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2.3: Comparison between inductance and reactance.
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7¢ 2.1: Parameters for calculations

Critical current density J. 10 kA /cm?

Critical current I. 0.1 mA
Area of junctions A 1 p m*
I. x Ry products 1.7 mV
Vin parameter 40 mV

Capacitance of junctions C  0.06 pF
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& 3.9: I-V characteristics in varying the thickness of Al at 4.2 K. z:Voltage 1mV /div,

y:Current 1mA /div. Area of the junction is 10 x 10 um?. (a) Al 4nm, (b) Al 40nm. When

the Al layer is thick, the junction has the upwards convex curve at AV,.
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length ly is a fitting parameter and estimated to be about 20 nm. It is shown that as the

thickness of the Al layer increases, the curve at Vg changes from linear to upwards convex.
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[X] 4.6: Potential structures of SIN and SINIS junctions for the calculation using a transfer
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[4] 4.7: Tunneling probabilities of SIN and SINIS junctions. (a) The energy dependence.

(b) The dependence on the thickness of the intermediate electrode.
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Xl 4.17: A cross section of an SISIS type junction.
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IX] 4.19: Thickness dependence of gap voltage of double barrier junction at 4.2 K.
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Some double junctions switch synchronously. (b) R, = 50 Q. z:50mV /div, y:1mA /div.
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All 64 double junctions switch independently. (c) R, = 50 Q. z:5mV/div, y:0.4mA /div.

EAT8 nm 7013 4 nm DL ICHNESIZ LS : s i : :
o Voltage axis is magnified. In the case of both (a) and (b), the upper and lower junctions

switch synchronously
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X] 4.22: Dependence of By on the thickness of the intermediate Nb. By is a lower cirical

magnetic held of junctions
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%] 4.23: Dependence of Ay on the thickness of the intermediate electrade. The dashed line

shows the case that J.,; = J, and the solid lines show the case that difference between J
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(b) The junction having larger J.

4] 4.24: Dependence of A; on the thickness of the intermediate electrode and the difference

of J.. Critical current density J. is 3 kA /cm®.




120 F 4. MW =t7 7 4250ENMES

(a) 14 nm (b) 4 nm

2:0.77mT /div, 4:0.5mA /div z:1.5mT/div, y:0.5mA /div

2] 4.25: Magnetic field dependence of the critical current. 10 x 10um®. (a) The thickness
of the intermediate Nb layer and Al layer are 14 nm and 4 nm, respectively. Two junctions
switch independently. (b) The thickness of the intermediate Nb layer is 4 nm. Two
junctions switch synchronously within the external magnetic field that two Fraunhofer

patterns cross each other.
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(a) 6 x 6 um* (b) 10 x 10 pum*

r:3.8mT /div, 1:0.2mA /div r:1.5mT/div, 1:0.5mA /div

A 4.26: Magnetic field dependence of eritical current. (a) 6 x 6 um2. Two junctions
switch independently. (b) . Two junctions switch synchronously within the region where
two Fraunhofer patterns cross each other. Both (a) and (b) are on the same chip. The
thickness of intermediate Nb layer is 4 nm, and the critical current density is desiened as

1.5 x 107 A/m*.

Large I‘hj

I

Small /
"ﬂLJ

4] 4.27: A cross section of double barrier Josephson junction. The junction 1 has smaller

I. and large As, and the junction 2 has larger /. and small A;.
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Xl 5.16: [-V characteristics of NbN /a-NbN /NbN with thin a-NbN barrier. (a) The barrier
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thickness is 1.4 nm, and the critical current density is 20 kA /em*®. (b) The barrier thickness
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if 1.3 nm, and the critical current density is about 70 kA /em?.
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4 5.17: I.Rpy products of high J. junction.
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9: Thickness dependence of junction resistance Ry x A for different partial pressures

¥l 5.18: Thickness dependence of critical current density of NbN junctions.
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Gap voltage Vg (mV)
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Z 5.20: Thickness dependence of gap voltages
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X 5.21: I-V characteristics of stacked two junctions having different critical current. The
area of the junction is 20 x 20 um?®. The barrier thickness of NbN; is 2 nm. Thickness of
the intermediate electrode NbN 1s 50 nm. The total pressure is 30 mTorr, and the partial

pressure of N, is 20 %
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7z 0.4: Decrease of sputtering voltage of NbN barrier.
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7z 5.5: Parameters for calculations

Critical current density J.; 0.5 or 0.1 kA/em?

Critical current density J.o 1 kA/cm?

Area of junctions A 10 x 10 pm?
I. x Ky products 1.7 mV
Vin parameter 20 mV

Capacitance of junctions C  0.06 pF/um®
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Xl 5.23: Calculated I-V characteristics of series two junctions which have different critical

current densities. (a) 1 kA/em® and 0.5 kA/cm?. (b) 1 kA/cm? and 0.1 kA /cm?.

