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[pencraneni mapamMeTpy, sIKUM HOBHHHI BiATIOBIIaTH KPEMHI€BI TPAH3UCTOPH, NPUAATHI ISl BAKOPHCTAHHS B

TepMOMeTpii.

Jlocni/pkeHO BIUIMB PEHTreHiBCbKOro ompomineHHs (X - mpoMeHiB) Ta ClabKHX MarHiTHHX MOJNIB Ha
es1eKTpo(hi3UYHI XapaKTePUCTUKK TEPMOCEHCOPiB Ha 6asi P-N-nepexony Tpansucropa 2T363A.

3 aHamizy 3MiH BoibT-amnepHux (BAX) Tta BonbT-hapamHux xapakrepuctuk (B®X), mokaszano, 1o Ha
MOYaTKOBiH CTazii PEeHTTCHIBCHKOrO ONPOMIHEHHS CIIOCTEPIraeThesi 301IbLIEHHS e()eKTUBHOCTI pekoMOiHaliiHuX
IpoLeCiB B 00JIACTI IPOCTOPOBOrO 3apsly i HE3HAUHE 3MEHIIECHHS BEIMYMHHU NpsMoro crpymy BAX, mo moxHa
MOSICHUTH e(EeKTOM pPYHHYBAHHSA METacTaOUIBHHUX CTPYKTYPHHX Je(eKTiB 0a3u TpaH3UCTOpa. 30BHIIHE MarHiTHe
nozne (B = 0,17 Ti) npakTUYHO He 3MiHIOE epEeKTUBHOCTI pekoMOiHauiiiHuX npoueciB B OIT3, aje mposBiisie BIUIUB HA
(y3iiiHy KOMIIOHEHTY HPSIMOTo CTpyMY 4epe3 P-N-repexif.

Hist penrreniBcbkux npomeniB (D <325Tp) i marniTHUX moiiB (ekcrmosuuis A0 15 roauH) MpakTHYHO HE
3MiHWIA BOJNBT-TEMIICPATYPHI XapaKTEPUCTHKU, 3 4Or0 MOXKHA 3pOOMTH BHCHOBOK IPO CTaOiIbHICTH POOOUMX

XapaKTE€PUCTUK Yy BUIIE3ralaHuX yMOBax.

KitrouoBi ci10Ba: TepMoceHCOp, peHTTEHIBChKE BUIIPOMIHIOBAaHHSI, MarHiTHe ToJe, P-N-Iiepexi.

Cmamms nocmynuna 0o pedakyii 04.04.2012; npuiinsama oo opyky 15.06.2012.

Beryn

HaniBripoBitHUKOBI TEPMOEIEKTPUYHI
MepeTBOpIOBadi 3HAXOATh IIMPOKE 3acCTOCYBaHHS B
CydacHI  CEHCOpHIM  TexHiumi,  30Kpema,  JUIs
BUMIPIOBaHHS Ta PEryJIIOBaHHs TEMIIEPATypH B iara3oHi
-50°C —250°C  BHMKOpPHCTOBYIOTHCS p-n-niepexonu
KpPEMHIEBHUX TPaH3UCTOPIB. Bukopucranus

HAITIBIIPOBIIHUKOBUX TPAaH3UCTOPHUX TEPMOCEHCOPIB
3YMOBJIEHO X BiJJHOCHO MaJIOI0 BapTiCTIO BUPOOHUIITBA,

BHCOKOIO IIBUJAKOMAIEI0 1 TOYHICTIO BUMIpPIOBaHHS
TEMIIEpaTypH.

CraliibHICTh eKCIUTyaTamiiHIX rapamerpiB
HAITIBIIPOBIIHUKOBUX TEPMOCEHCOPIB B 3HAuHIi Mipi
BU3HAYAETHCSI ~ KOHCTPYKTHBHUMH  OCOOJIMBOCTSMH

cencopa [1] Ta miero 30BHIHIHIX (aKTOpiB — paiariii,
MAarHiTHOTO 1OJIs, aTMOC()EpHUX YMOB 1 T. II.

