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BbIBOP NCTOYHUKA CYHEPJIOMUHECHEHTHOI'O
N3JYYEHUA NJId MUKPOUHTEP®EPEHIIMOHHOI'O METOJA
KOHTPOJISA PEJIBE®A ITOBEPXHOCTHU

B pabore paccmotpena mpobiiemMa BbIOOpa MCTOYHHKA CBETA I MUKPOHHTEP(HEPESHIIMOHHOTO METONa KOHTPOIIS
penbeda moBepxHOCTH. B HacTosimee BpeMsi OrpoMHOE BHHMAHHE YJEISETCS CYNEpIIOMHHECIICHTHBIM CBETOHO-
JlaM, TIOTOMY 4TO OHH SIBJISIOTCS ONTUMAJIBbHBIMH MCTOYHHKAMHU CBETa JUIS HU3KOKOTE€PEHTHOW MHTEp(hepoMeTpun
3a CUET CBOMX TEXHHUYECKHX XapaKTepHUCTHK. [[puMeHeHne CrieKTpallbHOr0 METO/a ISl BEISIBIICHUS! TMKOBOM JUTHHBI
BOJIHBI M3JIy4EHUsSI U IIUPUHBI CIIEKTPa UCTOYHHUKA, KOTOpast ONpe/IeNisieT JIIMHY KOTepEeHTHOCTH, 3HaunMo. [TloaTtomy
HacTosimas paboTa akTyalbHA M IIepclieKTUBHA B paboTe mocraBiieHa Ienb M MOCTABIEHA 3a/ladya MCCIEIOBAHUA.
[MpuBeneHp! QyHKIMOHAIBLHBIE CXEMbI H3MEPHUTENBLHON YCTAaHOBKM M Oiioka MoHoxpoMartopa. [lonyuens rpadude-
CKHE 3aBHUCHUMOCTH OTHOCHTEIBbHOM CHCKTpaHBHOﬁ YYBCTBUTCJIBHOCTH CYHNCPIIOMUHCCHCHTHBIX CBETOAUOO0B

Ha Pa3HbIX TETEPOCTPYKTYypax M PACCUUTAHBI JUIMHBI KOTEPEHTHOCTH AJISl KaXKI0TO HCTOYHHKA CBETA.

Kniouesvie cnosa: ATOMHO-MOJICKYJIApHAas CTPYKTYypa, CHGKTpaJ'ILHLIﬁ METOH, CyHepHIOMI/IHGCHCHTHHﬁ JAU0MI,
MUKOBas AJIMHA BOJIHBI U3JTYUCHUS, HIMPUHA CIICKTPaA, JJIMHA KOTCPCHTHOCTH UCTOYHHKA, TPpHU3Ma A666,

TeTepPOCTPYKTYPHI
EDN: RWRDCL

BBEJIEHUE

CoBpemMeHHOE OOILIECTBO MpH IO3HAHWK MHpPa
OmHpaeTcsd Ha paszHble MOAXOIBI I HCCIIEIOBaHUS
Toil win uHoil Matepuu [1]. IlosHanue muKpomupa
BO3MOJKHO C IIOMOIIBIO TaKOr0 HHCTPYMEHTa, Kak
cnexkrpockonus. CriekTpaabHble TPUOOPHI U CUCTEMBI
MpeHa3Ha4YeHbl JUI aHaJIM3a CaMoro U3JIy4deHHsd, T0-
ChIJJTaeMOE€ MaTeprei, KOTOpoe HeceT WH(OpPMAIHIO
0 ee crpoeHuu [2]. OTu npuOOPHI U CUCTEMBI OAIOT
BO3MOKHOCTh M3y4aTb MMapaMeTpsl U3IyUeHHS, HEIo-
CPEACTBEHHO HCIYCKaeMOro (GpHU3MYEeCKMMH TelIaMH,
a TaKKe HCCIIEJ0BaTh pE3yJbTaT B3aMMOJACHCTBUS
C Marepuei, KOTopoe MHpOsBISETCS B IOIJIOLICHUH,
OTPa)XKEHUH, PACCESTHUM, IPOMYCKaHUHU WM JIIOMHU-
HecueHUuu usnydeHus [3]. Utak, maHHBIA HHCTpPY-
MEHTapuil  MO3BOJIAET:  Pa3loXHUTh  M3JIydYEHUE
B CIIEKTP W BBIACTUTH Hamboyiee BaKHBIE OTAEIHHBIE
CHEKTpaJIbHbIE JINHUH; U3MEPUTh HHTEHCUBHOCTH BBI-
JISJIEHHOTO CIIEKTPa WM CIIEKTPATbHON JTUHUH [4].