LAt Ty B 5.21 ISR LA I M CHRABRERATREORM L — F OZ&#IC LY
GRERBENBHLTLES> TR, R HOBEADSENEL o T 5 i
HbHb, SNpEEThL. {522 10R0LALS A RBHELED 2 ERGES A EE
BECERTEL LI Tk D,

AETIER L7 NbN/a-NbN,/NbN OZBEHRBESTIZ, 4FETEHM SN/ L 5 [

z’{ 7 h?iiﬂ%ﬂrcl'-"?:ﬂh!‘;g '\-_-i-l.—lch-\ 1‘.' “,;I!Et__,fé‘ 7\”]\- HI;_:FF? r.}” Iin .i . _'-E.: M—mli .-"J-,_'

EfRERESODPEEBEND BE 4 nm ([T 1#Hfkawnwiabt#FzZ 51 b, NbN O >

MYBAEWEND LY RKEVWOT, PERERZEC LB EOBGHOMEIERIIZ, 4 E

{81 L7= Nb/AIO,/Nb 4 & N EEETH AT ENEA S 5,




168 F5 8. NBN/AUTERAWALYsET7V - EEOENERE — 5% 169

s { = 1., F I S n el PR } e o i - i . i ' i e 8 2
i_i:q. I | i -|- i el o o sl ] 1 = =71 o B . W s B il L =
5 8 %I‘-‘l A ff ~NASS J,=300kA/em* T TOFHD L DPELNLT: . BizEB iy ehiZsi— &
-
— :-'r];.:r'ﬁ e - T 1 L = = F _r". | — a - = Yk | - ™ = e ]
= = oy 'y o r 4 - = - 7 N - ol
_:i-l'__[:.mJ -\.:‘ -T.l—";:l' e R ) L -f-:.": T 1 & = -J..-_* ..l"'lI = -l f':::‘- 1 {".f’} I:II 5 i 1r y 1_.'!I' |I_|.|:'| = T:r L' | - I'I_'rl. -?I L::LI"L}
b g P e A R SR e | Bl i A - ‘! |- e (i R Lt e = e S [ B
Y37 e EICES L "-.!'-:fl.l B LU ¥ = S R =t IVYHSE S 4 LTI EHELT T > 3 ; L3 L i 2 AT EEL y
1571 b1 i -rL'-J- /) 1 '-“F:]J**‘!'r J'I]_.":-?-‘ u-"f‘afrwJ"Jj_!-i"-f'_.'_ - i WE I ._'41-’_ [ Ve D HE 17"

g g ey B AL B I bl AT e r . - ' e N |
BHOES 1THONEIEM I LD TY Y E Y LTI IBEFELN WS &

] -'f‘ ; - s Ip" - -.1-? i Bl TE '- ' —_— - ¥ . iy bl 5 B P B - = . L Lo A SR e e
PEEFATTOR 572 EATY Y ADHE ND/AIOAY 217 Y VIRETHERE T a-NbN, ME% b YFUEEL LTHYA allNDN Y2+ 7V Y H#E62AVT. $

25 F _
L7V VESERAT L0 E, TNTNORGISHAZRRT 2LEVD LA, Th B HGOERERAS P A VEELERIEE LIZ NON THATEDS, Ty F Y
FEEOBEEATETH L, HFEOI Y ViV 2P OBBEOEIMF =z 232 & Lik 7 1& Nb/AIO, DD L HITHHFTHAI EL S BI A, 2EHRAFEI TR, BREGL K
SRz EMT AL RALP T RXTEEZE 3 - Tholzs £2T, B L TEry TEREOERTR)) — 2 Bhons Yo, BAeRmo{bizE s nhdhot:.
Do B AT )Y ADGTWA =T YT EER)UEDVDHL VDD 212, LALERLTAZ L, BREROBENF 11U LIZS DL TN EN o7 SHLIZREEE

NbN AN FREICAN Y P FHDPEIEL TWA LS EZEZ o FIZANw SO H I —F

s Y MERESMBIBR L 20T /=8 Y 7RO E 57201 NbN KO BEMET YA L25, BEOET LEARML— b FRSLTOAEZR, 2052
HEAIERITRE , AoEHErHBICEA B ESHRB LV I AICERL, Sh Ny SRR AR Lz, 2088, BRERAZ22) SEb o BRERE, 0

U RE ]

=

THWAZ EFRZZ -, ANy YEONSEENN) THEE+##HIEAT A= FERLEBZZVEWVIT WIS H S .

CicE N, BAT VY ADBBET ¥ —¥ »7HOFELEL AT ) P ADIWnTF—I)N—F
Y7 BEOREOMA ™A ENFHELZ LD NP 272 LA*H NbN.IZ RIE TOx v F EREROFHASEE LT TWAY, B YA NVEELFELHBETY a7

TN BE BT LZEMBESOER T oA ICL#EL TV, VSRR, B0 —N—F T ET Y T OMEEBONE LAl
bR IVIEREIZH VS NN, MR, IERORERGEEVSEZSEISHRTEL . Mott B LiztZZ LN,

