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MarpuuHblie (OTOUYBCTBHTEJIbHBIE 3JIEMEHTHI HA OCHOBE IJIAHAPHBIX
(oTOANOI0B U3 reTepOIMUTAKCHATBHON CTPYKTYPhI InGaAs/InP

J.C. Anopees, K.O. bornmapw, I1.B. Bracoe, H.A. Hpooos, A.A. Jlonyxun

Ilpueedenst pezynvmamast ucciedo06anusn RIAHAPHBIX iomoouooos (O/]) mampuunsix gpomouyscmeumenbHbIX
nemenmos (M@UI) na ocnose zemepornumaxcuanstoii cmpykmpypol InGaAs/InP gpopmama 320x256
emenmog ¢ wiazom 30 mxm, cuépuousuposannsix c paziuunsimu munamu BUC cuumwvisanus. Ilokazano,
uymo 0na ymenvuieHua ezaumoceasu MOUI npu Komnamuoi memnepamype HeoOX00UMO yeeaUUUBAMD
oopamnoe cmewienue na @/ 0o ypoensa ne menee 2 B. Ycmanoeneno, umo 3nauumenbHozo ymMeHbuieHUA
MeMH06020 MOKA MOXMCHO 000umbvca npu ymenvuwenuu memnepamypot MOUI oo —20 °C ¢ nomousbio
08YXKACKAOHO20 MepModieKmpuueckozo oxnaoumens. JIyuuwee cpeonee no M@ 3nauenue memnosozo moka
RAGHAPHBIX POMOOU0008 NPU KOMHAMHOI IMeMnepamype 00cmuzaem MURUManbnozo 3navenus 0,22 nA npu

onmumanvrom cmewienuu na @/ pasnom —2,4 B.

PACS: 07.07.Df, 07.57.-c, 81.05.Ea, 81.65.Rv

Kniouegvie cnosa: TeMHOBBIE TOKH, TUIaHAPHBIH, (POTOIMOABI HA OCHOBE FETEPOANUTAKCHAIEHON CTPYKTPYPHI

InGaAs/InP, MOUD.

BBenenne

OOHapyxuTelbHas CIIoCOOHOCTh MaTpHYHOTrO (HOTO-
MIPUEMHHMKA OTPaHUYMBACTCS TEMHOBBIMU TOKamH (hoTo-
JIMOJIOB. 3aBUCUMOCTD TPE/ICIIbHOM BETMYMHBI OOHAPYKH-
TENBHOH CMOCOOHOCTH OT TEMHOBOTO TOKa [, ONpe/IenaeTcs

BhIpaKeHHEM D ~ 1/ VI [1]. B peansubIx doroaronax

TEMHOBOMH TOK OTIpe/IeNIsIeTCsl, ITIaBHBIM 00pa3oM, AedeKTamu
B p—n-TIEpeXOiax U MOBEPXHOCTHBIMU yTeukamu. B pin-
(hoTOIHOIe CyMMAapHBI TEMHOBOM TOK, CKJI IGIBAIOIIUIACS U3
ToKa [, 00yCJIOBJIEHHOTO NPOIIECCAMH IeHEPALIMH—PEKOMOU-
HallMU B 00JIaCTH IPOCTPAHCTBEHHOTO 3apsi/ia, U T dy31oH-
HOTO TEMHOBOTO TOKa HEOCHOBHBIX HOCHTENEH 3apsaia W3
KBasMHeHTpanbHol obnactu [, . [9, 10], MmoxeT OBITH
JIOCTATOYHO MaJl MPU HU3KUX HANPSDKEHHSIX CMeIieHus [2].
Opnnako mis obecniedenns: ObicTponeiicteus [11], a Takxke
YMEHBIICHHs] B3aUMOCBSI3HU pin-poronnonos 8 MOUD
HEeo0X0MMO MPOHNKHOBEHHE ITOJIS Ha BCIO INTyOUHY (DOTOUYB-
CTBHUTEJILHOTO CJIOS, YTO TpeOyeT Mojavyu 3HaYMTEeILHOTO
HanpsDKeHUs CMeIeHus. B To jke Bpems pH yBeJIMUeHUN
HaIpsHKEHHS CMEIIEHHs pacTeT TyHHeIbHAs COCTaBIISIoNIast
TEMHOBOT'O TOKa ¥ HEOOXOAMMO OIIPEAEIISTh ONTUMAIILHOE
cMeleHre (hOTOAMOIOB Ha OCHOBE DITUTAKCHAIBHOH CTPYK-
Typsl InGaAs/InP.

