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[puBenens! pesynbratel u3mepeHuid 1/f myma B GaAds KBa3nOAIMCTUYECKHUX I10-
JICBBIX TPAH3MUCTOPAX Majoil MOIIHOCTH ¢ V-00pa3HbiM 3atBopoM lloTku. [l omude-
CKOif 007aCTH UCCIIEJOBAIUCH 1B 3aBUCHMOCTH LIIYMOBBIX XapaKTEPUCTHK, [IepBasi — OT
HaNpsDKeHUs] Ha 3aTBOPE WJIM OT CONPOTHBIICHUS KaHala, U BTOpas — OT HANPSUKEHUS
CTOK—HMCTOK WJIH OT TOKa 4epe3 KaHall.

Beeoenue

B cenTs0pe — oxTsi6pe 2002 ObUTM MPOBEICHBI COBMECTHBIC UCCICIOBAHHUS HU3KO-
YaCTOTHBIX IIYMOB pa3NH4HBIX (GaAs TpuOOpoB B DWHIXOBEHCKOM TEXHOJIOTMYECKOM
yauBepcutete (Hunepianns). s Gads kBa3nbanMCTUUECKUX MOJIEBBIX TPAH3UCTOPOB
¢ V-o0pasubiM 3atBopoM IlloTKM Majoil MOIIHOCTH W3MEPSUIMCh 3aBUCUMOCTH
XapaKTepucTUK 1/f myma OoT HampsbkeHus Ha 3atBope. ITocpencTBOM HpeaBapUTENbHBIX
HCCIIEA0BaHUN BOJNIBTAMIIEPHBIX XapaKTEPUCTHK BBIBISIINCH 3HAYCHHUS M3MEHSIEMBIX I1a-
paMeTpoB (HampspKeHHE Ha 3aTBOPE M HAIMPSDKEHHE CTOK—HCTOK), JUI KOTOPBIX 3aBHCH-
MOCTB TOKa Yepe3 KaHall OT IMPHIOKECHHOTO HAPSDKEHUSI CTOK—HCTOK ONMCHIBASTCS 3aKO0-
HoM Oma. JI71s oTydeHHBIX 3HaYeHHH apaMeTpoB, T.e. B OMUYECKOH 001acTi IpoBoAu-
JIMCh NaJbHEeHIINe IIyMOBBIe UccienoBaHus. st 0OHOrO U3 00pasIoB, JOIOIHUTENEHO,
IIPU JIByX 3HAYCHUSX HAIPSHKEHUS HA 3aTBOPE M3MEpSAIach 3aBUCUMOCTbH IIyMa OT Ha-
MIPSKEHUS CTOK-UCTOK.

H3mepumenvraa ycmanosxka

brnok-cxema ycraHoBkM mnpuBeneHa Ha puc.l. OHa COCTOMT M3 NpeaBAPHUTEILHOTO
Mayomymsinero ycwmutens Ultra — Low Noise Preamplifier 5004 ¢ 3kBHBaJeHTHBIM
BXOJHBIM IIYMOBBIM conpoTuBierneM 36 Owm, ycuiurens Precision AC Amplifier 9452,
MpeHa3HAUCHHBIX I YCHIIEHHS IIyMOBOTO HANPSDKEHHS 0 YPOBHs, HEOOXOAUMOTO AJIs
ONTUMAJIFHOTO HCIIOJB30BAHUS aHAIOTO-II(POBOro mpeodpasoBaTeis; OypepHOro Kac-
kaga Buffer Amplifier BUF 634, cormacyromero Beixoa ycunurens Precision AC Ampli-
fier 9452 ¢ Bxomom ALIII, n Momyins ananorosoro BBoaa/BeiBoga ADS224x48, mpeobpa-
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3YIOIIETO CUTHAI B HU(PPOBOI KOJ ¢ MOCIEAYIOMIEH 3aKChI0 €T0 Ha KECTKUN AUCK. AHa-
JIM3 IIyMOBBIX 3aIUCEH MPOMU3BOIMIICS NPH MOMOIIH CIEIHAIBHO Pa3pabOTaHHOTO MHO-
ro(yHKIHOHAIFHOTO AaHAIN3aTOPa, BEIOIHEHHOTO B IIporpaMMHoii cpexe LabVIEW [1] .