DILFEEHEY €2 7 {ZE (VRH) OKICtE ) Z e s, BERUZHOT L7 7 A4H

l,
e
n
)
5

BThDLamITZe 2D a-NbN, HELX HV N, FEZHIET 2
F—F TR EA — NV VT RBESOM 2N T A N TEL,

a-NbN,. @z x b X R IVEEECHW - HSOE0BEREICBIT 2EF T/ AR IC % L

EDBHRONBUAEE RV DOIRELHEEORBETT LSS, SNV a LTV
S BRTH S LRI oo T 7Y YRAREHET D EBET A XL 24

He2272DT, TNV aL7V YBARICHLTRKELHREGEVZ S,

L,
rnx
e

1

7YY =8 T RS RRENZ b Y ANEEERL, vy 7TRER 4mV THo 1,

gAY I, x Ry il 1.3 mV T, BERERERERL J. =20 kA/em? LT TH 5,

—F . R — =¥ DT REED [ x Ry B2 0.5 mV T, BEREHEEIZ J. = 20

i T -




170

=58 NBNNUT

rRWEY 37V e OIEN & T

6.1 G

- -

WK TF QMR EATRRIGE L2 & 210, ROFRIRET 2T OHF ¥ ¥ r L aHo

:‘E-r

mERAA v F TV REERIERRDXFRIRICERTE Va7V Y FEFIL, 515,

TWwh, L2L, Yat72v ES0HNEBEREBIUENA ¥V —%F > 23 MkFET-(C

TAHL EhEVDOT, #20BOA 2% —TJx2—ALBE|IZLoTC A, BHERE

by

A VE—=¥ VA RELTAHADICHLME L FERESZENICTAZIETHA, LIL

BAE T BAEFICT A L IETHEMPAS b T7-. RSFQ DX J % H—RLif

e
M

BFZTR7u0y 7BEEDPFERICHETHRENWDSWI EPOLEERY O v 7 Bl

-

1

DT 4 V2 VEBOL-OOEFE LTHFEEINTYWL Y., BN (5l £ -3

BT A0 KERA VT VS VAR BEET AT OBBLICAFTH %,

AFATEY a7V Y BEEERICZEICMB S ELMAE B I ko7, R
D Nb/AIO,/Nb #EE T AW ZERMBESOFERIZMAT, AT L ADLnF —27—
Sy TROLEHNBIEGZFRT H2720I0, TENT 7 AFEEE b > 5 VEEEICHW

LEMB S a7V v BEORELBI kot

171




FIAE A

'--ﬁ'l_m 'f"‘ L;L..;H.. f'z'

) 977897 |3,

NiZeD2{ £1F
H— R R ERE ) B —aE

L5 LB

AL eBHEHMEVR B,

i

it

- F -:';, 5:,: ﬁ\l}f“i[ﬂ:f?“h P

Cld., B Nh/AIO,/Nb DT a+t

8113
“i»
iz

s B A s

B & U Esar-m it

- 3 in}J%(":Lr#ET 7 Pk

WRTHAHIZHD
SRS 25
HoOMEz

BT, A 777 AL LTHERTAT-OOZETEH =36 Nb/AIO, /Nb ¥ 3

7w ETIER L7, — RN T =T A Y 2% » AOhbhHIZHW

ERLDHITHWD ~& FBRETFOREE

AICHWIZY €,
i 2&:
H.I 'r';}“-if{:”

HLD4

PAT U ANEATLNT

:-—'{—_}iﬂ'!u

=
u-";_—,l-"D J 5 85
Tf]'l'—L--j W

i, PHEESEEROF 2T 1Y
Kt

r.:'i j_f”'n_ - f.l'

OFBEAR 4 v FHEilll 2 iz

1;“' L‘.l O b FE

I
;i.:_'\'.
-
R
fitd
[
=]
L=

- - e - = - g TNy = T4 7 - ] A 2 L
s B F e ) S REITEVAA —/)N— _ _'_'l'.,»'%:'[:_i:f'l.l'-?? = Fag TR, fj‘-?,‘ﬁﬂ_r
pla 2 = — gl m i R | + L s B - -y o =Tr e #T - s o A e - s

'I!-":"r'L-'EfJﬂ?L-—{"L]'«-—\ "']:_ll'-'f} -"'i.-“,-J_f"-_H_‘{'..T*‘E\,._." |_ s i 7 V=T T ALY Y
= e e | 3 A0 A RS B | - B ol A AR e SR Y e i W e o . . -

4 1 ‘5 }_i' L Cla g PRI D EMT 270§ 7) T 5 W S — w b= N

2 - el R T A M - ] = ¥ A ST . N ¢ . > e Ehle

HIVEEICHEE TR (FEEzHY, FE8EKOFLF—3 7% b & RIVIELEE L
=TT~ e ol L g e R o T S e e N A L T N e TR 3 = = ] - jo

LTHW, BERORTEENEEPEREFII Lo THEATRLH LD RLEN | -
ro e ey N B | 227 e i b t- 7 > L o ohoe

S e %y e 72 71 e o TR AL C NPT,

A 5l L ) by =2 = 1L AT o~ EB . LA AT BB rEE = 0% g b e
SRR L LTHE{EEAHD NDN 2#IRL . £5 60 NN & RICTEA /TS § THE

! P RS 2.~ == N {2 {4 e ¥ ey RE A fH 2 T b AT R S ale S A
RL. EETATEXZEZ A L THRERFE L FHEEDFEERAS VTR THR
I;-.J. R A e OO T - e - Kl A = e |, e b = 1 b= B L f=vhr == B8 we = |

NbN DIEEIIERTOF —F — T3 AT A TE7Cs TOFE A, IBIIFETRESR L

el = |1 2, =F 7k 7 A AR T e e g e N I - L X QT4 et ively

CENBRAF NV ADS L EREESMESL , BHLTY Y7 ah72vwo® 5 REI(Resistively

: T Lt 2l 2~ b AT roa o = My B O 2 )y EE S 2 3

shunted junction) HIGSFEOM A RAZ EWTE: TLT, COKTT22/HM L

AT FITEE L

6.2 SEDERE

F . — L .-"':r" i o B 1 __‘_' & i - 1 Sy rt-; § I.-" l:.] .:!-i__.- J._- 1 o 1 ] o=l .i . .r._
BT, ZFERBIESEA Y24 2 AELTHE Gle, HITEREBSLITMI]4 Z K