Bimomo [2,3], mo paniamiiini Ta CTPYKTYypHI
JnedexkT! B HamiBIPOBIAHMUKOBHX KpHCTajlaX 3MiHIOIOThH
iX OCHOBHI XapaKTEpPUCTUKH Ta BJIACTHBOCTI. Takum
nedexram B HAITiBITPOB1THUKOBUX KpHUCTajax
Bi/IMIOB11aI0OTh ITMOOKI €HEpreTHYHi piBHI B 3200pOHEHI i
30Hi. JlocmipKyloun mNapamMeTpu LUX piBHIB, MOXHa
BUBYATH IIOBEAIHKY CaMHX pamiamiiHux nedekTiB Ta
MPOTHO3YBAaTH  MOXJIMBI ~ 3aKOHOMIPHOCTI  3MiHH
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XapaKTEePUCTHK BiIMOBITHUX CEHCOPIB.

3a/10Bro 10 BHUSIBJIEHHSI MarHiTOILIACTHYHOTO e(eKTy
B JliaMarHiTHUX Marepianax y pobori [4] Oyau omucani
edextn BmMBY ciabkux MarHitHuX moniB (B =0,1-
10Tn) wa ¢oro- 1 TEMHOBY  MpPOBiTHOCTI
HAIMBIPOBIIHKUKIB, iX  (UIIOOpECHEHIiI0 Ta  iHII
(oTOENEeKTPUYHI BIaCTHBOCTI. B ocTaHHI poku 0co0nruBo
aKTyaJlbHOIO € TpoOiema  JOCHIKEHHS  TpOsBY
CICKTPOHHMX CITiHIB, IO JIOKaJTi30BaHi Ha aedeKTax
KPHUCTATIYHOI I'paTKH. BIUIMB CTaOKUX MAarHiTHUX IOJIiB
(CMII) Ha CTpYKTYpHO-YYTJIHBI XapaKTEPUCTHKU 4epes3
CHIHOBY B33a€MOJI0 3yYMOBJICHHUH TOJIOBHO THIIOM
nedeKTiB, IX PYXJIUBICTIO Ta XapaKTepOM B3aeMOZIl
[5, 6].

Jlns BUBUEHHS TNapaMmeTpiB TMOOKHX pIiBHIB, IO
3YMOBJICHI HAsBHICTIO BIANOBIAHUX Je(EeKTiB, iCHYE
HHU3Ka CIOco0iB. €MHICHI METOIMKH, sIKi 3a0e3MeuyloTh
BHCOKY YYTJIMBICTh, aHaJi3 CIEKTPY TJHMOOKHX PiBHIB
Maibke 1Mo BCili IMpHHI 3a00pOHEHO] 30HH, BU3HAYECHHS
mapamerpiB THOOKMX UeHTpiB [7,8], € ocobauBo

iH(OPMATHBHUMH.
Ha nmpakrtumi omHMMH 3 BHCOKOE(EKTUBHHX
MEpBUHHUX  TEPMOEJEKTPUYHUX IEPETBOPIOBAYIB €

BHCOKOYAaCTOTHI Tpausucropu (taki sk 2T363A), a
ToyHine ixX pP-N-mepexomu: emitep-6aza [9, 10] abo
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KojiekTop-6a3a [11]. Di3uuHi MPOIECH B KOHTAKTHHX
CTPYKTypax  Takoro THIY MOXHA  e()EeKTHBHO
JMOCTIKYBaTH 3a JOMOMOTOI0 €MHICHHX METOJIHK,
OCKIJIbKHM 0a3a UX TPaH3UCTOPIB € cllabo JIErOBaHOO i
MPAKTUYHO OLUIbIIA YacTHHA O0O0JACTI IPOCTOPOBOIO
3apsmy JIOKaJTi30BaHa B IIPUIIOBEPXHEBOMY miapi Oa3u.
Leii paxr 3a0e3ne4ye BUCOKY UYTIMBICTH METOAUKH TIPU
BUBYEHHI IIPOIECIB €BOMIONIT AedeKTiB P-N-CTPYKTYP,
110 3yMOBJIEHA JIi€10 30BHINIHIX (haKTOpiB.

OCKiTBbKH CyJacHi TEPMOCEHCOPH 4acTo
eKCIUTYaTyIOTbCS B yMOBax il PI3HUX 30BHIIIHIX
YUHHUKIB, TOMY METOI JaHoi poboth  Oyio

JIOCITI/DKEHHST 3aKOHOMIPHOCTEH 3MiHM XapaKTEePUCTHK
TPaH3UCTOPHUX TEPMOIIEPETBOPIOBAUiB, IO 3YMOBJIEHI
PEHTTCHIBCHKOIO pajialli€l0 Ta CIA0KUMH MAarHiTHUMHU
nonsimu (B = 0,17 Th).