M —— T """ ! Personal Computer

I'| Ultra Low Noise Precision AC Buffer Amplifier | |

| | Preamplifier 5004 || Amplifier 9452 |—{ ~ BUF634 | 1| ADS”‘;X“E‘ ™ oD

in=: 30-100dB in= oar

: 60dB, Rin=5 MQ Rin=80 MQ : 24 bit’s ADC -]

_____________________________ 3 I I
Multifunctional
Analyzer

Uy
Usa

Puc.1. bnok-cxema n3MepuTeNnbHOM yCTaHOBKH

Onucanue uccnedyemozo npubopa

HUccnenoBamicy GaAs kBa3MOAIITMCTHYECKHE MOJIEBBIE TPAH3UCTOPEI C V-00pa3HbIM
3arBopoM IlloTtku, nzrorosnenusie B HUM “Camtor” (Koneunstii [Tonb3oBarens 3). Oco-
OCHHOCTBIO 3THX NPUOOPOB SIBISIETCS CYLIECTBEHHOE YMEHBLICHHE [UIMHBI KaHaja o
pa3MepoB yABOCHHON BelWYMHBI 00enHEHHOW obmacTtH, co3naBaeMoil Gaprepom Llot-
K, [2] . O dexTrBHAS IMHA 3aTBOpa BapbUPOBANAcCh OT 25 HM (U1 MaJIOMOILIHBIX) JI0
50 HM (@19 MOIIHBIX), YPOBGHb JETHpPOBaHMS KaHana coctaBmsin 6-10'cm™, uro
obecrmeynBano MUHHMAIbHYIO JIMHY KaHana okomo 100 wm. Cxemarudeckoe
HpeJCTaBICHHE TPAH3KUCTOPA C yKa3aHHeM 0003HAYCHHIT XapaKTepHBIX Pa3MEPOB JIaHO Ha
puc.2. OCHOBHBIE MapaMETPhl TPAH3HCTOPOB OTOOpakeHbI B Tabmmme 1. Ha pmc.12
n300paXKeHOo TONepeuHoe CeYeHNEe C yKa3aHWeM KOHIIEHTPAIMi OCHOBHBIX HOCHUTEIICH.

L L |
| | |
W JE——
i
Source Gate Drain
n I n
n-GaAs
i-GaAs

Puc. 2. Cxemarudeckoe npeacTaBieHue TPaH3UCTOpa

TpaH3uCTOPHI H3TOTOBIEHBI C IPIMEHEHUEM NIEKTPOHHON UTOrpauu U MPeAcTaB-
JISIOT c000# HA0Op SKBUBAIEHTHBIX CEKIMU mupuHOU 25 MkM. s usrotosnenus [1TII
n'-n-—n"-GaAs-cTpyKTypbl C XapaKTepHOIl BENTMYMHOH INepeXOJHOH O06IacTH KaHaj-
OyepHsIit cioii (n—n") okono 0,15 MKM IpUMEHsIACh TPaIULMOHHAs Ta30TPAHCIOPTHAS
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snuTakcus. Vcrnoiap30BaHHe aHU30TPOIIHOTO TpaBieHus B pactBope NH,OH: H,0,: H,O
= 1:0,5:25, mMO3BONMIO U3TOTOBUTH V-KaHAaBKy B aKTHBHOM cilioe GaAs-CTPYKTYpHI U, B
COBOKYITHOCTH C METOJIOM CaMOCOBMEIICHUS NPH HANBUICHUH METAJUIM3AlUH 3aTBOPA,
obecneunio noiy4eHne 3¢hGeKTUBHON AIHHEI 3aTBopa MeHee 30 HM. TouHoCTh OpHEHTa-
LMM TOIOJIOTUH M3rOTAaBIMBAEMOI0 NMPUOOpPa OTHOCUTENBEHO KPHCTAIOrpadHYecKux Ha-
IIpaBJICHUIN MCXOAHOW IMOIYNPOBOJHUKOBOM IUIACTHHBI cocTaBisuia +(3-5)°. Ilpu usro-
TOBJICHHH 00pa3L0B MPUMEHSIJICS dIeKTPpOHHbIH pe3uct tuna DJII1-13. Pesuct HaHOCHICS
cioeM ToamuHoM 0,35 MkM u BeIcymnBaics npu temneparype 170 °C B Teuenue 30 MuH.
OKCIOHMPOBaHHE IPOBOJMIOCH HAa YCTAHOBKE OJICKTPOHHOIYYEBOTO AKCIOHHPOBAHMS
ZBA-21 ¢ muameTpoM 31eKTpoHHOTO mydka 0,1 Mxm. s mposiBIEeHUST HCIOIh30BANIACh
CMeCh METHJIITHIIKETOHA U H30IIPOIMIIOBOTO CIIHPTA.