SRR T o PV R e I - q I 2 iS Fo e Fr S I E o LB —
; 1 1 : AR e =t | i - i [
AERBINSEAPO 28N 2T LA, P37V iEFGODIELT WNE~ — =

FT Ko il Ly
_|,.|l"" ﬂ lfﬁ" 'r-l" el P

F7-, B—ERTFETF~OILHIZ2WTOK&EST LI-AS, 7 v FREF~DILHR b

BMEEAN 1 kA/em? BEOESTHNIEME LHa7 BN L (FR
PR AT 4 -

—— - = - - T # !"1 w 4T eples fEa PTG Sbe - |.~_4- I B - i
CEhLHliltorz, SLICHEFEMOMNMEE LI UBERABREE(LVRETHN, H

o » o elen L A | .= - = afe. =
L ECODMERINTWVEEZATH A,

4F|TIE, EFICEOPHERT L OESTREMA 1 » FAEI

BRI TR 5201012, 8561




SETIE, 7TENT 7 AFEMAED a-NbN, BIEZTHWIZE AT ) X AD 2 WHERIRG &

EDRFEE BT L o7H, BRERFEOHE L . HEDY Y 2T DEEW (B, OfE) O

fH S HOBRETH S5, AFETIZ, a-NbN [EE>HWI-ZEMFGHESIL, 2 EFRE

References

1] F.H.Gaensslen et. al.: "Very small MOSFET’s for low temperature operation”, IEEE

I

Trans. Electron Devices, ED-24 (1977) 218

2] M.Aoki et. al. : "Performance and hot-carrier effect of small CRYOQ-CMOS devices”,

I[EEE Trans. Electron Devices, ED-34 (1987) 8

[

3] S.Hanamura ef. al. : "Low-temperature CMOS 8 x 8 bit multipliers with sub-10-ns

speeds”, IEEE Trans. Electron Devices, ED-34 (1987) 94
[4] 1995 4 4 A 29 H. HTI L33
5] H.K.Onnes: Comm. Leiden Suppl., 58 (1924) 16

B.D.Josephson: "Possible new effects in superconductive tunnelling”, Phys. Lett. 1

(1962) 251

|7) P.W.Anderson and J.M.Rowell: "Probable ovservation of the Josephson supercon-

ducting tunnel effect”, Phys. Rev. Lett., 10 (1963) 230

=",
e
i

J.Bardeen, L.N.Cooper and J.R.Schrieffer: "Theory of superconductivity”, Phys.

Rev., 108 (1957) 1175

0] V.L.Ginzbure and L.D.Landau: "On the theory of superconductivity” (in Russian)
| A : i 3

y

Zh. Eksp. Teor. Fiz., 20 (1950) 1064

175




176 & F X W

I == kAT )= b 7R bk T b TH] ARG
[lgan 3 -8 =Vl T ] ST - o A N
o fj";‘_'- v 3t W ES V= o« Q) BERE rl-v"-?ﬂa"'."'. o

' REEEE, (1986) 233

26

10] |

111] P.F.Yuh: "An Experimental Josephson Digital Correlator”, IEEE Trans. Appl. Su-

percond., 2, 3 (1992) 143-147

[12] P.F.Yuh and E.Stebbins: "256-Stage Superconducting Digital Correlator with Analog

Output”, IEEE Trans. Appl. Supercond., 5, 1 (1995) 14-18

13| S.Tahara, S.Nagasawa, H.Numata, Y.Hashimoto, S.Yorozu and H.Matsuoka
"Josephson Digital LSI Technology”, Extended Abstract of ISEC'95, 5th ISEC,

September 18-21, Nagova, Japan (1995) 23-26

114] T.Nishino, M.Miyake, Y.Harada and U.Kawabe : "Three-Terminal Superconducting
Device Using a Si Single-Crystal Film”, IEEE Electron Device Letters, EDL-6, 6

(1985) 297-299

|15] A.W .Kleinsasser, T \N.Jackson, D.MeInturfl, F.Rammo, G.D.Pettit and J.M.Woodall
"Superconducting InGaAs junction field-effect transistors with Nb electrodes”,

Appl. Phys. Lett., 55, 18 (1989) 1909-1911
116] M.Tonouchi, H.Sakai and T.Kobayashi : Japan J. Appl. Phys., 25 (1986) 705

117] H.Sakai, Y.Kurita, M.Tonouchi and T.Kobayashi : Japan J. Appl. Phys., 25 (1986)

835

[18] 7k Feik, AL, PRI, HFHEZE _ and AILE LR "R 7o0—8Ja L7/

3 91

7 Hilear, B 8E FSEATTIEHS, 85 No.49 (1985) 55-60

[19] D.J.Herrell: TEEE. J. Solid-State Circuits SC-9, 5, (1974) 2

=]

7

120] H.H.Zappe: IEEE. Trans. Magn. MAG-13, (1977) 41

121] T.A.Fulton, 5.8.Pei and L.N.Dunkleberger: Appl. Phys. Lett. 34 (1979) 709

=FE VM O1TT

22| S.Takada, S.Kosaka and H.Hayakawa: Proc. of IC SQUID '80, Berlin, (Walter de

Gruyter & Co., Berlin, 1980), (1980) 713

(23] H.Nakagawa, E.Sogawa, S.Kosaka, S.Takada and H.Hayakawa: Jpn. J. Appl. Phys

21, (1982) L198

24| T.R.Gheewala and A .Mukherjee: Tech. IEDM, (1979) 482

125] J.Sone, T.Yoshida and H.Abe: " Resistor coupled Josephson logic”, Appl. Phys. Lett.

