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AHHoTauuAa. B cratbe npegctaeBneH gotoTtpaHaucTop (MTLW — noneson TpaHaucTtop LWoTTkM) C
Gapbepom LUOTTKM Ha ocHoBe KoHTakTa IrSi-Si MHOYLMPOBAHHOINO M p-KaHanbHOrMO BCTPOEHHOro TUMa,
KOTOpPbI MMEET BbICOKYIO (DOTOYMYBCTBUTENBbHOCTE U 6Gonee WMPOKyld 06nacTe  chnekTpanbHow
YYBCTBUTEMNBHOCTU MO cpaBHeHuo ¢ guogamu Wottkm u MOIT (meTann-okcua-nonynposoaHuk) u MO
(MeTann-gnaneKkTpuK-NonynpoBOAHUK)  CTPYKTypamu. MccrefoBaHbl  BOMbTaMMepHbIE  XapaKTepPUCTUKK
3aTBOpa MOMEBOro TpaH3ucTopa, ynpaeBnsemoro GapbepoM LoTTkm Ha ocHoBe koHTakTa IrSi-Si,
onpegerneHa 3aBUCMMOCTb TOKOB 3aTBopa OT HanpsbkeHus. CyliecTBEeHHOe yBenudeHue KoadhduumeHTa
3anonHeHus LoTTku-matpuy OOCTUraeTcs cuMTbiBaHMEM 3apsga, HakonneHHoro B guoge LWoTttku, He ¢
nomotubio M3C (Mpmbopbl ¢ 3apsaHON CBA3LIO) — PEMMCTPOB, @ NMYTEM €r0 MHXEKLUUN B CUTHASBbHYH LUUHY,
aHanorndHo M3 (npnbopbl C 3apsgHON MHXKEKLMEN) — CTPYKTYpaM Ha Y3KO3OHHbIX MONynpoBOAHMKax. B
3TOM CIly4yae MHOro3fleMeHTHass MaTpuua COLEPXMWT FOPU3OHTasNbHbIE LUMHbI, OJ1 OMpoca 3SfIEMEHTOB
BbIOpPaHHOW CTPOKW, BepTUKalbHble cuUrHamnbHble WWHbl, MOT-knoY (MeTan-okcMa-nonynpoBOAHUK) ANis
NOAKIIOYEHNST ONpallMBaemMoro ctonbua n matpuubl OTOHYBCTBUTESNBHBIX 3IEMEHTOB, KaXAbIA U3 KOTOPbIX
coctout U3 doTtodyBcTBUTENLHOrO Amopda LWottkm n MOTMM-kntoya. OKcnepuMeHTanbHbIM - CNOco6oMm
YCTaHOBMEHO 4TO, 3aBUCUMOCTb Toka 3atBopa [MTLU ¢ MHAyuUMpPOBaHHBIM KaHarioM MoKasbiBaeT, YTO ANS
HanpskeHuss ¢ UK-uanyyeHnem TpaH3UCTOPHOW CTPYKTYpPbl, MOMOXUTENbHLIA 3apsg, YOEPKUBAEMbIA B
nneHke IrSi, paspspkaeTcss B KPEMHMEBYIO MIEHKY, obpa3ys hOTOTOK B 3aTBOpe MONEBOro TpaHaucTopa.
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PaccmoTtpeHHbin UK-geTekTop MoXeT ObiTb COBMELLEH C arleMEeHTaMM UHTErparbHbIX CXeM, YTO OTKpbIBaeT
LUMPOKME MEpCrneKkTUBbI OJ1 €ro MCMoSNb30BaHUA B MHOFO3MIEMEHTHbIX MHMpaKpacHbIX (POTONPUEMHUKAX
GonbLUOW CTENEHN UHTerpaumm.

KnrouyeBble cnoesa: b6apbep LLoTTKMK, cunuuna npmnaus, reoMeTpu4ecKkni LyM,
OTOYYBCTBUTENBHOCTb, LLIOTTKN-MaTpuLbl, OTXKWI, AUOAHbIE CTPYKTYPHI.

