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Stress sensor which takes advantage of “flower-shape” nanostructured microelectrodes for
highly sensing of stress makers based on antigen-antibody reaction was developed in this study.
In addition, the on-site signal processing circuit was constructed toward wearable electronics.
In these years, many wearable devices for healthcare was developed. Currently, wearable
protein sensors which can detect biomarkers such as Cortisol and IL-6 is highly demaned.
They can indicate more precise body condition related to chronic stress and inflammation etc.
However, it is still difficult to detect protein biomarkers having complex structure in wearable
electronic, because very small amount of biomarkers circulates in a body. In this study, highly
sensitive sensors which can detect protein biomarkers toward next generation wearable devices
was developed. At the same time, nanostructured microelectrodes was demonstrated in order to

realize this concept.
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Hetero junction graphene nanoribbon (GNR) has been fabricated by using our unique
method, which uses one dimensional Ni nano structure (Ni nanobar) as a catalyst for GNR
growth. Through the adjusting the initial Ni nanobar structures, GNR with different width
can be jointed in lateral direction, indicating hetero junction GNR can be fabricated.
Unique optoelectrical features known as a persistent photoconductivity (PPC) can be also
observed in oxygen plasma treated GNR. Non-volatile memory operation has also been
demonstrated by using the PPC in GNR.
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In recent years, a vortex beam which has a unique physical quantity called orbital angular momentum
has attracted attention in various fields such as laser processing and optical communication. Generally, to
generate a light vortex beam, external optical elements such as a helical phase plate and a hologram
diffraction grating for converting the light oscillated from the laser resonator into a light vortex beam are
required. For the purpose of miniaturizing the light vortex beam light source, we focused on
photonic crystal lasers (PCSELs) which can perform various light control such as control of
beam pattern and polarization with semiconductor laser alone in this research. Then, we have
designed a PCSEL that oscillates a vortex beam. So far, we have devised a method to oscillate
the optical vortex beam from the PCSEL laser by processing helical spatial phase modulation
with 27 phase change in the circumferential direction on the PCSEL laser surface. However,
this method has a problem that it is difficult to obtain an accurate optical vortex beam only by
shifting the center point of the surface processing by several micrometers. In this research, we

attempt to propose a new design structure of PCSEL laser in order to solve this problem.



- WFFE A Y

TT= s T (LG E— AL, B — AN T, MELFRICAEN AR T H5E—LThH
%, AR E RO REEIC BT A LTS 2 LN TE, Sl EICHORR 26T 5
2. R—TF v Y IIROBESRZ7RT, DEAROEMMAEEHZA L, UEAESELFT5H 2
LD ORI ORHECIE R 7e & OBEMEE F COISHAC, @72 LG B — A& W E O T
HLIEHINTWD, @, LG B — A4 L, KR L TR R 7T ADBEALHF RO
HFlZEoThENTWD, 2T, K0/ LG B — 2N T UL, ki 7 OOz A3
AREL WO RMEZR , ~ M 7~ v U HEHTR SIS EBRATE S LI TE 5, 22T, P L—F
H—F 1 CONMMEIEE LT 2720, 74 b= 7 FEf(PC) L —H & MEEI 2 P38 K L — I
WiEE AW, MDA EZATHE— A, LG B —LADORAELZHIRE L 5, AHFFE TITRIC,
LG b — 2 ZMHT 27z 7 + b= 7 i 0% % HiET,

- PFENE - iR

R, 7+ b= 7 bk L — Tl Kl 2 IRoc3RZI R & B A BRI R O 5 % Headlii 2 72
T4 b=y I N REEFOT OV Rz R LT b, 2086, EAHICEI s s e
— AWIE N TR 2T 5, ZAUSRE LT, AFRERER HI%. B — A MHEIC 5 &AM
N R B2 B /s, 74 NIV T T T7 40— Ty by F U T ERGTERL, AL
DAAERTHE—LEERTHZ LI LTERNL LALRRs, 207 7r—F Tl 556
NIeE—AOMESMAIRMY BDAHI, E—Ai, LG B — AR Th Ll A EB) &5 4 —
HRLTLE) ZENHBETH T2, ZHICHOWTEMIZ, T Lz A, 74 M) VT T 74
— TCONRE—=VBRRRFCRAET D, 7+ b=y 7 L —FoReh.o L REMLOPF.LE O
DIRPIETICE DD THE ZENHLN LRI, 2T, AT, /EROEHmMNTIC X
5. T4 =y 7 ESEND B — AR N T O R 5 B — A2 E S8 5 FikE R LTz,