. OO0’ exTH Ta MeTOANKA eKCIIEPUMEHTY

Y  gaHii  poOOTI MM IOCHI[DKYBadH  3MiHH
XapaKTEPUCTUK CTPYKTYp emitep-0a3a (i3 3aKOpoueHHM
Ha 0a3y KOJEKTOpOM) Ta KoJekTop-0a3a (i3 3aKopoueHuM
Ha 6a3y emiTepoM) y TpaHzucTopax 2T363A.

VY ceHcopax TeMIiepaTypH Ha OCHOBI [P-N-TIEPEeXOjiB
OCHOBHHUM JIecTaOlIi3yIouuM IMapameTpoM € audysiiiHa
JIOBXKHMHA Tpo0iry HociiB 3apsmy L, sika 3anexuth Bifg
JeKiTTbKOX YMHHUKIB [9]:

L= Dte(b ,

_ s

ty+ts

me D — koedimienr mudysii; t e

eexTUBHUII Yac KUTTA HEOCHOBHMX HOCIiB y 0a3i; ty, —

nocriiHa 4acy 00'eMHOi pexomOiHamii; t g— mocriliHa
Yacy MOBEPXHEBOI peKOMOIHaIIii.

Jlns yHUKHEHHS BIUIMBY IUX (akTopiB HOTPiOHO,
o0 BUKOHYBaJach YMOBa — reOMETpUYHA MIUpUHA 0a3u
W Oyna nabGaraTto MeHIION, HiK Audy3iliHa IOBKUHA
npobiry Hociie 3apsay L (W << L).

Hum napamerpam nobpe BIJIMIOBIIAIOTh
BHCOKOYACTOTHI  P-N-p-tpam3uctopu 2T363A. s
JIOCII/PKeHb Oynu BigiOpaHi TPaH3UCTOPU 3 TaKUMHU K
BUXITHUMH XapaKTEPUCTUKAMH.

Jlnst ceHcopiB, sKi TpPAaIOOTh Ha MPsMiil  BiTII
BOJIbT-aMIIEPHOI XapaKTEePUCTHKU pOOOYHM HapaMeTpoM
€ 3MiHA craxy Hampyrd 31 3MiHOIO TeMIepaTypu NpHu
3aJ]aHOMY 1 IIOCTIHHOMY MpSIMOMY CTpyMi uepe3 P-N-
nepexia. BenumuuHa 1BOro CTpyMy BHOUPAETHCS Tak,
mo0 YHHKHYTH CamopO3irpiBy ceHcopa Ta, BiANOBiIHO,
YCYHYTH HOrO BKIJIQJ Yy BUMIPIOBaHHS TEMIIEPATYpH.
BcraHoBi€HO, 10 ONTHMAJIFHOIO BEIUYHHOI CTPYMY
3MiteHHs Moxke oytu | » 0.05, 0.1mA [9].

Ilix wac excnepuMeHTy 3pa3ku 3 OJHAKOBHMH
BHUXIJIHUMH XapaKTePUCTUKaMHU OyJIH TOMIJICHI Ha IBI
rpynu. [lepury rpymy mifngaBaigu BIUIMBY OJHOPIIHOTO
MOCTIHHOIO0 MarHiTHOTrO Mo 3 iHaykiiero B = 0,17 T,
JIPYry — ONPOMIHIOBAJIM PEHTTCHIBCHKMMHU IPOMEHIMHU
BIIPOJIOBXK IEBHUX MPOMDKKIB wacy. Ilicms dyoro
BuMiproBanu BonbT-amrepHi  (BAX), BombT-dapasi
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(B®X) ta BombT-TeMmeparypHi xapakrepuctiuku (BTX)
BiJIMOB1THIX p-n-niepexomiB TEpPMOCEHCOopa.
OnpoMiHIOBAJIMCh 3pa3Ku 3a JOMOMOTOK PEHTT€HiBCHKOT
YCTaHOBKHM 3 Hampyroro npuckoproruoro mons U=45 kB,
CTpyM IIy4Ka eJEKTpoHiB craHoBuB |=8 w™MA, W-
aHtukaton.  JImst  3HATTS ~ BONBT-TEMIIEPATYPHHUX
XapaKTePUCTUK BUKOPUCTOBYBAIU IPHUHIHIIOBY CXEMY,
300paxkeny Ha pwuc. 1, tepmocrar “Thermostat U107,

tepmoperynsitop  RE-205  Bepcin 808 3 mins-
+12B JocaiKyBaHHIl 3pa3oK B TepMOCTaTi
12BQ
N,
T
+12B
140Y 711208 B7-34A —1

Puc. 1. Cxema a1t BUMipIOBaHHS BOJIBT-
TEMIIEPaTYpPHUX XapaKTEePUCTHK 3pa3KiB.

