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AHHOTauns. B HacTosweld cTaTbe paccMaTpuUBAeTCs MHOTMO(YHKLWOHANbHbIA
JaTUMK Ha OCHOBe MONEBOTO TpaH3MCcTopa C p-N-nepexogoMm. [aTunk nossBonseT
perncTpupoBaTb  TEMNepaTypy, WHTEHCUBHOCTb CBeTAa, [aBNeHWe C  BbICOKOM
YYBCTBUTENBHOCTbI. [pu 3TOM 06ecneyeHne YyBCTBUTENBHOCTU CTPYKTYPbl K BHELLHUM
BO3/AECTBMAM, NPAKTUYECKN PELLIEHO 3a CYET KOHCTPYKTUBHbIX M3MeHeHWid. Bnarogaps
KOHCTPYKTMBHbIM PeLUeHNsIM, MPeANOMKEHHbI aTUMK Ha OCHOBE MONEBOr0 TpaH3ucTopa
3HAUMTeNbHO NPEBOCXOAUT MO YYyBCTBUTENLHOCTU aHaNorMyHble ANOAHbIE CTPYKTYPbI.

KntoueBble cnoBa: 6unonsipHas TpaH3MCTOopHas CTPYKTYpa,
TEepMOUyBCTBUTENbHOCTb, IMUT TEPHbI NEPexod, AaBneHne, MarHMTHoe None, KpeMHU

THE PRINCIPLES OF INCREASING THE SENSITIVITY OF TRANSISTOR
STRUCTURES TO EXTERNAL INFLUENCES
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Abstract. This article discusses a multifunctional sensor based on a field-effect
transistor with a p-n-junction. The sensor allows to register temperature, light intensity,
pressure with high level of sensitivity. At the same time, ensuring the sensitivity of the
structure to external influences is practically solved due to constructive changes. Due to
constructive solutions, the proposed sensor based on afield-effect transistor greatly exceeds
the similar diode structures in sensitivity.

Key words: bipolar transistor structure, thermal sensitivity, emitter junction, pressure,
magnetic field, silicon.

B 13BECTHOM MHOro(yHKLMOHaNLHOW 6GMNONAPHOMW TPaH3UCTOPHOM CTPYKTYpe,
npeasioxXeHHoW aBTopom [1], 3a M3MepUTENbHbIA napaMeTp, MPUHAT Najalowuii noTeHyman
Ha p-wnepexoge. lMpu 3Tom ob6ecneyeHwe YYBCTBUTENIbHOCTU CTPYKTYPbl K BHELUHUM
BO34EACTBMAM NPaKTUYeCKN PELIeHO 3a CYeT KOHCTPYKTUBHbIX W3MEHEeHWA. A UMEHHO, 3a
CYeT MCNONb30BaHNA Majatollero Ha p-winepexoje 6MNONAPHOro TpaH3MCTopa MoTeHuMana
obecneyeHa TepMOYYBCTBUTENLHOCTL. Kpome Toro, ana obecrneyeHns 4yBCTBUTENbHOCTU K
fgedopmauny BeefieHa MembpaHa, NO3BO/IAKOLLLAA OCYLLLECTBNATL /IOKaNbHOE [jaBleHne Ha p-n-
nepexog sMuTTepa, a fAna MpMeMa OMTUYECKOro CurHana CcopMUPOBAHO OKHO K
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SMHUTTEpPHOMY Tmepexony. OpmHako, OWUMONSIPHBIA TPAH3UCTOP IO CPABHEHUIO C TIOJEBBIM
TPAH3UCTOPOM HMeEET OONBLINE TOKH YTEYKH W €MKOCTH, YTO OrPaHUYMBAET €ro paboune
auana3oHsl. B oTimume oT Hero (PU3MKO-TEXHOJOTHYECKHUE acleKThl MPUMEHEHHS MTOJIEBOTO
TPAH3UCTOPA OCTAKOTCS MAJOU3Y4YeHHbIMH. B CBsi3M C 3TUM HPUHLUINBI NOBBIIIEHUS
YyBCTBUTEJNIBHOCTH TPAH3UCTOPHOM CTPYKTYpPBl K BHEIIHMM BO3JAEHCTBHUAM  IyTEM
00OCHOBaHUSI BBIOOpA IOJIEBOIO TPAH3UCTOPAa B Ka4deCTBE YyBCTBHTEILHOTO 3JIEMEHTA, a
TaKXKe N3yueHHe OCOOCHHOCTEH KIIOYEBBIX MapaMeTPOB IMOJIEBBIX UMEIOT OOJNBIION HAay4dHO-
MIPAKTUYECKUN HHTEPEC.