AHoTauif. Y cratTi npegctaeneHo gototpaH3uctop (MTLW - nonboBun TpaHsuctop LoTTki) 3
6ap'epom LoTTKIi Ha ocHoBi kOHTakTy IrSi-Si iHOYKOBaHOro i p-kaHanbHOro BOyQOBaHOrO TUMY, SKUA Mae
BMCOKY (POTOYYTNMBICTb i LWMPLY 06nacTb cnekTpanbHOT YyTNUBOCTI NOPiBHSAHHO 3 Aiogamu WotTki i MOH
(meTan-okcua-HanisnposigHuk) i MOH (meTan-gienekTpuk-HaniBnNpoBiaHWK) CTpykTypamu. [ocnigpxkeHo
BOMbTaMMNEPHi XapakTepUCTUKM 3acroHy MOMbOBOro TpaH3ncTopa, kepoBaHoro 6ap'epom LLOTTKI, Ha OCHOBI
KOHTakTy IrSI-SiI, BU3Ha4yeHa 3anexHiCTb CTPYMIB 3acCrnoHy Bif Hanpyru. |CTOTHe 36inblieHHs KoediuieHTa
3anoBHeHHSA LoTkM-maTpuub JOCAraeTbCs 34MTyBaHHAM 3apsgy, HakonuyeHoro B pgiodi WoTku, He 3
ponomoroto M33 (npunagu i3 3apsiAHMM 3B'A3KOM) — PEFICTPIB, a LUIISAXOM MOTr0 iHXEKLUiT Y CUrHamnbHY LUWHY,
aHanoriyHo M3l (npunagn i3 3apsgHO iHXEKLiE) — CTPYKTypa Ha BY3bKO3OHHMX HaniBrnposigHukax. B
LubOMy BuMNagky OaraToeneMeHTHa MaTpuusa MICTUTb FOPU3OHTanbHI LWWMHW ONS ONUTYBaHHS €fleMEHTIB
BMOpaHOro psigka, BepTuKamnbHi CUrHanbHi WuHKM, MOH-kMoY gns NigkmloyYeHHs onuTyBaHOro CTOBMUS i
MaTpuui poTOUYTNMBNX ENEMEHTIB, KOXEH 3 SIKMX CKnagaeTbesa 3 ooTovyTnmeoro giog WoTtku gioga i MOH-
kntoya. EkcnepymeHTansHUM cnocobom BCTaHOBIEHO LLO, 3anexHicTb cTpymy 3acnoHy MNTLW 3 inaykoBaHUM
KaHanom mnokasye, WO ANd Hanpyrn 3 iHpavyepBOHUM BUMPOMIHIOBAHHSAM TPaH3UCTOPHOI CTPYKTYpW,
NO3UTVMBHWUIA 3apsd, YTpMMyBaHui B nAiBui IrSi, po3psaaxaeTbCcsa B KPEMHIEBY NMiBKY, YyTBOPIOOYN (POTOCTPYM
B 3aCnoHi MONbOBOro TpaH3UCTOpy. Po3rmsaHyTWi iHdpayepBOHMI OEeTeKTop MoXe OyTu noegHaHun 3
ernemMeHTaMu iHTerpanbHMX CXeM, WO BiOKPMBAE LWMPOKI NEpCrnekTMBM Ans NOro BUKOPWUCTaHHS B
BGaraToenemMeHTHUX iHpavYepBOHMX boToNpUnMadax BENMKOro CTyneHs iHTerpadii.

KnwouoBi cnoBa: 6ap'ep LUoTkn, cuniumg ipugito, reoMeTpmyHuin wym, oTodyTnmeicTb, LLUoTkn-
MaTtpuui, Bignan, 4iogHi CTPYKTYypW.

Abstract. The article presents a phototransistor (PTSH - Schottky field-effect transistor) with a
Schottky barrier based on an IrSi-Si contact and an p-channel type, which has a high photosensitivity and a
more wider region of spectral sensitivity compared to Schottky diodes and MOS (metal oxide semiconductor)
and MDS (metal-dielectric-semiconductor) structures. The current-voltage characteristics of breech-block of
the field-effect transistor controlled by the Schottky barrier are investigated on the basis of the IrSi-Si
contact. The dependence of breech-block currents on the voltage is determined. Essential increasing of
Schottky-matrixes filling coefficient is enriched by charge readout, stored in diode Schottky, not with help
DCC (devices with charge coupling) — registers, but by its injection in to signal wire, by analogy with DCI
(devices with charge injection) — to structures on narrow-band gap semiconductors. In this case multi
element matrix contains horizontal wires for inquiry elements selected line, vertical signal wires, MOS-key
(metal-oxide-semiconductor) for connection interrogated column and matrix of photosensitive elements,
every of them consist of photosensitive diode Schottky and MOS-key. By it is an experimental method set
that, dependence ofcurrent of breech-block of the field transistor of Schottkyshows with the induced channel,
that for tension with theinfrared of transistor structure, the positive charge retained intape of IrSi runs down in
silicic tape, forming a photoelectric inthe aim of breech-block. The considered infrared Sensor can be
combined with the elements of the integrated circuits, that opens wide prospects for his use in multielement
infrared photos receivers of large degree of integration.

