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Ilenbio HAcTOSAIEr0 MCCTEOBaHMS ObIJIO PEaJn30BaTh CHCTEMY, NO3BOJISAIONIYIO YHPABJATb NMapaMeTpaMu U3-
JIy4eHUsI PeryJIpyeMoro IMOJyNPOBOJHUKOBOTO HMCTOYHNMKA M3Jy4eHUs] Ha OCHOBe Ja3epHoro jauoga. s aroro
YCTPOUCTBO M3MEHsET TOK M TEMIIEpPaTypy NOJYIPOBOJHIKOBOIO MCTOYHNKA M3JIy4EHHs, YTO IPUBOJAUT K M3MEHe-
HUIO0 MHTEHCUBHOCTH U JUIMHBI BOJIHBI M3Jy4eHHd. Tak:ke B ycTpOICTBO 6bLI f06aBieH (YHKINOHAN JHCTAHIHOH-
HOTO yTIpaBJIeHNs TTapaMeTpaMy M3JIydeHus depe3 BeG-cepsep.

Katouesvie caoea: cMelieHue JUIMHBL BOJIHDBI, TEMIEPATYPHAst 3aBUCUMOCTD, TIOJTYIPOBOJAHUKOBbIHA JIa3epHbIii
JIMO/I, TIOJTYyIIPOBOIHUKOBBIN cBeromo; wavelength shift, temperature dependence, laser diode, LED.

BBeaenne

[TosrynipoBOIHNKOBBIE JTA3€PHBIC JUOBI ITUPOKO MPUMEHSIOTCS B TEJIEKOMMYHHUKAIIMOHHBIX CUCTEMAaX, CHEKTPO-
CKONMY, OGHOMEAMIIMHCKOW BU3yaJaH3allii W CUCTEMaX HaBHUTAIuy 6Jjarogapsi X KOMIIAKTHOCTH, BBICOKOH addek-
THBHOCTU ¥ BO3MOKHOCTHU YIIPaBJIEHUS [JIMHOW BOJHBI uasydeHust [1, 2]. OgHuM U3 KI0YEBbIX MapaMeTpOB, OIpe-
JIEJISTIONTNX CTAaGUIBHOCTD U TOYHOCTD WX PAGOTDI, SIBJSIETCS JJIMHA BOJIHBI, KOTOPAsl CYNIECTBEHHO 3aBUCUT OT TEM-
neparypbl paboueil o6acTu U TOKa Hakauku [3].

TeMneparypHasi 3aBUCHMOCTb J[IJIMHBI BOJHBI OOYCJIOBJI€HA KaK TEPMUYECKHM PACHIMPEHUEM pEIIeTKU, TaK
U U3MEHEHUEeM ITUPUHBI 3aMPeNieHON 30HbI TOTYIPOBOJHIUKOBOTO MaTepuasa, YTo IPUBOIUT K CIBUTY CIIEKTPA U3-
sydenust Ha Beamunny nopsaka 0,3 M/ °C [4]. YBeiudyeHne Toka HaKa4KH, B CBOIO OYepe/b, BJIMSET HA IJIOTHOCTD
HOCHUTEJEH U BHYTPEHHHI HATPEB aKTHBHOM 00JIaCTH, YTO TaKyKe MOJKET BBI3bIBATD M3MEHEHWE [JINHBI BOJHBI [5].
IMonumanwe 3TUX 3aBUCHUMOCTEH KPUTHYECKH BAYKHO [JIsT Pa3paGOTKH CHUCTEM C Y3KOMOJOCHOH MOIyJisiiueit
U TEMIIEPATypPHOil cTabuin3anueii.

Ienbio atoit paboThbl sBJsieTCsT pa3paGoTKa CUCTEMbI JUCTAHIIMOHHOTO YIIPABJEHUS [JIS PEryJHPyeMOro IoJy-
MIPOBOJTHIKOBOTO MCTOYHUKA U3aydenus. Cucrema OyjeT MO3BOJISATb U3MEHSTH JJIUHY BOJHBI M3JYYEHUsS JIa3ePHOTO
JIMO/Ia TTyTeM BapbUPOBAHUST TEMIIEPATYPHI U BEJMYUHBI TOKA HAKAYKH.

