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AHHOmayus — MpuBeaeHbl pe3ynbTaTbl MOAENUPOBaHUS
[ABYXKaHarnbHbIX 4eTblpexbapbepHbIX reTepoTpaH3MCTOPOB C
kBaHToBbIMK Todkamu (KT). unpuHa kananos coctasnsana 10
HM. B pesynbrate 6blnv nonyyeHbl pacnpepeneHns aHeprum,
OpendoBor CKOPOCTU U KOHLEHTpaLumn HocuTenen sapsaa, vto
rnokasarno pocT ApendoBol CKOPOCTU B KaHanax TpaH3ucTopa ¢
KT no cpaBHeHuto co cTpykTypoin 6e3 KT B 2 pasa. 310 06y-
CMOBIEHO «OXMNaXAeHNEeM» 3MEKTPOHHOrO ra3a u pasaeneHem
HOHOHHOrO cnekTpa npu BcTpamBaHun KT mexay kaHanamu
TpaH3ucTopa.

|. BBepeHue

B npegpbiaylient pabote aBTopoB NpMBOAMIUCH WUC-
CrnefoBaHWs OBYXKaHamnbHbIX eTepOTPaH3MCTOPOB C
KBaHTOBbIMM Toukamu [1]. TMpodwmnb noTeHumnansHowm
AIMbl C OBYMEPHbIM 3MIEKTPOHHBLIM ra3oM B paccmarpu-
BaeMoM crnyvae Obin TpeyronbHbIA, CHOPMUPOBAHHBIN
Ha rpaHuue nepexoga AlGaAs/GaAs. BoaMoxHocTu
TEXHOMOMMN Ha CErOAHSLUHUIA [eHb YXKe NO3BOMST Bbl-
pawmBaTtb Tak Ha3blBaeMble CITOUCTbIE CTPYKTYpbl, pas-
Mepbl CUCTEMbI NOTEHLMANbHbLIX 6apbepoB U AM B KOTO-
pbIX ONPeAEnsitTCsa TOMNWMHAMM CIOEB.

Il. PeaynbTaTtbl MOAENMPOBaHUA

Mpu MogenMpoBaHUN XapaKTEPUCTUK ABYyXKaHaNbHO-
ro TpaHauctopa ¢ KT paccmatpuBanacb Tononorus Al-
GaAs/GaAs/AlGaAs/GaAs/AlGaAs, ynpoLleHHbIN BUg
KOTOpOW npeacTaBreH Ha puc. 1.
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Puc. 1. Cxemamu4yeckoe uzobpaxkeHue moronoauu
akmueHoU obnacmu d8yxKkaHanbHO20
eemepompaH3ucmopa c KT.

Fig. 1. Topology of a double-channel heterotransistor
with QD’s

TonwuHa HenermpoBaHHOro Crnos, W, cnegoBaTenb-
HO, LUMpMHA KBAHTOBOW siMbl, cocTaBnsmna 10 HM, pac-
CTOsIHME Mexay siMamm cocTaBnsano 20 HM.

KBaHTOBble TOYKM BCTpamBanuCb Mexdy KaHamamu,
W, KaK nokasanu pesynbTaTbl PU3MKO-TOMNONOrMYeCcKoro
MOAENMPOBaHNs, 3TO MPUBENO K POCTY CKOPOCTU HOCU-
Tenen B 06onx kaHanax.

Mpn mMopenupoBaHuM peluanack cucTeMa pernakca-
LIMOHHBIX YpPaBHEHWU, AOMOMNHEHHas ypaBHeHveMm [lyac-
coHa, lpeauHrepa, ypaBHeHNEM ANS KOHUEHTpauuu B
nopsoHax ksaHToBOW sAmbl. KT paccmartpvBanucb Kak
TpexMepHas CYMMeTpUYHas KBaHTOBas fiMa C KOHeu-
HbIMW BbICOTaMW CTEHOK.

Kak 6b1no onncaHo B npeabigylimx paborax [2, 3], Ha
NPOAONbHbLIA TPAHCMOPT HOCUTENEN B CUMbHbLIX 3NeK-
TPUYECKMX MONSAX KBAHTOBbIE TOYKU BIIUSIIOT KaK C TOYKM
3pEHUS]  OOMOMHUTENbHbLIX WUCTOYHWMKOB  «XONIOAHbLIX»
3NEKTPOHOB, TakK M MPUBOAAT K pa3geneHuto NonspHbIX
ONTUYECKNX (POHOHOB, ECININ PACCTOSIHUE MEXAY KBAHTO-
BOM TOYKOW M reTeponepexohoM MeHbLUE KOrepeHTHOW
BOJTHbI ONTUYECKOrO DOHOHA:

3nhk,
mao
Bornee noapobHO AByMepHas dU3NKO-TOMomMormyec-

Kasi Mogenb retepoTtpaHanctopa ¢ KT npueeaeHa B pa-
botax [2, 4, 5].
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lll. UHTepnpeTaumna pe3ynbLTaTtoB
MoAaenupoBaHus