Key words: Schottky barrier, iridium silicide, geometric noise, photosensitivity, Schottky-matrixes,
annealing, diode structures.

UyBCTBUTEIBHOCTh MPUEMHBIX YCTPOWCTB, MCHOJIB3YIOIIMX MHOTORJIEMEHTHBIE MaTpPHUIIbI
[IoTTKN-THOMOB, KaK W JAPYTMX MHOTORJEMEHTHBIX MPUEMHUKOB, 3aBUCUT OT OTHOIICHUS
TUIOIA/IN, 3aHUMAEeMON HETOCPECTBEHHO ()OTOUYBCTBUTEIHHON MOBEPXHOCTHIO KO BCEH IMIIOMIAAN
MPUEMHUKA, BKJTIOYAsi U CYMTHIBAIOIIYIO CTPYKTYPY.

[Ipu wucnonb3zoBaHMM B KadecTBe cuuThiBawome cucremsl [13C-peructpoB B cocrTaB
MHOT'O?JIEMEHTHOTO MPUEMHHUKA JODKHBI BXOIUTH AJICKTPOJIBI MEepeaddl 3aps0B W CUTHAIHHBIC
IIMHBI CABUTOBOTO PErHCTPa, CTOM-KaHAIBHBIE 00JIACTH, TIEKTPOIbI CYUTHIBAIONIUX 3aTBOPOB H T.J.
[To »To¥ TmpwuMHE OTHOCWUTENBHAs MO (DOTOUYBCTBHTEIBHOW IUIOMIAA B MHOTO3JIEMEHTHBIX
[loTrTku-MaTpHIax (MHOT/IA €¢ Ha3bIBAlOT KOA(PPHUIIMEHTOM 3amoiiHeHus), mana [1]. Hanpumep, B
OJTHOM W3 TEPBBIX JIByXKOOPIAUHATHBIX A10J0B MaTpuil-IlloTTku, oHa coctasmsiina nuib 16,4%.
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[Tyrem yMeHBIIEHHS pa3MEPOB SJIEMEHTOB CUUTHIBAIOIIECH CTPYKTYpPHI, CTOIM-KaHAIOB W
Ipyrux He(OTOUYBCTBUTEIBHBIX OOJACTEH yAaJIOCh TMOBBICUTH KO3(PGUIIMEHT 3alOJHCHHS TPHU
COXPAaHEHUU JIOCTATOYHO OOJBIIOTO TMHAMUYECKOTO JMANa30Ha CUNTHIBAIONICH CTPYKTYpHL. Tak, B
oJHON u3 mocieanux paspaborok pupmel RCA B marpuie PtSi anomos IIoTTKH, COCTOSIIMX U3
160 x 244 snementoB, ko3pdumnuent 3anonHeHus: coctaBmn 39%. Ilpennonaraercs manpHEiIee
yYMEHbBIIIEHHE  pa3MepoB  HEPOTOUYBCTBUTENIBHBIX  OOJIacTEll  MaTpUIbl, YTO  COIJIACHO
MIPEIMTOJIOKCHHUSIM JIOJKHO YBEIUYUTHh KOA(D(PHUIIMEHT 3aroIHEeHUsI 10 MAaKCUMAIBHON BEJIMYUHBI,
paBHOH 83%.

Jiis yBenuwdenusi kod(hdUIMEHTa 3alOJHEHHS MATPUIBI MOXHO TaKXe HCIOIb30BaTh
ONTUYECKYIO MPETOMIISIONIYIO TIACTUHKY U3 mpo3pauHoro B MK-obmactu marepuana (KpemHHs,
repMaHusi), KOTOPYIK) YCTaHABIMBAIOT B HEMOCPEICTBEHHOM KOHTAKTE C TOH IMOBEPXHOCTHIO
MaTpHUIIbI, Yepe3 KOTOPYIO MMPOUCXOJUT OCBELICHUE IPUEMHBIX 3JIEMEHTOB. JTa MJIACTUHKA J0JDKHA
U3MEHATh XOJl JIyded TakuMm oO0pa3oM, 4dYTOObI wH3iIyueHHe (POKyCHpPOBaJIOCh TOJIBKO Ha
(OTOYYBCTBUTEIBHBIC YUACTKUA MATPHUILBI [2].

