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PaspaboraHna u uccienoBaHa pedepeHcHas Moaesb 1 aHaauza SGMOS (split gate MOS) tpaH3uctopos. [TokaszaHo, 4TO IpuMe-

HEHWe PacCIeTUIEHHOTO 3aTBOpa BIOTHE 3((MEKTUBHO B MOMYISIIIMOHHO-JIETUPOBAHHBIX cTpyKTypax kKiacca PDCFET. CHikenue

KPYTHU3HBI, ObICTpONeiicTBUS U u3MeHeHre BAX TpaH3UCTOPHBIX CTPYKTYP HE HOCUT KaTacTpoUuecKuii XapakTep BILIOTh 0 TeM-

niepatyp 200—250°C.

Knrouesoie crosa: nepuoduuecku aecupo8anHulii Kanan,; pacueniennulii 3ameop; MITI mpanzucmopHbie cmpyKmypeol.

The research of the reference model for impact ionization effects in SGMOS (split gate MOS) is presented. It is shown that the

use of the split gate model of modulation-doped structures as PDCFET is quite effective for studies of impact ionization effects.

Decrease in the steepness, speed, and change in the I—V characteristics of transistor structures is not catastrophic up to temperatures

of 200—-250°C.

Keywords: periodically doped channel; split gate; MOS structures, impact ionization effects.

BBEAEHUE

Hanopasmepnsie M/IIT TpaH3UCTOPHBIE CTPYKTYPHI C pacllernieH-
HBIM 3aTBOpOM (split gate MOS — SGMOS) obecreunBaOT BOZMOXK-
HOCTb (POPMUPOBAHUST OMHOMEPHBIX U IByMEPHBIX 2JIEMEHTOB B CKPBI-
TOM CJIO€ IBYMEPHOTO 2JIEKTPOHHOTO ra3a. CuuTaercs, YTo IpuMeHe-
HUE paclIerJIEHHBIX JIEKTPOI0B Hanbonee 2hEeKTUBHO B MOLYISI-
LIMOHHO-JIETUPOBAHHBIX CTPYKTYpaxX U MeHee 2 (GEeKTUBHO B JebTa-
JlernpoBaHHbIX o6pasuax [1]. B padorax [2—3] paccmarpuBanuce MITT
TpaH3UCTOPHBIE cTPYKTYpbl Mo TexHosorun PDCFET (periodically
doped channel), B KOTOPBIX UCIOJIB3YETCS MOLYJISIIIMOHHO-JIETUPO-
BaHHBII KaHa’. [IpencraBiasiercs akTyaJlbHON 3ajavya MccieaoBa-
HUSI TOJOOHBIX CTPYKTYP KaK CTPYKTYP C pacilleNIeHHbIM 3aTBOPOM,
MOCKOJIbKY MO3BOJISIET PACCMOTPETh BO3MOXHOCTh CO3MaHUsI Ha UX
OCHOBE LIEJIOTO psifia TaTYMKOB U ITpeobpa3oBaTeseil, B YaCTHOCTH AJIS
YCTPOIICTB Ha OCHOBE TOBEPXHOCTHOTO MJIA3MEHHOTO pe3oHaHca [4].

MOAEAB SGMOS

OCHOBHOII 3afaueil ucciaenoBaHUs sSIBAseTCS pa3paboTKa TpaH3U-
CTOPHBIX CTPYKTYP MPU MOMOIIY MPUOOPHO-TEXHOJIOTUUECKUX MPO-
rpaMM MOJIEJIMPOBAHUSI, KOTOPbIE MOXHO UCTIOJb30BaTh AJIS1 9KCTPaK-
uuu SPICE napaMeTpoB 1aTYMKOB U MpeoOpa3oBaTeseit 1Sl BHICOKO-
TeMIIepaTypPHOIl 2JIEKTPOHUKH, a TAKXKe MCCIIel0BaHUE XapaKTepu-
CTHMK MOJYYEHHBIX CTPYKTYP AJ151 yCTPOUCTB HA OCHOBE MTOBEPXHOCT-
HOTO MJa3MeHHOTo pe3oHaHca. [IpenmeToM MccaenoBaHUs B paboTe
siBiisieTcst MITT TpaH3uCTOpHAsI CTPYKTYpa ¢ IEPUOANYECKHU JIETH-
POBaHHBIM KaHaJIoM, CO3/laHHas 1Mo NpoToTumny texHogoruu XFAB
1,0 mxm HT (BoicokoTemmiepatypHasi). Momens M/II1-TpaH3uctopa