B — AWE N A DO R 2% EFICEIT S E5ICE, KES 2BV OT7T e —FnEzbh
B T, 74 b= I FEREMERT 2 ROBERS EHET 5 HERET NS, U, 74
M=y 7R L= OHKEES, BFHFNLRIIEEEN OO ARy MNEEZ T+ b=
7 KR OREREILEDR T, L—PRIESYE, 20 AR T, E—22B0HTLOTH D
LWVH ZEICERT D, L, ZOHE, =Ry MEOELIRE DR S B LIRS
BMRMETH Y, HE 120 nm FREORS (KE) TERINTND 7+ b=y 7 iRk
WL, E—AWEN T 2n DA ARZEL A 52 A I121E, ZZHLOBTIIARARETH 0 . RIFIrREE O
FHERENVLELEZ NS, — 5. b9 =207 7u—F L LTEXLLNDLDN, KEFEHLIRY
Rl EHEFIRE 200 THET 2 5 1ETH S5, 7705, 1ERFIA L T&E Ny Rl sLIFh
DNy R CHARIRREZ TR L, S DI FIET EFEIRREZM 5T 50 O TH D, Hi
FOT 70 —F IR T e X Lo L EPNESIBBTE L2 L, RFETIR, BEDOT
Fu—FICkY LG E—2DRAEEZAET L L L,

FP. REAELIRR & EHREIRIRE 51T THIET 2 Z LR AR 7 + =y JfEmD N R
S DBREE(T o712, 2 WTIIRNEE A LoD, EFREHREZFE-2\ (VT KOTA T4
VUTIEH D) Ny RE LT, EFE 74 b=y 7R TIE My s zfIlTo2 L L Lz, &



2, MO R D — L% EHEIHT SE L5720, M1 i CONY REERIRAGET 274+ b=
7 FEGEIROSMAN . 18T 1RGO HE S D K O IR s RO BTS2 3% &
THIEEBEXZ, ZOXIICTHZ LT, 74 b=y ek NI LiookE, 22
M 2 B e S B S EHEYc& 5 L FTE 5,

RREMEONR AR T 5720, RffEEZES (FDTD) 2 AW Ty Ialb—ra Uk ik
MNE T, ZOLE BHEDOT7 4+ b=y ZimOBFHIHH SN D, FAMEREELENT 5 2
EWMTERNWED, FHRERICIEARH D | EEOT AL A LT LIHOREEN 4050 1 &
RHOEIB/REST, ¥YIalb—varziiol, TO/ME., 74+ b=y ZHifhD M1 s TD/NRY
RudbR 2 FIH LoD, OB FREE2 MM T2 2 & T, EFEIIBAELT, bRz f
THE—LANREIFTEND Z LR SN, Lol FEEOmE X RO B HHEdix, LR
ROBI ST T h=y ZFERERAS AT 52 EBALNERY . T b=y ZHERE
DERGAAORRZC BT 5 &, HRREZEL L T AR T3Bll S, 2o X5 728k
X, T AL UTERIL72BRIC, — A28 R L — FICB I D IR 0 L L ARk D% 5 2
LZOTERNVNEEZEZDBIND, 5. ZOX I RN EZMA TEEDORFDLETH D,

— . MEMEOFER T ot 2ZHONWT M E1T o7, ZORR, 74 b=y 7 ffhiEE & &
A Dt Z R EHTHE 7RI ORI W T, B B — ARE OB O R O BN RKER X
<. 74 b=y IO A SRS PRGN THEEATRKE L 25, HDWIE, B2
HETHRE, ZLOBERAZ TN, ZTHLHICONTHEEBRENHEZHEDO TV MERH S,
o, TSRO EP/NE L LR, EZROEIITHE LSO HIETO L HEHRMA 56
RE Uiz, BRIZIE, BRI OB 7 + b=y 7 fEmEERT 5, HDW0IE, M oK1
MEEFHZFATLEVI EDOTHD, L, ZoOHA, fHEikE 8 ElREICHEI L, o, 8
WOBER CRMORNEGNEZ D Z L nhole, ZOXO72ZT N0, MEDOER ., &R
DOEPHETOFIHE, 74 b=y 7FEEOFIH E TR —EBOBENTFET S22 NN E -
77