Hccnenyst aToOMHO-MOJIEKYISPHYIO CTPYKTYpY Be-
IIECTBA, MOYKHO C YBEPEHHOCTHIO KOHCTATHPOBATh TOT
(baxT, 9TO NMpU yCTOWYMBOM COCTOSIHUM aTOM HMEET
onpezAeneHHbIe 3HaueHus dHeprun. [lpu Bo3aelicTBun
CBETOBOTO M3JIy4eHHUS Ha aToM (TIOTJIONIEHHEe KBAaHTa
CBETa) BO3HMKAIOT Nepexoapl Ha Ooyiee BBICOKHE
YPOBHU 3HEPTUH, a TPU W3IyYEHHH aromMa — Ha 00-
nee Huskue [5]. Ilepexonbl COOTBETCTBYIOT AMAINA30-
Hy CHEKTPAIbHBIX JHMHUHA B CHEKTpax IOIJIOIIEHUS
U U3Iy4YeHHUs aToOMOB U Mosekyl [6]. CnekrpanbHas
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JIMHUSL OTIPENENsieT YPOBEHb SHEPIHMM M BHYTPEHHEE
CTPOCHHME aTOMa, HWHTEHCHBHOCTH CBHUJIETEIHCTBYET
0 TPOTHO3UPYEMBIX IIE€PEXOAaX MEXKAY YPOBHSIMH.
IllvupuHa ¥ KOHTYpP OTIEIBHON JINHUU XAPaKTEPU3YOT
TEeMIepaTypy, MpH KOTOPOH wH3imydaeT oO0BeKkT [7].
Bo MHOrHX Hay4HBIX paboTax MO CIEKTPOCKOIHH OI-
peneneHo, 9T0 MHTEHCHBHOCTh CIIEKTPANBbHBIX JTHHAN
MPOMOPIHOHANBHA YHCITY H3JIy4aroluX aToMoB [8].
A 3TO O3Ha4aer, 4yTo MO 3TOMY IapaMeTpy MOXHO
ONpEeNeNIUTh TPOLEHTHOE COACP)KAHUE OTIACIBHBIX
3JIEMEHTOB, BXOJSIIMX B COCTaB HCCIEAYEMOTO 00b-
€KTa, UCHOJb3Ys Ul CPaBHEHHS YK€ H3BECTHBIE 00-
pasipl ¢ COAEpHKAHUEM ITHX DIIEMEHTOB.

WucTpymeHTapmii CIIEKTPOCKOIHH pa3Ho00paseH,
Y IPHUHATO JIEIHUTh MO0 ONTHUUECKUM XapaKTEPHUCTUKAM:
pabodeMy AMana3zoHy CIEKTPa; IUCIEPCHH; AHCIIEp-
TUpYIOLIEMY »JJEMEHTY (Ipu3Ma, JuQpakIuoOHHAs
pelieTka, HHTephEepoOMeTp); CBeTocHIIe (Masasi, Cpej-
Hsis, OOJNbINAst); XapakTepy ONTHKH (JIMH30Basi, 3ep-
KaJibHasl); ObICTpOAeHCTBHIIO [5—8].

B manmoii paboTe mprMeHeH CIIEKTPOMETp AJIS Hc-
CJIEIOBaHMS CIIEKTPA U3IYUYEHHS HCTOUYHHKOB CBETA.

B macrosiiee Bpemst orpoMHOE BHUMAaHHE YIEINs-
eTcs TaKUM HCTOYHHKAM H3JIYYEHHs, KaK CYIIepJIro-
MUHECIIEHTHBIE JMOMABI, MMOTOMY YTO OHM SBISIOTCS
ONTUMAJIbHBIMH MCTOYHUKAMH CBETA Ul HU3KOKOTE-
peHTHOM HHTEepPEpPOMETPHH, PEhICKTOMETPUH, I
Pa3IMYHOTO HA3HAYEHHUS THPOCKOTOB, TOCTPOCHHBIX
Ha KBa3WOJAHOMOJOBBIX OINTHYECKUX BOJOKHAX [9].
YHUKaIbHOCTh 3TUX MCTOYHHKOB CBETA 3aKIFOYAETCS
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B TOM, UYTO OHH NEPEHSUIN ONPE/ICICHHBIC CBOHCTBA Y
WHXCKIIMOHHBIX JIA3EPOB U Y UCTOUHUKOB OEJIOr0 CBE-
Ta, MCIOJIB3YIONUXCS B PA3IMYHBIX KOHCTPYKIHSIX
ONTUKO-3JICKTPOHHBIX MPUOOPOB 1 Komiuiekcos [10].
MHoOrue HCCaeIOBaTeId OTMEYAOT Y CYIMEPIIFOMH-
HECIICHTHBIX JINOJIOB INUPOKHUN CIEKTP HW3ITY4YCHUS,
BBICOKOE ONTHYECKOE yCHJICHHE 0J1aroaapst COCAMHHU-
teapHbIM Tpynmnam InP, InAs, InSb, CdS, CdTe, PbSe
n GaAs [11]. CynepiroMHUHECIIEHTHBIC CBETOIUOJIBI
HMCIOT MAJIyl0 MPOCTPAHCTBCHHYIO HMJIM BPEMEHHYIO
KOT€PEHTHOCTh, HU3KHE BHYTPEHHHUE IIIyMbI, IIAPO-
KHH CIIEKTP H3JIYYCHHMs, IIEHTPAIbHYIO JJIUHY BOJIHBI
u3nydenus [12].