Llexbto taHHOI pabOTHI SBISIIOCH UCCIIEI0BaHUE TIaHap-
HBIX (otoanonos (P/) MaTpudHBIX (HOTOTYBCTBUTEIBHBIX
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anemeHToB (M®UD) Ha OCHOBE reTepOINMUTAKCHATHLHON
ctpykrpypsl InGaAs/InP popmara 320x256 srmemMeHTOB ¢
mrarom 30 MKM, THOPHUANZUPOBAHHBIX C PA3TMIHBIMHI THITAMH
BUC cunTeiBaHWA, B HHTEpECaX OMpPEICICHUS yCIOBHH,
00ecCTIeurBalOMIX ONITHMATBHBIE XapakTepucTik DI

Koncrpykuuss MOITY

M®UD u3roTOBIEHHI N0 IUTAHAPHON TEXHOJIOTHU Ha
smuTaKcHanbHON cTpykType InGaAs/InP, BeIpamenHol Ha
nonoxke 71-+-InP meromom MOC-ruapuaHoii srmTakcu [3].
Cxema M®YD mpuBeneHa Ha puc. 1.
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Puc. 1. Cxema M®@YD na ocnoge naanapuwvlx pomoouooos uz numax-
cuanvnoii cmpykmyput InGaAs/InP.

Onementsl MOUD siBnsttorest pin-poroauonamu [S5] u
MPEJCTaBISIOT MHOTOCIIOWHYIO CTPYKTYPY, COCTOSIIYIO U3
IIMPOKO30HHOTO» ciios n-InP Tonmuuoit 2-3 MKM ¢
konteHTparueii (1-2)00" cM>, akTHBHOTO MOIOIIAIOIIETO
CI10s1 n—lno, 53Ga0) AS TOJIIMHOM 2,5-3,5 MKM C KOHIICHTpaIien
(4-7)-10" cm™ u momnokku n-+-InP TonmmHo#i 350 MKM ¢
koHIrenTpanueit (2-5)-10" cm>. Ipu stom p-—n-nepexon
00pa3oBaH JIOKabHOM TUddy3uei kKaaMus Yepe3 MacKy HUT-
puaa KpeMHHS. J{71s IPOCBETIISIONIETO HOKPBITHS TAKXKE UCTIO-
JIb30BaH HUTpUJI KpeMHHsL. KoHTakTHasI 1o11aika 00pasoBaHa
CJIOEM 30JI0Ta C MOACIO0EM THTaHA. 3aCBETKa MaTpPHIIbI
OCYILIECTBIIACTCS Uepe3 NOAJI0KKY n+-InP.
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Pe3yJ'leaTl)I HCCaeI0BaHMI

Hawmu uccnenoBansr MOYI hopmara 320%256, cocTost-
IMe U3 I1aHapHbIX Gotoaronos ¢ marom 30 MkM. Ha puc.
2 mpuBeJIcHa TEMHOBAs BOJIBT-aMIIEpHAsl XapaKTEPUCTHKA
TUIMYHOTO (POTOANO/A, PACTIONOKEHHOTO B IIEHTPAIBHON
001aCTH MaTpPUIIBL.

Temuosasa BAX ¢ MOY3 InGaAs V-1528
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Puc. 2. Tunuunaa memnos6as 60nbm-amnepuan XapaKmepucmuxka nia-
Hapuvix omoouooos MDY u3 snumaxcuanshoi cmpykmypot InGaAs/
InP.