c SHROBMVAEAS - 2O

AWFgezm L T, REfEEIRMREZH/ LoD, EHEHIREZF I 2V, BT M SO
74 b=v 7R ERWT, ZoEBIZ, 1ET1IEESTONSESND XD IZERT 5
BEROBFKEFZIERT 22 LT, PLCHARZA T E—LBRE a2 Ry Ia b
— a IZL VLN T, — T, ZOMETIE, FERERICE T DI R opE L
WOFB T o 2OBE I BN E o7z, A%IT. 74 F= v 7 fEaEEA~OEHE 0 5
DI T 2 E O 21T, 2. 74 b= 7 i & s R o BT 71
EORMAEDEOIFER T o2 2ZB N THREEFEORN L, —H T, & ROEIHHK 7 &
TR DEETO EHEIFECONTH, Y2 b—ra rBIXOMER T v A0 S
BT 2 TETH D, BENTIT, EBRZT A AL LTRESE, MRS OREZ1T 9,

- BB
ATEEtED HI2HT20 . THEEBH DY £ L —RMEENY & 3 B2 BRI HIZ 0 K0
G L BT ET, RS, HEERICIITICMA T E L2 W ZEE Le, DRV BILH L LT



i‘g—o

- BEIR

[1] K. Kitamura, M. Kitazawa and S. Noda, “Generation of optical vortex beam by
surface-processed photonic-crystal surface-emitting lasers,” Optics Express Vol. 27, pp.
1045-1050 (2019).

- BRI - FEFHES

R. Suzuki, K. Kitamura and S. Noda, “Design of photonic crystal lasers generating optical

vortex beams,” 37th Electronic Ma



HEEE  WHE - MOEMITTERERE ek R

WFFERRE IO 22 B PR G R D B B KIC A ) 7o 25 2 7 L — Bl
Research Project | A spray design under a vacuum condition to automate multistep
inorganic synthesis of thin films
i = e Rk

Research leader | Norifusa Satoh

B e B 44 WH - M TER Pl EEEH%E

National Institute for Materials Position | Senior Researcher

Affiliation Science

- WF5EHEE  (Abstract)

ARGy T IIRERE ) 1 & T A IR TELE L CERASREZ AR LT\ D, 20 &) 7R AR HERRIT,
{5 SO i % R TR U 7= 2 BRSSP B DR B« / — VU E 1990 42) & HIwv
T, HEBE D % —IROUHHRIELE T 5 Z & CALIICHETE 5, 20 L 9 A BGHEY & A Ak
L ~ET 5 & RSO BHEAIRMSEEOBRRICE § 2 B FHIEE K v MR O G E 2 G7
iz R T& 5, BRMICIXIRIE Y 0t 2 % F0 20 E B O 7518 > ML L B2 7 0
TAEHO DR EHERIEOMAE D E 0D, R TIE, ERMAENRWEREIE T 7 &2 &
B2 T 0 A A @RS T 1 7T AT B 70ic, BER TR 1t A EARRICT 580
AT V—{EERET 5, ZHICX > TRFHIER Ny b ERTEN LR BEEE HAE S LT
Pl o8 R A 2 25 D BEAE BN IR L & 722 WMEME 22 R - I O Al H RN B,

Natural biopolymers arrange three-dimensional potions of functional molecular moieties to
display high-level emergent functions. Artificially, multistep organic synthesis based on the
logic of chemical synthesis (Nobel Prize 1990 in Chemistry) can mimic the biological emergent
molecular systems via atomically restricting chemical reaction points in the synthetic processes.
Expanding the logic of chemical synthesis in organic chemistry into inorganic synthesis, we can
offer a rational synthetic strategy for atomically precise dot material system to cultivate an
untrodden materials science of inorganic emergent functions; specifically, a sequential
combination of a dry process, atomic layer deposition, and a wet process, atomically precise dot
deposition. In a general sense, however, dry processes and wet processes are incompatible with
each other. To integrate the vacuum process and the wet process into a total program-controlled
system, in this study, we develop a spray technique to perform the solution process under a
vacuum condition. These results would lead to creation of atomically precise complex films,
which have never been achieved with tradition technologies, for example, hierarchical supper