ITOCTAHOBKA 3AJAYU

[Ipu koHTpose TPYOBIX MOBEpXHOCTEH (IMIEpBOTO,
BTOPOT0 KJIACCAa YUCTOTHI MOBEPXHOCTH) MPUMEHSIOT
IBYXJIYIEBYIO HHTEp(PEpEHIIMOHHYIO CXeMy, TIe
B KauecTBE MCTOYHUKA CBETA HCHOJB3YIOT CYNEpiIo-
MUHECIIEHTHBIC UCTOYHUKH CBETa C Pa3HBIMH JJIMHA-
MH BOJH (A), BBIXOJHBIMH MOITHOCTSIMH (Pyyy ), JTH-
Ham# KorepeHtHocTd (/) u T.4. [11-15]. B Hay4HO#
JUTEpaType MHOTHMH aBTOpAaMH OTMEYaeTcsi TOT
¢dakt, 4Yto uUHTEp(EPCHIIMOHHAS KapTWHA BHUIHA
B JIBYXJIYYEBBIX HWHTEpPEpOMETpax TOJBKO B TIpele-
Jax JJIUHBl KOTEPEHTHOCTH HMCTOYHHUKA H3ITyYCHUS.
OueBuaHO, YTO TIPH MaJIOW /. MakcHMajabHOE 3Hade-
HUE BBIXOJIHOTO ONTHYECKOTO CHTHaNa OyJIeT orpee-
JISITHCSI TOYHEE, YeM MPHU OOJIBINOH /., CIIeI0BATEIBHO,
peructpaiusi MuUKpopenbeda IMOBEpXHOCTH Oyaer
BECTHUCH C MUHUMAJIFHOM MOTPEITHOCTHIO.

[TosTOMy wWHTEpEC TPEACTABISIECT HCCICAOBAHME
CIIEKTPAIbHBIX XaPAKTEPUCTUK CYHEPIIOMUHECLEHT-
HBIX CBETOJHMOJIOB HA OCHOBE MHOTOCJIOMHBIX Te€TEPO-
cTpykTyp. KoHeuHo ke, CyIecTByIOT U Jpyrue mpo-
OJIeMBI TIONyYEHUs CYyNEpIIOMUHECIICHTHOTO U3Tyde-
HUS, HAlIpUMEp HEBO3MOYKHOCTh YCHIJIGHUS B JIHOJIE
0e3 00paTHO# CBs3M, HO JaHHas MpodiieMa B padore
HE paccMaTpUBajach.

Bb160p UCTOYHMKA CYTIEPIIFOMUHECIICHTHOTO U3JY-
YeHUs I HU3KOKOTEPEHTHOH WHTEephepoMeTprun
CIIEKTPAJIbHBIM METOJOM U SIBJISIETCS IIENIbI0 HACTOSI-
et paboThI.

C noMoIIbI0 SKCTIEPUMEHTANBHON U3MEPUTENBHON
YCTaHOBKH, paboOTaronieii B Juana3oHe JJIMH BOJIH
oT 375 uMm 1o 1600 HM mpoBeCTH M3MEPEHMS CIEK-
TPOB CYNEPIIOMUHECHEHTHBIX CBETOAUOIOB HA OCHO-
BE MHOTOCJIOMHBIX reTepocTpyKTyp. IIpoBectu cpas-
HUTEILHBIA aHAIIU3 UCCIICAYEMBIX 00pa3IoB.

MATEPHAJIbI 1 METO UCCJIIEJJOBAHUSI

HccnenoBanucs CymepiiOMHHECIICHTHBIE CBETO-
OBl Ha OCHOBE MHOTOCJIOMHBIX TE€TEPOCTPYKTYP.

A UMEHHO.

— CyrnepaoMHHECIIEHTHBIA ~ CBETOJMOJ, Ha 0Oase
(InGa)N-rerepocTpyKTyp, MOIIHOCTEIO 1 MBT 1 cpo-
KoM 3kcrryaTanuu g0 1000 u.