KOHCTAHTAHOBOIO TEPMOIMAPOI0 (TOYHICTH BUMIipIOBAHHS

TeMmmnepaTypu +0,1°C). [Morenmiomerpom R1
BUCTaBJSUIM  HYJIb HAa  BXOAI  MACWIOBada, a
moTeHIioMeTpoM R2  BCTaHOBIIOBAIM  BEIHYUHY

poboyoro crpymy. BOX mocmimkyBaid 3 AOMOMOIOO
€MHICHO-MOJIyIIsMiHOrO criektpomerpa 'V7-1 (YPAH-
1) ma vacrori f =125k, 3 TOYHICTIO BUMIpIOBaHHSI

emHuocTi = 0,01 nd.

1. OTpumani pe3yjbTaTu Ta ix
00roBOpeHHs

CralifbHICTh  EKCIUTyaTallifHUX  XapaKTepUCTHK
HAITIBIIPOBIIHUKOBUX TEPMOCEHCOPIB Ha 0a3i mpsMoi
BiTku BAX p-n-mepexomy KpeMHI€BUX TPaH3HCTOPHHUX
CTPYKTYp Y 3HAa4yHil Mipi BU3HAYa€ThCS IMPOLIECaMH, IO
BiIOyBAIOTBECS B OOJIACTI IMEPEXiAHOTO APy KOHTAKTY.
3a mannmu Oxe-CIIeKTPOCKOINT TaKUi HepexiHui map
Mae ToBIUHY » 20- 25HM .

Amnai3 3akoHoMipHocTel 3Minn BAX 1 BOX, mio
3YMOBJICHI €0 30BHIIIHIX YHHHUKIB, Ja€ MOKIUBICTD

orpuMatd HOBY iH(popMamilo Tpo  mepedynoBy
CTPYKTYpHUX JAe(eKTiB MpU IOBEPXHEBOrO MIAPY
KpUCTally Ta  MOXIIMBI  NPUYMHU  Jerpajamii
TEPMOCEHCOPIB.

Bimomo [12], mio xkpeMmHieBi P-N-CTPYKTypH 3
HM3BKOJIETOBAHOI 03010 BOJIOAIIOTH MMM 3HAYCHHIM

(~ 1007 - 10° 8A)

moyaTkoBuX mAiisHkax BAX. BemuunHa 3BOPOTHOTO
CTpyMy 4Yepe3 P-N-riepexisi BU3HAYa€ThCsl ePEKTUBHICTIO
TepMoreHepallii HEOCHOBHUX HOCIiB 3apsi1y 1 IIBHIKICTIO
X mepexoy 1o Mexi MOJILTY.

[lpn mnpsiMomy 3MilleHHI, KONMM B TeHepaliiHo-
pEKOMOIHAMIWHUX SBUINAX B O0JACTI IPOCTOPOBOTO

3BOPOTHOTO Ta MPSMOTO CTPYMiB Ha
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sapsagy (OII3) nOMiHYIOUMMH € TPOIECH 3aXOIUICHHS
HOCITB 3apsy, peKoMOiHaliiiHa CKJIaJoBa IOBHOTO
CTPYMY OITMCYETHCSI BUPA3OM:

_ qu_
Ok KT kT
R . )
t jo- qu
ae o — BHCcOTa MOTEHIliaIkHOTO  0ap’ epy,
t=_ft no /t p0 yac JKUTTS HEOCHOBHHX HOCIiB
3apsy.
[Momasnpiie 301TBIICHHS BEIHYUHH TMPHKIAICHOTO
MIPSIMOTO 3MIIICHHS CYMPOBOKYETHCS

€KCIIOHEHIIaJJbHUM 301IBIIEHHSIM CTPYyMy depe3 pP-N-
Tepexi, 0 3yMOBJICHUH MU(Y31HHOI0 CKIIa0BOIO:

= 0
|D:|S(}e - 17,
@
gDy p abpn
e 1g=—020, TR0 p i b, -
Lp Ln

koediieHT mudy3ii AipoK 1 eNeKTpoHiB BiAmoBigHo, L p

i Ly —ix nudysiiai 1oBKUHY IPOOITy.

