New Brunswick, NJ 08901-8500

THE STATE UNIVERSITY Phone: (848) 932-5730 + Fax: (732) 932-8644
OF NEW JERSEX e-mail: both@sebs.rutgers.edu
Web: http://horteng.envsci.rutgers.edu/

A.J. Both, Ph.D.

l | I ‘ E RS Bioenvironmental Engineering
Department of Environmental Sciences

14 College Farm Road

November 22, 2019

Re: Review of the dissertation abstract titled: "Stabilization of Thermal and Electric Modes in Filamentous
Modules of Light-emitting GaN/InGaN Diodes" by Danil Gennadievich Starosek

To Whom It May Concern,

In October 2019, | was approached by Danil Starosek with the request to review the abstract of his
dissertation. | never met, nor interacted with Danil prior to his request. | have conducted my own research on
various light sources used for horticultural applications. My laboratory conducts independent testing of light
sources used to promote plant growth and development. Therefore, | believe | am well suited to provide an
independent review of Danil’s dissertation abstract.

Semiconductor light sources are rapidly becoming the most widely used sources for general-purpose
illumination. They are also used in a wide range of other applications: from measuring devices to household
appliances. Many of the solid-state lighting (SSL) developments are based on light-emitting GaN/InGaN diodes.
Modern SSL light sources must have high electrical, thermal, and light output stability, and should also be
environmentally friendly (i.e., reduce or minimize pollution). As a result, the work presented in the
dissertation abstract is highly relevant to the current situation with regard to SSL.

The dissertation abstract presents a novel and original construction method for filamentous light-emitting
modules that are typically integrated in a traditional standard-base Edison-type light bulb. The developed
approach allows for an increase in efficiency of the light-emitting device, as well as for an extended device
lifetime. The abstract also discusses future opportunities to further improve the design by incorporating a
power supply with fewer electronic components. These improvements clearly push the technology forward,
and also reduce its environmental impacts.

The research performed is of high quality. The author conducted a detailed analysis of the current state of SSL
developments. He formulated a hypothesis and conducted simulations. He performed experimental work that
confirmed the adequacy of the developed model and the correctness of the assumption that were made. The
author also investigated options for increasing the thermal and light output stability of the filamentous
modules of GaN/InGaN diodes. This work has resulted in a number of specifications for the production of light-
emitting modules using filamentous diodes.

The results are novel and sound. According to the abstract, 24 publications were produced, including 2 peer-
reviewed articles that were included on the State Commission for Academic Degrees and Titles list, 4 articles
included in the WoS and SCOPUS databases, and 2 patents granted by the Russian Federation.
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As a researcher working on horticultural lighting applications | wanted to add a few observations/questions
about the research discussed in Danil’s dissertation abstract:

1. What are the advantages/disadvantages of filamentous LEDs compared to traditional LEDs?

2. For what applications are filamentous light-emitting diodes (LED) most suitable and what is the
potential (monetary) market for those applications?

3. What are the typical light intensities produced by filamentous LEDs? Note that most horticultural
applications require high intensity lamps.

4. Do filamentous LEDs provide opportunities for controlling the spectral output? If so, how is this
accomplished?

5. How does the dichotomy method impact the light distribution pattern emitted from filamentous LEDs?

6. Would it be possible to better quantify the potential improvements your work contributes to the
design and operation of filamentous LEDs?

Overall, the dissertation research is of high scientific and practical value, and, | believe, meets the
requirements for dissertation research by the Higher Attestation Commission of the Russian Federation. | fully
support the notion that Danil Gennadievich Starosek be awarded his degree in Technical Sciences with a
specialty in Physical Electronics.

Please feel free to contact me if you feel | can be of further assistance.