Tabuuma 1
Main parameters of transistors
L, n-channel, Section Ud Ug
liE"l;s (Gate) n-GaAs, rrl;kzm width, W seci\ilons limit, limit,
yp mkm cm™ mkm \'% \'%
Low | 925 | 56107 0.2 25 2 5= 18
noise 2.5

Ha puc.3 npezicraBieH MUKPOCHHMOK HOIEPEYHOTO CEYEHHsT TPAH3UCTOPA C JIJIMHOM
3aTBOpA B J[Ba pa3a OOJbLICH, YeM Y ONUCHIBAEMBIX 00Pa3LOB, CIEIAHHBIH IPU NOMOIIN
pacTpoBoro 31eKTpoHHOro Mukpockomna JEOL.

Puc. 3
MHuKpOo(hOTOCHIMOK HOIEPEYHOT0 CEYSHUsI IIOJIEBOT0 TPAaH3UCTOpa ¢ V-00pa3HbIM 3aTBO-
POM, MOJTy4YEeHHBIH Ha paCTPOBOM 3JIEKTPOHHOM Mukpockome JEOL

ITonyuennvie pesynvmamol

Jlns aHanu3a ¥ NpaBUIILHOTO MCTOJIKOBAHMUS ITYMOBBIX XapaKTEPHCTHK Ba)KHO 3apa-
Hee 11o100paTh ONTHUMABHBIN pexuM padoTs! npubopa. Ha puc.4 npencrasiaenst BAX,
U3MEPEHHBIE ISt BCEro auanazona Uy npu HecKosbKuX 3Ha4eHusax Uy [3] . CepbiM LBe-
TOM BBIJIeJIeHa 00J1aCTh, BHYTPH KOTOPOH MPOBOJATCS LIyMOBBIC H3MEPEHHUSI.

193



Tpynst 3-ro coBemanus 1o npoekty HATO SfP-973799 Semiconductors. Hukuuit Hosropox, 2003

10 P E—
l_,lz/!‘f/————"_—_——_jx
— 3
31 2
&
0.1
0 1 2 3
v B
Puc. 4

Bosnbramriepusie xapakrepucTuky. JIMHUS 1 COOTBETCTBYET HANPSKEHUIO Ha 3aTBOPE,
paBaomy —0,4 B; nunuu 2, 3, coorBerctBeHHo, —0,8 Bu—1,8 B

1. 3aBHCHMOCTD OT HANPSHKEHUS HA 3aTBOPE

BAX, nomy4ennsle i obpasua 2, npeacraieHsl Ha puc.5. ITo Hum onpexnersiics
JIMana3oH HalpsHKEHUH CTOK—HCTOK, IPH KOTOPBIX 3aBHCHMOCTH TOKAa OT HAaIpSDKCHUS
UMeeT OMUYecKHil XapakTep. MunumansHoe auddepennuanbHoe conporusiaenue npu U,
= 0 MOXHO IPUONMKEHHO TPHHSITH 38 CONPOTHUBIECHHUE NTACCUBHBIX YYaCTKOB TPAH3HUCTOPA
1 KOHTaKTOB. [y 6onpmHCTBA 00pa3oB oHo nopsnka 16—-20 Om. Boxee Tounyo O1eH-
Ky MOXKHO CZE€NaTh, ONPE/CNINB HANPSDKCHUE 3anupanus. Beraucnsas quddepenmansaoe
CONPOTHBIIEHHE KaHala Ui KaXkmoro 3HadeHus U, yHanoch MOIYyYHTh 3aBHCHMOCTB,
n300paxkeHHy1o Ha puc.6. OHa MMeeT cXOoxHyIo (GOpMy AT BCeX MPHOOPOB: IIPH MABIX
3HAUCHUSX HANPSDKEHUS, IPUIIOKEHHOTO K 3aTBOpy (1o —1 B, monoBnHa HampshkeHHs 3a-
NUpaHus KaHaya), CONpoTHBIeHUEe MeHsaeTcs Beero Ha 1020 Om. JlanbHeilmee yBenuue-
HHE HaNpPsDKEHUs IPHBOJUT K OBICTPOMY YMEHBIIEHHIO MOJABWKHOCTU. B obmactu mpen-
0J1araeéMoro HaMpPsKEHH 3aNupaHus HaOMIoAaeTCs TPeTuil XapaKTepHBI yJacToK.