[Tpu yBenmmuennn odparHoro cmentenns Ha OJ] Gonee 1 B
HaOJIIo1aeTcsl 3HaYMTENbHOE BO3pAaCTaHUEe TEMHOBOTO TOKA.
Jnst mpoBEpKY BO3HUKILETO MPEIONIOKEHUSI O COOMpaHUN
TEMHOBOTO TOKa C OOJIBIIION TUTOIIA 1 HETTOAKIFOYCHHBIX D]
(¥3-32 MTHBEPCHO¥ MPOBOJJMMOCTH IIPUTIOBEPXHOCTHOT'O CJIOS
niu OobIIol TMHBI AU dy3nr) CHSITA 3aBUCUMOCTh CHTHAJIA
(oTomona OT PacCTOSHUS 10 TOUYSYHOTO MCTOYHHKA H3ITY-
YeHHMs1, KOTopas MPUBEACHA Ha PUCYHKE 3.

M®YD InGaAs V-1528 (Lyypg.= 400MKm)
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Puc. 3. 3asucumocms pomomoxa ¢pomoouooa M®@IYD u3 snumax-
cuanvuoii cmpykmyput InGaAs/ InP om paccmosanua 00 moueunozo
UCIMOYHUKA OCBeU|eHUA.

HavaspHbIil ydacTOK 3TOro rpaguka XOpoIo anmpok-
CHUMHPYETCsI IKCIIOHEHIIMATIBHON 3aBUCUMOCTBIO, U3 KOTOPOH
MOXHO OLICHHTH BEIWYMHY AUGQPY3MOHHOU JJIMHBI HEOC-
HOBHBIX HocuTenei 3apsna ~400 mkM. Takum oOpazom,
GoJIbIIasi BEIMYMHA TEMHOBOTO ToKa (otonrona uz MOUD
00ycloBJIeHa COOMpaHUEM TEMHOBOTO TOKa ¢ OONBLIOH
IUIOIA/IU, COM3MEPUMON C pa3MepOM BCETO MAaTPUYHOTO
(OTOUYBCTBUTEIBHOTO 3JeMeHTa. 3Hast Au(p(Py3HOHHYIO

JUTMHY ¥ Koo duument auddysun sipok ~7,5 cm’c! [4],
MOXHO OIICHUTH BPEMsI )KH3HHU JBIPOK U3 COOTHOIICHHS

2
T,= Lp/Dp ~ 210 MKc, YTO COOTBETCTBYET U3BECTHBIM

3apyOeKHBIM TaHHBIM [0, 7].

Bein mccnenoBaHbl ABa MaTpUYHBIX (DOTOTPHEMHUKA,
M3TOTOBJICHHBIE THOPUIM3ael ()OTOTYBCTBUTEIBHBIX JJIC-
MEHTOB 4Yepe3 WH/MEBbIE MUKPOKOHTAKTHI C IBYMsSI TUITAMHA
BUC-cunTeBanms: ¢ 6ompmmoii (0,88 nd) u manoii (10 D u
100 ¢®P) emroctsimu HakoreHus. Ha puc. 4 mpuBeneHsI
KapTHHBI Je(PEKTHOCTH (POTOTIPHEMHUKOB.

J1s1 060mx 00pa31ioB MPH MaTBIX OOPATHBIX HAPSDKEHUSX
CMEIIEHHS 0Ka3aJl0Ch XapaKTEPHBIM HAIMYNE OONBITNX
(mMeromux (opMy KpyTa IIIH MPOTSHKEHHBIX) 00TIacTeit sie-
(exToB THIA «yTeukn». C yBenmIeHreM 00paTHOTO HaIpsIKe-
HUSI CMEIICHHS Ha MaJIoi eMKOCTH HaKoIuieHus (puc. 4 a, 0)
MOYKHO HaOJIFOIATh IIOCTEIIEHHOE CY)KEeHNE ITUX IE(PEKTOB H
yxe rpu pabodeM HanpspkeHuH (~ —2 B) cmemrenns Ha @]
TpeBpamieHne ux B Touku. JaHHBIH 3 dexT o0bsIcHeTCS
0COOEHHOCTIMH pin-hoTonronos. [1pn 6onpmMx HanpsoKe-
HUSIX CMEIICHUSI TIOJIE TIPOHUKAET Ha NTyOMHY HOpsIIKa 3 MKM,
9TO0 0OecreunBaeT Apeti¢ HOCUTENESH B IMEKTPHYECKOM TIOJIe
1 TIPETIITCTBYET PACTEKaHNIO HEOCHOBHBIX HOCUTENEH 3apsiia
BCIenicTBHe 00KOBOH AU Py3HUH.