C MEPUOIMYECKH JErMPOBAHHBIM KaHAJOM U SIBJSETCS OCHOBHBIM
00BbEKTOM UCCIIeIOBaHUS B JaHHOM padoTe. AHanusupyembie MITT
CTPYKTYPHI BBITIOJTHEHBI MO0 TEXHOJIOTUYECKUM HOopMaMm 0,5 MKM
KHUW KMOII. Oco6eHHOCThIO MOJYYEHHOM CTPYKTYPHI SIBJISIETCS

Poirvts

Puc. 1. SGMOS pegepencras modennv
Fig. 1. SGMOS reference model
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HEOMHOPOJHOE JIeTUPOBaHNe KaHama (puc. 1) mpu HaJIUYUU paciie-

TJIGHHOTO 3aTBOpA.

[lpu MomenupoBaHUYM JAHHOTO TPAH3UCTOPA OBLI COOIIONEH OIpe-
JeJIeHHBbII TeXHOJOTUUYECKU I MapILIPYT, KJIIOUYEBHIM MOMEHTOM KOTO-
pOro sIBJSIETCS] JOMOJHUTENbHASl MOHHASI UMIIJIAHTAlUsI MbILIbsIKA
JUJTSl N-KaHaJbHOTO TpaH3UCTOpa U 6opa IJIsl p-KaHaJbHOTO B MOJ3a-
TBOPHYI0 00J1acTh. B pe3ysibTaTe 3TOro KaHaj TpaH3ucTopa rnpuoope-
TaeT TaK Ha3blBaeMy10 MEPUOLUYHOCTD JIETUPOBAHMSI.

TakXe MTpY MOACTUPOBAHUYU aHATTU3UPYEMOU CTPYKTYPHI ObLIN
copmupoBaHbI ciaboserupoBanHbie LDD-061acTu, KOoTOpbie Y-
HSTIOT 00JIACTH CTOKA M MICTOKA B CTOPOHY KaHaja. B 1esix u3onsimuu
3aTBOop MOII-TpaH3ucTOpa OKpyKEeH pa3rpaHUIUTEIBHOI TPOCITON-
KO¥1 B BUJIE TOJICTOTO CJIOSI OKMCJIa KPEMHUSI.

715 nambHEeR1Iero ucciefoBanus OyaeM paccMaTpuBaTh N-KaHab-
HbIii MOII TpaH3UCTOp M €ro XapakTepucTuku. s aHaausa nojuy-
YEeHHOM CTPYKTYPbI ObLIN MOCTPOEHBI TpadMKU pacnpeneneHus Mpu-
Meceil, Ha puc. 2 TPUBEACHO pacipeneieHue KOHIIEHTPaluK mpuMe-
ceil B o13aTBOPHOIT 061aCTH.

AHanu3 rmokasai, 4To:

* HavajbHas 3¢ deKTUBHas AJTMHA KaHaa coctaBisieT 0,25 MKM;

* 1pu GOPMUPOBAHUU N-KapMaHOB TPaH3UCTOPAa MaKCUMaJibHas
KOHIIEHTpAL Vs mpuMecH pasHa 3,16-10% cm™;

* npu GOPMUPOBAHUM MOA3aTBOPHOI 00JIACTH C TOMOLIBIO 1OTOJI-
HUTEJbHOW MMILIAHTAIIUY 6OPOM MaKCUMaJIbHasl KOHIIEHTPAIIU ST
IpUMeCcH BO3HUKAET Ha TPaHUIIe pa3jiesia KpeMHU I — OKCUL KPeM-
HUSL.

Brina npoBeneHa oneHka 3aBucumocteirt BAX oT ypoBHs lernpoBa-
HUSI OCTPOBKA B KaHaJie TPaH3UCTOPAa U ero UIMHBI, KOTOPbIE TPUBe-
JIEHBbI COOTBETCTBEHHO Ha puc. 3 1 puc. 4.

Pe3ynbTaThl MoKa3bIBalOT OXKMIaeMble YBeJIUYEHUE KPYTU3HBI
M yMEHbIIEHHE TOPOroBOro HaMpsI)KeHU sl IPU BO3paCTaHUU YPOBHSI
JIETUPOBAHU S OCTPOBKA, YTO OOBSICHSETCS MOACABHBIM MPUOIUKE-
HUEM K IMOBEICHUIO TPAH3UCTOPHOU CTPYKTYPHI IPU HATUIUU JTBY-
MEpPHOTO 3JIEKTPOHHOTO0 rasza. HaGniomaoninecss CHUXeHUE Kpy-
TU3HBI U POCT MMOPOTOBOTO HATIPSIKEHU S IIPU YBEJIMUCHU U Pa3MepoB
OCTPOBKA JIETUPOBAHUST KaHaJia BIIOJTHE COOTBETCTBYIOT OMUYECKOM
MOJIEJIH TSI TPAH3UCTOPOB C pacillelIeHHBIM 3aTBopoM. [loka3zaHo,
4YTO JaHHAs 3aBUCUMOCTb MMeeT KBaJIPAaTUIHBIN XapaKTep, a UMEHHO:
NP YBeTMYEHUH JIUHE OCTPOBKA JernposaHus B N? pa3 cooTBeT-
CTBYIOIllee CHUKEHUE KPYTU3HBI TPAH3UCTOPA OyAeT MPOMoOpLuo-
HaJbHO B N pas.