[puauMn obecrieueHnst MHOrO(pYHKLNOHATIBHOCTH CTPYKTYPBI ITOJIEBOTO TPAH3UCTOPA
OCHOBaH Ha TOBBIMIEHUN 3PPEKTUBHOCTH MOXYJSIIMM KaHaja CloeM OOBEMHOro 3apsiza
YIPABISIOLIETO P-N-TIEPEX0a, B KOTOPOM NOAOMpPAETCsS] TONIIMHA MOAYJIHPYEMOH 4YacTH
KaHaJla CPaBHUMOH C TOJIMUHON oOmacTu OOBEMHOrO 3apsifa, TAKKe B 3aBHCUMOCTH OT
pexxnMa BkitoueHus. Ha »Toli ocHOBe Hamm ObLT pa3paboTaH MHOTO(YHKIIMOHAIbHBINA
NOJYIPOBOAHUKOBBINA JATYHK 1T IPeOOPa3OBaHMs U YCHUIICHUS TABJICHUS, MArHUTHOTO TIOJIS,
PaIHaLMOHHOIO, CBETOBOIO W TEMJIOBOIO U3JIyYEHHUH B BJIEKTPUYECKUE CUTHAJBl B PAAuO U
OINTORJIEKTPOHHBIX ycTpoiicTBax [2]. [IpunHimn nefdcTBuss MHOTO(YHKIIMOHATBHOTO JaTIYUKA
OCHOBaH Ha CO3[1aHUM HAIPSDKEHUS OTCEYKHU Ha p-A-IIEPEXOne MEXAY 3aTBOPOM U UCTOKOM.
Jlnst 3TOro K mepexony CTOK-3aTBOP NMPHUKJIAIBIBAETCS padouee HANpPsLKEHWE C BEIHMYHHOM,
Oonplueil HampsDKeHUs OTCeukd KaHama. [Ipum sTOM 0OBEMHBIH 3apsin p-n-repexona
OXBAaTbIBAET BECh KAHAJ, 4 BEJIMYMHA HANPSDKEHUS HA MEPEXOAe 3aTBOP-UCTOK MPUHUMAET
HEU3MEHHOE 3HAYEHUE, PABHOE HANPSLKEHUIO OTCEYKU.

[IpemnaraeMblii MHOTO(QYHKIIMOHAJIBHBIN AaTYUK W3TOTOBJIEH HAa OCHOBE KPEMHUS.
Jing 5TOro Ha MOMJIOXKKE KPEMHHUs pP-THIA MNPOBOAMMOCTH ¢ TonmuHOM 200 MKM M

o o 19 3 o o

KOHLeHTpauerdn Hocurened 1-10 cM™  BeIpalmquBasiCs 3MUTAKCHAJBHBIA CIOM A-THNA
o o 15 3 o .

MPOBOAMMOCTH C KOHUeHTpaumen Hocutened 2-10 cm™  tommmuon 1+1.5 Mkm

(onTEMaNbHBIE 3HAUEHUS] KOTOPOTO MPUBENeHb! B Tabmuie 1).

Tabauua 1. Pacuetnsie ganubie Up v TONIUHBI KAHANA d, MKM
MHOTO()YHKIIHOHAJILHOTO TATYMKA OT KOHIIEHTPAIIMH HOCUTENICH

N Sla R a,mony.
sam  CM xaman  CM U, B W, ., MKM

> > > KQaH, MKM
1,0-10"° 2,010 0,760 2,245 3,165
1,0-10" 3,0-10™ 0,770 1,845 2,602
1,0-10" 4,0-10™ 0,778 1,606 2,264
1,0-10" 5,0-10™ 0,784 1,442 2,033
1,0-10" 6,0-10' 0,788 1,320 1,861
1,0-10" 7,0-10™ 0,792 1,225 1,728
1,0-10"° 8,0-10™ 0,796 1,148 1,620
1,0-10" 9,0-10™ 0,799 1,085 1,530
1,0-10" 1,0-10" 0,802 1,031 1,454
1,0-10% 2,010 0.820 0,737 1,039
1,0-10" 3,0-10% 0,830 0,606 0,854
1,0-10" 4,0-10" 0,838 0,527 0,743
1,0-10" 5,0-10% 0,844 0,473 0,667
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3ateM, 4yepe3 OKHa B Macke, (pOpMHPOBAIM KOHTAKTHbIe OOJACTH U3 HAIBLJICHHOTO
BaHamus u cepebpa. PaccrosHue Mexny CTOKOM M MCTOKOM - JUIMHA KaHaja - PaBHSIIACH
25+200 mkm. C TBUIBHOH CTOPOHBI TONJOXKH (POPMHUPOBANM CIUIOUTHOH KOHTAKT
HanbUIeHHEeM BaHanus U cepebpa. B pesynbrare ObUIM MONy4YeHB! MPUBEACHHBIE IOJIEBBIE
TpaH3uCTOPBl. MCIbITaHUST TMPEUIOKEHHOTO MHOTO(YHKLIHMOHAIBHOTO JaTYMKAa  OBLIH
NPOBEI€Hbl HAa KPEMHHUEBBIX IOJEBBIX TPAH3UCTOpax C TOJIIMHOM KaHama ~ 1 MKM H
HanpsokeHreM orcedku 0.5+1.0 BonbT.