p-n-nepexin B

s kT

po i U3 — ) MoxHa
q

BU3HAYUTU K CYMY IIMX CTpyMiB. BpaxoByrouu Te, 1o

peampHa mmpuHa OII3, B  skili  BimOyBaroThCA

peKOoMOIHAIIWHI TPOIECH, € JEII0 MEHIIoKW, HiK W,

IToBHMI mpsiMuii  cTpyM  depes

MEBHOMY HaOMMKeHHi ( Pho >>N

(0] .
+, Ie, KoeQilieHT
2

N = 2, K10 JOMiHye peKOMOIiHaIliliHa CKIIaZloBa CTPYyMY;
n=1, skmo nominye nudysiiiHa ckiramoBa; N=1-2,
SIKIIIO I1i OOMJIBI KOMIIOHCHTH € CITIBMIpPHI 32 BETUYHUHOIO.

Ha nouatkosiii minsii (0,20 — 0,75 B) npsmoi BiTKu
BAX BemnumHa cTpymMy uepe3 oOuaBa P-N-miepexonu
BU3HAYAETHCSI LIBHJKICTIO PO3TIKaHHA 1 pekoMOiHamii
IHXKEKTOBaHUX HOCIiB 3apsgy B OII3, a Takox mdiero
PEHITCHIBCHKOTO OINPOMIHEHHS Ta MArHITHOTO IIOJS
(puc. 2,a Ta 2,6).

Sk BUAHO 3 pHC.2,a HAa TMOYATKOBIH cTamii
onpoMiHeHHs1 (KpHBa 2) CIOCTEPIrae€ThCs 301LIBIICHHS
e(peKTHUBHOCTI PCKOMOIHAIMHUX TPOIIECIB 1 3MCHIIICHHS
BEJIMYUHUA TIPSIMOTO CTPYMY uepe3 IepexiJ KOJICKTOp-
0a3a. 30BHIIIHE MarHiTHE MOJIE MPAKTHYHO HE 3MIHIOE

o | exp —IU
MOXHa BBaXaTH, 110 -~
OB gnkT

e(peKTHBHOCTI pekoMmOiHaIiiinux mnpomecis B OII3,
ockineku ToBmmHa OII3 (W<<L) i KoHIeHTpais
LEHTPIiB  peKoMOiHAIlil €  JOCTAaTHhO  MAaJUMH

BeNMYMHaMu. 3akoHOMipHocTi 3MiH BAX emitepHOro
Mepexoay € MOMIOHMMH J0 3MiH, SKHX 3a3HA€E Mepexin
KoJieKTop-0a3a micist Aii paaiaiii i MarHiTHOro MO,
TUIBKM 3 J€IM0 MEHIIMMU BEJIWYMHAMH BIAIOBIIHUX
CHUTHAJIB.

B inrepBani mpsmux 3mimiens Big 0,75 mo 1,00B y
MOBHOMY  CTpyMi  uepe3  P-N-mepexili I[OYUHAE
noMminyBatu audysiiiHa ckiagoBa cTpymy. Excriosumis
3paska TpuBaiicTio 10 rouH B MOCTIHHOMY MarHiTHOMY
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Puc. 2. 3miHa BONBT-aMIIEpHOI XapaKTEPUCTUKU
KOJIEKTOPHOTO P-N-TIepexoay CeHcopa Micis BIUIMBY
PEHTIeHIBCHKOTO ~ ONMPOMIHEHHSI Ta  ITOCTIHHOro
MAarHiTHOTO mojs. a) 1 — BHXigHA KpHBa; 2 — MiCIs
orpoMiHeHHs1 103010 65 I'p; 3 — micis onpoMiHEeHHs
nmo3oro 195 I'p; 4 — micist onpoMineHHs 103010 325 I'p.
0) 1 — BuxinHa KpuBa; 2 — MiCJIs BUTPUMKH MPOTATOM
5 ron; 3 — micis Butpumku nporsarom 10 rox; 4 —
micast BUTpUMKH npotsiroMm 15 rog.

