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AHHOMayus — eTepoCTPYKTYPHbLIA TPaH3UCTOP C KBaHTO-
BbiMu Touykamu (KT) siBnsieTcsi nepcnekTuBHbIM Mpubopom C
TOYKM 3PEHMSA MOBbLILLEHNS APeidOBOM CKOPOCTU 3MEKTPOHOB B
KaHane. B gaHHon paboTe npeacTaBneHbl pe3ynbTaTbl MOAe-
nMpoBaHusa ABYXKaHanbHOro retepoTpaHanctopa c KT, a nmen-
HO, pacnpefeneHns ApenidoBbIX CKOPOCTEN W KOHLEHTpaumu
noABMXHbIX HocuTenewn. MokasaHo, 4YTo Hanuune B KaHane KT
npuBOAWT K 3aMETHOMY POCTY TOKa CTOKa.

|. BBegeHune

Hapsigy ¢ ogHOkaHamnbHbIMW reTepoTpaH3vMcTopamu,
OONbLION WHTEPEeC Npu UCCreaoBaHWAX YAenseTcs u
OBYyXKaHanbHbIM reTepoTpaHaucTopaM. lpenmyliectsa
MX MCMONb30BaHMS 3aKroyalTCs B MOBbILEHWN Open-
POBON CKOPOCTM HOCUTENEN B KaHane u yBenuyeHuu
obLero Toka Yepes kaHar.

Ecnu kBaHTOBbIE AMBI (KA) TYHHENBHO He CBHA3aHbI,
TO nepepacnpefeneHHble Mexay HAMWU HocUTenu Teps-
I0T YacTb 3HEpPrMM Ha MNpeodorieHVe MnoTeHUManbHOro
b6apbepa, BCNeACTBME YEro CKOPOCTb B HWDKHEN siMe
pactert [1].

B cnyyae TyHHenbHO-cBA3aHHbIX KA noHwxeHue unu
NOBLILLIEHNE CKOPOCTU HOCUTENEWN B OQHOW U3 SIM JOCTU-
raeTcs M3MEeHeHWeM CKOPOCTW paccesiHusi Ha reTepo-
rpaHuuax n npumecsx, a Tak xe, Kak 3To byaeT nokasa-
HO Hwxe, BBegeHnem KT B obnactb oAHOro U3 KaHarnos.
Takne adpeKkTbl LWMPOKO MPUMEHSOTCA AN MoBbille-
HUS1 ObICTPOAENCTBUS NTOTNYECKUX cXem [2].

BBeneHve [ONONMHWUTENBHOrO KaHana npuUBOAMT K
OOMNOMHUTENBHOMY OrpaHUYEHNI0 HOCUTENEN, HE MO3BO-
nss UM «pacTtekaTbesy» no nognoxke [3]. Takum obpa-
30M, Jaxe npu oanHaKoBon APendOBON CKOPOCTN HOCU-
Tenen B obomx kaHanax, Tok 4yepes3 npubop byget pac-
™.

Il. Pe3ynbTaTbl MOAeNUPOBaHUA U UX
MHTepnpeTauua

[na MoaenupoBaHua XapakTepUCTUK ABYXKaHarbHO-
ro TpaHsuctopa ¢ KT paccmaTtpuBanacb TOMomnorus,
npuBeaeHHast Ha puc. 1.

AlGaAs 2DEG

GaAs
0

0]

000000000000 0

AlGaAs \
InAs QD

Puc. 1. Cxemamuyeckoe uzobpaxkeHue moronoauu
d8yxKaHaibHO20 eemepompaH3ucmopa ¢ KT.

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

KBaHTOBbIE TOYKM BCTpavBanucb B reTeponepexon
HWXHEro KaHana, 1, Kak nokasanu pesynbtaTbl (*)VISVIKO—
TOMOMNOrM4YecKkoro MoaennpoBaHus, 3To NMNPUBEIIO K POCTY
TOKa B AAaHHOM KaHarne. ,D,eTaano OBymMepHaa mofernb
retrepoTpaH3ucTopa npmeeneHa B [4, 5].

Ha puc. 2 (a) nokasaHo pacnpeneneHue gpendoson
CKOpPOCTW HOCUTENen AN retepoTpaH3ncTopa C OBYMS
KaHanamu, Korga B HWKHWA KaHan BcTpoeHbl KT. U3
rpachmMkoB BWAHO, YTO CKOPOCTb HOCUTENEN B HUXHEM
KaHane yBenuuunacb npumepHo Ha 20% no cpaBHEHUIO
¢ retepoTpaHsuctopom 6e3 KT (puc. 2, 6). LvpwuHa
BepXHen amMbl Ans obemx CTpykTyp coctaensana 9 Hm, a
HWxHen — 0,45 MKM.
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Puc. 2. PacnpedeneHue ckopocmu Hocumernel 8
0d8yxkaHanbHoM 2emepompaHaucmope ¢ KT (a) u 8
dsyxkaHanbHoM 2emepompaH3ucmope (6) 6e3 KT.

Fig. 2. Velocity distribution of carriers in the double-channel
heterotransistor with QD (a) and in the double-channel
heterotransistor (6) without QD

PocT Toka npu yyete BnusiHus KT B Gonbluei mepe
[OCTUraeTcs He 3a CYET YBENUYEHWUs! KOHUEHTpauuu
MOABWXHbBIX HOCUTEnew, aMUTTMpoBaHHbIX 13 KT, a 3a
CcyeT yBenuyeHus cpegHen OpendoBor CKOpocTu. IATO
obbsAcHAeTCa TeM, YTO aMuTTMpoBaHHble M3 KT anek-
TPOHbI NPOBOAMMOCTU OyayT MMeTb 00nbluMe, No cpas-
HEHUIO C 3NEKTPOHaMK B KaHamne, HavarbHble CKOPOCTU
n3-3a MoKa ellle HeJoCTaTOYHOro pasorpeBa anekTpuye-
CKUM MOSEM.