Cxema IKCIIEPpUMEHTAJIbHOI'O MaKe€Ta

SKCHepHMeHTaHbeIﬁ MaKeT MO3BOJIAET NMMPOU3BOAUTD U3MEPEHNE NHTECHCUBHOCTU M CIEKTPa U3Jy4Y€HUSA B 3aBU-
CUMOCTHU OT IOJaBaeMOTr0o Ha UCTOYHUK U3JY4YE€HUA TOKA W TEMIIEPpATypPhI.

Cxema 9KCIIEPUMEHTAJIbHOTO MaKeTa COCTOUT U3 JIBYX yacTeil: cucrema pacopenesienuda IMUTaHuAg U CHUCTEMa
yipaBJieHUA. CprKTypHaH CXeéMa CHUCTEMbI yIIpaBJEeHUA ITOKa3aHa Ha pUC. 1.
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Puc.1. CrpyKkTypHas cxXeMa CUCTeMbl YIPaBICHHI
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Cucrema pacrpefiesieHUsT MUTAHUS GbLTA BBITIOJTHEHA HA OCHOBE JIMHENHBIX CTAOMIN3ATOPOB HANPSIKEHUS W TO-
Ka ¢ TOYHOCTBIO TOJIEPKAHUS 3a[JaHHOTO 3HaYeHus +1%.

AJITOpUTM yTipaBJjeHust ObLT CJIEAYIONIM:

1) Ho/Mb30BaTENb 3a/1a€T 3HAUYEHUE TEMIIEPATYPbl M TOKA MCTOYHUKA M3JIyYEHUS Ha MEPCOHATBHOM KOMIIBIOTEDE;

2) Raspberry Pi 3 mnepenaer mannbie Ha ITAII, ynpasasonmil apaiisepom ajemerta IleJbTbe, TakKe JaHHBIE
ornpasJgiorcs Ha ITAII, ynpasisoniuii gpaiiBepoM UCTOYHUKA U3JIyUYeHUS,;

3) TeMuepaTypa M TOK M3MEPSIOTCS JaTYMKAMKM U 9TH 3HA4eHUs OTHpaBJisgioTca Ha Raspberry Pi 3, rae o6pa-
6aTBIBAIOTCST W TIPOUCXOANUT KoppeKius pa6oTer 1TAIT-oB.

Ha puc. 2 mokazana cxeMa 9KCIEPUMEHTATHHOTO MaKeTa.
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Puc. 2. CxeMa 9KCIepHMEHTAIbHOrO Makera: | — paamartop; 2 — OueMent IlenbTbe; 3 — TeluopacipeeuTe IbHAsS MeHAS ILIa-
CTHHA; 4 — JIaTYMK TeMIEpPaTypbl; 5 — H3MepHTeNbHAs alnaparypa; 6 — HCTOYHHK W3JIydeHus;; / — 3JIeKTPUYECKUe IIHHBI;
8 — cucrema ynpasienust Ha 6aze Raspberry Pi 3 Model B

Wcnonb3oBanue aneMenTa IlenbTbe 6bLI0 06YCIOBJICHO BO3MOKHOCTBIO KaK HAarpeBaTb, TaK U OXJIKIATh UC-
TOYHUK W3JIy4YeHUs MyTeM M3MEeHEHUS TOJIIPHOCTU TPUKJIAJBIBAEMOTO K 3JIEMEHTy HanpspKeHusa. JiaeMeHT [lenbThbe
CO3/12eT PA3HOCTb TeMIIepPaTyp MEeXIYy CBOMMHU [BYMsS CTOPOHAMHM, MO3TOMY OJHAa CTOpOHA Oblia IPUKpEIIeHa K
ATIOMUHIEBOMY PAUATOPY C IPUHYIUTETHHBIM OOAYBOM. 3a CUYET Yero TeMIepaTypa 3TOi CTOPOHBI MPUOIIKAIACDH
K KOMHATHOM, TI03BOJISISI 3HAUMTEJbHEE OXJAXK/IAThb WJM HarpeBaTb BTOPYIO CcTOPOHY asieMeHTa Ilesnbrhe, KoTOpas
6bLTa TPUKPEIIEHA K TeIIOPACIIPEeIeTUTEIbHOI MeHOIl IacTHHE, Ha KOTOPOIl BILIOTHYIO K APYT JAPYTY yCTaHaB-
JIMBAJIUCD JATYUK TeMIIepaTypbl U UCTOUHUK M3JIyUYEHUS.