Sincerely,

A.l. Both
Professor and Extension Specialist
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Director of Depa@kdthh’luhan Resources

Department of Environmental Sciences
Rutgers University
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Tema: OT3blB Ha aBTOpedepat aucceptauumn «Ctabunusalua TENNOBOro U 3reKTPUYECKOro
PEXMMOB B HUTEBUAHbLIX Moaynsax cseTomsnydawowmx GaN/InGaN puopos» Crapoceka
[JaHuna NeHHagbeBunya

[na npegbaBneHus no TpeboBaHUo

B oktabpe 2019 roga ko MHe obpatunca [aHun Crapocek ¢ npocbboM faTb OT3blB Ha
aBTopedpepaT ero gucceptauun. A HUKorga He BCTpeuarncs U He obLlancsa ¢ JaHunom go
ero obpaweHusd. A 3aHWMalCb UCCMegoBaHUsIMU - PasnuyHbIX WCTOYHUKOB CBETa,
ucrnonb3yemblX B pacteHnesogcTse. Mo nabopaTtopus NpoBoAUT HE3AaBUCUMbIE UCTIbITAHUA
WUCTOYHMKOB CBEeTa, UCMONb3yeMblX ANA CTUMYMNUPOBAHUS pocTa U pasBUTUSA pPacTEHWUN.
MNoaToMy A cuuTal, 4TO A BriofnHe crnocobeH MNpefocTaBUTb HEe3aBUCUMbIA OT3bIB Ha
aBTopedbepaT auccepTauumn JaHuna.

MonyrnpoBOAHUKOBbIE ~ UCTOMHUKM  CBETa  CTPEMWUTENBHO  CTAHOBATCA  CamblMu
pacrnpocTpaHeHHbIMU UCTOYHMKaMU OCBelleHuss o6Lllero HasHauyeHus. OHu  TaKke
MCMOoMb3YKTCH B LUMPOKOM CNEKTpe APYrux cpep NpUMEHEHUs: OT U3MEPUTENBHON TEXHUKU
Ao ObiToBbIX NpubopoB. MHorue paspaboTkn B obnacTM TBEPAOTENbHOrO OCBELLEHUS
OCHoBaHbl Ha cBeTouanyyawwwmx gunogax GaN/InGaN. CoBpeMeHHble MonynpoBOAHUKOBbIE
WUCTOYHMKWU CBeTa [OIDKHbl WUMETb BbICOKYHO 3MEKTPUYECKY0, TEMMoBYK W CBETOBYIO
CTabunbHOCTb, a TaKkKe OOIMKHbl ObiTb 6e3BpedHbIMW ONSA OKpyXKawLllen cpedbl (TO ecTb
yMEHbLUAaTh UNu MUHUMU3UPOBATL 3arpa3HeHue). Takum obpasom paboTa, npeacTaBneHHas
B asTopedbepare auccepTauuu, OYeHb akTyanbHa And Tekyllen cutyaumuu B cdpepe
nornynpoBOAHNKOBOIO OCBELLEHUS.

ABTOpedepaT AguccepTauuu MNpeacTasnsaeT HOBbiA U OpUruMHarbHbI METOo4 MOCTPOEHUSA
HUTEBUOHbLIX CBETOU3My4yallux Moaynen, KOTOpble YCTaHOBMNEHbl B  KOHCTPYKLUIO
TpaAuLUVOHHOW namnbl HakanueaHusl. Pa3paboTaHHbli NMogxo4 MO3BONSAET MOBbICUTHL
3(PEeKTMBHOCTL CBETOMU3NYYalOLLEro YCTPOUCTBA, a TakkKe YBENMYNTL CPOK ero criyxbbl. B
aBTopedhepaTe TakKe 0o6CYXOAlTCA BO3MOXHOCTU [JafbHEWLIEero coBepLUEeHCTBOBaHUA
KOHCTPYKUMM 3@ CYeT BKMOYEHUA UCTOYHMKA MUTaHUA C MEHbLUMM KONMUYECTBOM
SMEKTPOHHLIX KOMMOHEHTOB. O3TW YNYuLIEHUss $BHO MPOABUraloT paccMmaTpusaemyto
TEXHOMOruto Brepes, a Takke no3BonsaioT yMeHbLUWTL BO3AENCTBUE Ha OKPYXKatoLLyio cpeay.
[poBefeHHble UCCrefoBaHNsA OTNUYAKTCH BbICOKUM KayecTBoM. ABTOP NpoBen noapobHbIit
aHanus TekyLLero cocTosiHus B obnactu pa3paboTok nonyrnpoBoaHUKOBOro ocselleHuns. OH
chopMmynupoBar rurnoTesy WU Mposen MoAEenuMpoBaHUe. BbiMonHWUm aKcnepuMeHTansHyo
paboTy, KoTopas noaTeepauna ageksaTHOCTb paspaboTaHHOW MoJenu U NpaBurbHOCTb
BbIABMHYTOrO TMpPEeanonoXeHud. ABTOp TakKe Wccrnegosan BapuaHTbl MOBbILWEHUSA



CTabunbHOCTK TEMIOBOro peXxunMa 1 CBETOBOIO Bbixoga HUTeBnaHbIX Mogynei GaN / InGaN
Avopdos. B pesynbTate nposBefeHHou paboTbl Obin paspabotaH pan pekoMeHgauui ans
Npoun3BoACTBa MoJyrei Ha OCHOBE CBETOU3NyYatoLnx JUOL0B.