Ha pucynke 4, 6 BHIHO, 9TO KPYIHBIN Ie(eKT B IIEHTpa-
mpHOM acT MOUD He ymeHbIIica B pa3Mepax. [lo Beeit
BHINMOCTH, NAaHHBIH NepeKT He cBsi3aH ¢ auddys3nei
HEOCHOBHBIX HOCHTENEH 3apsaa, a SBISIETCS CICACTBHEM
MOBEPXHOCTHBIX yTeduek. [lomnmo 3TOTO, C BO3pacTaHueM
00paTHOTO CMEIICHMSI BO3PACTaET KOJIMYECTBO TOUECUHBIX
Je(peKTHBIX DJIEMEHTOB.

AHaNorn4HOE Cy>KeHHE 00IIacTH H300paXkeHNs e (heKToB
(puc. 4, B, T) HaOMrOMACTCS TIPH YMEHBIICHNH TEMIIEPATYPhI
M®UD no —20 °C, mpou3BEeNeHHOE C IIOMOIIBIO JIBYXKAacC-
KaJTHOTO TEPMOIEKTPHIECKOT0 oxaaauTens. OqHaKo B JaH-
HOM CITy4yae KpyIHBIHA 1e(eKT B IeHTpabHOi actn MOUD
HE MPOSIBIISIETCS] M HE HAOMIoIaeTcsl BO3pacTaHus KOJIMYECTBa
TOYECHYHBIX AC(EKTHBIX 3JIEMEHTOB, YTO O3HAYAET CHIIBHYIO
TEMIIEPATYPHYIO 3aBUCUMOCTB STHX BHIOB JE(EKTHBIX yTEUEK.

B ¢oronpremanke ¢ 60IBIION €MKOCTHIO HAKOTUICHHS
(puc. 4, 1) yMeHBIIICHUST 00IaCTH H300paKeHHs 1ePEeKTOB TIPH
YBEIMYEHUH HaNpsOKCHHS CMENICHWs He HaOmromaeTcs.
OnHako, Py MaJTbIX BpeMeHaX HaKOIUIeHHS (pHc. 4, €) BUITHO,
9TO U 3[I€Ch KPYITHbIE 00IacTH (POTOANOAOB C B3aUMOCBSI3BIO
Ha CaMoM JieJie He 3aHMMAIOT CTOJIb OOJIBIIYIO TIIONIAb, a
SIBIIFOTCSI CIIEICTBUEM TOUEUHBIX, JTNOO TOHKHX ITPOTSHKEHHBIX
nedexToB.

[TpuBenenHbIe M300pakeHUsI MOKA3BIBAIOT, YTO IS
yMeHbIIeHUsI B3auMocBaA3m B MOUD HeobOxommmo
yBenuuuBarh cMmerenne Ha @J1 u MOHIKATh TeMIIeparypy
MPYD.

ITpu pacueTe TEMHOBBIX TOKOB H3MEPSIETCS HAITPSKEHNE
Ha Bbxogax BUC cumrteiBanus [12] mpu BpeMeHH HaKON-
nenus T, Ipy KOTOPOM HaNpsHKEHNE Ha EMKOCTH HAKOTIICHHS
JISKUT B 00JIACTH ITOCTOSTHCTBA BHYTPEHHETO KO3 GHIIMeHTa
nepexaan BUC cunteiBanus K. [§] Bennanaa TeMHOBOTO
TOKa [, OTIPENENAETCA 1O Pa3psiTy EMKOCTH HAKOTIIEHHS 38
BpeMs HaKoIuieHus 1 ¥ paBHa:

AU, -Cl

B8blX

L= (1)
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Puc. 4. Hzoopasxcenus kapm oegpexkmuocmu gpomonpuemnuxoe ¢ BUC cuumvieanusa ¢ pasHvimMu eMKOCMAMU HAKONJIEHUA: MEMHOBOU CUZHATI nPU
memnepamype M®YD +20 °C ¢ emkocmoio naxonnenus 10 @ npu manom cmewenuu na @O/ (a), npu onmumansnom cmewienuu na @O/ (6) u npu

uzmenenuu memnepamypol om +20 °C (8) 0o —20 °C (2); memnogoii cuznan npu memnepamype M@ +20 °C ¢ emkocmoio naxonnenus 880 ¢p®@ npu
onmumanshom (0) u RPU MUHUMATLHOM (€) 6pemenu HAKONIeHUs.
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I'mctorpamMMel pactipezieIeHUs] TEMHOBBIX TOKOB 000X 00pa3iioB IpUBEACHBI HA PUCYHKE 5, a, 0.

