TEXXT YNy -ALOsZHWEMISB Y7 —V F=I v ¥IZ

B9 BB

SR E

B, WREFDICT Ty FF A4 R T LA OFFZ - BI% L EREISREARICED
b, TARTVADEHELBNIRE RTIZES>TRDPAILELTWVS, 74—
R=Iv¥ a7 4 A7 LA (FED) mﬁﬁﬂ'ﬂ&:ﬂﬁ@?’} v MRV T 4 AT VAT
RENTEERTT 2 EBTRTE 5720, (RT OEOEMT 1 A7 LA L LTHX
BRI I, Lis LAaas b7 a % (OB & 0 it = 2 |72 & ORI T
BRI RVRETH D, —F, PEEER LICEL LN TEET 4 —
RS o 23, PUAET oA 2EA L T4 2I8E K- RTFL LTRSS
AR KR E W, BICEER T ¢ —/L R I v Z I3AHERITE A B R R 7 o
TATRETE, WA ST SND I, FlkTn e HFLEEF /L7 b
0= 2EEE LR IERETRT A 2 & LCBETS 5,

AT X XV ¥ by -ALO,/Si BEEFISALE PRV T TAAL X %R
BL, y-ALO, & R YA MBI E LTV 5 BOMBAE IR L. Th oMk
BT L Ty-ALO, R LI hURAT AL AR EBRT D, . TEFXI VA
ALO, FEIX B F 1 %3 A L7z MBE ¥51Z & W /B8] L 72 MBE IRIZMERV VA& 3 EE T AL,0,
ERETH I ENTET, 7/ A—F Ay — L CERICEEREEIT> 2 LR TE 2,
CLLAB G, BEAHETICH, AL O R BT 5 2 L B LT,
F 72y -ALO, DIEE 4nm LU EICR 5 & 3 RTERENBED Z L EBELMICLE, 20
y -ALO, BEIZx L CHERZEREHICOBMEEZITI 2L TY — 7 BREED 3 M#1
ERCETz, 74N RT3 v ZEROED, Bix 2BIED AL, DRt BIEDR F



PR OEREEEELRN, BERICKEFETIH, TL—2 XU EBRB 6~12MV/cn
ThBH T LRI, BEARTICAEERRENE L. R IE &
BRI T B E R LT, Thid 3 REREIC X B RETH S OB LA BRESTE
b BT LIEETE LB BN, —FH. y-ALOEE AT MIS BDT 1 —1
FI v ZZBRBIT 570121, TOAFEBREE P XNVERBE L OBEFKR LY v
-ALO, FEIZAY 5nm AERSKETHHZ LHBFHETER, 2~10nm O Ty -AlL0,
BEOIF-N R RY U 7BRTDHZ L EERNICHERCTE, FN 7oy M2 bEHLE
Si & ALO, DAY FATEy h(JE) I 2.5V ThHB o ERUBELE, KICTEH
FAN AL EERAVWTTZ 4 —/V R I v ¥ 2ERL, iz To/, =X
XV ALOBEE VNG Z LT, TRTHAERR THRSNS MIS BT 1 —A Fz 3y
ZERERT 52 LN TR,

9, BEREBEL LTAL N y-ALO, BICMBEERZ A WS Z & TIEZ FT ¥
METEDZLEHR L, £72 Al EBORDLYIZ Pt BEBEHANSZ & ERETL.
T A OUEET o, ST OB RS THRT 5 2 & T, 510, (LA |
YRR L T D MOSTL T 4 — L R X ZIZHEBRIC | MR DR EH R VB
FOLEHIZBWTEFORTHRILZMZ bh. %’%wﬁﬁiﬁ%ﬁrﬁjtfé EEZL
Nic, Thzx 'C“U){’E;@éj"u FATIEHZEZ X % /L ALO, REIX T « — /v FER{LIED
WRRBICAT 5 12D, v -ALO,BEE 7 4 — /v KRN T OB D T 0 |
FIT A ZAOBEEVIET2REI Lz, £Z T, y-ALO, ZRICHEET HERT
REREHIICRE ULMERMEZRA L, ZOBR. v-ALO, EORE DOIRIECRE St %
fiﬁmzﬁwﬁﬁm‘%&fxoto Fh, TEH XV VEM/ALL/SI HEICEZEY =—
NVERTZ E TREOVHMEDOHEEZIT ) FELZRE L, 10nm © y-ALO, FEEE
24757, As-grown %> L Zrange=18nm, Rms=1.6nm T o728, EZET =—
WEME LT %> 7 i Zrange="T. 5nm, Rms=0.9nm & ¥ L, BA - MBI b rm:
L7ce THhiT, BULEIZ LY, RETOYA 7L —2a UMEELZTZDELEZDL |



hd, TOEZET7=—NVEZANTTZ 4 — VR I v X 2R L (v ALY, RE |
10nm), #— FEE 4V 235 pA A—F—DxT I vy v a VERPBETE 2, TOHEK
BT HHZRIZ 1% ThH D, RO NS BOBFHRHBHEN 0. 1% THH I LhbT
¥ %% by -ALO, BE% B\ - B MIS BB FAER TV D Z L3 62
Thd, FRENPLBONLMRAN D, v-ALOOBHA X7 rE ALY, Si k
(IR B U RABESC CMOS 2 LS LTz A< — b%%i)ﬁd)*%%ﬁ%ﬁﬁf“% o



