
Using the tool detecting thermal radiation of GaN at the wavelength of 400 nm, we were able to directly
measure the surface temperature of GaN layers on a sapphire or SiC wafer during growth in production-line
MOCVD systems.

The growth of a full GaN MQW LED structure was studied on 3” and 4” wafers. True wafer surface
temperature, pocket temperature, three wavelength reflectance and wafer curvature have been measured
simultaneously and are discussed in comparison to ex-situ PL mapping of the wafers. All parameters have
been measured at various positions across the wafers’ diameter, allowing for spatially resolved results on
thickness uniformity, temperature and wafer curvature distribution. The different behavior of a 2” wafer in
the same run will be discussed as comparison.

Our data shows that many effects on the true wafer surface temperature are invisible to the
conventional infrared pyrometer.
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Fig. 1: GaN buffer growth Fig. 2: After switching Fig. 3: At MQW temperature

from H, to N,
Fig. 1, 2 and 3 compares wafer temperature linescans of three wafers (3” diameter) measured in the same

run under different process conditions. The curves show the temperature distribution across the wafers; the
wafer bowing is shown in the drawings above.

66



M3MEPEHME PEAJIbHOW TEMITEPATYPHI OJJIOKKHM ITPA POCTE GaN
HA CAII®UPE U SiC

MBorasiogf, K. Haberland?, T. Schenk? F. Brunner', M. Weyers', J.-T. Zettler’
'Ferdinand-Braun-Institut fiir Hochstfrequenztechnik, Gustav-Kirchhoff-Str. 4, 12489 Berlin, Germany
2LayTec GmbH, Helmholtzstr. 13-14, D-10587 Berlin, Germany, Email: *info@]laytec.de

IIpu snuTaKCHAIBHOM POCTE METOAOM ra30(ha3HOW SMUTAKCHUM TEMIIepaTypa IMOJIOKKH SBISETCS
OJIHMM HX KPHTHYECKM Ba)KHBIX [APAMETPOB, BIMSIOUIMX HA JTHHY BOJHBI M3JIYYCHHS M OXHOPOJHOCTDH
pacIpezienieHusl IpaMeTpoB 10 uiacTuHe. CTaHmapTHEIE HH(paKpacHble MHPOMeTpsl (mpu pocte Ha WK-
NpO3pauHbIX MaTepHanax, Takux kak candup u  SiC) MOryT U3MepsATh TOJBKO TEMIEpaTypy
HOJIOKKOJCPKATENs, MPH STOM TEMIEpaTypa Ha MOBEPXHOCTH IIOJIOKKH H3-3a H3THOOB MOXKET
CYIIECTBEHHO OTIMYAThCS. B paboTe mHpemnmokeH MeTOoN MpsIMOro u3MepeHHs Temmeparypsl GaN ¢
UCTIOJIb30BAaHUEM TMHpPOMETpa padoratomiero Ha JuiiHe BosHbl 400 HM (B oOmactv (yHIaMEHTAILHOTO
nornomenus GaN) npu Temrepatype pocTa.

(Russian text is written by editors. Pycckuii mexkcm — peo. coopHuka)
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ONTUMM3ALIUSI CBETOBBIX U JIEKTPOOUIUYECKUX XAPAKTEPUCTUK
CBETOJUOJHBIX CTPYKTYP HA OCHOBE COEJJMHEHUU GaN

A.A. Haitoun, A.®. Heanos, E.B. Epuios, C.A. Kprwokos, O.A. Pozaukos, O.U. Pozaukos
®denepanbHOE FOCYAapCTBEHHOE yHUTapHOE npennpusarie «Poccuiickuit @enepanbhblii Snepusiii Lientp —
Bcepoccuiickuii Hay4qHO - HCCIEA0BATEIbCKHN HHCTUTYT TEXHHYECKOH (U3NKU nMeHn akagemuka E..
3a6adaxuna» (PI'VII «POAL-BHUUTO um. akanem. E.M.3a0abaxuna)
yn.Bacunbesa, 13, a/st 245, 456770. r. CHexunck, YensOuHckas 001acTs,
tein.:(35146) 5-11-21, 5-10-70, e-mail: c5@five.ch70.chel.su

C 2003 roga B POAI-BHUUT® Bexytcs paOOTHI IO HMOIYICHUIO CBETOMUOJHBIX CTPYKTYp CHHE —
3€JICHOT0 JIara3oHa u3ny4yenus MerogoM MOC — runpuanoi snurakcud. B nekadpe 2007 rona 3aBepiieH
mepBbIii dTanm ocBoeHus TexHonoruu. [lomyuena CHJ] cTpykTypa ¢ AIMHOM BOJHBI A=465 HM U
a¢dexTuBHOCTRIO H3TydeHHs! okono 30 mM/BT. [laHHBIE XapaKTePUCTHKH COOTBETCTBYIOT TPEOOBAHHSIM,
HpebsBIIEMBIM K CBETOANOIaM MACCOBOH TPYIIIBI IPOU3BOCTBA.