— CyrmepoMUHECTICHTHBIA CBETOAMON Ha 0a3e
JIBYXCTOPOHHUX TE€TEPOCTPYKTYpP C Pa3delIbHBIM OT-
panmueHreM (POTOHHOTO TIONST M HOCHTENEH 3apsijia
(InGa)As, momHOCTBIO 25 MBT U BpeMeHeM paOOTHI
9000 u.

— CymnepiroMHHECHIEHTHBII cBeTonnoa Ha 0aze
InGaAsP/InP nBoiiHoO# reTepoCTpyKTyphl pa3acibHO-
T0 OTpaHWYEeHHsS C HIMPOKWM IpoduieM, obiamaro-
IIMHA BBICOKOM oNTHYeCKOoH MomHocTeio 40 MBT
u BpemeHeM padbotsr 9000 .

— A TaxXe HCTOYHHMK Ha OCHOBE TE€TEPOCTPYKTYP
AlGalnAs/InP ¢ HanpsKeHHO-KOMIICHCAITHOHHBIMHU
KBaHTOBBIMH  SIMaMH, OINTHYECKOH  MOIIHOCTHIO
6.5 MBT 1 cpoxom skcruryatanmu A0 10 000 4.

Bce ucnbiTyembie 00pa3ipl ObUTH MPEIOCTABICHBI
OAHOH M3 POCCHUMCKUX KOMIIAHUHU-IIPOU3BOAUTENECH
HMCTOYHUKOB CBETOBOTO W3IyudeHUs. [IpomsBomurens
HYKJaJICS. B HE3aBUCHMMOM KOHTPOJIE CIIEKTPAIbHBIX
MapaMeTpoB JaHHBIX 00pa3noB. BaxkHOCTH HCIIONB30-
BaHMS JTAHHBIX UCTOYHHUKOB M3IYUCHHUS B ONITHIECKOM
npuOOpPOCTPOCHUN HeolleHUMa. JlaHHBIE HMCTOYHHKHU
VRITYYCHUS] TPUMEHSIOTCS B ONTHKO-3JIEKTPOHHOM
000pyIOBaHUM PA3TUYHOTO HA3HAYEHHUS, a TakKe
B JIa3€pHBIX KOMIUIEKCaX. B Hay4HO-TEXHHUYECKOH
JUTEpaType OTMEYaeTcsi WX HIMPOKOE UCIOIh30Ba-
HUE B ONTOTEXHUYECKUX JaTuMKaX, B Pa3IdYHBIX
MTOANBETKAX IMaHeIell  TpuOOpoB, COBPEMEHHBIX
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Puc. 1. OyHKInoHaNBbHAs CXeMa HKCIEPUMEHTATBHOMN
U3MEPUTENIBHON YCTaHOBKH.

1 — ¢oronpruemMHOE YCTPOHCTBO, 2 — pETYISATOP BBI-
XOoaHOW menu, 3 — MoHOXpomarop, 4 — Oapaban, 5 —
peryinupoBka (OKYCHPOBKH, 6 — PpEryjsiTop BXOIHOW

IIeTH, 7 — UCTOYHUK U3Iy4YeHUs, 8§ — IyCKOBOH OJIOK,
9 — KHOIIKa BKJIOYeHMUsI, /() — W3MEpUTENbHBIN Ipuoop,
11 — ©Onok nwuranus, /2 — perynupoBka auadparmel,
13 — ycTaHOBKa HYIISI TEMHOBOTO TOKa, /4 — TIEPEKITIO-
YaTeJh YyBCTBUTEIFHOCTH U3MEPHUTEIBHON CUCTEMBI
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aBTOMATU3UPOBAHHBIX ONTHYECKUX TIPUOOpax TIeo-
METPUYECKONW ONTHKH, a TaKXKe JUIsl MU3MCHEHHS Jia-
3epHOT0 peKuMa B HHTEP(PEPEHIIMOHHBIX CUCTEMAX.

B pamkax HacTosiieit paboThl OBUTH KCCIIEIOBAHBI
ONTHYECKHUE XapaKTCPUCTHUKUA WCTOYHHUKOB. Jlms wmc-
CJIEIOBAaHUN KCIIOJIb30Bajach yCTaHOBKA, (DYHKIHO-
HaJlbHAasl cxemMa KOTOPOM mpeJicTaBieHa Ha puc. 1.