O06paboTka pe3yIbTaTOB IIYMOBBIX M3MEPEHUH MOKa3ana, YTO IIYMOBEIC 3aBUCHMO-
CTH 00JIaJafOT XOPOIIEeH MOBTOPSEMOCTHIO IS BceX 00pa3noB. Jlnana3oH H3MEHEHUs Ha-
npsokeHus Ha 3aTBope paBeH 0 + (—1,3) B, 94To 5KBHBaJIEHTHO M3MEHEHHUIO COTPOTHUBIIC-
HuUto kaHana ot 1620 Om 1o 40—50 Om B 3aBucuMocTH oT 0Opasua. Tpansucrop Homep 2
HCCIIeIOBAJICA B OoJice MIMPOKUX MpEAesax, Ui Hero Ug m3MeHs1ocs oT 0 B mo —1,8 B
(20 Om — 4 xOm). B cBs3u ¢ Tem, 94TO CONPOTHBIECHHE KaHala ONHO3HAYHO BBIPAXKACTCS
4yepe3 HalpsDKeHHe Ha 3aTBOpe, JalbHeime rpaduky, oToOpakaronye n3MepeHHbIe 3a-
BHCHUMOCTH IITyMOBBIX IapaMeTpoB oT U, OyIyT NpeicTaBieHbl Kak (yHKIUH OT Ry.

Ha puc.7,8 orobpaxken mapametp ¢opmbl criektpa Gamma (y) 11t IBYX JMAna3oHOB
CONpOTHBIIEHHA KaHalda. B mepBoM HaOmiomanuch ciemyromue XapakTepHble 0COOSHHO-
ctu. [Ipu HyneBoM HanpspkeHnu Ha 3aTBOpe (compoTusieHue 18—20 OM) HaKIOH MEHbIIIEe
1, mpumepno 0,8. J{s Bcex 0Opasios, kpome 1 u 4, nmeeTcst XapakTepHbIH Kynoiooopas-
HBII y4JacTOK, BEpXHs TPaHHIA KOTOPOTO COBMANAeT C TOYKOW mepernba Ha rpaduxe
“IpOBOAMMOCTb KaHala — HalpsHKEHUE Ha 3arBope” M paBHa npumepHo 30 Om. Ilpu
JaJIbHEHIIIEM YBEJIMUCHUH COIPOTHUBIICHUS mapameTp (opMbl cTpemurcs k 1. Makcu-
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MaJIbHOE 3HauCHHE Ha KyHOJI000pa3sHoM ¢par

MeHTe gocturaercs npu 20-25 OM u 1exuT

B mpenenax ot 1 g0 1,2. Ha 1ononHUTETHOM y4acTKe, H3MEPEHHOM JJIsl TPAH3HUCTOpa 2,

maunHas ¢ 50 OM, HaOIIr0MaeTCs TOABEM C BEL

24102 B4IA]

Ug=-1V

w

0.04

0.06 008
Usd [V]

0.10

Puc. 5. BonpTamnepHbie XapakTepUCTUKH
TPAH3UCTOPA 2, NOIYUYCHHbIC JUI 3HAUCHUI
HAIpsDKEHUS Ha 3aTBOPE, U3MEHSIOIIEIOCs
ot 0 7o —1,3 B ¢ marom 0,1 B

Gamma (2-100 Hz)
1.3

1.2 FET#2L
.-
1.0
09—
20 30 40
«d [Ohm]

Puc. 7. 3aBucumoctr napamerpa GopMEI Criek
Tpa TpaH3UCTOpa 2 OT CONMPOTUBIICHUS KaHaJIa,
u3MepeHHsie B quanazone 2045 Om. Toukn
COOTBETCTBYIOT JaHHBIM, IOJTY4E€HHbIM 14 OK-
T0ps, a tuHuA — 22 okTs10psa 2002 roxa

XOZIOM Ha HOBBIH ypoBeHb 1,1 (puc. 8).

