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SUMMARY

[. Title

Development of Superconducting Technology.

[I. Objectives and Significance of the Research

[f a junction size 1s order of 100 nm or smaller, its capacitance
becomes very small so that the electrostatic energy to charge an extra
electron to the junction becomes as large as or greater than the thermal
energy. This system exhibit so called single electron charging effect
due to the motion of single electron. Single electron tunneling(SET)
devices, utilizing single electron charging effect, is regarded to have wide

range of application from current and capacitance standards to highly-

sensitive electrometer.

The main goal of the present research 1s to fabricate SET devices of

sizes smaller than D0 nm and to study their electric properties at low

temperatures.

[II. Contents and Scopes of Research

o0 Fabricate SET transistor consisted of two Al/AIOx/Al junctions of

sizes smaller than 50 nm.

O (haracterize the SET transistor at low temperature.
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IV. Results and Suggestions

We 1mproved the e-beam Ilithography and double angle evaporation
technology to ' reproducibly fabricate an Al/AlOx/Al single electron
junction with size of 50~100 nm. The Coulomb blockade effects have
been observed on the SET transistors whose junction resistance was In
the range of 0.30~6.1 ML and the Coulomb gap 0.23~057meV. The
gate capacitances, inferred from the period of the -V, curves, were
0.017~0.028 fF. The developed fabrication technology could be used for
future application to high-sensitivity electrometer for electrical metrology.
Further development of cryo—capacitance standard and precision
measurement technology should be i1ncluded for a new capacitance

standard and determination of fine structutre constant.
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1% 1-1-1. Diagramatic explanaton of a 5-junction single electron tunneling

(SET) pump. One electron charge passes per each period(1/f) of
gate signal
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1% 1-1-2. Diagramatic explanaton of a determnation of capacitance of a

cryogenic standard capacitor using single electron tunneling
(SET) pump.

The Vo 1s determined by a Josephson voltage standard.

M f (h/2€)

c.| ¢l ¢ c Cross cap.

c—  (n2/me

o= pcle/2h) = (wc/d) C f MIN

249 1-1-3. Diagramatic explanaton of a determnation of fine structure
constant using single electron tunneling (SET) pump. The Vj is
determined by a Josephson voltage standard and C is

determined by a cross capacitor.
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[=0 eV|< k.
=(eV -E)/e’R. |eV]>E. (2-1-1)

AN Ex vAFEG Az 3 AE A=Y HQgt A7y A
E.=e/2C ©lt}
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Slope=VR;

e/2C \Y,
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Oy 2-1-1 25 T =0 KE ® v&38ey AR-3d 54 54,

7Agko] leVIKESR FAolXMc FRAF7E xHH EH 0o He=d o)
e SHslde AR HEe #F5(Coulomb) A48 7|13t ol &
Z % 2} # (Coulomb blockade)@ol2} St} o3t EF A H AL A4FH

o2 sty YA = A7 X EF €4 R&F(thermal fluctuation) 3t

1o

S+ Q& (quantum fluctuation) 2.t Aokstal ol & FAoZ Ve E U=
e g

E = /12C>>k,T
R, >> R, =€ | h~26 kO (2-1-2)
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A2A AR ERX|2H
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717} gated] ZAolF= XSt wel Wl o|F HAZ R o] gty o
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o Z77h Wete A BAY £ ATHAY 22 1. JBA BIR olF

HZ 2} EWMAAE(SET transistor)g} 3t

ol e Tx7t EAXNAHAY FAY 4 &S HOIRE]l 1¥ 22-1
B gol €, G &S ZE F AP wyAHoz AYL Ho F:
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(2n + 1)e
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Ol

A HEY turnstile2 v f F7vittt A} spHE

j

o] Q}

AgsfoF . co-tunneling2 JAZF &4 AN E FAl Tk A
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oz Wze) BHEE Z/HA7E 8o Brh exyh Wopd 48

co-tunneling®] ¥olgd & AAL WM HA{F 227 F7Hsoh Febe
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ne=CV (3-2-1)

b Bt nts B3] 43 VE S AY HEVE 018 100 BERER
Aot A7 CE 22 A=Y E3EE SHY & U4 o= 9dA
AHE olgsl 7IE EEVIY AVIEHUE YESAE T 5 U AT

a2
of. S 2AE BAAY 9 A Ve

[N

Vem” (m=04142,..)