TIOJTI CTUMYJTIOE 301JIBIICHHS BETMYMHU MPSIMOTO CTPYMY,
a Mmojiajbile 301IbIIEHHS Yacy eKCIIO3HIIT IPUBOAUTE 10
TOrO, IO eKCliepuMeHTalbHa KpuBa BAX moBepTaeThes
y BHXIJHE TIOJOXKEHHs. MarHiTocTUMyJIbOBaHa 3MiHa
KOHIICHTpaIlii HOCIiB 3apsAay 3yMOBJIEHa MepeOyI0BOIO
CTpYKTYypHUX  JaedeKTiB, ski  nepeOyBalOTb B
HEepiBHOBa)XHOMY MeractalbinbHoMy ctaHi. Cyrtp nil
CMII mnonsrae He B “eHepreTwyHid” B3aemomii, a y
3HATTI IEBHUX CITIHOBUX 3a00pOH, IO 03BOJISIE YCYHYTH
NpOTUpIYYsl MK Majol MarHiTHOIO EHepriero i
MaKpOCKOTIYHUMH MPOIIeCaMH eBOJIOLIT TedeKTiB [4].

B cyuacHiit HaykoBi#i niTepaTypi He iCHYe €IMHOTO
MOSICHEHHST MEXaHi3My B3aemomii cmabkux MIT 3
HEMarHiTHUMHU KpUCTanaMu. Po3risgaerbcs JeKijibka
MOXJIMBHX MexaHi3miB. Ha Hamy nymky, nepeOynoBa
MeTacTaOUTbHUX JedekTHuX craHiB mig giero CMII
BiOyBAE€ThCSI Yepe3 3HATTSA CHiHOBUX 3a0opoH. [lis
LLOr0 TOBWUHHI BHKOHYBAaTUCh JeKigbka ymoB. [lo-
mepie, TakUi MeXaHi3M He IIOBUHEH 3allepevyBaTh
3aKOHM TepMoauHaMiku. Ilo-7pyre, B 3aiieKHOCTI Bif
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C.nd

T
-20 -15 -1.0 15

uB
Puc. 3. 3miHa BOJBT-QapagHUX XapaKTEPHCTHK
ceHcopa (mepexi emiTep-0asa) Imicas  BIUTUBY

PEHTreHiBCHKOTO onpoMiHeHHs. 1 — BuxiaHa kpusa, 2
— micias ompoMiHeHHs po3or 65 I'p, 3 — micms
orpomineHHs 103010 195 I'p, 4 — micnst onpoMiHEeHHS
nozoro 325 I'p.

065 070 07
u,B

"B"’w'

T
20 -15

UB

Puc. 4. 3mina BombT-hapaJHUX  XapaKTEPHCTHK
ceHcopa (mepexim KoymekTop-6asza) ImicCis BIUIUBY
PEHTreHiBChKOTO onpoMiHeHHs. 1 — BuxinaHa kpusa, 2
— micas ompoMiHeHHs po3or 65 I'p, 3 — micms
orpomineHHs 103010 195 I'p, 4 — micnst onpoMiHEeHHS
nozoro 325 I'p.

B3aEMHOI Opi€HTaIli CIHiHIB €JeMEHTapHa Tmapa i3

crmiHaMH S =+ — Moxe nepedyBaTh y JBOX MOXIIUBHX

craHax: cuHDIETHOMY (S), Komu

4125 =0, i
tpuruietiomy (T), komu él,zg =1. MarnitHe mONE
MOX€ 3a0€31eUnTH CITIHOBY KOHBEPCIIO TIILKHU 32 YMOBH,
mo DUp»Uy-U S B Takomy crani mapa Moxe

nepeOyBaTH y pasi ii mepexomy i3 OCHOBHOTO CTaHy y
MeTacTablIbHUN TiA Ji€f0 30BHIMIHIX YMHHUKIB. [lpm
LOMY Yac XHUTTS B NPOMDKHOMY CTaHi MOBUHEH OyTH
OLIIBIINM, HIX Yac JKUTTS CIiHOBOI KoHBepcii B MIT.

Ines mpo poms ST mepexomie B mporecax
pekoMmOiHanii map i MOXJIMBUX MeXaHi3MaxX BIUIMBY Ha
HUX 30BHIiNIHbOro MII, onmcana B po6orti [4]. Takuit xin
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C,ud

uB
Puc. 5. 3mina BonbT-bapaJHUX XapaKTEPUCTHK
ceHcopa (mepexim emitep-0a3a) micis  BIUIMBY

Mar”iTHoro mojsi. 1 — BHXiHa KpuBa, 2 — TiCIlA
BUTPUMKH TIPOTSAToM 5 roxa; 3 — micist BUTPUMKH
nporsiroM 10 rox; 4 — micnst BUTPUMKH IPOTAroM 15
TO[I.

