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JTanbl pa3BUTHA

Ipeasioxkenue Mo CO3AAHUI0 HHBEPCHON HACEJICHHOCTH B
MOJIYIIPOBOTHUKAX IPH JIEKTPOHHOM HAKAYKE

N.G. Basov, Advances in Quantum Electronics, N.-Y.,Columbia Univ.
Press, p.506 (1961)

H.I'. bacos, O.H. Kpoxun, FO.M. IIonoB, Bectuux AH CCCP, 3, 61 (1961)

Peanu3zamusi nepBoro Jazepa Ha CdS ¢ 3JIeKTpOHHOM HAKAYKOM
H.I. bacos, O.B. bornrankeBuu, A.I. /leBsatkoB, JIAH CCCP, 155, 78 (1964)

IIpenBuaeHue J1a3epoB ¢ KBEPTUKAJIbHBIM MUKPOPE30HATOPOM),
MPOAOJbHON HAKAYKOU, U3TYYAKIIUM 3EPKAJIOM
H.I'. bacos, HoOeneBckas jexkuusi, 11 nexadops 1964.

Ipenaoxenue jgazepuoit DJIT
H.I. bacos, O.B. bornankesnu, A.C. Hacuoos, ABT. CBua. Ne270100 ¢
npuopureroM ot 1967 r. Ilarent CLIA 3558956
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JTanbl pa3BUTUs (MPOIAOJIKEHHUE)

Peanuzanus gazepuou IJAT
Parkard L.R., Tait W.C., Dierssen G.H. Appl. Phys. Lett., 19, 338 (1971).
H.I. bacos u ap. IAH CCCP, 205, 72 (1972).

Co3nanue oTnassHHOTO npudopa «KBanrockomna»
DI'YII «Ilnaran» - 1980-1991 r.

Corunamenue ¢ Pricipia Optics Ha 20 jger ¢ 1991 r.

MakeTt J1a3epHOTo MPOEKTOPA HA MOHOKPHUCTAJIAX, PA00TAIOIIMH IPH
KOMHATHOHW TeMIeparype
D®UAH coBmecTHO ¢ koMmil. Principia LightWorks Inc. CA, USA-1999 r.

Peasim3anus nepBoro Jiazepa Ha HAHOCTPYKType
DUAH coBmecTHO ¢ IlenTpom Bos1okoHHOM onTuku npu HO® PAH - 1995 .

Peanm3anus j1azepa Ha HAHOCTPYKTYpPeE ¢ PE30HAHCHO-TIEPUOINYECKUM
yCHJICHHEM

D®UAH coBmecTHO ¢ TexHOJI0rHYeCKUM HEHTPOM NPU YHUBEPCHUTETE I.
ledpunna (Beauxoopuranus) — 2004 r.
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I1aTteurnl

V.I. Kozlovsky, A.S.Nasibov, Ya.K. Skasyrsky. Laser screen for a cathode-ray
tube. US Patent #5339003.

N.V. Derdyra,V.I. Kozlovsky. Laser screen cathode-ray tube with beam axis
correction.. US Patent #5280360.

V.I. Kozlovsky, A.A. Kolchin. Laser screen for a cathode-ray tube and
method for making same. US Patent #5313483, 1994.

V.I. Kozlovsky, A.A. Kolchin. Method for making a laser screen for a
cathode-ray tube. US Patent #5283798, 1994.

V.1. Kozlovsky. Laser screen for a cathode-ray tube and method for making
same. US Patent #5254502.

A.M. Akhekyan, V.I. Kozlovsky, A.S. Nasibov, M.N. Sypchenko, [.A.
Krykanov. Laser screen cathode-ray tube with increased life span. US Patent
5374870, 1994.

V.I. Kozlovsky, B.M. Lavrushin. Laser cathode-ray tube. US Patent #
5687185, 1997, Nov. 11, PCT Pub. Date: Jul.7, 1994; Priority Date: Dec.28
1992 [Ru].

A.S. Nasibov, P.V. Reznikov. Semiconductor laser screen of a cathode-ray
tube. US Patent No. 5317583, 1994.

V.I. Kozlovsky, B.M. Lavrushin. Laser electron-beam tube. European Patent
No. EP 0696094 B1, Bulletin 1999/41.
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JIazepHbie DJIT Ha MOHOKpHCTALIAX
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Jlazepa Ha HAHOCTPYKTYpPeE C Pe30HAHCHO-
NepuoIUUYECKNM YCHJIEeHHEM

Al DBR QWs DBR Substrate

\

| B-besm oW actve e OntumansHoe yncno KA — 15-25
['myOouHa Bo30ykaeHUs — 4-5 MKM
inversion concentration HepI/IOI[ —m- ;\,/ZN
* JlnvHa BOJIHBI B CTPYKTYypE — 0,2 MKM

2 bulk active layer

e-h pair concentration (a.u.)