Z FoAL. VA f& ZAlE JE 7tete offF34 otk A (3-2-1)3

(3-2-2)& Stx|H oA FZA4 (fine structure constant)

u,ce  m
o = = —u cfC
- 2h  4n Hoc] (3-2-3)
[ Pump
| /
|
Electrometer
|
| l / /
| \ 4
|-
Y
00 I |
’ C, | Feedback
Calibration
input
C.. —
V,
-

a9 3-2-1. @XA 2AE ol&7 AV & BLV] HEE
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Ml 4 & SHAXE AKX M E

e 249 vl Y REE A lum W Folelstnz  Ax
W A Zf(electron-beam lithography)< o] &3le] A2y e Az

NZhe wBEEs} m2ly] o] A5 ZHA BeF 1x1 mm’ o4

A719 HA=FL 3 A ZH (photo lithography)©. & A &8t g ).

HA 2" 4-13 o] A3 align keyS image reverse®} lift-offtH o 2

Al AlbE sjgol] HAP F2H7](electron-beam evaporator) & ©]-8-3}

o Ti (5nm)¥ Au(15~20nm) g F2HE & ol Ed @7} photoresistE

a9 4-1. 3 A4 liftoff o2 AFE AuZd=3} align keye] SEM

(Scanning Electron Microscope)AFAl.
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(d) Al evaporation

/Y,

(a) Resist coating
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(f) Al evaporation
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|\

(C) Develope
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QAT AFo g ol Aurl Siz]¥o] F FASHA Fol T bufferZ
TiE AH&3AH
ASS AZSG F o5y 22 HeE Hes AFsAH. 4 S 7
Fe) CVDHHOZ oF 100 nmA = F7A19 Si0; AdFE FAAZH. Si
NTe AeM A7 AEE 7HA7] dEod HE AFE g2 H
s 23 £ oz dAFE FESAH

A x}H] Az resiste Co-PMMA(PMAA/MAA)SF PMMA(4%) + 5=
AFEERTE WA Co-PMMAE 3] 150 CollA 2087 €x48s & 1
Aol PMMAE tA] 432 vp7bA 2 150 ColA 2083 3 st
Co-PMMA$} PMMA F < AHES 7tH& Co-PMMAZ} PMMAKT ¥
AN o e BEaEg 7HA 3 A7) wEo] PMMAXCTE £ujo] ] g &3)
Ho] $-8]7F ¥3t= undercut ©] ¥HEOJA]7] wjF o}t ©| undercute ¥Z}
Z 2} (double-angle evaporation)2 ©]-8-3+ v AHF A Ztd] T3 IS

-ﬂ""

ResistE 3% = #HyS TZ]=d YA align keys o83t 19
AAE 22 & 7F&EAQd 30 kV, AF 10 pA9] Az ylozg myls Iyt
=335 0] MIBK(Methyl Iso-Buthyle Ketone): IPA(Iso-Prophyl Alcohol)=1:
3 & o 50 =3t 7 @ (develop) gttt

Az AZtE gEzr A2 AVAIOx/AL He 39 4-29F o] &7
ZaaM o g ARG Al M o] 8= kAo ALslEHAIOX)ES THE )
AN FEA 1S AASL in-situd JFE ARL 5 A7) gEeln
a8 4-32 ARAH dFAHzE AxFe] SEM(Scanning Electron Microscope) A}
Holt}, Aol Z717F 50~100 nm<! A&7} A &= Aot
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G 2] 54 " 5-1-13% 22 FEE o|&ste
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