0.057 G [1/0Ohm]

0.04-

0.03

0.02
FET#2L
Pinch-off voltage -1.8 V

0.01 o

000 T T T T T T ]

-2.0 -1.5 -1.0 0.5 0.0

Ug[V]

Puc. 6. 3aBucHMOCTb MPOBOJMMOCTH KaHa-
JIa TPAaH3UCTOpPA 2 OT HAIPSDKCHNUS Ha 3a-
TBOpE

Gamma (2-100 Hz)

1.2
FET#2L
1.1
1.12
1.0
! 100 1000
I I I T 1
1000 2000 3000 4000
Rsd [Ohm]

Puc. 8. 3aBucumocts Gamma(Ryy),
u3MepeHHas 22 OKTAOps [UIs Auarna-
30Ha 50 Om — 4 kOm. Ha BcTaBke
n300pa)keHa OHa e, HO B IIOJTyJIora-
pudmMudgeckoM MacmTade

s
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GW (2-100 Hz)
1.00 |
0.80 FETHL
T T T T T 1
16 18 20 22 24 26
Rsd [Ohm]
a)

’ 6Gamma (2-100 Hz)

1 Before Stress
15 80ct2002
1.4
1 After Small Stress
1.3 10 Oct 2002
1.2 After High Stress
1 14 Oct 2002 FET4IL
1.1 T T ]
0 40 80 10 2.102
Rsd [Ohm]

6)

Puc. 9. 3aBucumoctu napamerpa GOpPMBI CIIEKTpa OT CONPOTHBICHUS KaHaa, MOJTy4eH-
HbIE: (a) Ui TpaH3ucTopa 4; (0) anst Tpansucropa 1

VY Tpan3ucropa 4 BMECTO KyMoJ0o0Opa3HOTO y4acTKa HaOIIoAacTcs IIIaBHOE Hapac-
TaHHe y 10 1 ¢ HECKOIBKUMH BeIOpocamu, (puc.9a). i Tpansuctopa 1 momydeHo camoe
HEeOoOBIYHOE MmoBeeHue: poct oT 1,1 1o 1,6 Bo BceM quana3oHe COMPOTUBICHUI (prc.90,
BepxHss TuHMS). [Tocae HeCKONBKUX JTHEH paboThl TPaH3UCTOPA TI0JT HArPy3KOH 3HaUCHUE
Y 3aMETHO YMEHBIIMJIOCH, CPEIHSS JIMHHSA, a elle depe3 4 IMepeluIo B HIKHIOI JHHHIO.
Ipennonaraercs, 9To 3TOT 0Opasen OBUI MPEJOCTaBICH HETPEHUPOBAHHBIM, ITOITOMY

JpyTHE Pe3yJIbTaThl IIyMOBBIX H3Mepe-
HUM, MOJyYeHHBIE YISl HEro, 31eCh He
MIPUBOASATCS.

B 3aBucuMocCTH CIIEKTpa MIyMOB OT
CONPOTHBIICHHS KaHala MOXHO BBIIE-
IUTh JABE TOUYKM Tepernda, COOTBET-
creytonme 30 Om u 50 Om, puc.10. B
MepBOI HAKJIOH MeHsieTcs ¢ 8 — 6 Ha 4,6
— 2,6 B 3aBUCHMOCTH OT TPaH3HUCTOpA, a
I TIepexojie Yyepe3 BTOPYIO YMEHbIIa-
erca 10 1. [Ipu THX e 3HaUEHUAX CO-
TIPOTHUBIICHUs HAOJIIOAIOTCS TIePETHOBI
u Ha apyrux rpapuxax G(U,) m Gamma
(Ryg), tme G = 1/Ry. Beictpoe
HapacTaHHE CIEKTpa Ha  IIEPBOM
y4JacTKe CBA3aHO C KBa3HOAIHCTH-
YeCKMM JBIDKCHHEM D3JEKTPOHOB B
kaHane. Ha BropoM u TpeTheM ydacTke
3aBUCHMOCTH TNpPUOIMKEHHO COBIAJa-
10T C pe3yJIbTaTaMy, MOTyICHHBIMH IS

Sr [1/Hz]
0 Slope = 0.93
. Slope =4 '/F;.S Hz
107
L F=i50 Hz
10710
lope =1.15
1072 Slope =3.8
FET#2L
Slope = 6.66
14
10—
10 10° 10° 10