& / K4 101KHBI OBITH B ITyYHOCTSIX CTOSTYEH
BOJIHBI, COOTBETCTBYIOIIEH MAKCUMYMY

o] 5 10 15 20 25 30

Depth (a.u.) YCI/IHCHHH

Quszuueckuti uncmumym um. 11.H. Jlebeoesa PAH



KpacHbii jgaszep Ha HaHOCTPYKTYpe GalnP/AlGalnP
c25u 13 KA

Threshold e-beam current (uA)

4.38 mxMm AlGalnP nmaccuBHEBIN ciioi
8 oM GalnP 25 cinoes

193 am AlGalnP 25 cioes

3epkana - 99 u 94 %

700 —

Jlazep ¢ MomHOCTHIO 8 BT Ha
HaHOCTpyKType ¢ 13 KA n

600 -

500 -

400 -

300

200

100 -+

0 T T T T T T T T T T

10,5 IBYMs OpP3ITOBCKUMU 3€pKajlaMu
| AlAs-AlGaAs

T
©
o

.,.
e
&)

,.
»
(&)}

fim ] b 3 4 3 2 !

20 25 30 35 40 45
Electron energy (keV)

MN3o00paxkeHne ckojia ja3epa B
30HJJOBOM MUKPOCKOTIE

Qusuyeckuti uncmumym um. 11.H. Jlebeoesa PAH, Principia LightWorks Inc., USA
The University of Sheffield, EPSRC National Center for IlI-V Technologies, UK
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Mopaeas J1azepa
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3aBMCHUMOCTH MOPOIra U JVIMHBI BOJIHbI TeHEPALIUU OT
nojioxkeHus K5 B pezonarope
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MoskeT BOBHUKHYTh CUTYAIIMs, KOT/Ia PE30HAHCHAs CTPYKTypa HE J1aeT
BBIMTPBIIIIA 10 CPABHEHUIO C XaOTUYECKH pacroioxkeHHbiMU KA. Torna namo
BBOJIUTh OTCTPOMKY WJIH «JAC(PEKT.
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Bo3MOKHBIEC BAPUAHTHI 3€JICHOIO
U CHHEIO Jia3epa
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Crpykrypsl ZnCdSe/ZnSSe Ha GaAs
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ZnCdSe/ZnSSe ¢ 40 KS1

IIpo0seMa — BBICOKME BHYTPEHHUE HAIIPSIKECHUS B CTPYKTYPE
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JIazep ¢ momHOCTHIO 2 BT mipu 550 HM Ob11 peann3oBan Takxke Ha cTpykrype CdSSe/CdS
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XapaKkTePUCTUKH JIa3epa HA HAHOCTPYKTYpe
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YO gazep (225-330 uMm, 0.1-1 B1)- npoekT

KaToJ /1 HAHOCTPYKTypa  HEJIMHEHHBIA KpHCTAILI

XJ1aJIQIPOBO BHEIITHEE 3€PKAIO0
——

i

450-660 uM 225-330 aMm

10 -15 c™m

Peanmmn3oBana HernpepbiBHAS TeHepanusa Ha 338 HM C MOIITHOCTBIO
0.12 BT ¢ ont4eckoil Hakauko BTOpoi rapMoHukoi Nd- sazepa c
nuoaHON Hakauko — (Appl. Phys. Lett. 89, 061114 (2006), UK)
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IIpobsema — cozmanue d3PpPeKTHBHOr0 HCTOYHHUKA
MOHOXPOMATUYECKOI0 N3JIyUYeHNsI B BUAMMOM 00/1aCTH
CIIEKTPA IJIfl CBETOKJIANAHHBIX AMCILUIEHHBIX TEXHOJIOT Uil