Mpy MoaenMpoBaHWN NOMYYEHO PSA XapaKTePUCTUK,
Hanbonee MHTEpPeCcHble U3 HUX MPUBEAEHbI Ha puC. 2-4.
Ha puc. 2 nokasaHa noTeHuuManbHas aHepreTuyeckas
NOBEPXHOCTb ANS ABYXKaHaNbHOro retepoTpaH3ncTopa
¢ KT. B cooTtBeTcTBUM C 3TUM pacnpegeneHvem bbinu
nomny4yeHbl pacnpegenenvs ApendoBon CKOPOCTU HOCK-
Tenen Ans retepoTpaH3ncTopos 6e3/c KBaHTOBBIMK TOY-
kamu (puc. 3). 3 nonyveHHbIX pe3ynbTaTtoB BUAHO, YTO
CKOPOCTb B KaHanax Bo3pocna NnpuMepHo B 2 pasa npu
BCcTpamBaHum KT. 370 cBA3aHO Kak C BNUSHWEM AOMOM-
HUTenbHoro noteHuuana KT, korga, npu 3axsate HOCK-
Tenen v nocrnegywweMm ux BblBpoce NPOUCXOAUT «OX-
naxgeHue» SNEeKTPOHHOro rasa, Tak U C pasgeneHvem
(hOHOHHOrO CreKTpa, YTO MPUBOAUT K OOMOMHUTENBHON
BO3MOXHOCTUN 3NEKTPOHOB pa3orHaTbes Ao 6onee BbICo-
Knx ckopocTen. [Npuyem, KOHLeHTpauus Hocutenen Ans
oboux cnyyaeB ocTaBanacb MPakTUYECKN HEeW3MeHHOMN
(puc. 4).
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Puc. 2. lNomeHyuanbHas sHepaemu4veckasi
rnogepxHocme 08yxKaHaslbHO20 eemepompaH3ucmopa
c KT.

Fig. 2. Potential energy surface of the double-channel
heterotransistor with QD’s
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Puc. 3. PacnpedeneHue ckopocmu Hocumerel 8
dsyxkaHanbHOM 2emepompaH3ucmope 6e3 KT (a) u 8
dsyxkaHanbHoM eemepompar3ucmope (b) ¢ KT.

Fig. 3. Velocity distribution of carriers in
the double-channel heterotransistor without QD (a) and
in the double-channel heterotransistor (b) with QDs
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Puc. 4. PacnpedeneHue KoHUeHmpauyuu Hocumerseu 8
ds8yxkaHanbHOM 2emepompaHsucmope ¢ KT.

Fig. 4. Concentration distribution of carriers in the
double-channel heterotransistor with QD’s

IV. 3aknoyeHue

Moka3saHo, YTo NpUMeEHeHUe B ABYXKaHamnbHbIX reTe-
pOTpaH3MCTOpax C YEThIPbMS reTeponepexonamu KBaH-
TOBbIX TOYEK MPUBOAUT K POCTY ApeidhoBOii CKOPOCTH

HocuTenen B kaHanax. CrnegyeT OTMETUTb, YTO pac-
cMmaTpuBaeMblii cryyaii SsBMAeTCs YMCIIeHHbIM aKcnepu-
MEHTOM, LieNb KOTOPOro NpoAeMOHCTPUPOBaTbL BO3MOX-
HOCTU YBENUYEHUs] CKOPOCTHBIX XapakTEPUCTUK TpaH3u-
CTOPHOW CTPYKTYPhbI, @ Takke CO3haHHOro annapara ans
(hM3MKO-TOMONOrMYECKOTO MOZAENMPOBaHUS.
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Abstract — Simulation results of two-channel four-barrier
heterotransistors (HEMT) with quantum dots (QD) are shown.
As a result, distributions of velocity, concentration and potential
energy surface were obtained.

I. Introduction

Abilities of technology today allow growing multilayer struc-
tures, which potential barriers and wells sizes are defined by
the thickness of the layers.

I, lll. Main Part

Quantum dots are inserted between the channels; as
shown in results of physical-topological simulation, this has led
to velocity increase in both channels.

The quantum dots influence the longitudinal transport of the
carriers in high electric fields by two mechanisms. The first is
the injection of "cold" electrons, and the second — the separa-
tion of polar optical phonons, if the distance between the quan-
tum dots and the heterojunction is less than coherent optical
phonon wavelength. From these results it is clear that the veloc-
ity in the channels has 2 times increase due to the quantum
dots embedding. Moreover, the carrier concentration for both
cases remained practically invariable.

IV. Conclusion

It should be noted that this case is the numerical experi-
ment, which aim is to demonstrate the possibility of increasing
the speed characteristics of transistor structures, as well as to
create the tools for the physical-topological simulation.
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