. 40, (1982) T41-744

126] J.Sone, T.Yoshida, S.Tahara and H.Abe: "Logic delays of 5-pum resistor coupled

Josephson logic”, Appl. Phys. Lett. , 41, (1982) 886-888

7| K.Hohkawa, M.Okada and A.Ishida: " A novel current injection Josephson logic gate

with high gain”, Appl. Phys. Lett., 39, (1981) 653-655

(28] K.Hohkawa, Y.Tazo, K.Nagata and A.Ishida: "Sub-10ps high-gain direct coupled

Josephson logic gate”, Electronics Lett., 19 (1983) 291-292

29] S.Kotani, N.Fujimaki, T.Imamura, S.Hasuo and T.Yamaoka: J. Appl. Phys. 24, No.6

(1985) pp.L421-1.422

30] T.A Fulton: "Punchthrough and the tunneling cryotron”, Appl. Phys. Lett,, 19

(1971) 311

31| K.Enpuku, F.Irie, T.Nagatsuma and K.Yoshida: "Current-waveform dependence of
puchthrough probability in a Josephson tunnel junction”, J. Appl. Phys., 53 (1982)

8894
132] T.A.Fulton, R.C.Dynes and P.W.Anderson: Proc, [EEE, 61 (1973) 28

133] T.A.Fulton and L.N.Dunkleberger: Appl. Phys. Lett., 22 (1973) 232




178

SENW

ot

34

i_:_Jla':PJ

[36]

K.Nakajima, Y.Onodera and Y.Ogawa: "Logic design of Josephson network”, J.

Appl. Phys., 47 (1976) 1620-1627

K.K.Likharev, O.A Mukhanov and V.K.Semenov: "Resistive single flux quantum
logic for the Josephson - junction technology™ in SQUID '85. Berlin, Germany; W,

de Gruyter (1985) 1103-1108

V.P.Koshelets, K.K.Likharev, V.V.Migulin, O.A Mukhanov, G.A.Ovsyannikov,
V.K.Semenov, 1.L.Serpuchenko and A.N.Vystavkin: ”Experimental realization of a
registive single flux quantum logic circuit” IEEE Trans. Magnetics, MAG-23 (1987)

709-7T08

K.K.Likharev, O.A . Mukhanov and V.K.Semenov: " Ultimate performance of RSFQ

logic circuits”, IEEE Trans. Magnetics, 23 (1987) 759-762

O.A.Mukhanov, S.V.Rylov, V.K.Semenov and S.V.Vyshenskii: "RSFQ logic arith-

metic”, IEEE Trans. Magnetics, 25 (1989) 857-860
R.H.Parmenter : Phys. Rev. Lett., 11 (1961) 274

A. Shoji, M. Aoyagi, S. Kosaka and F. Shinoki: " Fabrication of NbN / MgQ / NbN
/ MgO / NbN Josephson tunnel junctions”, Ext. Abstr. of ISEC'87, Tokyo (1987)

73-76

| M.G.Blamire, E.C.G Kirk, J.E Evetts and T.M.Klapwijk : "Extreme critical temper-

ature enhancement of Al by tunneling in Nb/AlO.-Al/AlO./Nb tunnel junctions”

Physica B 165 &166 (1990) 1583-1584

| H. Kohlstedt, G. Hallmanns, 1. P. Nevirkovets, D. Guggi and C. Heiden: IEEE Trans.

Appl. buperconductivity 3 (1993) 2197.

S. Lomatch, E. D. Rippert and J. B. Ketterson: IEEE Trans. Appl. Supercond. 5

(1995) 2719

EFIUR 179

45| Fllifmx, BEEZ a7V Y7, A (§EfE, 1986) p.206

146] 5.M.Schwarzbek, R.A.Davidheiser, G.R.Fisher, J.A Luine and N.J.Schneier: "Digital
logic with YB2CugzOs;_. de SQUIDs”, Appl. Phys. Lett., 59, 7 (1991) 866-868

47] Y.Mizugaki, K.Nakajima, Y.Sawada and T.Yamashita: "Superconducting neural cir-
cuits using fluxon pulses”, Appl. Phys. Lett., 62, 7 (1993) 762-764

48] Y.Mizugaki, K.Nakajima, Y.Sawada and T.Yamashita: " Implementation of New Su-
perconducting Neural Circuits using Coupled SQUIDs”, IEEE Trans. on Appl. Su-
percond., 4, 1 (1994) 1-8

149] K.K.Likharev and V.K.Semenov: "RSFQ Logic/Memory Family: A New Josephson
- Junction Technology for Sub-Terahertz-Clock-Frequency Digital Systems”, [EEE.
Trans. on Appl. Supercond., 1,1 (1991) 3-28

50] K.Nakajima, Y.Onodera and Y.Ogawa: "Logic design of Josephson network”, J
Appl. Phys., 47, 4 (1976) 1620-1627

51| K.Nakajima and Y.Onodera: " Logic design of Josephson network, II", J. Appl. Phys.,
49, (1978) 2958-2963

52| private communications in 1995.

(53] W.H.Chang: "The inductance of a superconducting strip transmission line”, J. Appl.
Phys., 50,12, (1979) 8129

[54] S.Bermon and T.Gheewala: "Moat-guarded Josephson SQUIDs", [EEE Trans

4] R.Kleiner and P.Miiller: "Intrinsic Josephson effects in high-T. superconductors”,

Phys. Rev. B, 49, 2 (1994) 1327-1341

Magn., MAG-19, (1983) 1160-1164




}H
b sl
F-
[

55 ENE: "BE#T7I 7 AFEEOBEBET /A4 AT 5%, (EtFEE

ARENFR LEZEE (1980)
56| S.Lomatch and E.D.Rippert: J. Appl. Phys., 76 (1994) 1711
57| S.Lomatch et al.: ASC'94, IEEE Trans.Appl.Supercond.