VYcraHoBKa AN U3MEPEHUSI CHEKTPOB H3ITyUECHUS
COCTOUT M3 MOHOXPOMAaTopa, (OTONPHUEMHOHN CHCTE-
MBI, U3MEpPSIEMbIX HCTOYHHKOB CBETa M ITyCKOBOTO
6J10Ka.

doronpuemMHas ciucTeMa COCTOUT U3 JIUMHEHKH (o-
TOJMOJIOB, OJIOKA MUTAHUS C MOAKIIFOUSHHBIM 1H(pO-
BBIM BOJIBTMETPOM. Perucrpariuss WHTEHCUBHOCTH H3-
JMy4eHUS B OTHOCUTENBbHBIX €AUHUIIAX OCYIIECTBISICT-
ci To MmKaje Ou(POBOTO BOJBTMETpPA. Y CTaHOBKA
UMEET aHaIoroBO-IIM(POBOI mMpeoOpa3oBaTeNb, U de-
pe3 YHUBEpPCAIBHBIA BXOJ JaHHBIE MOCTYIAIOT
Ha TIePCOHAJBHBIN KOMITBIOTEp, TJe 00padaThIBaIOTCs
U MpECTaBIAIOTC B rpaduyeckoM Bujie. B ycraHoB-
K€ WCIOJB30BajlaCh MOAUGPHUIIMPOBAHHAS TIpHU3Ma
¢ pabouum auanazoHom cnekrpa 375—-1600 uwm.

Ha puc. 2 mokazana onTH4ecKass cXxema TPU3MBL;
BXOJIHas 1IeNb 1, BXOIHOH KOJUIMMATop 2, MOBOPOT-
Has mpu3Ma 3, BBIXOTHOW KoJImMaTop 4, BBIXOJHAs
mens 5. B ycraHOBKe mienn MOTYT H3MEHATh IeOMeT-
pudeckoe nomoxenue (0, 15°, 30°, 45°, 60°, 75°, 90°).
®DoKyCHOE pacCTOSIHHE OOBEKTUBOB  COCTAaBIISIET
420 mm. IIpu3ma AGOe mpuBoaMIack B IBMKEHHE Oa-
pabaHOM.

SKCIIEPUMEHTAJIBHBIE PE3VYIIBTATHI

Jia mpoBeAieHHs SKCHEPUMEHTA CYyNEpIIOMHUHEC-
[EHTHBIE CBETOIMONBI BKIIOYAINCh B CIIEIHATBHO
pa3paboTaHHYIO IUIAaTy, KOTOpas pa3Mellajgach B U3-
MepuTenbHOl yctaHoBke. Ha puc. 3, 4 momy4eHs!
CHEKTPBI CYNEPIIIOMUHECLIEHTHBIX CBETOJHOAOB.

—A—
|

Puc. 2. briokx MmoHOXpomaropa.
1 — BxXonHas menp; 2, 4 — 00BEKTUBEI, 3 — MOBOPOTHAS
npu3ma A60e; 5 — BBIXOIHAS MIENh
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Puc. 3. OTHOCHUTENBHAS CTIEKTPANIbHASL YYBCTBUTEIBHOCTh
CYMEPIIOMUHECIICHTHBIX CBETOIMOIOB Ha pPa3HBIX TIeTe-
POCTPYKTYpPaXx.

a— (InGa)N; 6 — (InGa)As

[IpencraBnenHble 00pa3lbl UMEIH MOXOXKYIO KOH-
CTPYKIHMIO W COCTaBbl I'€TEPOCTPYKTYp, HO OTIHYA-
JUCh AKTUBHBIM CJIOE€M, TOJIIIMHA KOTOPOTO ObLIa
y BCEX OJJMHAKOBA U paBHAJACh 12 HM.

CriekTpanbHbIe KpHUBBIE 00Opa3IOB  OTIUYAJIVICH
MO0 IIUPUHE, HO MMENH CXOXKYI0 KOJOKOJIOOOpa3HyIo
¢dopmy. KoHeyHo ke, pa3HbIi XMMHYECKHI COCTaB
AKTHUBHOTO CJIOSl IIPU €r0 MOCTOSIHHOW TOJILMHE JaeT
BO3MOYKHOCTb BBISIBIISITh MHUKOBYIO JJIMHY BOJIHBI
U3IY4YEeHUs] Ay M ONPENeNATh INUPUHY CHEeKTpa AL
usnyuenus. B pa6ore mo ¢popmyne I, =L’ /AL pac-
CUMTaHbl 3HAYCHUS! KOTEPEHTHOCTH [, Ui Ka)IOTro
WCTOYHHUKA HM3NydeHus. B TaOmuiy cBeleHBI OCHOB-
HBIE CHEKTPaJIbHbBIE MapaMeTPhl U3IYICHHUS CYIIEpITio-
MHUHECLIEHTHBIX CBETOAHOIOB.
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Puc. 4. OtHOCHTENBHAS CIICKTpaJibHasd YYBCTBUTCIBHOCTH CYNCPIIOMUHECCHCHTHBIX CBETOAHMOJA0B Ha Pa3HBIX

reTepOCTPyKTypax.
a — InGaAsP/InP; 6 — AlGalnAs/InP

Taou. CHeKTpaHLHLIe napaMeTpbl UICTOUYHUKOB U3JTYUYCHHA C pAa3JIMYHbBIMU COCTaBaMU aKTUBHOT'O CJIOA TOJ'IIJ.[PIHOﬁ 12 aMm