Rsd [Ohm]

Puc. 10. 3aBucuMoCTb criekTpa QIyKTyanuit
CONPOTHBJIEHHS KaHAJIa OT €T0 BEINIUHBI,
H3MepeHHast JUIsl TpaH3HuCcTopa 2
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MOJIEBBIX TPAH3MCTOPOB, COTIACHO KOTOPHIM HAKIOHBI JOJDKHBI OBITH paBHBI 3 u 1 [4] .
Habnromaemoe 3aBBIIICHHOE 3HaYeHHWE HA BTOpOM (parmeHte 3,8—4, BeposiTHEEe Bcero,
MOJTydYaeTcs W3-3a TOTO, YTO Ha €€ HadaJbHOM OJTalle, YacTbh JJICKTPOHOB IIPOJOIDKAET
IIBIDKEHHE dYepe3 KaHan 0e3 coyaapeHui. BepTukanbHas TMHHUS COOTBETCTBYET 3HAUCHUIO
CONPOTHBIICHHS, TP KOTOPOM, KaK MPEAIIONaraeTcsi, IPOMCXOIHUT 3allMpaHue KaHaa.

2. ToKOBBIE 3aBUCUMOCTH

HccnenoBanme 3aBUCHMOCTEH OT TOKa MPOBOJHMIIOCH IIPU ABYX 3HAYECHHSAX HAIpsDKe-
HUs Ha 3aTtBope. COOTBETCTBYIOIINE BOJbTAMIEPHBIC XapaKTEPHCTUKU M300paXKeHbI Ha
puc.11.

103 103
2410 4 1A] L6107 164 [A]
2:1074 7 Rsd =757 Ohm
1 12107 ’
1.6-10°34
10-3
1.2:10°3 8104
| Rsd =22 Ohm Rsd = 308 Ohm
81074 |
41074 ] ‘ ] 4'10_40 T T T i
0.01 0.03 Usd [V] 0.05 0.1 0.3 Usd [v12
a) 0)

Puc. 11. BeTBu BonbTaMIEpHBIX XapakTepucTuk mis: (a) U, =-0,4 B; (6) U, =—-1,8 B

Ilpu U, = -0,4 B BO BceM anana3’oHe HANPsHKEHUH CTOK—HMCTOK CONPOTHBIICHHE Ka-
Hajla MPMHUMAET MOCTOSHHOE 3Ha4YeHue, pasHoe 22,45 Owm. Ilpu U, = —1,8 B ¢ ysenunue-
HHUEM HaNpsHKEHUsI HaOJII0NaeTCs BO3pACTaHUE CONPOTHBIICHUS KaHala Oosee 4eM B JBa
pa3a. OTo 0OBsICHAETCA TEM, YTO MpU OONBIINMX OTPHULATEIbHBIX HANPSIKECHUSIX, KOrza
TPaH3UCTOP MPAKTUYECKH 3aKPbIT, TOK NMPUOOpa ONpeNesseTcss TOKOM YTeUKH 4epe3 Oy-
Gepusrit cnoit. [Ipy ManbIX HaMpPsHKEHHUSX HA CTOKE YCPETHEHHAS TPACKTOPHUS JIBHKCHHS
HOCHTENeH 3apsifa, B OCHOBHOM, NMMPOXOAUT B 00IACTH C ManbIM YPOBHEM JIETHPOBAHUS
(Tpaexropust 1 Ha puc.12), a Ipu yBeIHYEHUN HANPSDKCHUS HA CTOKE ITOJTy4aeM TPaeKTo-
puro, obo3HaueHHyI0 nudpoit 2. CymmecTBeHHas (HECKOJIBKO IOPSIKOB) pa3HUNA B KOH-
LIEHTpaLUK NIPUMECH IPUBOJUT K yMeHbIleHuto B 1,2-1,4 pa3a cpeaHeil ckopocTu 1BU-
JKEHHs HOCUTeNel 3apsjia B KaHase, 4To, B CBOIO O4Yepelb, BEAET K YBEIHMUYEHHIO CONpPO-
TUBJICHUS.
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Puc. 12
Cxemaruueckoe u3obpaxenue nonepednoro ceuenus [T ¢ V-06pa3HbiM 3aTBOPOM
Sv [V¥/Hz] X
10 5 . Sv [V*/Hz]
1 F=15Hz 10
1 Slope =1.6 i F=15Hz
10" 3 10°] Slope =5
i 10| 4
1076 - 1075
E © F=150Hz
i F=150Hz 107" Slope=5.2
1 Slope=1.9 E g
107 FET#2L 0 ] i FE'l;#ZL
3 Ug=-04V 107" Ug=-18V
T T T ‘ " hl it T ‘ ]
0.5 1 Isd [mA] 0.5 1 Isd [mA]
a) 6