C 2008 roma nHavamuch padotel mo momydeHuto CUJI cTpykTyp Bbicokoii sipkoctu. Ilpencrosiio
PEIIUTH CIEeAyIOIHe 3a1a4u:

- HOBBICUTH I(P(MEKTHBHOCTh HM3ITydYEHHS CBETOMMONHBIX CTPYKTYp A=465+5HM (cuHHUH
nuanas3oH) 1o 80 nm/Br;

- pa3paboTaTh NPOMBINUICHHYIO TEXHOJOTHIO BBIPAIIMBAHHS CBETOIHOJHBIX CTPYKTYp C
JUTHHOI BOJHBI M3ITy4eHus A=525+5 HM (3eneHblil anana3oH), 3pGEeKTUBHOCTEIO U3IIyYeHUs He MeHee 60
m/BT;

JlanHas pa3paboTKa MO3BOJMT PaCUIMPUTh HOMEHKIIATYpy CBETOTEXHUYECKHUX M3/eInil Ha Poccuiickux
PBIHKAX OBITOBOM M CIICIMAIBHON TEXHUKH.

JInst BBINOJHEHMS JTHX 3a4a4 ObUIO HPHHSATO PELICHHE O NMPOBEICHHU MOACPHU3ALMU HMEIoLIeiics
ycranoBku AIX2400G3 HT. MoaepHU3alys YCTaHOBKH MPOBOJIMIIACH 110 CIIETYIOIIUM HAalPaBICHUSIM:

— Ilepexon oT KoH(HUTrypamuu peakTopa 5x3 qroiiMa Ha HOBYIO cucTeMy 11x2 mioiiMa;

— OOHOBIIEHHE CHCTEM OYHCTKHU T'a30B;

— Mogaepuuzanus tuHuu crtana SiHy;

— Mopepuuzanus muanii TMIn.

ITepeHOC TEXHOIOTUH BBIPALIMBAHHS SIPKHX CBETOAUOTHBIX CTPYKTYp ¢ KOHGHUTrypamuu 5x3 mioiimMa Ha
HOBYIO cucTeMy 11x2 mioiiMa ITaHHPOBAIOCH OCYIIECTBUTE II0 OTPAOOTAaHHOH cxeMe (II0CIOHHO).

ITepexon Ha HOBYIO KOH(UTYpAlUIO PEaKTOpa MO3BOJIMI OCYLICCTBHTH HOBBIC TEXHOJOTHYECKHE
peIIeHNs, NPHMEHEHHE KOTOPBIX paHee He NPUHOCHIO OXKHIAEeMBIX pe3ylbTaToB. B dmcie HoBIIEeCTB
CIIeyeT OTMETHUTH:

- VYBenuyenue tommuHbl OydepHoro GaN cmos n-tuma ¢ 3 go 4,5 mkMm. Jlocturayra
TO/IBIKHOCTh HOCHTeNeH 3apsina 532-546 cM?/Becek. Panee MOJIBMXKHOCTH HE TpeBblimana 480 cM?/Becek.
CretyeT OTMETHTb, YTO TaKOE BBICOKOE 3HAUEHHE NOJBUKHOCTH HOCHTENEH 3apsia MOTyYeHO HE TOJIBKO
M3-32 YBEJIMYCHHS TONMIMHBI OY(EpHOTO CII0s, HO U 32 CYET YBEJIMUYCHUS CKOPOCTH POCTa A0 2 MKM/4ac Ha
HOBOH KOoH(UTyparun peakropa. VIMEHHO CKOPOCTh pocTa 2 MKM/4ac SIBISETCS HanOoJee ONTHMAIbHOU
CKOPOCTBIO JUIS BBIPAILIMBAHUS II/TT KPUCTAIIOB Ha OCHOBE coefauHeHui GaN, uTo Takke MOATBEPKICHO
HaMH OKCICPUMEHTAIbHO. YBEIUUCHHE TOIIIMHEI Oy(epHOro cios M ONTHUMH3AIMS CKOPOCTH POCTa
NIPUBOJHUT K CHIDKGHHIO IUIOTHOCTH He(heKToB. JTOT ()akT MOATBEP)KNACTCS yMEHBIICHHEM IMHPUHBI
MaKCHMyMa PEHTI'€HOBCKOM AU(paKIMy o Kpucramiorpadguueckum HanpapiaeHusM (002) u (114).

- Poct crmoeB InGaN axtuBHOH obmactu ¢ A = 460 HM mpu Oomee BBICOKOH TeMIepaType
(~ 820 °C). D10 NpPUBENO K YBETHYEHHIO HHTEHCUBHOCTH (POTO- M SEKTPOTIOMHHECIEHINN GoJiee 4eM B
IBa pasza IPH COXPAaHCHUH 3aJaHHOH [IMHBI BOIHBI M3IydeHHA 460 HM, Tak KaK POCT DIHTaKCHAIBHBIX
cmoeB Ha ocHOBe coenuHeHnmit GaN/InGaN mpu BBEICOKOI TeMmepaType IMO3BOJSIET MONydaTh Oolee
COBEpIIEHHbIE KPHCTAJUTHIECKUE CIIOH.