PesynbTaTthl ABMNSAIOTCA HOBbIMM U obOOCHOBaHHbIMKW. CornmacHo asTopedepaty, Obino
onybnukosaHo 24 paboTbl, B TOM u4ucre 2 cTatby, npowejluve peleH3MpoBaHue B
XypHanax BKIOYEHHbIX B nepedveHb BAK, 4 ctaTbu, BKMOYeHHble B 6asbl gaHHbIX WoS #
SCOPUS u 2 nateHTa Poccuitckon degepalunei.

Kak uccnegosartens, pabotatolui B o6nact ocBeLleHns AN pacTeHeBoACTBa, A XOoTen
AobaBuUTb HECKOIbKO 3ameyaHuit /| BOMNPOCOB OTHOCWUTENBHO WCCMeaoBaHusi, KOTopoe
obcyxpanock B aBTopedeparte guccepraumm JaHuna:

1. KakoBbl npeumyllectBa / HeOocTaTKh HUTEBUOHbIX CBETOAMOOOB MO CPaBHEHUIO C
TpaauLMOHHLIMUY cBETOQMO4aMN?

2. B kakoi obnactu npumMeHeHWs Haubornee nepcrneKkTBHbl HUTEBUOHbIE CBeToAMoObl U
KaKoB NoTeHUWanbHbIW (4EHEXHbIA) PbIHOK B 3TUX obnacTsax?

3. KakoBa cpeHAs UHTEHCUBHOCTb CBETa HUTEBUOHbLIX cBeTOAMoA0B? ObpaTute BHUMaHue,
4TO AN pacTeHMeBoAcTBa TPebyHTCH Namribl C BbICOKON UHTEHCUBHOCTLIO.

4. ViMeeTcd NU BO3MOXHOCTb YNpaBrfieHWs ChekTpanbHbIM COCTaBOM W3My4YeHUs B
HUTEBUOHbLIX cBeTOAModax? Ecnu aa, Kak aTo gocTuraeTcs?

5. Kak mMetog OMXOTOMUWM BNUAET Ha pacnpefeneHne cBeta, U3ny4aemoro HUTEBUAHLIMU
cseToguogamn?

6. MoxHo nu Gonee noapobHO OLEHWUTb KONMWYECTBEHHbIE MOKa3aTenu noTeHUuanbHbIX
yrydlleHuin, KoTopble paccMatpusaemas paboTa BHOCUT B pas3paboTky W aKchnyaTauuio
HUTEBUOHbLIX CBETOONOO0B?

Takum obpa3oM g cumTaro, YTo gUCCepTaLMOHHOE UCCnegoBaHue UMEET BbICOKYHO Hay4yHyto
1 NPaKTUYecKyto LLeHHOCTb U oTBevyaeT TpeboBaHUAM K UuccepTalMoHHbIM UCCneLoBaHuam
Boiclwien atrectaynoHHo komuccumn Poccuiickor ®egepaunn. A NONHOCTLIO NogAepKuBato
MHeHue, uyto [aHuny [eHHagbesuuyy Crapoceky AorkHa ObiTb NpUCYXKOEHa CTerneHb
KaHaugaTa TeXHU4Yeckux Hayk rno cneuuansHocT 01.04.04 «Pusnyeckas aneKTpoHUKay.

o Bcem BonpocaM npockba obpallaTtbecs Mo ykasaHHbIM KoHTakTaMm, Byay pag nomMoub.
C yBaXeHueM,

A. [x. bot
Mpodpeccop 1 creyuanucT no pacnpocTpaHeHUIo 3HaHUM

Mognuck A. [Ix. bota 3aBepsio,

[asH Ckoybo

[vpekTop oTAena Kagpos

[enapraMeHTa Hayk 06 okpyxatoLlen cpege
YHuBepcuteTa Patrepc