structures based on super structures consisting of atomically precise dots and atomic layers.
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- HroEtE (Abstract)
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LI, B2 AT 28 TR FOERIZE > TV, AREFSE T, Fib RS SR OB
HEBETFT A AN ERBVWE LT, AESESXHENEMOVPE)E T InSb X° GaSb @il
B R B A ML T2 & & b BEIRS ) U A viEE LS Lz m i E InSb, GaSb 7/ ##%
EOREEREER AR L, 618, ZROOFMBIZFIH L78EE h 7 o P AZ DR L
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Narrow band gap semiconductors, such as InSb and GaSb, are expected as promising
alternative channel materials for future transistors because the materials has faster
carrier mobility than that of Si. There are, however, issue in epitaxial growth of high
quality Sb-related materials because of difficulty in controlling stoichiometry. In this
report, we developed MOVPE of Sb-related epitaxial films by using TDMASb, and
integrated InGaAs/GaSb and InAs/GaSb core-shell nanowires on Si. We firstly
demonstrated vertical tunnel field-effect transistors (TFETs) with steep slope subthreshold

slope (low voltage) using the n-InGaAs/p-GaSb core-shell nanowires on Si.
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GaSb #ETiX, GaSb #E% 500 nm FREE M L, sEREIO S EIL, Ga JiUEt4 2 X 106 atm,
Sb JFEHE 2x 104 atm & L7z, KRNy 7 7@ & LT, [AEEDSE T GaSb #ifiE % &I 300°C
T 100 nm A&ME L 72, X 1(b)72> & IEALBEIE 800 cm?/Vs & K1 5 & & b (iR i oo A k4
LI ENTE, ZNHDOREND, GaSb DK RILELIL 450°C THDH Z L2 pinoTo, il
FRRARE & R — VBB E ORfRIL, InGaSb ML [FEETHY . Ga-Sb DA hA FA4 A N U & FKifi
VMR BEREEGICTE ST 5 2 L8300 5, S%kIE. 77+ — REFBELS E0E 1% T HGEL
FEHEZR L2 LD . ZRENOEREOL T EmIMER 2 71T 2 BN H D,
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1. AR—ABENE L RIRE ORI : (a) InGaSb %, (b) GaSb 5

EBEE T 1 —F v v THEKD 5 5 InGaSh @A EHT, In/Ga Mt 2 TE 5L n Y
F v RVEEL p BF ¥ FAMBOLEEL~BIEHT D 2 ENTE S, AN, In/Ga ML OBE
JRNTFIEE 2 79~ 2 729012, In/Ga fiifa b & plBE L 72 [E4H 0O In/Ga #HLktt 2 XRD (2 & - Tl
T 52 LT, InGaSh 1RAR-ERBEOFHIE B 2 #E 2 L72, InGaSb &0 sl 1 L i 2 5
FoHZ LN TELLD, B2 D In/Ga AGHICI T 2 @i B Z 5l C & | In/Ga LA O SRiHE
FIZRRFMAS ATRE & 72 0 | WIRE R AZ B\ T, AT O In/Ga ALK EE & [EAH 1 0D In/Ga #H K L2355
LDl WML,

(i) InGaAs/GaSb = 7 > = /L) /) U A ¥ ORIk

FgEE B )T b2 A B, Si(111)EMK Ed InGaAs/GaSb =27 v = /L) /) U A ik,
InAs/GaSb 27 = /L) /) U A YR E LR, M 27T X 912, MOVPE BIRERIEIC L -
T, (11DB fPERm 4 SiA1D)EMUTIER L, Kifi & EE S AICHAL L7 InGaAs 7/ VA V&
MOVPE #RRIEIC L » TRELM LV [X 2(2) BB, 2 2 Tk, KM O In fpE 75% &
L. XRD HIEIC L > T, [EMHFO In A 80%THDHZ & &R LT, DW\WT, HbEA L
TDMASb & TMGa ZEFEE L, GaSb v =/ f@a B Lz [1K 2(2) FB ), mESMIE. g
HH O Chom b L7242 312, TMGa iU % 2 x 106 atm, TDMASD (X 2 x 104 atm & L7z, %
7z, pM F—s3 & LT DEZn s L7z, ARIREE(TIE, 450 — 500°C TAE L S, MR



fliE, 54r& Liz, X 2(0b) — QICERMRERT, MLV InGaAs 7/ U A YHIEEZ GaSb v = /b

InGads NWs Si-dopad NW

Y b~ y

Q, GaSb shell layer growth

i

X 2. (a) Si(111D)#AR D InGaAs/GaSb =7 > =L} J U A V&R EOEAK Lk F
FEHE - (b) 450°C, () 480°C, (d) 500°C