[ns Gonee nomHoro npeacraBneHust O npoueccax,
NPOUCXOAALLMX B 3TUX ABYXKaHasbHbIX TPaH3UCTOpax Ha
pvc. 3 npeacTaBneHbl pacnpeaeneHns CKOPoCTU U KOH-
LEeHTpauumM B HWKHUX KaHanax. HakonneHvue HocuTenen
3aMeTHee B cTpykType 6e3 KT (puc. 3, 6), 4to cBsizaHo C
OONbLIMMKN 3HAYEHUAMU SHEPTUN U BIIUSTHUEM COOTBET-
CTBYHOLLMX BUAOB PaCCESIHUS.
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Puc. 3. Ckopocmb u KoHUeHmpauyusi Hocumersel 8 HUXHEM
KaHarne eemepompaH3ucmopa, cooepxauyeeo KT (a) u
eemepompaH3ucmopa 6e3 KT (6).

Fig. 3. Velocity and concentration of carriers in bottom
channel for heterotransistor with (a) and without (b) QD.

lMpn mogenupoBaHMM TPaH3UCTOPOB KBAHTOBbIE
TOUKM MMENN NMNolLab B OCHOBaHUN Nopsiaka 1 MkM> 1
3ajaBan1cb NnaBHbIM U3MEHEeHNeM noTeHumana B ABy-
MepHOW ceTke, 4YTo 6Gnuxe Kk dopme noTeHumana
BCTpoeHHbIX KT. lMpu aTom gocturaetcs nydywas cxo-
OMMOCTb BbIYMCMUTENBHOMO Mnpolecca K3-3a OTCYTCT-
BUS PE3KMX TPaAMEHTOB HampsiKeHHOCTM 3nekTpuye-
CKOro nons, a nonyyeHHble pacnpefgeneHuns oTtobpa-
XalT nepepacnpefeneHne KoHUEHTpauun Hocutenewn
MeXady KBaHTOBOW SIMON M KBaHTOBbIMW TOYKaMu. ITO
3aMeTHO W3 NpuBeAEeHHbIX 3aBUCMMOCTEN, TaK Kak no-
nyyYeHHast KOHUEHTPauus HocuTerneh BO BTOPOM KaHa-
ne B TpaH3uctope ¢ KT Huxe, 4em B TOM e KaHane
ansa TpaHsncTtopa 6e3 KT.

lIl. 3akno4yeHne

Mpu BcTpamBaHum KT B kaHan TpaH3ucTopa Habnto-
JaeTcd nepepacnpeferneHe KOHLEHTPaunm NoABMKHbBIX
HOCUTENEeN N3-3a HanUuus KBaHTOBbIX TOYEK.

BcTpauBaHve B reTepoTpaH3uMCcTOp C ABYMS reTepo-
nepexofamu KBaHTOBbIX TOYEK MPUBOAWUT K POCTY ToKa
KaHana u pocTy cpegHen OpendoBON CKOPOCTU 3nek-
TPOHHOro rasa. Takke, Ha npumepe ABYyXKaHanbHON
CTPYKTYPbl MOKa3aHO, 4YTO MpU CyLLECTBEHHbIX pas3nunyu-
AX LUMPVHBI KBAHTOBbIX SIM CKOPOCTb HOCMTENEN B HUX
OyneTt pasHon (puc. 2, 6).
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Abstract — A heterostructure transistor with quantum dots
(QD) is a perspective device due to its increase of electrons’ drift
velocity in the channel. In this work simulation results of double-
channel heterotransistor with QD are present. QD application
causes significant drain current increasing.

|. Introduction

For higher current densities double-channel HEMT’s are
used. If quantum wells are not tunnel-coupled carriers, redistri-
bution leads to decreasing of electron temperature and as a
consequence to velocity increasing. If the channels are located
closely, there is an opportunity to control the conductivity iner-
tialessly with a gate voltage, if the channels have different resis-
tances. Also addition of the second channel limits leakage cur-
rent through a substrate.

II. Simulation Results

Quantum dots were built in the bottom channel, and as re-
sults of physical- topological simulation have shown, it has led
to current growth in the given channel. Current growth at the
account of influence of QD is reached not only by increasing in
concentration of the mobile carriers emitted from QD, but in the
big manner by increasing in average electrons' drift velocity.
This is due to the fact that electrons emitted from QD will have
bigger, in comparison with electrons in the channel, initial ve-
locities because of the insufficient warming up by electric field.
While simulating of transistors, quantum dots had the area in
the basis of an order of 1 square micron and were set by a
smooth change of potential in a two-dimensional grid that is
closer to the form of built-in QD potential. Thus the best con-
vergence is reached in the absence of sharp gradients of inten-
sity of electric field, and the received distributions display redis-
tribution of concentration of carriers between a quantum well
and quantum dots. It is appreciable from the resulted depend-
ences, as the received concentration of carriers in the second
channel in the transistor with QD is lower, than in the same
channel for the transistor without QD.

I1l. Conclusion

With embedding of QD into the transistor channel redistribu-
tion of concentration of mobile carriers, because of presence of
quantum dots, is observed. Embedding in the heterotransistor
with two heterojunctions of quantum dots leads to growth of
current of the channel and growth of average drift speed of
electron gas.
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