CocTaB aKTHBHOTO CIIOS A, HM AM, (HM) L, (MKM)
(InGa)N 380 14 10
(InGa)As 837 50 14
InGaAsP 1300 70 24

AlGalnAs 1550 60 40

B mpakTHueckoM NpUMEHEHHH y MUCTOYHUKOB CY-
NEPIIOMUHECIEHTHOTO  M3JIyYeHHS Pg,, SBIsETCA
BR)XHBIM TIapaMeTpOM OCOOEHHO TOTrJa, KOTJa pedb
UAET O TOMOrpaHuyecKux H3MepeHusix. B Hamem ke
ciydae P, HE MMEET HHUKAaKOTO 3HAYCHHUs, TOTOMY
4TO JUIS TPU HCCIIEJAOBAHUM IMOBEPXHOCTH CIO0XKHON
¢dopMbl  MHTEP()EPEHIIMOHHBIM METOJIOM KIIFOUEBYO
poib urpaer /.

AHanu3upys IMpecTaBIeHHYI0 TaONuIly MOXHO
C YBEPEHHOCTBIO CKa3aTh, YTO Uil MHTEP(HEPEHIIMOH-
HOT'O METOZAa KOHTPOJSI MHUKpopesbeda MOBEPXHOCTH
B KauecTBE MCTOYHWKA W3IYYCHUS ONTHMAIBHO TOJI-
XO/IUT CYNEPIIOMUHECHCHTHBIH O CO CIETYIONIH-
MU CTIEKTPANTBHBIMH XapaKTePUCTUKAMU: Ay = 380 HM,
AN =14 um, [, = 10 MKM.

3AKJIIOYEHHME

B mponecce 3kcniepuMeHTa HCCIENOBaHBI MCTOY-
HUKH CYIEPIIIOMUHECLICHTHOIO U3JIy4eHHs] Ha OCHOBE
MHOT'OCJIOMHBIX T€TEPOCTPYKTYpP C Pa3HbIMH BBIXOJ-

HBIMH MOITHOCTSIMH U CPOKOM CirykObl. [lomyueHsr
9KCIEPUMEHTAJIBHBIM ITyTEM IHUKOBas JJIMHA BOJIHBI,
IIFpUHA CTIEKTPa U3IYUCHHS U PACCUNTAHHBIE IO HUM
JUIMHBl KOT€PEHTHOCTH HCTOYHHMKOB M3MyuyeHus. [Ipu
CpPaBHEHWH CIIEKTPANBHBIX MapaMeTpoB BEIOpaH HC-
TOYHUK CBETA, KOTOPBI YIy4IIUT TEXHUYECKUE Xa-
PaKTEPUCTUKU WHTEPPEPEHLIMOHHBIX CHCTEM, pado-
TAlOMMX B HHU3KOKOTrepeHTHOM cBere. (0Opazen
Ha Oaze (InGa)N-MHOTOCIOHHBIX TETEPOCTPYKTYD
C Am = 380 HM, AL = 14 um, [, = 10 MKM SBIS€TCA
ONTUMAJIBHBIM HCTOYHUKOM H3IyUeHHs JUIS JBYXJy-
4eBOro HMHTEpdepoMeTpa KOHTPOIS HErJMaAKHX II0-
BepxHOCcTed. [laHHble pe3ynpTaThl PabOTBl MOTYT
MIPEICTABIATh UHTEPEC IS pa3paboTINKOB HHTEPGE-
PEHIIMOHHBIX TPHOOPOB W CHCTEM, pPabOTAOIIUX
B HU3KOKOT€PEHTHOM CBETE.
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SELECTION OF A SUPERLUMINESCENT RADIATION SOURCE
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OF SURFACE RELIEF CONTROL
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The paper considers the problem of choosing a light source for the microinterference method of surface relief
control. Currently, great attention is being paid to superluminescent LEDs, because they are the optimal light
sources for low-coherence interferometry due to their technical characteristics. The use of the spectral method to
identify the peak wavelength of radiation, the width of the source spectrum, which determines the coherence
length, is significant, therefore this work is relevant and promising. The purpose and task of the study are set.
The functional diagram of the measuring unit and the monochromator unit are given. Graphical dependences of
the relative spectral sensitivities of superluminescent LEDs on different heterostructures are obtained and the
coherence lengths for each light source are calculated.