B HACTOAIICC BPCMA UCIIOJIb3YIOTCA JJaMIIbl C IYTOBBIM Pa3psa10M

Hoesbie pazpabomku

SemLED — cunue u 3enensie GalnN cBeromuonsl, 1.4 Bt (10 %),
manas sapxocms (aBryct 20006)
Q-peak — TBepmoTENbHBIE TA3EPhI C JUOTHON HAKAYKOM, HMITYJIHCHO-
spuoanyeckuit pexxum, 22.5 kI'n, 15.4 Bt cpeanss (< 4 %),
8blCOKast cmoumocmo, cnekivl (Mronb 2002)
Coherent — yagsoenue 4acToTsl B J1a3epe Ha IOIYIIPOBOAH. HAHOCTPYKTYPE C
TUOAHOM Hakaukou, Henp. 15 Bt Ha 488 aM (27 %) u 5 BT Ha 460 M (15 %),
sbicokas cmoumocmo, cnekivl (2004 Photonics West)

Novalux - yasoenue 4acToThl B MaTpHIlE MHKEKIIMOHHEIX J1a3€pOB ¢ BHEIIHUM
pkasioM, 0.75 Bt Ha 620 aMm, 3 BT Ha 535 M, 3 BT Ha 465 HM, oxxugaeMas
bdbexTuBHOCTH - 15 %

sbicokas cmoumocmob (August 2006)
®UAH - Principia LightWorks — JIDJIT ua nanocrpykrypax, 9.4 Bt na 640 um
(11 %), 3.2 Bt 1a 535 uwMm, 1.5 Bt Ha 460 M (;1exadps 2006)
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IIpoeKkTOpbI ¢ KCEHOHOBOU JIAMIIOU
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‘ Jlazepsl 1 TUCIIJICUMHBIX IPUMEHCHUH
Coherent Novalux

Output
coupler

Thermal lens

Cooler DBR MQW NLO crystal external n- contact \ p-contact
mirror

DBR BeO
AN

Crpykrypa u3 [II-V coennHeHnit ¢ pe30HaHCHO-TIEPUOANYECKAM YCUIICHUEM
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‘ JlazepHast DJIT Kak MCTOYHUK M3JTYYEHUS IS

MMACCUBHbLIX JTUCILJICC
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Quszuueckuti uncmumym um. 11.H. Jlebeoesa PAH,
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IyOoMKanym 0 JaHHOM TEXHOJIOTUH

eVCSEL light source
provides |
deep colors

Laser Focus
World, May 2005

MICHAEL D. TIBERI

FIGURE 1. An eVCSEL Ight source (top; laboratory protolype)
1s dectron-beam-pumped; the eeclron beam Is scanned as
In a cathoda-ray fuba. The eVCSEL preducas high-quality rad,
arean, end blue It (bottom).

he use of lasers as light sources for rear-pro-  sociated UV and [R emission is also eliminated, operating
wection television (RPTV) has captured the  lifetimes are signibcantly longer (exceeding 10,000 hours),

attention of manufacturers in the drive to and the directionality and small divergence angle of laser
create true-to-life, movie-theater-quality light cones allow for simple cptical coupling.
imagery in the home. Microdisplay technol- These advantages, however, have vet 1o be made into a
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‘ IIy0auKanuu 0 JaHHOM TEXHOJIOTUH (TMPOA0JIKEeHHUEe)

Photonics
West-2005

Michael D. Tiberi ®, Dr. Vladimir I. Kozlovsky’

Electron Beam Pumped VCSEL Light Source
For Projection Display

"Principia Lightworks, Inc., 6455 Independence Avenue, Woodland Hills, CA91367
"PN. Lebedev Physical Institute, 53 Leninsky Prospect, 119991 Moscow, Russia

LEDs may be the first solid-state technology to be
used in RPTVs, but Don Klein, VP of business devel-

C Ompound opment at Principia Lightworks in Woodland Hills, CA,
P considers lasers to be the light source of the future. “The
reason LEDs have got any traction is because of the

Semiconductor, ot any

industry’s need to replace UHP lamps, and the costand
power efficiency obstacles to a broad adoption of laser
light sourcing. Principia’s eVCSEL [electron-beam-
pumped-vertical-cavity surface-emitting lasers] over-
comes those obstacles.”

October 2006

eVCSELs

VCSEL:s are preferable over their edge-emitting coun-
terparts because they can be grown and tested on a sin-
gle wafer, reducing manufacturing costs. Principia’s

light that a microdisplay
necessitates. Nevertheless,
they do maintain the char-
acteristics that make lasers
a tempting alternative to
UHP lamps and LEDs: a
30,000 lifetime (as long as
the TV itself) and a color
gamut that is more than
double the requirements of
the US standardizing body,
the NTSC.

The trick up Novalux’s
sleeve, however, is the

“Lasers offer the
widest color gamut
— substantially
greater than
phosphors or LEDS.”