ﬁm1%%WﬁhuHmmﬂﬁﬁﬁﬂLfwmﬁﬁ;“mﬁyc%ﬂw;;ﬁﬁwgbaﬁsmgm

LMtk OS], 5 56 MIICHYHEESFMMRIES, 292-B-7, £IR T3 XKE, (1995)
159 K.Suzuki and Y.Okabe, Ext. Abstr. of ISEC'95, Nagoya, JAPAN, (1995) p.368

[60] M. Maezawa, M. Aoyagi, H. Nakagawa, 1. Kurosawa and S. Takada: "Specific ca-
pacitance of Nb/AlO, /Nb Josephson junctions with critical current densities in the

range of 0.1-18 kA /em?”, Appl. Phys. Lett. 66 (1995) 2134

61] H.A.Huggins and M.Gurvitch:J.Appl.Phys.57 (6), 15 March 1985 pp.2103-2109

"Preparation and characteristics of Nb/Al-oxide-Nb tunnel junctions”

o
| A

|

Josephson self-coupling in Nb/AlO./Nb tunnel junctions”, Phys. Rev. B, 50, 13

(1994) 9664-9667

63] KSH—EB, FHER: P A NBKOWMBE DM, AR, HFRERIHE
fe EEE (1987)

(64] M.B.Ketchen, et al : Appl, Phys. Lett., 59, (20) (1991) 2609-2611
65] =gl R, AEEAKFELF (1993)

(66] V.Ambegaokar and A.Baratoff: "Tunneling between superconductors”, Phys. Rev.

Lett., 10 (1963) 486-49]

(67] M.L.McMillan : Phys. Rev,, 175 (1968) 537

EF LM 181

M. Maezawa, M.Aoyagi, H.Nakagawa, [.Kurosawa and S.Takada: "Observatioin of

et
_f}?."!

69 P. G, de Gennes : Superconductivity of Metals and Alloys (Benjamin, New York),
(1966) Chap.5.

[70] P. G. de Gennes : Rev. Mod. Phys., 36 (1964) 225

|71] R.C.Dynes, V.Narayanamurti, and J.P.Garno : "Direct Measurement of
Quasiparticle-Lifetime Broadening in a Strong-Coupled Superconductor”, Phys. Lev.
Lett., 41 (1978) 1509-1512

[72] M.Inoue, S.Imaeda, Y.Tsukino A Fujimaki Y.Takai and H.Hayakawa: "Planar-type
Ba;_.K_.BiOj Josephson tunnel junctions prapared on Sr'Ti0j bicrystal substrates”,
Appl. Phys. Lett, , 635, 2 (1994) 243-245

(73] 3REER: MR, EHERERFERILE HE TR RDHRREE (1990), #
TR EEEm . AoEAFLFEE (1990)

74] Mannhart J and Marinoli P 1991 Appl.Phys.Lett. 58 643

[75] H. Nakagawa, E. Sogawa, S. Kosaka, S. Takada and H. Hayakawa: Jpn.J.Appl.Phys.
21 (1982) L198.

[76] H. Suzuki, T. Imamura and S. Hasuo: IEEE Trans. Electron Devices 37 (1990) 2399.
77 H. Amin, M. G. Blamire and J. E. Evetts: "The critical current-field dependence of
a Josephson superlattice”, IEEE Trans. Appl. Superconductivity 3 (1993) 2204.
78| 1. P. Nevirkovets, H. Kohlstedt, and C. Heiden: ICEC 14 Proc., Cryogenics 32 (1992)

D.o83.
]T[]'] H. Kohlstedt, A. V. Ustinov, M. Cinillo, G. Hallmanns and C. Heiden: Proc. 20th

A.A.Golubov and M.Yu. Kuprivanov : Extended Abstracts of ISEC'89, (1989) 210

Int,Conf. Low Temperature Physics, Eugene, (1993)




182 # #* X @t -

I80] H. Suzuki. T. Imamura and S. Hasuo: Ext.Abstr. 53rd Autumn Meeting of the Japan
Society of Applied Physics, Osaka, September, 16-C-10.

81] J. A. Blackburn, B. B. Schwatrz and A, Baratoff: J.Low Temp. Phys. 20 (1975) 523

82] K. K. Likharev: Dynamics of Josephson Junctions & Circuits (Gordon & Breach
Science Publishers, New York, 1986) Chap.13, p.430

83| 1.Giaever : "Electron tunnel emission device utilizing an insulator between two con-
ductors either or both of which may be superconductive”, U.S. Patent No. 3116427
(1963)

84| H.van Houten : Appl.Phys.Lett.,58(12),25 March 1991 " Three-terminal quantum box
resonant tunneling josephson field-effect switch,”

(85] S 4ffE, EFHRS. EREEW : FF=T SCE8I-21 "fpMERICEIZ L 5 Nb/AIO,-
Al/Nb &3 ) 75l (2) -Al @ Nb BEZEHEE-"

86] E.O.Kane: Edited by E.Burstein and S Lundqvist "Tunneling Phenomena in
Solids”, Plenum press, New York, (1969) 1-11

87] EMERT : BENRB L VA VESITHT 2 ERFR BLEIRYL, SEEAS

AR, |lL = ?hFI- \in
R L FE095# (1989)

(B8] RU{EIEHH : "G b X A VERICHT INA AZ2OWT", EER L, AERFELEH
(1991)

[89] T.M.Klapwijk, D.R.Heslinga and M.G.Blamire : Physica B 165&166 (1990) 1579-
1580 " Current-Voltage characteristics of nonequilibrium double -barrier supercon-
ducting tunnel junctions.”