Keywords: atomic and molecular structure, spectral method, superluminescent diode, peak wavelength of radiation,
spectrum width, coherence length of the source, Abbe prism, heterostructures
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INTRODUCTION

Modern society, when learning about the world, re-
lies on different approaches to studying this or that
matter [1]. Learning about the microworld is possible
with the help of such a tool as spectroscopy. Spectral
devices and systems are designed to analyze the radia-
tion itself, sent by matter and carrying information
about its structure [2]. These devices and systems
make it possible to study the parameters of radiation
directly emitted by physical bodies, as well as to study
the result of interaction with matter, which manifests
itself in the absorption, reflection, scattering, trans-
mission, or luminescence of radiation [3]. Thus, this
toolkit allows one to decompose radiation into a spec-
trum and to isolate the most important individual
spectral lines and to measure the intensity of the iso-
lated spectrum or spectral line [4].

By studying the atomic-molecular structure of mat-
ter, one can confidently state the fact that in a stable
state, an atom has certain energy values. When an
atom is exposed to light radiation (absorption of
a quantum of light), transitions to higher energy levels
occur, and when an atom emits light, transitions to
lower ones occur [5]. The transitions correspond to
the range of spectral lines in the absorption and emis-
sion spectra of atoms and molecules [6]. A spectral
line determines the energy level and internal structure
of an atom, while the intensity indicates the predicted
transitions between levels. The width and contour of
an individual line characterize the temperature at
which the object emits [7].

Many scientific papers on spectroscopy have de-
termined that the intensity of spectral lines is propor-
tional to the number of emitting atoms [8]. This means
that this parameter can be used to determine the per-
centage content of individual elements included in the
object under study, using already known samples with
the content of these elements for comparison.

The range of spectroscopy tools is diverse and is
usually divided by optical characteristics: the working
range of the spectrum, dispersion, dispersing element
(prism, diffraction grating, interferometer), aperture
ratio (small, medium, large), nature of optics (lens,
mirror), response time [5—8].

In this work, a spectrometer is used to study the
emission spectrum of light sources.

Currently, great attention is paid to such radiation
sources as superluminescent diodes, because they are
optimal light sources for low-coherence interferome-
try, reflectometry, and for various purposes of gyros-
copes built on quasi-single-mode optical fibers [9].
The uniqueness of these light sources lies in the fact
that they have adopted certain properties from injec-
tion lasers and white light sources used in various de-
signs of optical-electronic devices and complexes
[10]. Many researchers note that superluminescent

diodes have a wide emission spectrum and high opti-
cal gain due to the connecting groups of InP, InAs,
InSb, CdS, CdTe, PbSe, and GaAs [11]. Superlumi-
nescent LEDs have low spatial or temporal coherence,
low internal noise, a wide emission spectrum, and
a central emission wavelength [12].

PROBLEM STATEMENT

When testing rough surfaces (first and second class
of surface purity), a two-beam interference scheme is
used, where superluminescent light sources with dif-
ferent wavelengths (1), output powers (Pyx), cohe-
rence lengths (/.), etc., are used as a light source [11—
15]. In the scientific literature, many authors note the
fact that the interference pattern is visible in two-beam
interferometers only within the coherence length of
the radiation source. Obviously, the maximum value
of the output optical signal is determined more accu-
rately when /; is small rather than large; therefore, the
record of the surface microrelief will be carried out
with a minimum error. Hence, it is of interest to study
the spectral characteristics of superluminescent LEDs
based on multilayer heterostructures. Of course, there
are other problems in obtaining superluminescent rad-
iation, such as the impossibility of amplification in
a diode without feedback, but this problem was not
considered in the work.

The choice of a source of superluminescent radia-
tion for low-heterogeneity interferometry using the
spectral method is the goal of this work.

Using an experimental measuring setup operating
in the wavelength range from 375 nm to 1600 nm, we
measured the spectra of superluminescent LEDs based
on multilayer heterostructures and conducted a com-
parative analysis of the samples under study.

MATERIALS AND RESEARCH METHOD

Superluminescent LEDs based on multilayer hete-
rostructures were studied.

Namely,

— Superluminescent LED based on (InGa)N hete-
rostructures, with a power of 1 mW and a service life
of up to 1000 h.

— Superluminescent LED based on double-sided
heterostructures with separate limitation of the photon
field and charge carriers (InGa)As, with a power of
25 mW and a service life of 9000 h.

— Superluminescent LED based on InGaAsP/InP
double heterostructure of separate limitation with
a wide profile, with high optical power of 40 mW, and
a service life of 9000 h.