Don Klein

variety of devices aside Princiols. Cighitwoike

a Current products soon to be demonstrated include ...

Novalux NECSEL™ arrays

Projection
summit,

Principia LightWorks eVCSEL

June 2006 Coherent OPSL

e o | ¢ | @

NOVALUX

Plus others to be announced ...

Novalux 3W Laser
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3aKJII0UCHHE

JIazepsl HA 11/TT HAHOCTPYKTYpPAX C KATOIHO-JTyYE€BOM HAKAYKOM SIBJISIIOTCS
MEPCIEKTUBHBIMUA UCTOYHUKAMU CBETA JJISL TUCTIJIEMHBIX TEXHOJIOTUM.

KpacHhwiii nazep. JIOCTUTHYTHI BBICOKHE XapaKTEPUCTUKU 1O 3PHEKTUBHOCTU
naszepa, 1o 12 % npwu sueprun 40 k3B 1 KOMHaTHOU TEMIIEpaType. YPOBEHb
pa3padbOTKH OJIU30K K MPOMBIILICHHOMY OCBOCHUIO OTHAsHHBIX TPUOOPOB.

3enenviii u cunu 1azepwvl. TpeOyIOTCS JaIbHEUIIINE YCUITUS T10
COBEPIICHCTBOBAHUIO TEXHOJOTUH MOTYYEHUSI COOTBETCTBYIOLIMX
HAHOPa3MEPHBIX CTPYKTYP.

HMMeroTcsa xopoliure epCueKTUBbI OCBOEHU YD quara3oHa: CO3/1aHUE
3((GEeKTUBHOTO MajgoradbapuTHOro jaszepa ¢ momHocthio 0.1-1 BT B
CIIEKTpaJIbHOM Auana3oHe 225-330 Hwm.

HayuHble OCHOBBI M TEXHOJIOTHS MOJYYEHUS] HAHOCTPYKTYP JJI BUAUMOM
00J1aCTH CIIEKTPA MOTYT OBITh UCIOJIB30BAaHA B JIa3epaxX C ONTUYECKON HAKAYKON
Ja3epHBIMM U0 1aMHu Ha ocHOBe GaN.
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IlapTHEpHI

Principia LightWorks Inc., CA, USA
NHCTUTYT palMOTEXHUKH U 3eKTpoHUKH, JTab. MOCVD
EPSRC National Centre for III-V Technologies, University of Sheffield, UK;

[{enTp BosnokoHHOM ontuku nipu MOD PAH

I’ panThI

POOU, rpantsr 05-02-16390, 07-02-01139

[Tporpammbl ODH PAH «KorepeHTHOE ONTHYECKOE U3ITYyUYECHUE
MIOJTYITPOBOJIHUKOBBIX COCIMHEHUN U CTPYKTYp», «HOBBIE Marepualibl u

CTPYKTYPbD»
[TIporpamma «Hayunsie mikombpy, rpant 6055.2006.2; YHK ®UAH

Kontpakrt ¢ Principia LightWorks Inc.
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spire

NEWS RELEASE

Spire’s [Bandwidth|Semiconductor Subsidiary Signs a Manufacturing

greement with|Principia|Lightworks for Rear-Projection Television Laser Wafers

Bedford, MA —|September 5, 2006/ — Spire Corporation (Nasdaq: SPIR) announced today that its wholly owned

subsidiary, Bandwidth Semiconductor, LLC (Bandwidth), entered into a

five-year manutacturing a

[3)
o

reement fin which it

will be the exclusive supplier to Principia Lightworks. Inc. (Principia). of semiconductor wafers. enabling Principia. a

Woodland Hills, California firm, to begm high volume production of its patented device, an electron beam pumped
vertical cavity surface emitting laser (eVCSEL) as a light source for projection display applications, cluding

ro;n‘-pmicvtinn consumer television (RPTV)

Under the terms of this_agreement. Bandwidth will be producing [I1I/'V and [I/VI wafers for Principial with full

production expected tofstart i mid 2007| During the first three years of the agreement, Bandwidth anticipates revenues
will be in excess of [S16 millionfwhich mcludes revenue from the production of wafers and recognition of certain

nonrecurring engineering and facility access payme

$16 million

Bandwidth will begin the scale-up of its existing metal organic chemical vapor deposition (MOCVD) and related
processing facilities to satisfy Principia’s requirements. Principia has made an up-front payment for nonrecurring

Duzuyeckuti uncmumym um. I1.H. Jlebeoesa PAH