Abstract

Recently, a field emission display (FED) has been expected to be state-of-the-art
technology for flat and thin display. Ordinary FE device has been studied Spindt or micro-tip
- type. Howéver, micro tip technology as the ﬁrsf generation did not appeal for the
commercialization due to the cdmplicated process and the high manufacturing cost. A field
emitter with planar type a metal-insulator-semiconductor (MIS) type or metal-insulator-metal
(MIM) type structures were studied to be an attractive field emitter for vacuum
microelectronic devices because the emission current is very étable and uniform throughout
the entire gate area of the field emitter. Especially the MIS type field emitters were studied
their advantages; low threshold voltage, emission current stability at a poor vacuum ambient
and more easily fabricated and assembled into microelectronic circuits than the micro-tip
structures. When a voltage exceeding the work function of the gate eléctrode is applied in the
MIS type field einitter, electrons travel through the conduction band of the oxide and the gate
electrode after tunneling thorough the potential barrier in the oxide, and some of them are
emitted into vacuum. MIS type field emitter with silicon dioxide is not practically available,
because the transfer ratio, that is, the ratio of the emission current to the total tunneling
current, was ordinarily less than 1%, since tunneled electrons are easin scattered during
traveling in the oxide. In this study, we propose fabrication of MIS type field emitter using
epitaxial Al,Oj; insulator and also Al electrode on an n-type Si(111) substrate it can bé electron
scattering will be as decreaséd and emission efficiency will be as increased.

Epitaxial y-Al,O3 film was formed in two step process sequentially. First step is a prelayer
was formed with l-nm-thick protective SiO, layer and 1-nm-thick Al layer by heat treatment
at 800°C for 30 minutes. Aﬂerward; epitaxial y-Al,O3 film was grown by mixed source MBE

method using Al and N>O. The surface morphology of the formed epitaxial y-Al,O3; was



studied ﬁsing AFM. AFM images show that the surface begins to appear the small protrusions
as indreasing thicknesses. However it indicates that the rms value of surface roughness is
equivalent to atomic level and maintains a smooth surface. I investigate the electric
chafacteristics of epitaxial y-Al,O3 films in range of 2~10nm-thick. In this region/of insﬁlﬁtor
thickness may be applicable to quantum tunneling device as MIS type FE. Tth characteristics
of current density-voltage V-1 aﬁd current density-electric field (J-E) were observed vthat
breakdown field is 6 ~ 12 MV/cm and léakage current is low. kBreakdown voltages among the
different samples are increased as the film thickness increased but the breakdown electric
field is decreased as the film thickness increased. It is considered that the atomic rough
surface cause to concentration of electric field and degrade the electrical characteristics.
Although the breakdown field lowered on the thicker y-Al,Os film, applied bias is sufficiently
large for fabrication of device with tunneling effect. Epitaxial y-ALO; films led to low
leakage current density of ~107 A/em? at a field of 3 MV/cm. Also in-situ annealing at 750" in
MBE chamber leads to good breakdown voltagé with low leakage current. I obtained the
Fowler-Nordheim tunneling characteristic in the differenf[ Al O3 thickness to adapt to FE. The
conduction band offset (4E,) is calculated 2.5¢V from the F-N plot. The obtained value of
band offset is sufficiently large to creéte potential barrier for quantum device without a large
leakage current.

To increase process yield and establish the FE device fabrication process, the epitaxial

v-AlbO3 film was formed on the Si substrate at the first step with RHEED and XPS
measurement in MBE system. Als§ this pfocess was applied to epitaxial Al and Pt electrode.
The fabrication process was suitable to increase yield and reliability.

The electron emission observed and maximum transfer ratio is 1% Wim new FE fabrication
process. The transfer ratio is higher than MOS type FE with silicon dioxide. From this result,

these high qualities of electrical dielectric properties and tunneling properties with good



surface flatness for epitaxial y-Al,O3 are considered suitable for a quantum tunneling device.
Moreover, field emission characteristics considered that the Al /y-AL O3 / Si(111) structure

field emitter indicates viability to a new MIS type field emitter.