— And also source based on AlGalnAs/InP hetero-
structures with strain-balanced quantum wells, optical
power of 6.5 mW, and a service life of up to 10000 h.



All tested samples were provided by one of the
Russian companies-manufacturers of light sources.
The manufacturer needed independent control of spec-
tral parameters of these samples.

The importance of using these radiation sources in
optical instrumentation is inestimable. These radiation
sources are used in optoelectronic equipment for vari-
ous purposes, as well as in laser complexes. In scien-
tific and technical literature, their wide use in opto-
technical sensors is noted, in various instrument panel
colorings, modern automated optical devices of geo-
metric optics, and also for changing the laser mode in
interference systems.

In the framework of the present work, the optical
characteristics of the sources were investigated. For
the studies, the setup was used, the functional diagram
of which is shown in Fig. 1.

Fig. 1. Functional diagram of the experimental mea-
suring setup.

1 — photodetector, 2 — exit slit regulator, 3 — mo-
nochromator, 4 — cylinder, 5 — focus adjustment,
6 — entrance slit regulator, 7 — radiation source,
8 — trigger unit, 9 — power button, 10 — measuring
device, 11 — power supply, 12 — aperture adjust-
ment, 13 — dark current zero setting, 14 — measur-
ing system sensitivity switch

The setup for measuring the radiation spectra con-
sists of a monochromator, a photodetector system,
measurable light sources, and a starting unit.

The photodetector system consists of a line of pho-
todiodes and a power supply with a connected digital
voltmeter. The digital voltmeter scale is used to record
the radiation intensity in relative units. The setup has
an analog-to-digital converter, and the data is fed to
a personal computer through a universal input for
processing and presenting in graphic form. A mod-
ified prism with an operating spectral range of 375—
1600 nm was used in the setup.

Fig. 2 shows the optical diagram of the prism: en-
trance slit 1, entrance collimator 2, rotary prism 3, exit
collimator 4, exit slit 5. In the setup, the slits can
change their geometric position (0, 15°, 30°, 45°, 60°,
75°, 90°). The focal length of the lenses is 420 mm.
The Abbe prism was driven by a drum.

Fig. 2. Monochromator block.
1 — entrance slit; 2, 4 — objectives; 3 — rotating
Abbe prism; 5 — exit slit

EXPERIMENTAL RESULTS

To conduct the experiment, superluminescent
LEDs were included in a specially designed board,

which was placed in the measuring setup. Figs. 3, 4,
present the spectra of superluminescent LEDs ob-
tained. The presented samples had a similar design
and composition of heterostructures, but differed in
the active layer, the thickness of which was the same
for all and equal to 12 nm.

Fig. 3. Relative spectral sensitivity of superlumines-
cent LEDs based on different heterostructures.
a— (InGa)N; 6 — (InGa)As

Fig. 4. Relative spectral sensitivity of superlumines-
cent LEDs based on different heterostructures.
a — InGaAsP/InP; 6 — AlGalnAs/InP

Spectral curves of the samples differed in width
but had a similar bell-shaped form. Of course, the dif-
ferent chemical composition of the active layer with
its constant thickness makes it possible to identify the
peak wavelength of radiation A, and determine the
width of the spectrum AMA of radiation. In the work,

the formula /, =2} /AL was used to calculate the

coherence values [, for each radiation source. The ta-
ble summarizes the main spectral parameters of the
radiation of superluminescent LEDs.

Tab. Spectral parameters of radiation sources with
different compositions of the 12 nm-thick active lay-
ers

In practical applications, P, is an important pa-
rameter for superluminescent radiation sources, espe-
cially when it comes to tomographic measurements. In
our case, Py« 1s of no importance, because /. plays
a key role for studying a complex-shaped surface us-
ing the interference method. Analyzing the presented
table, we can say with confidence that a superlumi-
nescent diode with the following spectral characteris-
tics is optimally suited as a radiation source for the
interference method of monitoring the surface micro-
relief: A, =380 nm, AL =14 nm, /. = 10 pm.

CONCLUSION

During the experiment, superluminescent radiation
sources based on multilayer heterostructures with var-
ious output powers and service lives were investi-
gated. The peak wavelength, the width of the radiation
spectrum, and the coherence lengths of the radiation
sources calculated from them were obtained experi-
mentally. Comparing the spectral parameters allowed
for the selection of a light source that improves the



technical characteristics of interference systems oper-
ating in low-coherence light. The sample based on
(InGa)N-multilayer heterostructures with A, =
=380 nm, AL =14 nm, /. = 10 pm is an optimal radia-

tion source for a two-beam interferometer for moni-
toring rough surfaces. These results of the work may
be of interest to developers of interference devices and
systems operating in low-coherence light.