90] P.G. de Gennes : "Superconductivity of Metals and Alloys" Advanced Book Classics

(1966) p.123

[91]

192]

(93]

94

95)

[96]

[99]

1100}

superlattices”, J. Appl. Phys., 73

- £ % XM 183

M. Gurvitch, A. Washington and H. A. Huggins: Appl. Phys. Lett. 42 (1983)

472.

T. Imamura, T. Shiota and S. Hasuo: IEEE Trans. Appl. Superconductivity 2 (1992)

; J-r'i--l —j- .. = fE 3= = ik 1—1' % N L |._ e e S — T g 1 AR o
F % [ 45 4 — e ;] — | =
| I] ¥ * Ji 1""‘ = — & I O ! = WE 'fl- Fi M| o II o _l:||E_ -:"Ir ?J ] /== -"-It"'-.. ' == 1]

7 Tf o) _1'._ 1.5% _F:-t?_ J:_,-_"_ I 1943

J.Niemeyer, R.Popel, R.Fromknecht and W.Meier:” Synchronous switching of a large

numbar of Josephson junctions”, IEEE trans. Magn., 27, 2, (1991) pp.2685-2687

g 2 [ - | 4

EXaEmE Lo 3

o W MR- =g T - "'['_ . |_|. == ] --"' i N g F
3 T ot _Ii.:' a8 r"];]_ MR ‘-'f’: j T:ILL..:.-II. 3._'.'}'{}- P 7)) HIJ"' 'Ih-f:"l' } o)

"il“ e i = =

AA 2T 2T RV ADGE", BT IRHEEFSRICGE C-11 J78-C-1I (1995)

M. Weihnacht: "Influence of Film Thickness on D.C. Josephson Current”,

Phys.Status.Solidi, 32 (1969) K169

L.iikuchi, 5.Kiryu, S.Kohjiro and A.Shoji : "Fabrication of Vertically Stacked

(NbC.N1—z / MgQ),, / NbC_N1—z Josephson Junctions with a Computer-controlled

1

Sputtering System”, Extended Abstract of ISEC'95, 5th ISEC, September 18-21,

Nagoya, Japan (1995) 162-16G4

S.5akai, P.Bodin and N.F.Pedersen: "Fluxons in thin-film superconductor-insulator

5 (1993) 2411-2418

H. Yamamori, A. Fujimaki, Y. Takai and H. Hayakawa; IEEE Trans. Appl. Super-

cond., 5 “gr } 3102-3105

E. D. Rippert, S. N. Song, C. Thomas, 8. Lomatch, S. R. Maglic, H. C. Wang. M.

Ulmer and J. B. Ketterson, submitted to Supercond. Sei. and Technol.




184

= F UM

101)

[102]

1103]

[104]

1105)

1106]

[107]

[108]

[109]

[110]

S.P.Benz; "Superconductor-Normal-Superconductor Junctions for Digital / Analog

Converters”, Extended Abstract of ISEC'95 (1995) 216-218

D.E.McCumber: "Tunneling and weak-link superconductor phenomena having po-

tential device applications”, J. Appl. Phys., 39 (1968) 2503-2508

D.E.McCumber: "Effect of ac impedance on de voltage - current characteristics of

superconductor weak-link junctions”, J. Appl. Phys., 39 (1968) 3113-3188

W.C.Stewart: " Current - voltage characteristics of Josephson junctions”, Appl. Phys.

Lett., 12 (1968) 277-280

W.J.Johnson: "Nonlinear wave propagation on superconducting tunneling junc-

tions”, Ph.D. Thesis, University of Wisconsin, Madison (1968)
A. Shoji, Private communication. (1995)

N. F. Mott and E. A. Davis, Electronic Processes in Non-Crystalline Malerials (Ox-

ford Univ. Press, Oxford, England), 1979

A. Shoji, M. Aoyagi, S. Kosaka and F. Shinoki, JEEE Trans. Magn., MAG-23 (1987)
1464

M.Aoyagi, H.Nakagawa, [.Kurosawa and S.Takada: "NbN/MgO/NbN Josephson

Junctions for Itegrated Circuits”, Jpn. J. Appl. Phys., 31, 6A (1992) 1778-1783

Z. Wang, A. Kawakami, Y. Uzawa and B. Komiyama, Extend. Abstr. of ISEC'93,

Boulder, USA, (1993) 284

__185
1 &
- | N
A DFE T o VIZARL T DA Il o THRBRY TELHBEHEELRD
Z LB GEARFIFMAERR T THEEI3EE BIMREL IS0 BRHEOELRLET
g7, AT ED, SHICARL I LDDICa- NV MADHEGREWVZE2E LT
AT ERFLFMERET LFEIEEE KaFEiaL, REEEE a1 itE < B5LE

TR 2 e Al et g d -t T = N4 I o - e B L. ALE, = ALE T e 2
[ ZEDHBIh-N, ZKLHHEBE. @G HVWiEE2z LEESTERET SR

r 3 TR T AL T EE R bR AR T A TRl M T A g s 41 |
TANF-—HTFEHIEE SGHEFHE L. 20ERFLEMERET TS 8GR 3

= s & - 1 i Il == S=uify o=t - =] = = L Safy -l
HEL, BAYF Rtz FEE SR CRICE OB .