BN S DH, Ty =450, 480°C TlE, InGaAs +/ VA ¥ EEERICANARET 72 MEEEZH
LTWAH, Tg=500°C Tix, fIBED 7 7 v S HE L, R¥E—D p-GaSb ¥ = /L3 EL Z 4T
WHZENIND, ELTZaT =V ) A Y OEET, Ty =450, 480, 500°C TEiLE4 100
nm, 80 nm, 100 nm THY. 27D InGaAs +/ VA YOELEILT0 nm THDH7-® p-GaSb v =
NVEIZZNEN 15,25, 15nm THDHZ LB o05d, REIRE Ty = 450, 500°C O ¥ = )VEIL[FAFE
JETH DM, Tg=500°C DAL, 110} 7 7 bED GaSb = /v DT 7 FANRKEL, Tg=
450°C CTlx, BHNVEETHL Z B0 D, Thbnb, Te=450°C LB E O kR
— Rz By = pkE, Ty = 500°C IZBIT 5 ¥ = /ViFix, GaSb OREILEHENE <. Ga, Sb
DORMEBAEMEES I, T/ VA VHBETOREREZLELDEBEZDBND, Tg=480°C 2B 5
GaSb lET, #FMKE &V b EMGmMOMEMEESND, EnD, vz VR OK#EKE
L Ty =450°C THHZ LRSI,

X 312 GaSb ¥ = /W EIRE 500°C THER L 72 n"InGaAs/p-GaSb 27 v = /v F ) UA ¥ T L A
@ XRD HIEFE R 27T, SiQ1DDO Y v —F R — 2712z T, M3D k52 InGaAs T/ VA ¥
& GaShb v = /LD —27 BNE5N72,25.9, 26.5°D T B — 7 13, B2 b In k2D 72 5 InGaAs
DOE—27Thh, WERBHIZE LRI T « v AV7HOBERZENORLT ) IA4YT LA ZIR#E L
TWbTeh, FTNVE—T Lo TnD, —J7, &RAMl 25.26°12/NSWEED E— 27 3G 6T,
ZiuE, GaSb OkEE L sﬁﬁm“éf:&b\ GaSb ¥ = /VENTF ) U A YRIBECER ST
HTZEERLTWD,

412 n-Si(111) FEMUTIBINALE L7= n-InGaAs/p-GaSb =27 > = /b)) U A ¥ T L A OftAl "

WIS DO BEIE-EEREEZ T, R 1IE, AlOs PRI Z I T e HERT(ALD)EIC K o THERS L 72 %%,
8 B 7 (U e | T A L E

—— Fitted profile InGaAs NW peaks ] TIAu
r 111 111 = ak p-GaSb 3
o h < 6; n-InGaAs _
= | GaSb peak ‘ ‘ = f BCB E
-t*é N 11]1 !M :- 4‘ i sio, E
S ikt Wit S F  nsi .
e % 2F  mmmm Ni/Au(GND) :
o Q E 3
= | i
0
Tso 260 270 -1.0 0.0 1.0 2.0
20 [deg] Voltage, V (V)
3. Si E® InGaAs/GaSb =7 ¥ =)L)/ 4. n-Si E® n-InGaAs/p-GaSb =27 > =
UA4¥YDXRD 77y AL VT U A YRELE A F— R T-V Rk



Ay a—MILo TRy v u7 7 U (BCB A B Lok, KA 4>y F o 7 RIEEIC
Xo7T, BCB #&RWMicmyF 7L, 7/ IA4 v ESEZFEN L, KIZ, BHLIET /U4
D Al03% BHF IZL > Ty F 7L, VY ITTT7 412K -7C, B Z— %KL, p-GaSb
v =V TAu ZJElE, n-Si FERIC NV/Au ZJEliE4a 785 L. 350°C TAH—I v/ 7 =—/L L7z,
n-Si B A Bt U, BRI AT L7, X 4 D, B NA 7 AT, #iRRE S
bivle, b EBNVEREIE, 052V Th Y, BEIHRIIET1E 25.3 mQTh -7, InGaAs/GaSb ~
TREAHEEDO N REAT 7T L5006, N2 NG Type- Il ~7 o &2 0, ARG LN
LB B D EEIE, InGaAs/GaSh R ORER N R4 7|y MEIZHEYS T2 Z 083 noTc,
2 A F— FEEKFIE, 8.6 THY, 1-2L RIZRDZ 00 b — 7 ERNBIBRITH S
ZENGMND, T, p-GaSb v = VEREWT ENFRK EEbiLs,