OnbIThI, TPOBEJCHHBIC HA HOBOM KOH(UTypaluu peakTropa, MO3BOJIMIN BriepBble B npakTuke POALL-
BHUUT® nomy4uts CBETOAMONHBIC CTPYKTYPBHI 3€JICHOTO JAMama3oHa H3TydeHHS (¢ A ~ 525 HM.).
DKCIEPUMEHTHI 110 YIYUIICHHIO NEKTPOYH3UYECKUX U ONTHYECKHX XapaKTEPUCTHK CTPYKTYp AAHHOTO
JHana3oHa U3IyYeHHUs IUIaHUPyeTcs MPOBECTU B Ommkaimee BpeMs. PaGoThl B JaHHOM HAaIpaBICHHU
SIBJISIIOTCS IEPCIIEKTUBHBIMY, IOCKOIBKY IPOM3BOJHUTENCH CBETOM3IYUalOHUX CTPYKTYp TaKkoro Tuma B PO
HET.

Crpyktypsl, BbipanieHHbie B POSL-BHUNUT® Obin nepenenanslt B OAO «HUUIIII» r.Tomck B
YWl X CBETOJHOJBL. Bce UHITBI CBETOMONIOB H3TOTOBICHBI 10 OJHOI TEXHOJOTHHU CO CBETOOTAAueH ~ 45
aM/Bt npu Toke 300 MA. OznHako, ciefyeT OTMETHTh, YTO M3MEPEHHUs MPOBOAMINCH Ha KpHUCTaLIax Oe3
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YTONIIEHUS TOKONPOBOAAIIMX INHH. I[lodTOMy mOCIEZOBaTelbHOE CONPOTHUBICHHE Y CBETOAHOIOB
cocraBmier 4 OM, BMecTo pacueTHBIX 2 Om. CrenoBaTenbHO, MOCIE OKOHYAHHUS TEXHOJIOTHYSCKOTO
npoliecca clIeayeT 0)KUIaTh yBeTHIEHUE CBETOOTAAUH.

B 3aBepienny cieyeT cka3aTh, YTO IPOBEACHHAS MOJCPHH3AINS YCTAHOBKH MO3BOIHUT OCYLIECTBHTD
HOBBIC TEXHOJIOTUYECKHE OINIEPAIHH, HEJOCTYIIHBIC PaHee:

- BeIpamuBanue Al comepikariux 6apbepHBIX CIIOCB;

- POCT CJI0€B aKTHBHO# 00s1acTi pa3Horo coctapa (IngsGagsN/InygGagoN).

OT JaHHBIX TEXHOJOTHYECKMX OIEpaldil CIeZyeT OXKAaTh JOIOIHUTEIHHOTO YBEIMYCHUS
a¢dexTuBHOCTH H3MyUeHus Ha cTpykTypax POSL] — BHUNUT® eute na 30 — 40 %.

B wurore, Bnepeie B mpakTHke POII-BHUMT® BeIpamieHsl CTPyKTYphl 3€IE€HOTO JIHana3oHa
n3mydeHus (525 um). Ha momydeHHBIX U3 CTPYKTYp ¢ A ~ 460 HM CBETOAMOIaX JOCTHTHYTa CBETOOTAaqa 45
aM/BT, 4TO yXe HAaXOAWTCS Ha YPOBHE MPOMBILIICHHBIX MHPOBBIX aHAIOrOB M MMEET KOMMEPYECKYIO
LIEHHOCTb.

OPTIMIZATION OF LIGHT AND ELECTROPHYSICAL CHARACTERISTICS OF
GaN-BASED LED STRUCTURES.

A.A.Naidin, A.F.Ivanov, E.V.Ershov, S.A.Krukov, O.A.Rogachkov, O.1.Rogachkov
Federal State Unitary Enterprise Academician Zababakhin Russian Federal Nuclear Center - All-Russian
Scientific Research Institute of Technical Physics (FSUE «RFNC-VNIITF»)
Vasilyev Street, Bld. 13, POB 245, 454770, Snezhinsk, Chelyabinsk region, Russia
tel.:(35146) 5-11-21, 5-10-70, e-mail: c5@five.ch70.chel.su

Since 2008 RFNC-VNIITF started works on production of LED structures of high brightness of dark
blue radiation band and works on the development of industrial technology for growing of LED structures
of green radiation band. So the available installation of MOS hydride epitaxy AIX2400G3 HT was
modified. Modification allowed implementation of the new technological solutions which earlier did not
bring expected results. Among such solutions: thickening of buffer GaN layer of n-type from 3 to 4.5 um;
increase of the growth rate up to 2 um/h; growth of InGaN layers of active area with L = 460 nm at higher
temperature (~ 8200C).

RFNC-VNIITF has practically grown LED structures of green radiation band (with A ~ 525 nm.) for
the first time.

Light efficiency of LEDs grown from RFNC-VNIITF structures reaches 45 lm/W, that already
corresponds the level of industrial world analogues and has commercial value.

69