B mocnennue roapl paspaboraH psi HOBBIX (orompueMHUKOB: muonoB Illortku ¢ MOII
(Metamut-okcuA-monynpoBoaHuk) u MJIII (MeTami-IuiieKTpUuK-MoIyNpPOBOIHUK) CTPYKTYPAMHU.
OCHOBHBIMH ~ HEIOCTAaTKAMU  W3BECTHBIX  (DOTONPUEMHHUKOB  SIBJISIOTCA WX  HH3Kas
(OTOYYBCTBUTEIBHOCTD U y3Kas 001aCTh CIIEKTPAIbHON YyBCTBUTEILHOCTH [3].

Henbr cratbm - npeacraButh paspabotanHbiii ¢ororpansucrop (IITHI - mnosesoi
tpausucrop Illottku) ¢ Gapbepom IlloTTkM Ha ocHOBe KOHTakTa IrSi-Si WHIYIIUPOBAHHOTO |
pP-KaHAIBHOTO BCTPOCHHOTO THUIIA, KOTOPBIM MMEET BBICOKYIO (DOTOYYBCTBHTEIHHOCTH M 0OoOJice
IIUPOKYI0 00JacTh CIEKTPAIbHONW YYBCTBUTEIBHOCTH IO CpaBHEHUIO ¢ auojgamu LoTTku u
npyrumu MOII (metann-okcun-noaynpoBogauk) 1 MII (MeTann-n1nsneKTpuK-noiaynpoBOAHUK)
CTPYKTypaMu.

Nzrorosnen dororpanzuctop (IITL - moneBoii Tpan3uctop IllorTku) ¢ 6appepom LloTTkm
Ha OCHOBe KoHTakTa IrSi-Si MHIYIMPOBaHHOTO M p-KaHAIBHOTO BeTpoeHHOro Thma (puc. 1). Kanan
6B cHOPMHUPOBAH BHEAPEHUEM HOHOB Gopa ¢ sHeprucii 50 k3B n nosoit 2,102 cm2. Hcroku n
CTOKM TIOJIEBBIX TPAH3UCTOPOB cdopmupoBanbl muddys3ueir dochopa ¢ MOBEPXHOCTHBIM
conporusienreM 8 OM/kBaapar u auddysueit 6opa 6 OM/kBaapar Ha riayouny 1,5 mxm. 3aTBop
u3 IrSi monyuyen panee omucanubiM MetoqoM. [Ipu padore ITTII (nmoneBoii Tpansucrop IloTTkm)
MOJJIOKKA | M MCTOK 2 3a3eMIISIFOTCS, @ CTOK 3 COEQUHSETCS Yepe3 Harpy304HOE CONPOTHUBIIEHUE C
MOJIOKUTETIbHBIM TOJIFOCOM HMCTOYHHMKA. Takum o0pa3oM, kKoHTakT I1loTTku, oOpa3oBaHHBIN 10
MeToy IuieHKaMu IrSi u kpemHHeM 5, cTaHOBUTCS OOpaTHOCMelleHHbIM. [lodtomy ruieHka IrSi
YAEPKUBAET TOJOXKUTENIbHBIN 3apsii TaK, YTO TOJEBOM TPAH3UCTOP HAXOOUTCS B OTKPBITOM
cocTtostHUM. IIpn 5TOM TedyeT KaHaJIbHBIA TOK, BEJIMYMHA KOTOPOTO ONPENENSIETCS Harpy304HbBIM
COIPOTHBIIEHUEM U CONPOTUBIIEHUEM KaHaJa.

HccnenoBanbl  BOJIBTAMIIEPHBIE  XAapAKTEPUCTUKHM — 3aTBOpPAa  IOJEBOTO  TPaH3UCTOPA,
ynpasnsieMoro 6apbepom IlloTTkH, Ha ocHOBe koHTakTa IrS1-S1. 3aBUCMMOCTH TOKOB 3aTBOpa OT
HanpsDKeHUs TIOKa3aHbl Ha puc. 2.

[Ipu yBenuyeHUM HamNpsHKEHUS TOK 3aTBOpA YBEIMUYUBAETCS, YTO OOBSICHAETCS JIEHCTBUEM
CHJI 3€pKaJIbHOT0 N300paXkeHUs TeMHOBOM TOK Oapbepa IlloTTku, onuckiBaeTcs: GopMyInoii:

I = SAT?exp(—(@s — Aps/kT), 1)

rae S — wiomans;, A — 3¢dexruBHas mocrosHHas Puvapncona; T — temmnepaTypa; (s — BBICOTa
MOTEHIATILHOTO Oaphepa.
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Pucynok 1 — CtpykTypa noneBoro Tpanzuctopa ¢ 6aprepom HlorTku
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Pucynok 2 — 3aBUCMMOCTB TOKOB 3aTBOpPa OT HANpPsDKEHUS HAa CTOKE:
1 —npu 80°K; 2 — mpm 300°K