(i) InAs/GaSb = 7 ¥ =)L)/ U A ¥ O E p-GaSb

MOVPE #IRpk Bk L - T, (111)B Mk £ [
Z SIIIDEMRITIZ AL L, Kif & TE T AL L
72InAs T/ VA Y& EMEMRL 2, p-GaSb v =
WVIEETER LT, R SME, B9t B (1) C ol
L7 2 Kz, TMGa 5% 2 x 106 atm,
TDMASb (£ 2% 104atm & L7z, £7-, pH F— Si(111)
/X2 b & LT DEZn 245 Uiz, BERIRE(TIX
450 — 500°C TZAL &8 pERFHIE. 5 43 & uto
EA50nm, @S 2.2um @ InAs 7/ U A VITxf
LT, V= VR RIREDOHEMNT, InAs 7/ U A VHIEBED GaSb IREXHEIML, 2Rt/ U A
YPELIX 75 nm, 85 nm, 100 nm T&H Y | p-GaSb |ZZ1E4 12.5 nm, 17.5 nm, 25 nm TH > 7=,
WTNOREREICBWTH T UA YOMEEZ GaSb v = V3aE LT\ 5, i EIRE 480°C %
Tit. p-GaSb ¥ = /VEIT FHEIZ /2 523, 500°C TlEF/ VA YIEHIZ GaSb BWRFERET D Z
ENR ot ZOBMIZK 2 EFETH Y . REIREORINTT /) U A PHIBEZIS T S Ga, Sb
WEDMEE L, REILBENES RV BRFERETL2EE2 015, S B0 —7 727 2 %)
BRBEE T EEZ NS, LENDS, GaSb ¥ = /VEREIZOWTIE, EIRE 500°C A T
BIRR OB RRE— FERRIZ Y = VEED ATRETH Y . 500°C LA LTI S JEFo¥—7
77 By MNIRIZE o T, REIEHEPBIRIZE S RO R~y 2 ViR 5,

Tg: 450°C 480°C 500°C

Growth time: 5 min 890 nm_

5.1n-Si_E® n-InAs/p-GaSb =2 7 ¥ =L}
J U A ¥ OB E

(iv) INGaAs/GaSb = 7" & = LF / U A ¥ kv %L FET ORI

WRNT, BFZEE H Q) TERL L 72 n-Si £ ® n-InGaAs/p-GaSb =27 > = /L) ) U A ¥IZOWNWT,
6@IRTHTY T 7T 0 7 — MEEAER L7z, (ERTRIL. ALD 52 K - T HfAIO %
10 nm #FE L 72, RF ANy ZIETW 2 4G L, BCBAR Y ~v— Tt 2wl L, 7 =—/ Vst
Lo TEfb L7z, £Dt%. RIE T BCB, HfAIO, W #[Ric= v F o7 L, I o F 4757
— MEEZER L, BE BCB RN ~—&fi LBk 21T o7z, ZHud, 7 — FEME FLA 8
MOELRN R GBEEZ T 572D THDH, RIZ, RIETH /U4 E#E= T 7L, RLA EM
Ny RNRNZ—2% U Y757 4 TRRTEMR L. TVAU R LA B Ni/Au VY — R EmEEE LT,



=77 ==, 350°C L L7, Y= FRIZRIExZyF U7 TRTHETE, 4RO —

(a} . o (b) 105 (C) . FRR R Ll DL i ot I A e, TR
Drain: Ti/Au 3 T &
- i i
B n-nGaAs § 10° %150 Vps = -0.50 V f
p-GaSb < =
2 107 o e
Gate-oxide _ 100 zh%ﬁﬁ'v';'ggf;
HfAIO s 10°8] igl \
3
. o z S ]
oV B’ AV
a < o
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_u GND | | I | | | i w y g ) d |
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Gate voltage, Vg (V) Drain current, log (A/um)

6. (a)InGaAs/GaSb =2 7 ¥ = /L) /) U A YHitH ko /L FET #E A, () #Hid k
> %)V FET OinigEkitt. © 7 AL v a/L FREE R o ER oG
FEIZ 500 nm & L7z, (X 6(@IZF & E =<7,