DU, mv

)

T T T T T T T T T
20 25 30 35 40 45 50 55 60 65
T,°C

Puc. 6. 3MiHa BOJBT-TEMIIEPATYPHUX XapPaKTEPUCTHK
ceHcopa (mepexin KoOJEKTOp-0a3za —IIicis BIUIMBY
PEHTTeHIBCHKOTO OIPOMiHECHHS.

EKCIIEPUMEHTAJIbHUX  KPUBHX  MOXHA  ITOSCHHUTH
MAarHiTOCTUMYJIbOBAaHUM IEPEXOJIOM JESKUX NE(PEKTiB 3
MeTacTablILHOrO CTaHy B OCHOBHUH, a0o
KBa3ipiBHOBa)KHH. Eneprii MIPUKIIAAEHOT O
EJIEKTPUYHOTO TOJS € JOCTaTHBO JUIS INepexoiy HOCIIB
3apsay 3 IMX IIEHTPIB Yy 30HY MpoBigHOCTI. [lomanbIie
36impiieHHs Hampyru TpsiMoro 3mimends (U >1B)
CYNPOBOKYEThCS ~ TAaKOXK  30UIBIICHHSAM  TAIiHHS
HAIpYTU Ha 00’ €eMi 06a3H, 10 MIPUBOJUTH IO TOCTYIIOBOT'O
3MEHILEHHSI BEJIMYMHU TPSMOrO CTpyMy uyepe3 pP-N-
TepexiI.

Ha puc. 3 mnokazani 3mian B®X emitepHoro
nepexofy  TPaH3UCTOPHOI'O  TEPMOCEHCOpa, IO
3yMOBJIeHI Ji€r0 X - MpoMeHiB. SIK BHIHO 3 PHUCYHKA,
ocHOBHI 3MiHM B®X cnocrepiraiotbess B obnacti
JONATHUX 3HAYCHb HATpPYr Ha mepexomi. Bimomo [13],
0 BIAKpUTHE P-N-mepexin Bosogie  audysiiiHoo
€MHICTIO, sIKa Y JCKIIbKa pa3iB € OLIBIIO, Hi’K EMHICTD
3akpuroro mnepexony. udysiiiHa €MHICTH BHHUKAE B
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Mpolleci MPOTIKaHHA Yepe3 MepexiJl MpSMOro CTPyMY
IHXKCKTOBaHHMX HOCITB 3apsAay. 3MIHIOIOUM HANpPYry Ha -
N-Tiepexo/ii, MU MiHSEMO JiPKOBY 1 €JIEKTPOHHY CKJIa/I0Bi
ctpymy B OII3, i, THM caMuM, 3MIHIOEMO BEITUYHHH
BIJIMIOBITHUX 3apsIIiB.

Ha B®X nepexomy emitep-6aza  (puc. 3)
CIIOCTEpIraloThCsA JIBa XapaKTepHi MaKCHMyMH Y pasi

MPSIMHUX 3MIIICHB Ul:!-[p =0,685B i Ur%p =0,625B, a Ha

(puc. 4) € Tpu
Unp1=0,685B, Unp2 =0,615 i

B®X mnepexomy Koiekrop-0asa

MaKCUMyMH
Unp3 =0,575B. ®izuuna mnpupoma MaKCUMyMY IpH

UHp =0,685B omucana B HaykoBiii miteparypi [14] i

TIOSICHIOETBCSL  HASsIBHICTIO  BOYJOBAaHOTO  JIOJATHBOTO
3apsy B KOHTaKTHiH oOyacti P-n-mepexoxy. HasBHicTh
1€ JIBOX XapaKTepPHUX MAaKCHMYMIB B iHTEpBaJIi MPSIMHUX
3mimiens Bix 0,55 no 0,65 B, Ha Hamty aymKy, 3yMoBIeHa
JIOMIIIKOBUMH ~Ta  BakaHCIHHMMHU  3apsgaMu, IO
JoKami3oBaHi Ha Jedexrax mnepeximHoro mapy. Jis
BCTAHOBJICHHSI TOYHILIOI TNPHPOAU IMX CTPYKTYPHHX
nedexTiB ToTpiOHI T0AATKOBI JOCITIIHKEHHSI.