CornacHo [1,2] B pexxrMe HACBILICHHS TOKa CTOKA HAMPSDKEHHOCTD JIEKTPHYECKOTO OIS B
CTOKOBOW 4YacTH KaHajlla Ha TpaHuie Metaui-nonynpoBoguuk (IrSi) mpomopimoHanbHa
HAaIpPsDKEHHUIO 3aTBOP-CTOK, MO3TOMY H3MEHEHHE Oapbepa onpeaensercs mo hopmyie:

Ags = a/Uqe = \[qE [e ()

a TOK O6paTHO CMCIICHHOT'O 6apLepa

| = SATZ EXp(a\/U_m:+a6) (3)
B T
WA
— 2 _ 95, 2/Us
Int = InSAT at o 4
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3aBucumocts TOKa 3aTBopa IITHI ¢ MHAYHMPOBAaHHBIM KaHAJIOM IIOKa3bIBAET, 4YTO
HanpspkeHus ¢ UMK-u3nydeHnem  TpaH3UCTOPHOM  CTPYKTYPBI,  TOJOXHUTEIBHBIA  3apsf,
yIepKUBaeMblil B TuieHKe IrSi, paspspkaercss B KPEMHHEBYIO TUICHKY, 00pa3ysi ()OTOTOK B 3aTBOpPE
II0JIEBOI'O TPAH3UCTOPA, IOATOMY HaOII01aeTCsl aJICHNE HANIPSDKEHUS Ha 3aTBOPE B BUJIE:

AV, = IRy, (5)
rae lgp — pororok; Ry; — conpoTuBiIeHHE KaHalla HCTOK-3aTBOP.
M3meHenue HanpsKeHUs Ha 3aTBOpeE:
g = —dl;/dV;, (6)
rlie g — KpyTu3Ha, lc — TOK, MpoXosIuil uepes KaHai, BbI3BIBACT U3MEHEHHE TOKA Yepe3 KaHall Ha!
Al = gAV, = glyR,; . (7)

YyBCTBUTEIBHOCTD K U3IIYy4EHUIO (DOTOTPAH3UCTOPA ONPEIEIISETCS:
Al
2 = gRs1/®, ®)
rae @ — momHocTs UK-n3nyyeHus.

Ha puc. 3 mokas3aHa 3aBHCHMOCTH (1)OTOTOKa B o0OyacTu HAaCbIICHUA OT HAIIPSAKCHHUS Ha
IIOJICBOM J3JICKTPOAC.

150

or

0.1 0,3 0,5 0,7 0,9
u

cr

B

Pucynok 3 — 3aBUCHUMOCTb (POTOTOKA OT HATIPSKEHUSI CMELICHUS

DKCIepUMEHTAIBHBIM CITOCOOOM yCTAaHOBJIEHO 4YTO, 3aBHCHUMOCTh Toka 3arBopa I[ITHI c
HHAYOUPOBAHHBIM KaHAJIOM IMOKAa3bIBACT, YTO JJISA HAIIPSXKCHUA C I/IK-I/I?)J'Iy'—IeHI/IeM TpaHSHCTOpHOﬁ
CTPYKTYPBI, MOJIOKUTEIIBbHBINA 3apsi, YAepKUBaeMblli B TUieHKe IrSi, pa3pspkaeTcss B KPEMHHEBYIO
IJIEHKY, 00pa3ys ()OTOTOK B 3aTBOpPE MOJIEBOrO TpaH3ucTtopa. [losTomy HaOmrogaeTcsi majcHue
HaMpPsDKEHUs Ha 3aTBOPE.

Pa3paboranHbiif poTONPUEMHUK UMEET CIEAYIOUIUE TapaMeTPhI:
— 005acTh CIEKTpaIbHOU UyBCTBUTEIBHOCTH: 7,5 ... 14,1 MKM;
— abCOoITIOTHAS TOKOBAst YyBCTBUTEIBHOCTE MPH A = 9 MkM; Sy = 6MA/ BT;
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— pabouas remneparypa: 50 — 55 K;
— o6HapyxuBaomas crocobrocts: D = 10% em T2 Br;
— MHEpIMOHHOCTE: T <5-10% c.

Paccmotpennsiii UK-nerextop MoxeT ObITh COBMEIIEH C JIEMEHTAMU UHTETPAIbHBIX CXEM,
YTO OTKPBIBAE€T WIMPOKHE TEPCIEKTUBBI I €ro HKCHOJb30BaHUS B MHOIO3JIEMEHTHBIX
uH(ppakpacHbIX (poTonpueMHUKaX OONBIION CTENEHH UHTErPaIlUH.
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