X 6N ARWER L7-a 7> =L F ) UA ¥ b oxb FET OiEREZ 7T, b RLA v
BIEDR WA T AKMHFITE N T, n'InGaAs/p-GaSb FmIcA LD o xn U — 7 ERPT— ME
FHEZF D bRV FET F1E LCEET 22 L0300 d, 47 U —27FifilE, 1010 A/um & i@
D Si MOSFET X ¥ H{&< . A EifIE 5.5 %X 106 A/um TH -7, £7-.DIBL iZHE L% 16 mV/V
EWEkD MOSFET LY HIRWZ 230005, Zivd, InGaAs/GaSb b v R AAEAIEN#E < HT
¥ ANV REIHITE DR ERL TN D,

P AL v A RRE(SSIE, Vps=-0.50V T/l SS =38 mV/idec & MOSFET @ SS /)
PFRS(60 mV/dec)Z K& < FTHEILZENEZFEBR T HZ LR T&, F/o, AR SS 1Tk L% 4
HiMEFF C& 7 X NI E R BHIOBEY 4 RV 035 VETHEHDTELZ L AR LT,
B/ED MOSFET #:6#& L7 CMOS A4 v FDOEEY 4> RIX1.00VIRETH L6, 4R
TERI L 7RI EHR IS L - T HEE N % 90% L FHIKC & DIKEBIEAA v T F1 & AHF7E CTHEE
THILENTE,

- SHBOBMYEIR - F 2O

AWFZETIE, AR B RHEBRREEIC L 2 TV LS KT 7 U A Y OfE ik E & Bk
T UATXOT AL ZAERNTOWTHFR ATV, IRICEET DM - Bfipy etz Lz, O
Sb %F v —F v 7 E KD MOVPE [ EH i OfesT, (i) Si 2tk 1D InGaAs/GaSh, InAs/GaSh
a7 v ) U A Y BAEEREBTOKEL, (i) InGaAs/GaSb =7 ¥ = UG A b RS
B & L= > kv FET O E & AR B EBIED EIE

EWNSA D Sb RILAERAE ARG RIS OV TIE, A1 v FHFRERIEMICED T EEE
BRI, ZHE, L0 ESE R ESHEL SN TV RN ERARESRERTHY | AHFFET
X, 2% MOVPE B REFHHIC L 5T/ VA Y& VS Z & T B IS OE 1-4F
PEE U CHBEME 2 R CE 2 MM ER T EX X VX VR AEB L=, &5I12, 7/ U A YhE
T T L—bhE LTHWAZ LT, @¥—CFHZR Sh{LEW 8RS T4 Y2 BREER L,
B 6 12-T K D728 LORIAUREBIEA A v FRFE2EB LT,

Sb RLAW GRS ) U A Yid, @EAEAFIH L7 Vapor-Liquid-Solid k12 k5 F/ U A ¥




FEROWER &, ~FTF 72V IF L OPBEGNH D b D00, FERICAIL T, EEDO YA X
Ze )=l LT U a3 o F R R T D EIR TR T2, AR A B L CiENE L7/
U A YERFEIEBAEDR B D DO TR N EZ X TWD, £, @mBEEK T, KWEETHEV
F BN A FEHRTE D70 BENE ) O &% 9 BILL EEET X DIEME A ERRIC b L FET
FAEERT D LIC Ko THEREL, Thid, A8 CTHESL L 72 Sb AL G 8K ) fiE A e
TR L LTI 2 TEEEbENTWES Z EEFPRL TW5,

S%IT. BRERHBORKBIETHS As 7T/ UAYE Sb R/ T 2—T7HEEZF—O Si
7T N7 —L EICERML, SFEMRBIK T v N7+ — 24 ET InGaSbh £721% GaSb & InAs )
S IA Y5725 CMOS B Z#H 7 02 A 2 EFEREES, S RIFEBL LA > =L FET %
Fihe L7z LW VAL h CMOS OFIE~ SRR ZM S & & HIT, SiE Sh RbAW 8
KIZHONWT, /S Z & — IF R LI EZ OFFED InSb 7/ VA YHEIN TR A SNz~ =
T TN IFE Vo T EL, TR RIS BT A AL - BT E D) O R~ L 4k
L TWEW, EBIC, 37T 7= I F v ofliElc kb Yy ZEEL A Y FET [E#&~
DFEA~EIT 2 BN~ BAZ K> TNEZWNWEEZZ TN D,
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AR D DIZHT= D TXEZEHD Y F Lo —RMETEANY & 2 B2 EiiiR B S0 K0
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