Puc. 2. Pacnpedenenue npumeceii 6 Kanare
Fig. 2. Doping distribution at horizontal section

XAPAKTEPUCTHUKU SGMOS ITPU ITOBBIINTEHHBIX
TEMIIEPATYPAX
O6uiee usmeHeHre BAX TpaH3UCTOPOB MPU YBEJIUYEHUU TEMIIE-
paTypbl BO MHOTOM CBSI3aHO HE TOJIBKO C YMEHBIIEHUEM KPYTU3HBI,
HO U C COOTBETCTBYIOIIMMU 3aBUCUMOCTSIMU, MPUBEICHHBIMU
Ha puc. 3 u puc. 4. Ha puc. 5 nokasaHbl 3aBUCUMOCTU U3MEHEHUS CTO-
KOBBIX XapaKTePUCTUK MPU YBeIUUYeHU U Temrepatypsl 10 500 °K.
CnBur BAX MOXHO 00BSICHUTbh HAJIMUMEM B MOJEIU TPAHUUHBIX
NeJbTOO0pa3HbIX U3MEHEHU I KOHLEHTpaLlMK puMeceil, Kak Ob110
MOKa3aHO Ha puUcC. 2, YTO B CBOIO 0UYePEIb MOXKET CIYXKUTb UCTOUHHU-
KOM psiia BBICOKOTeMIepaTypHBIX 3ddeKToB. B yacTHOCTHU, TIpH
JIOCTATOYHO GOJIBIION HAMPSI)KEHHOCTH TOJIsT BOJM3K 00JIaCTH CTOKA
BO3MOXHO 00pa3oBaHMe Mpoliecca ynapHoil HOHU3auuu. Pe3yinb-
TaThl MOJICTUPOBAHUS MONTBEPXKIAIOT JaHHBIN Te3UC, KaK MOKa-
3aHO Ha puc. 6. Ho manubIit mpouecc nias SGMOS He uMeeT THHEH-
HOIf 3aBUCUMOCTH OT TeMIIEPaTyPhl, B YaCTHOCTHU, IJI51 HOMUHAJIBHOM
IUIMHBL KaHasa 0,25 MKM HauMeHbIIUiI KO3(GGUIIMeHT MOHU3AIIMKI
Bo3HUKaJ npu temieparype 127°C. BoamoxHo, 1aHHbI 3 deKT cBsI-
3aH C YMEHbILIEHUEM MOABUXHOCTU HOCUTENEH B KaHalle IPU POCTe

INTRODUCTION

The problems of the development of the sub-
micron transistor constructions, which could
allow building up a new types of CMOS and
SOl CMOS uP chips for high temperature
and radiation factors seem to be very impor-
tant. One of potential ways of the solving this
problem is developing and applying new types
of MOSFET transistors such as multigate and
split gate transistor structures with periodically
doped channel in hard circuit. Nanoscale MOS
transistor structures with split gate (SGMOS)
provide the possibility of forming one-dimen-
sional and two-dimensional elements in the
hidden layer of a two-dimensional electron gas.
It is believed that the use of the split electrodes

is most effective in modulation-doped struc-
tures and less effective in delta-doped sam-
ples [1]. In [2—5], the PDCFET (periodically
doped channel) models, in which a modula-
tion-doped channel is used, were considered.
The problem of investigating such structures
as split-gate MOS seems to be topical, since
it makes it possible to consider the possibility
of creating on their basis a number of sensors
and transducers, in particular for devices based
on surface plasmon resonance (SPR) [6].

SGMOS MODEL

The main objective of the study is to develop
new transistor structures using instrumental
and technological models for using in sensors

and transducers design for high temperature
electronics, as well as the study of the char-
acteristics of obtained structures for devices
based on SPR methods.