S50eh TchoH=24°C N583=Y30-2 InGaAs MMNY-2+Kp1-4Au
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{ |B<lr dVcom= -1.56B>= 0.375nA
6000 1--{ Std/Av=12.3% (N=59783)

KonuyecTtBo 3aneMeHTOB

TeMHOBOW TOK lygou=2¢°c, MA

6)

Puc. 5. Tucmozpammul pacnpedenenus memHogolx mokoe pomonpuemuurxoe ¢ BUC cuumuvieanus npu memnepamype M®@UYI +20 °C ¢ emxocmuto
Hakonnenusn 10 g® npu manom u onmumanvuom cmewenuu Ha @/ (a); npu memnepamype MPYI +20 °C ¢ emxocmuio Hakonnenusn 880 @ npu
cmewenuu na @D/ (6).



Ilpuxnaonas usuxa, 2014, Ne 1

51

CpenHee 3HaY€HUE TEMHOTO TOKA ST POTOIPUEMHNKA
C MaJIOH eMKOCTRIO HakorureHus coctaBuiio 0,33 A, ¢ 60ib-
ot emMkocThio — 0,38 mA.

T=20°C K60 Mux 13-A1 + InGaAs Kp1-1Au TeMHOBbIe TOKM
07 - -

—— <adVcom= -1.568> mB
06 3-| —e—<VdVcom=-156B>mMB

mB

Cp.KB.3H. WWyma, MB
Curxan rpu chone Tk,
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Puc. 6. 3asucumocmu nanpadxicenus memHo8020 CUZHANA U CPeOHe-
K8AOPAMUYHO20 3HAYEHUS UWYMA ON 8PeMEHU HAKONJIeHUs (homonpuem-
Huka ¢c BUC cuumvieanus c emxocmowio naxonnenus 880 p®@ npu memne-
pamype M®UI +20 °C.

I'paduk Ha puc. 6 IOKa3bIBAET 3aBUCUMOCTD HaIpsKe-
HYsI TEMHOBOTO CUTHAJIA Y CPETHEKBAIPATUIHOT O 3HAYCHHS IITyMa
OT BpeMeHH HakoruieHusi. CHrHall OT BPEMEHH HaKOTUICHHS
JIMHEWHO BO3PACTaeT, a 3aBHCUMOCTb LIlyMa OJTM3Ka K KOPHEBO,
YTO TOBOPUT O p0OOBOM XapakTepe IiryMa (hOTONpHEMHHKA.

i T=20°C InGaAs N973=Y30-30 MITY-H1-32+V-1657Kp.
14
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TeMHOBOM TOK Iygop-200c, NA

@ < Vdet=4.848>= 0.22nA

HquD StdlAw= 207 6% (N= 61609)
| <t Vdet=4 846>= 0 24na =1

1004 Std/Av= 378.9% (N= 56265) | .

Konu4ecTeo aneMeHToB

Puc. 7. T'ucmozpammul pacnpedenenus memHoswvlx mMoKoe gomo-
npuemnuka ¢ BUC cuumviganus ¢ emxocmamu naxonnenus 10 @ u
100 p®@ npu memnepamype M@ +20 °C.