Puc. 13. 3aBucUMOCTH CIIEKTPAIEHOH ITIOTHOCTH MOIIHOCTH IIIyMOBOT'O HAIPSDKEHHS OT TO-

Ka, MPOTEKAIoLIEro yepes kanan: (a) mpu U, = —-0,4 B; (6) npu U, =-1,8 B

V3mepeHHbIe TOKOBBIE 3aBHCHMOCTH CIIEKTPAJbHON IDIOTHOCTH MOIIHOCTH IIyMa U
napamerpa (opMbl criekTpa otoOpakeHsl Ha puc.13 u 14. Tok u3MeHsIICS B IUana3oHe
0,4 MA —2 MA. TIpu Uy = —0,4 B 3aBUCHMOCTb CIIEKTPA BBIPAXKAETCSA CTEIEHHBIM 3aKOHOM
¢ TIOKa3aTeJeM CTereHH, OMm3KuM K aByM (1,6 — 1,9), 9To cBUmeTenbCTBYeT 00 omMHde-
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CKOM XapakxTepe, Y NMpU 3TOM H3MEHsAETCS B Mpelenax HECKOIbKHUX COThIX. IlomyueHHas
3aBHCHMOCTB OnuckBaeTcs hopmyitoii Xoyxe [5] ¢ mapamerpom ax7,6:107°.

IIpu U, = —1,8 B nokasatens crenenu 01130k K 14T (5 — 5,2), BEpOSTHEE BCETO U3-
3a TOKOB yTeUKH yepe3 OydepHslit cioii. [lepexon kK yABOCHHOMY COMPOTUBICHHUIO CHITb-
HO TIOBJIHSII HA TTOBEJCHUE MapameTpa (OopMbI CIIEKTpa, KOTOPBIH yMeHbImics ¢ 1,12 o
1,08 1 cran Gonee crabumsHbM. [lapamerp Xoyxe [T IepBOil BETBH paBeH a=2,5-107,
s BTOpoii — 1,3-107.

Gamma (2-100 Hz)

Gamma (2-100 Hz)
1.14 -
114 |
1 1.12
112 | FET#2L
] 110 Ug=-18V
| FET#2L 1
110 Ug=-04V
1.08 |
1 T T T T T T 1 " T " T 1
4-10* 1-10° 2107 410*  810* 1107 2107
Isd [A] Isd [A]
a) 0)

Puc. 14. 3aBucumocts napamerpa GopMbI CIIEKTpa OT TOKA, IPOTEKAIOIIEro Yepe3 Ka-
Han: (a) npu U, =-0,4 B; (6) U, =-1,8 B

3axnwuenue

IIpoBeneno nuccnenoanue 1/f myma B GaAds KBa3nOAINIMCTUYECKUX ITIOJIEBBIX TPaH-
3ucropax ¢ V-ob6pasubiM 3atBopoM IlloTkn. BeisiBieHB! 0COOEHHOCTH, IPOSBIISIONINECS B
3aBUCHMOCTSIX CIIEKTPAIBHOHN INIOTHOCTH MOLIHOCTH U mapaMeTpa (GOopMBI CIIEKTpa OT CO-
NPOTHBJICHHS KaHaJIa, BBI3BaHHBIE KBAa3MOAJUIMCTHYECKUM JIBIDKCHHEM JJIEKTPOHOB B Ka-
Haye. VI3y4eHne TOKOBOW 3aBUCHMOCTH IIPH HANPsDKCHHM Ha 3aTBOPE, OJIM3KOM K Hampsi-
JKEHHIO 3alMpaHHs KaHaja, MO3BOJIMIO NPOHAOTIONATh U3MEHEHHS, BHI3BAHHBIE TOKAMH
yTeukH yepe3 OydepHsbIii cIoi.