The research subject of this article is the
multigate CMOS transistor structure with
periodically doped channel with the capacities
of basic structure of 0.5um CMOS SOl HT
(high temperature) technologies [7, 8]. In the
frame of this work there have been formed
models of n- and p-channel MOS transistor
structures, which have been simulated by the
device-technological analysis. The peculiar-
ity of such structure consists in the specific
modulation doping of the transistor chan-

nel (Fig. 1). Use of multigate transistors based




Puc. 3. Uzmenenue BAX SGMOS npu yseauuenuu ypoeus necupo8anus
ocmposka

Fig. 3. Change in the I-V characteristics of SGMOS with increasing doping
level of the quantum dot

TEMIIEPaTypPhl U C COOTBETCTBYIOIIUM POCTOM OMUYECKOTO COMTPOTUB-
JIEHUS] OCTPOBKA JIETMPOBAHM S KaHaJla, BHIITOJHSIOIIEro PoJib TOKO-
OTrpaHMYMBAIOIIETO PE3UCTOPA.

B 1esiom, pe3ynbraThl aHaJlM3a MOKa3aiu, YTO HAJTUYUE TTapasuT-
HBIX N-P-N-CTPYKTYP HE HOCUT KaTacTpohUIEeCKUil XapaKTep BIJIOTh
1o temriepatyp 200—250°C. OcTpOBOK JIerMpOBaHUS KaHaJla He 9KBU-
BaJIeHTEH 6a30BOIi 00JIACTU OUITOISIPHOTO TPAH3UCTOPA ISl TaHHOU
KOHKpeTHO Mozein. OCTPOBOK JIETUPOBAaHUS B KaHaJIe JOTYCTUMO
paccMarpuBaTh Kak AeMI(UpPY UKl pe3UCTOP, TO3BOJSIOMINI H3Me-
HsTh BAX TpaH3ucTOpa, ¢ 11e1bl0 KOMITEHCALIMK, HallpuMep, BHICOKO-
TeMIepaTypHbIX 3 HEKTOB.

Takum obpaszoMm, pazpaboTaHa M uccieaoBaHa pedepeHcHas
Mozenb st aHaauza SGMOS tpaH3ucTopos. [TokazaHo, UTO MpUMe-
HEHUE PacIlerIEHHOro 3aTBopa BroyiHe 3(GhEKTUBHO B MO YIS~
OHHO-JIETMPOBaHHBIX CTPYKTYypax kyacca PDCFET.

3AKAIOUEHUE

PaspaboTana u ucciemoBaHa pedepeHcHass MOIEJb sl aHAIN3a
SGMOS TpaHn3uctopoB. [TokazaHo, YTO MPUMEHEHUE paclIeTIeH-
HOTO 3aTBOpa BroiHe 3(GHEKTUBHO B MOIYJISIIIUOHHO-TIETMPOBAHHBIX
cTpykrypax kiaacca PDCFET. CHuxeHue KpyTU3HBI, ObBICTPOACH-
CcTBUS U u3MeHeHre BAX TpaH3UCTOPHBIX CTPYKTYP HE HOCHUT KaTa-
cTpoduueckuii xapaktep BIIOTh 10 Temmepatyp 200—250 °C. Boico-
KoTeMmepatypHbie 3G GeKTh He UMEIOT JUHEIHOW 3aBUCUMOCTH

on MOS structures with modulation of chan-
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Puc. 4. Hzmenenue BAX SGMOS npu yseauvenuu 0auns ocmpogra ne-
2UPOBAHUSL

Fig. 4. Change in the I-V characteristics of SGMOS with increasing of the
quantum dot size
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Puc. 5. Hsmenenue BAX mpansucmopoe npu yeeauvernuu memnepamypbl
Fig. 5. Change in the -V characteristics of transistors with increasing tem-
perature

OT TEMIIePaTyphl, B 4ACTHOCTH, IS HOMUHAJIBHOW IJIMHBI KaHala
0,25 MKM HaMMEHbIIN# KO3GhGUIMEHT YIapHO MOHU3AallMKU BO3HU-
Kana npu temneparype 127°C. DTo npeanosaraet BO3MOXHOCTb hop-
MUPOBAaHUS ONTUMAJIbHBIX PEXUMOB YIIPaBICHUS TPAH3UCTOPAMU

nel conductivity (PDCFET) for our project
can have a number of significant advantages
over the traditional approach. The analysis
of characteristics of this model in the presence
of high temperature is also the concern of this
project.