[ cpaBHEHHsS M3MEpEeHBl TEMHOBBIE TOKH (OTO-
MIPUEMHUKa, U3TOTOBIEHHOTO THOpuan3anueir MOUD u3
npyroit wactuael InGaAs ¢ BUC cunTeiBaHUS ¢ Maioi
€MKOCTBIO HAKOIUICHUS. MI3MepeHHs POBEeHbI IPH eMKOC-
Tsix HakorwieHus 10 ¢@ u 100 ¢pd. Pesymsrarsr mpommo-

CTpUpOBaHbI Ha puc. 7. [loaydyeHHbIE CpeTHIE 3HAYEHUS TEM-
HoBoro Toka coctaBmin 0,22 mA u 0,24 mA, COOTBETCTBEHHO,
Ipu onTUMainbHOM cMmemennn Ha D] paBaom —2,4 B.
3HaueHNS! TEMHOBBIX TOKOB (DOTOAMOMOB JUTA PAZIHMYHBIX
miacTuH InGaAs OIMHAKOBOW CTPYKTYPHI pa3iIHYaroTCs
HECYIIIECTBEHHO.

3akiaouenue

B pesynbraTe mpoBeNEeHHBIX UCCIEAOBAaHUN YCTAaHOB-
JICHO, YTO JUI YMEHBIIEHHs B3auMOCBsi3 B MOUD mpu
KOMHATHOH TeMIleparype He0OX0AUMO YBEIIMINBATh 00part-
Hoe cMmemeHne Ha D/ 1o ypoBHs He MeHee 2 B.

Cpennee mo MOUD 3HaueHNE TEMHOBOTO TOKA TTaHAP-
HBIX ()OTOMOOB TP KOMHATHOH TEMIIEpaType JOCTHTaET
MHUHHMaJIbHOTO 3HaueHUs 0,22 mMA Tpu ONTHMAJIBHOM
cmemennn Ha OJ] paaom —2,4 B.
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A heteroepitaxial structure InGaAs/InP based photosensitive Focal Plane Array (FPA) has been researched.
The format is 320x256 pixels with a 30jm pitch, hybridized with various ROIC distribution characteristics
are presented. Shown, that for decrease of crosstalk photodiodes in FPA at a room temperature it is necessary
to increase bias up to a level not less than — 2 V. Average dark current data planar photodiodes in FPA at a
room temperature has been defined based on the measured I-V characteristics, dark current of 0,22 pA at the
optimal bias on photodiods equal 2,4 V.

PACS: 07.07.Df, 07.57.-c, 81.05.Ea, 81.65.Rv
Keywords: dark currents, planar, photodiodes of heteroepitaxial structure InGaAs/InP, Focal Plane Array.

References

1. Marshall J. Cohen, Martin H. Ettenberg, Michael J. Lange, and Gregory H., Commercial and Industrial Applications of Indium Gallium
Arsenide Near Infrared Focal Plane Array (3490 U.S. Route 1, Princeton, NJ 08540).

2. D. S. Andreev and 1. V. Chinareva, Chip of the 322x258 matrix of pin-photodiodes on the InGaAs/InP base (Patent Application, RF,
2011).

3. 0. V. Ogneva, 1. V. Chinareva, et al., (Russian Federation Patent. No. 2318272, 2008).

4. Yu. A. Goldberg and N. M. Schmidt, in Handbook Series on Semiconductor Parameters, Ed. by M. Levinshtein, S. Rumyantsev and
M. Shur, (World Scientific, London, 1999), Vol. 2, pp. 62-88.

5. A. M. Filachev, I. I. Taubkin, and M. A. Trishenkov, Solid-State Photoelectronics. Photodiodes. (Fizmatkniga, Moscow, 2011).

6. H. Yuan, M. Meixell, J. Zhang, et al., Proc. SPIE 8353, 09-6 (2012).

7. A.Zemel and M. Gallant, J. Appl. Phys. 64, 6552 (1988).

8. 1. D. Burlakov, A. V. Golubkov, A. I. Dirochka, et al., Prikladnaya Fizika, No. 2, 16 (2005).

9. A. Yu. Selyakov, Prikladnaya Fizika, No. 4, 75 (2007).

10. A. Yu. Selyakov, Prikladnaya Fizika, No. 6, 127 (2009).

11. D. S. Andreev, T. N. Grishina, et al., Prikladnaya Fizika, No. 4, 86 (2012).

12. A. A. Zaitsev, S. S. Khromov, K. O. Boltar, et al., Prikladnaya Fizika, No. 2, 97 (2011).