Ha puc. 5 npencrasneni 3minm B®X mnepexony
eMiTep-0asa, 10 CTUMYJIbOBAHI  EKCIIO3UINIEID B
marditTHomy momni (B = 0,17 Tn). IT'ath i mecath roiauH
BUTPUMKH TEPMOCEHCOPA B MAarHiTHOMY IT0JIi IPAKTHYHO
HE 3MIHIOIOTh BEJIMYMHH MAaKCUMaJbHOI €MHOCTI 1
aMIUTITYTHOTO  3HAYEHHS  BEJIMYMHU  XapaKTepHHUX
MakcuMyMmiB Ha BOX. Ilpu npomy, BigOyBaeThcsi 3CyB
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B®X B HanpsMKy OUITBIINX AOAATHUX HANPYr BXKE NPHU
MepIuX S ToAWHAX eKCIO3UMii, MO CBIAYUTH IPO
MAarHiTOCTUMYJIbOBaHY 3MiHY HalpyTrH IUNIOCKUX 30H, L0
3yMOBJIEHa 3MIHOIO  3apsiIOBOIO  CTaHy  OKPEMHX
MeTacTablIbHUX Ne(eKTiB.

Sxmio Ha BAX it MarHiTHOrO TOJIS MPOSIBIISUIACE Y
30UIBIIEHHI TPSMOTrO  CTPyMY, SKHH 3YMOBIICHUH
mudysiitHOI0 KoMIIOHeHTOo, To Ha BOX excnosumis 15
TOOMH B  MAarHiTHOMY TIOJNi  CYIPOBOXKYETHCS
30UIBIIEHHSAM BEJIMYMHU XapaKTEpPHOIO MAaKCUMYMY

(Upp =0,685B) 81%. Ll

301IbIIEHHS] BEIMYMHU BOYIOBAHOTO JIOAATHOTO 3apsiy
B MPUTIOBEPXHEBOMY  HIapi KOHTaKTy  JBOX
HAITiBIIPOBIIHHKIB.

Ha 3akiHueHHs HEOOXiIHO BiA3HAYWTH, L0 AaHA i
PEHTIeHIBCHKUX MPOMEHIB 1 MArHITHHUX TOJIB TPAKTUYHO
He 3MiHWIA BOJIBT-TEMIIEPATYPHHX  XapaKTEPHCTHK
mepexomy emirep-6a3a, a 3miam BTX mepexony
KOJIeKTOp-0a3a € B MeXax JOIYyCTUMOI IOXHOKH
eKCIIepUMEHTY. ToMy MO)KHA CTBEp/XKYBATH, IIO:

B IOJTi JTii MaJIUX 703 PEHTI€HIBCHKOTO OMPOMiHEHHS
(D<325Tp) i HEBENUKMX  MArHITHUX  IOJIB
(T=0,17Tn) B TPAH3UCTOPHHX TEPMOCEHCOPAX
BiIOyBa€eThC TepedymoBa MeTacTaOUIbHUX Je(EeKTHUX
LIEHTPIB, ajic BOHA He BIutMBae Ha BTX

TepMOCeHCOpH Ha 0a3i  mpsmoi Bitku BAX
Tpam3ucropie  2T363A € mnpumaTHUMH A 1X
BUKOPDHCTaHHS B  IOMSIX  Jii  PEHTTeHIBCHKOTO
OMPOMIHEHHS 1 CTAOKUX MarHITHHUX ITOJIIB.
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B. Pavlyk, A. Lenovenko, A. Hrypa

The I nvestigation of the Influence of X-ray Irradiation and Weak M agnetic
Field on the Parameters Stability of Transistor Temperature Sensors

Ivan Franko National University of L'viv
Tarnavs kogo, &, 107, 79017 L'viv, Ukraine

The parameters with which the transstors that are suitable for use in thermometry must be complied are

presented.
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The influence of X-ray irradiation and weak magnetic field on electrophysical parameters of therma sensors has
been investigated.

From the analysis of current-voltage and capacitance-voltage characteristics it is shown that at theinitid stage of
X-ray radiation influence the increase of efficiency of recombination processes in the space charge region (SCR) and
slight decrease of the direct current are observed. It can be explained by the effect of destruction of metastable
structural defects of the base. The external magnetic field (B=0,17 TI) does not change the efficiency of
recombination processes in SCR, but make the impact on the diffusion component of direct current through p-n-
junction.

The effect of X-rays (D<325 Gr) and weak magnetic field practicaly did not change the temperature response
curve, leading to a conclusion about the parameters stability at above conditions.

Keywords: thermal sensors, X-rays, magnetic field, p-n-junction.
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