Anpoﬁaunﬁ IKCIICPUMEHTAJIbHOIO MaKeE€Ta

[nsg anpobaium pa3paGOTaHHOTO MaKeTa MHCIIOJIb30BAJICS CBEPXbspKUil cBeronmoj. B tabs. 1 mpeacraieHa
3aBUCHUMOCTD JIIMHBI BOJHBI M3JY4YeHUS OT TOKA W TeMIepaTypbl cBeroamona. [lanubie Tabs. 1 mpeacrasyieHbl rpa-

¢mueckn Ha puc. 3.
Tabnumma 1

Temneparypa, °C
Ne 20 30 40 50
Ivo, A | A\ M Ivp, A | A M Ivp, A | MM Ivp, A | A, HM
1 0 657,38 0 658,78 0 662,04 0 663,9
2 0,05 658,78 0,05 661,11 0,05 662,51 0,05 664,37
3 0,15 659,24 0,15 661,57 0,15 663,44 0,15 664,84
4 0,25 660,18 0,25 662,04 0,25 663,9 0,25 665,3
) 0,5 661,11 0,5 662,51 0,5 664,84 0,5 665,77
6 0,75 661,57 0,75 663,9 0,75 665,22 0,75 666,7
7 1 662,51 1 664,84 1 665,77 1 668,1
8 1,2 664,84 1,2 666,7 1,2 667,17 1,2 669,5
672
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Crura ToKa, A
Puc. 3. 3aBucuMocCTb JJIMHBI BOJHBI N3JIyYeHHUS OT TOKA U TeMIepaTypbl
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B Ta6n. 2 mnpejcrabieHa 3aBUCMMOCTb MHTEHCMBHOCTH U3JydeHus (B OTHOCHTENBHBIX €IMHUIIAX) OT TOKA M
TeMIlepaTypbl cBetono1a. /lannbie TabJ. 2 TpeAcTaBieHbl rpadmuecku Ha puc. 4.

Ta6auma 2

Temneparypa, °C
No 20 30 40 50
Ivp, A [ I, o.e. Ivp, A | I 0. Ivp, A | I, oe. Ivp, A | I oe.
1 0 494 0 367 0 311 0 249
2 0,05 2409 0,05 1968 0,05 1206 0,05 898
3 0,15 5065 0,15 4716 0,15 2070 0,15 2028
4 0,25 8147 0,25 6934 0,25 3335 0,25 2586
5 0,5 12028 0,5 9191 0,5 5183 0,5 4303
6 0,75 16206 0,75 13482 0,75 7038 0,75 5354
7 1 16206 1 14689 1 8354 1 6588
8 1,2 16206 1,2 15312 1,2 9324 1,2 7037
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Cmna Toka, A

Puc. 4. 3aBucuMocTb MHTEHCUBHOCTHU U3JIyueHust (B OTHOCHUTEJIbHBIX e}lI/IHI/H_IaX) OT TOKa U TEMIIEPATYPhI

AHanmu3upys MOJyYeHHble JaHHbIE, MOXKHO C/IeJIaTh CJIeyTONIne BhIBOIBI:

1) YBeanuenne mpsMOro TOKa IPUBOAMT K MOHOTOHHOMY POCTY NMHMKOBOI JUIMHBI BOJHBI M3AyYEHUSI CBETOHO-
[1a, B CPEJHEM PA3HUIIA COCTABJSIET 8 HM OT MOMEHTA IIOSIBJIEHNS] CBEYEHUS JI0 TPEIETbHO OMYCTHMOTO TOKA CBETO-
JMoJ1a;

2) C TOBBINIEHNEM TEMIIEPATYPbI 3aBHCHUMOCTD «/IMHA BOJHBI — TOK» CMEIIAETCs B JUIMHHOBOJIHOBYIO 06/1acTh
Ha 1—2 uM Ha kaxapie 10 TpagycoB. ITO MOXKET ObITh OODBSICHEHO YMEHBIIEHHEM IMUPUHDI 3aMPENIEHHON 30HBI T10-
JIYTIPOBOZIHUKA U CHIKEHHEM dHeprun (hOTOHOB NPH HArpeBe;

3) VIHTEHCHBHOCTD M3JTyYeHHsI BO3PACTAaeT MOUTH JHUHEHHO ¢ TokoM a0 = 0,7—0,8 A, mocse "ero mposiBasercs
HachlllleHNe 13-32 Yero JaJbHEeHIi POCT TOKa laeT Bce MeHbIuil mpupoct usaydenus. I[Ipu 20 °C makcuMaabHas
MHTEHCUBHOCTH fnocturia ~ 16200 o.e., Torga kak npu 50 °C — Toabko =~ 7000 o.e., 4To B 2,3 pa3a MeHbIle 3HAUe-
nus npu 20 °C.