During simulation there has been observed
a special processing route, where the main idea
is contained in the additory ion-implant dop-
ing of arsenic for the n-channel transistor and
of boron for p-channel transistor. As a result,
the channel of the transistor in question
obtains the periodicity of doping. Also in the
process of the formation of the research
structures there have been contemplated

light-doped LDD-regions, which lengthen * during the formation of the region under

drain and source regions towards the channel
[9, 10]. For isolation the gate of the transistor
is surrounded by the delimitative layer in the
form of a thick silicon oxidation film [11]. For
furthermost consideration in the article there
will be analyzed only n-channel MOS transis-
tor and its characteristics. The results of phys-
ical simulation of the doping distribution
at horizontal section are shown in Fig. 2.
According to the abovementioned plots
it could be said that:
« effective channel length is 0.25um;
* during the formation of n-diffused area the
maximum of doping concentration is at
3.16-10%cm™;

the gate, which is formed by the addi-

tory boron implant doping, the maximum

of doping concentration appears at inter-
face of silicon — silicon oxide.

The dependences of the I-V charac-
teristics on the level of doping of the island
in the channel of the transistor and its length
were estimated, which are shown in Fig. 3
and Fig. 4, respectively. The results show
the expected increase in the transconduc-
tance and a decrease in the threshold volt-
age with increasing doping level of the island,
which is explained by the model approxima-
tion to the behavior of the transistor structure

in the presence of a two-dimensional electron
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ala

Puc. 6. Xapakmep gpopmuposanus obaacmeii yoaproii uonuzayuu npu memnepamype 500 °K (a) u 300 °K (6)
Fig. 6. Diagram of the distribution of the impact ionization regions at a temperature of 500 °K (a) and 300 °K (b)
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gas. The observed decrease in the transcon-
ductance and growth of the threshold volt-
age with increasing channel island doping size
completely corresponds to the ohmic model for
transistors with a split gate.

It is shown that this dependence has a qua-
dratic character, namely, when the length
of the alloying island is increased by a factor
of N?, the corresponding decrease in the steep-
ness of the transistor will be proportional to N
times.

SGMOS CHARACTERISTICS
UNDER EXTREME THERMAL
CONDITIONS

The general change in the [-V characteris-
tics of transistors with increasing temper-
ature is largely due not only to a decrease
in the steepness corresponding to the depen-
dences shown in Fig. 3 and Fig. 4. Fig. 5 shows
the dependence of the change in runoff char-
acteristics with an increase in temperature
to 500°K.

The shift of the -V characteristics can
be explained by the presence in the model
of boundary delta-like changes in the impurity
concentration, as shown in Fig. 2, which in turn
can serve as a source of a number of high-tem-
perature effects, which could disturb the pro-
cesses of normal operations of the transistors

[12—14]. In particular, for a sufficiently high
field strength near the drain region, the for-
mation of impact ionization effects is possi-
ble. The results of the simulation confirm this
thesis, as shown in Fig. 6. But this process for
SGMOS does not have a linear temperature
dependence, in particular for a nominal chan-
nel length of 0.25um, the smallest ionization
coefficient occurred at a temperature of 127°C.
This effect is possibly associated with a decrease
in carrier mobility in the channel with tempera-
ture increase and corresponding to an increase
in the ohmic resistance of the channel doping
island, which acts as a current-limiting resistor.

In general, the results of the analysis
showed that the presence of parasitic n-p-n
structures is not catastrophic up to tempera-
tures of 200—250 °C. The channel doping island
is not equivalent to the base region of a bipolar
transistor for this particular model. The island
of doping in the channel can be considered
as a damping resistor, which allows changing
the I-V characteristics of the transistor, from
the compensation of, for example, high-tem-
perature and impact ionization effects.

Thus, a reference model for the analy-
sis of SGMOS transistors was developed and
investigated. It is shown that the use of a split
gate is quite effective in modulation-doped
structures of the PDCFET class [15, 16].

CONCLUSION

Results of the project enable us to prove that
the method of periodically doped channel
is a new way of the multigate transistor struc-
ture for a number of sensors and transduc-
ers, in particular for devices based on surface
plasmon resonance (SPR). A reference model
for the analysis of SGMOS transistors has
been developed and investigated. It is shown
that the use of a split gate is quite effec-
tive in modulation-doped structures of the
PDCFET class. Decrease in the steepness,
speed, and change in the I-V characteristics
of transistor structures are not catastrophic,
up to temperatures of 200—250°C. High-
temperature effects, such as impact-ioniza-
tion regions do not have a linear tempera-
ture dependence, in particular for a nominal
channel length of 0.25um, the lowest impact
ionization coefficient occurred at a temper-
ature of 127°C. This implies the possibility
of forming optimal transistor control modes
for sensors and analog applications. Accord-
ingly, we can assume the possibility of using
these transistor structures in high-tempera-
ture electronics, sensors and devices based on
the effects of SPR.

This work is supported by Russian Foundation
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