Pabota BrimonneHa npu noaaepxkke Otaenenust Hayku HATO, nporpamma “Hayka
st Mupa”, rpaat SfP-973799 Semiconductors mexny yauBepcureramu Hmxuero Hos-
ropoja u DHHIXOBEHa, KaK MapTHEPaMH, a TaKXKe MpH noanep>kke rpantoB PODU Ne 01—
02-16 666, Ne 02-02-06298 u “Benymue Hayunsle mkons’” Ne 00-15-96620.
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Low-frequency noise in a quasi—ballistic small power GaAs FETs
with V-shaped Schottky gate

A.V.Belyakov, A.V.Moryashin", S.V.Obolensky”, M.Yu.Perov, A.V.Yakimov

Nizhni Novgorod State University, Gagarin Avenue 23, Nizhni Novgorod 603950, Russia

M.A.Kitaev

“SALYUT” the Research—and—Production Enterprise, Nizhni Novgorod 603600, Russia

L.K.J.Vandamme
Eindhoven University of Technology, 5600MB Eindhoven, The Netherlands

Results of the 1/f noise measurements in quasi-ballistic low power Gads FETs with

V—shaped Schottky gate is reported here. FETs were made in the Research-and-
Production Enterprise “SALYUT” (End User 3). Their main feature is essential decrease
of channel length till the double size of the depleted area created by barrier Schottky. The
effective gate length is equal 30 nm, a doping level of the channel is 6:10"7cm™ and it has
provided the minimal channel length about 100 nm. Parameters of transistors are pre-
sented in Table 1. The micro picture of transistor cross cut, which were made by means of
raster electronic microscope JEOL, is shown in Fig.3.

Research of noise dependences was carried out for ohmic region.
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) Ten.: +7-8312-656032; Fax: +7-8312-656416; E-mail: obolensk@rf.unn.ru
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1. Dependence on the gate voltage. The I-V characteristics for sample 2 are shown in
Fig.5. The range of the drain-source voltages at which the dependence of the channel cur-
rent on the voltage has ohmic type was determined from these characteristics. The channel
conductance dependence on the gate voltage U, is represented in Fig.6. Processing of the
noise measurement results has shown, that noise dependences have a good repeatability
for all devices. The range of the gate voltage change is 0 + (—1.3) V. This is equivalent to
the channel resistance change from 1620 Ohm up to 40—50 Ohm, depending on the FET
tested.

Transistor 2 was investigated in wider limits. The gate voltage U, was changed from
0 Vup to —1.8 V (20 Ohm — 4 kOhm) for it. Frequency exponent Gamma (y) of the spec-
trum for two ranges of channel resistance is represented in Figs. 7, 8. A characteristic
dome-shaped site for all FETs, except 1 and 4 in the first range, can be seen. It probably
corresponds to quasi-—ballistic movement of electrons. The results of Gamma measure-
ment for FET 1 showed that it was not trained. Dependence of the noise spectrum on the
channel resistance is represented in Fig.10. It consists of three parts. The first part has the
biggest slope 6 — 8, which corresponds to quasi—ballistic movement of electrons. Depend-
ences of the second and third fragments approximately coincides with the results obtained
for field transistors according to which slopes should be equal 3 and 1, see [2] . The high
value of slope on the second fragment (3.8 — 4), most likely, turns out that at its initial
stage, the part of electrons move through the channel without impacts.

2. The dependences on current. The current was changing in the range 0.4 mA —
2 mA.

The dependences were measured at two meanings of the gate voltage. Appropriate
volt—current characteristics are represented in Fig.11. The channel resistance at U, =
—0.4 V is 22.45 Ohm. The channel resistance at U, = —1.8 V is varied in two times. It is
explained by outflow currents through a buffer layer, see lines 1 and 2 in Fig.12. Meas-
ured dependences on the current are represented in Figs. 13 and 14. At U, = —0.4 V de-
pendence of the spectrum is expressed by the power law with an exponent of two (1.6 —
1.9), that is described by Hooge’s formula [5] with a~7.6:107°. At U, =-1.8 V the expo-
nent is close to five (5 — 5.2), perhaps due to the outflow currents. Transition to the double
resistance region has strongly affected behavior of spectrum frequency exponent, which
has decreased from 1.12 down to 1.08 and becomes more stable.
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