B panbheitimux paborax IUIAHUPYETCST MPOBECTU AMPOOAIUIO IKCIIEPHUMEHTAIBHOrO MAaKeTa C MOJIYIIPOBOJIHUKO-
BBIM JIa3€PHBIM JTHOJIOM.

3akouyenne

B pa6ore mpuBOAUTCS ONICAHUE CUCTEMBI NUTAHUS W AMCTAHIIMOHHOTO YIIPABJECHUS [JIS PETYJIUPYEMOro IMOJy-
MPOBOHIKOBOTO MCTOYHWKA M3JaydeHus. CucreMa TO3BOJSIET U3MEHATh WHTEHCUBHOCTD W JIJIMHY BOJIHBI M3JTy9eHUS
MyTeM PETYJIUPOBAHUS TEMIEPATYPbl M TOKA TOJYIPOBOJHIKOBOTO WCTOYHWKA W3Jy4eHUsS. ¥YIpaBJjeHne TTPON3BO-
JINTCS AMCTAHIMOHHO Yepe3 TePCOHATbHBIN KOMITBIOTED.

CO3JaHHbBIN IKCIIEPUMEHTAIBHBI MAKET CHUCTEMbI ObLI ampOOHPOBAH HA CBEPXBSIPKOM CBETOMMOJE, U3JIydaio-
IIEM CBET B KPACHOM /[HAIa30HE CIIEKTPA. DBLIO IMOKA3aHO, YTO M3MEHEHHWe TeMIePaTypbl W TOKA BJIMSET KaK Ha
JUTMHY BOJIHBI, TaK U HA MHTEHCUBHOCTb M3Jy4eHusi. [Ipy o1MHAKOBOM TOKE /IJIMHA BOJIHBI M3JIy4aeMOTO CBETA CMe-
H[ajach B JJIMHHOBOJHOBYIO ob6yiactb Ha 1—2 HM kaxzabie 10 rpamycoB. AHamornmyHoe cMelieHue ObLIO TIOTyYeHO
NpU U3MEHEHWW TOKAa ¢ MaKCHMAJbHOTO JI0 MOJIOBHHBI OT MaKCUMasbHOTO. Takske ObLTa WcceOBaHa WHTEHCUB-
HOCTD M3JIy4YeHUs, KOTopas IPU OJUHAKOBOM TOKE TOHILKaIach 6osee yeM B 2,3 pasa MpH MOBBIIMIEHUH TeMIIEPaTy-
poI ¢ 20 1o 50 °C.

BaarogapHoctu. ABropb! Bhipakaior 6iarogaphocth kKosektupy JIKO MOA CO PAH 3a nomorb B 06Cy:K-
JIEHUU PE3YJIbTAaTOB.
MdunancupoBanue. Pabora BbinosiHeHa pu noaaepskke rocoiomkera MOA CO PAH.

171

M.E. Epmakos, A./l. Tpeckos, K.I0. Cemenon

PA3PABOTKA CUCTEMbI JUCTAHIIMOHHOTO YIIPABJIEHUS PETYJIMPYEMOTO UCTOYHUKA U3JIYUYEHUA



Cnucok jsurepartypbl

—_

Coldren L.A., Corzine S.W., Mashanovitch M.L. Diode Lasers and Photonic Integrated Circuits. Wiley, 2012.

Piprek J. (Ed.). Handbook of Optoelectronic Device Modeling and Simulation. CRC Press, 2017.

3. Holonyak N., Kish F.A. Injection Lasers and Their Temperature-Dependent Wavelengths // Journal of Applied Physics.
1990. V. 68, N 6.

4. Chow W.W., Koch S.W. Theory of Semiconductor Lasers // Progress in Quantum Electronics. 1993. V 17, N 3.

5. Agrawal G.P. Fiber-Optic Communication Systems. Wiley, 2010.

o

M.E. Yermakov, A.D. Treskov, K.Yu. Semenov. Adjustable power source remote control system de-
sign.

The aim pf this work was to design the system for regulating the output radiation parameters of the ad-
justable semiconductor laser diode. This happened due to the semiconductor radiation source current and tem-
perature variation. Hence, the radiation intensity and wavelength changed. Additionally, this unit possessed
remote control of the parameters via web-server.
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