Taxum 00pa3oM, MHOrO(pYHKIMOHAIBHBINA JATYHK HA OCHOBE ITOJIEBOTO TPAH3UCTOPA C
P-n-NIepexoI0M MO3BOJISIET PETUCTPUPOBATh TEMIIEPATYPY, UHTEHCUBHOCTD CBETA, aBJIEHUE U
IO 4yBCTBUTEIBHOCTH NMPEBOCXOIUT aHAJIOTUYHbIE TUOIHbIE CTPYKTYPBL
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In the well-known multifunctional bipolar transistor structure proposed by the author
[1], the incident potential at the p-n junction is taken as the measurement parameter. At the
same time, ensuring the sensitivity of the structure to external influences is practically solved
due to design changes. Namely, due to the use of the potential incident at the p-n junction of
the bipolar transistor, thermal sensitivity is ensured. In addition, to ensure sensitivity to
deformation, a membrane is introduced that allows local pressure to be applied to the emitter
p-n junction, and a window to the emitter junction is formed to receive the optical signal.
However, abipolar transistor, compared with a field effect transistor, has large leakage currents
and capacitances, which limits its operating ranges. In contrast, the physical and technological
aspects of the use of a field effect transistor remain poorly understood. In this regard, the
principles of increasing the sensitivity of the transistor structure to external influences by
substantiating the choice of a field effect transistor as a sensitive element, as well as studying
the characteristics of key field parameters, are of great scientific and practical interest.

The principle of ensuring the multifunctionality of the field-effect transistor structure is
based on increasing the channel modulation efficiency by the space charge layer of the control
p-n junction, in which the thickness of the modulated part of the channel is selected that is
comparable with the thickness of the space charge region, also depending on the switching
mode. On this basis, we have developed a multifunctional semiconductor sensor for converting
and amplifying pressure, magnetic field, radiation, light and thermal radiation into electrical
signals in radio and optoelectronic devices [2]. The principle of operation of a multifunctional
sensor is based on creating a cutoffvoltage at the p-njunction between the gate and the source.
To do this, an operating voltage with a value greater than the channel cut-off voltage is applied
to the drain-gate junction. In this case, the space charge of the p-n junction covers the entire
channel, and the voltage value at the gate-source junction takes a constant value equal to the
cutoff voltage.

The proposed multifunctional sensor is made on the basis of silicon. For this, an n-type
epitaxial layer with a carrier concentration of 2 « 1015 cm3with a thickness of 1~ 1.5 pm (the
optimum values of which are given in Table 1) was grown on a p-type silicon substrate with a
thickness of 200 p,m and a carrier concentration of 1 « 1019cm3.

Table 1. The calculated data Ud and channel thickness a, microns
multifunctional sensorfor media concentration

Ngate, SM3  Nchamel, sm Ud, V War, mkm tﬁ’cﬁﬁar:ih
1,0-1019 2,0-1014 0,760 2,245 3,165
1,0-1019 3,0-1014 0,770 1,845 2,602
1,0-1019 4,0-1014 0,778 1,606 2,264
1,0-1019 5,0-1014 0,784 1,442 2,033
1,0-1019 6,0-1014 0,788 1,320 1,861
1,0-1019 7.0-1014 0,792 1,225 1,728

1,0-1019 8,0-1014 0,796 1,148 1,620
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1,0-10" 9,0-10™ 0,799 1,085 1,530
1,0-10" 1,0-10" 0,802 1,031 1,454
1,0-10% 2,010 0.820 0,737 1,039
1,0-10" 3,0-10% 0,830 0,606 0,854
1,0-10" 4,0-10" 0,838 0,527 0,743
1,0-10" 5,0-10% 0,844 0,473 0,667

Then, through the masked windows, contact areas were formed from sprayed vanadium
and silver. The distance between the drain and the source — the channel length — was 25-200
um. A continuous contact was formed on the back side of the substrate by sputtering of
vanadium and silver. As a result, the resulting field effect transistors were obtained. Tests of
the proposed multifunctional sensor were carried out on silicon field-effect transistors with a
channel thickness of ~ 1 um and a cut-off voltage of 0.5 + 1.0 volts.

Thus, a multifunctional sensor based on a field effect transistor with a p-n junction
allows temperature, light intensity, pressure, and sensitivity to exceed similar diode structures.