FEDEDFH Y 517 Y VEEORERNE LHEECS 22 LK (B =28
), 74> Ui SEGTIR, EIEREL (B SLmART) ISR RS L 29

%72, AFF%ED 3%, Nb/AIO./Nb Y247V A HEOEMEILS LUBHRERES

|_| |
(LS IE =K (3R EL4H@ VLSI) & O3 LEIfETa D | DRSFQ @OER L &UE

- — |4+ =T Ly T TR =i boo g - - - S ) A N F
HACIC oW TIZFIRMER E ORXERETIT ORI D T, SIS L THEHVI L 7.

W a7 YEGOIERE ZOIEH . NbN #BEF IV T4t 4 MF i £ Ul

=& A = 1{" L7 ‘}-hf.ﬁf“r'un‘i”] J'L.Ml Jh”‘ 'HJ Lo ha =2 Ak -’uJ""“;‘" I*' il RN
|-, [ iz s SibvES it FEEET L 2 F o= 2 AR AriE IS
et L F T, FAM R TR TONKE Y I 2 b—2a y e Bl onwTullh s

f

B E T LKA (AR

KA AGTIZTRAT) (9 C MR L E

SCEEDME A W5 & F L EPS AL 7 — R ICICER R L 29

=0 L AW A F LRI KSFAAEdT BB, R AL




186 18T

1 SRR ZE | =i iy PP i X 1 $, =3H-J) ¥ == =, 1 VL TS TRy NGt 1 TR U S g™ S S R oy
HEPIEICEHE D Wiz723 2 Lo, SFHAEK. BARGHEERS S AR E R %
r4 b = 7 T cis o B je e pR S EL ] ol 2 b T a2 2 - -t AN Had = "'—'"’ﬁf‘-""
2 LOETAMREEDERICESEANI LT T T FEEFTEEL A LT, & &, =11 aFs
ETORNE L& i | 24 - i
; - By, =iy i T R i 1 | e Mol T e s
ﬂHlEE.FI E:Ill-f;;,!"1.'2,;1-_-,---—{-"'-'_"r'.".' o & U e [ BT LS
T

study on the transition width at gap
voltage caused by the proximity effect

in Nb-based Josephson junctions

Superconductor Science
and Technology, 7, pp.
284-286 (1994)

H.Yamamori,
T.Miura,
A.Fujimaki,
Y .Takai.

H.Hayakawa

|

Simultaneous Switching on Vertically
Stacked Josephson Junctions with

Very Thin Intermediate Electrode

Japanese Journal of
Applied Physics, 33, pp.
L846-1.840 (1994)

H.Yamamori,
A.Fujimaki,
Y.Takai,
H.Hayakawa

Syhchronous switching in Vertically

Stacked Josephson Junctions

[EEE trans. on Applied
Superconductivity, 5,

pp.3102-3105 (1995)

H.Yamamori,
A.Fujimaki,
Y. Takai.

H.Hayakawa

Fabrication of all-NbN Josephson
junctions using semiconductive

amorphous NbN. barriers

Accepted for publication
in Superconductor

Science and Technology

H.Yamamorti,
K.Yoshizawa,

A.Fujimaki,

| H.Hayakawa




« TR IEaE
SBMNZHB LU, BF
e
'ﬂ1'|

Study on the transition width at gap
voltage caused by the proximity effect

in Nb-based Josephson junctions

Superconductive
Electronics Conference
(ISEC93), 4d4-9, Boulder,
USA (1993)

H.Yamamori,
T.Miura,

A.Fujimaki,

Y. Takai.

H.Hayakawa

— T T = =

= et o SFh, F = Ly e 7
B TF b S R S e S H oBE T
.71 AT =l 1 Thm g

1 o R o e IR

Tl e = su=.frr|‘.-:_- e %

o @

AT ) A —

GETaL

[IFReL8, SR

e

EEM, MAFH,
= |3k
'.'II'.‘.'.-I'M.

Synchronous Switching in Vertically

Stacked Josephson Junctions

Applied
Superconductivity
conference (ASC94),
ESA-9, Boston, USA
(1994)

H.Yamamori,

A. Fujimaki,
Y. Takai,

H.Hayakawa

{

i

E

e

1|*":H1Ea'|!.1 ﬁ Ft:'&

piy pd —f= =a =
' g = | = | IE

A study on a tunnel barrier of NbN,

for stacked Josephson junction arrays

Superconductive
Electronics Conference
(ISECO5), 4-43, Nagoya,
Japan (1995)

H.Yamamori,

K.Yoshizawa,

A Fujimaki,

H.Hayakawa

2 HHUE >

J S OSE

AR E SRS

I LR " | [EF, A5 =t
11 -_."- s e ] =] ?:
W= RS P

1993 F=8F 05 54 BIILA

BE SRS, i

iﬂ:r";'—ﬁT'-ﬁ =3 |

’e -
L] F& . BEERPH
v e e | 3 1] ale e
s | fe] 5

Mg a7y

DEAA 4 v F

1994 EHEFE 41 BIGHY

v el

HREDBHBLUH, B
== 4
e 1T

=

=
"\-\.;.l'
L4

-

2 EfgEERE & (SINIS) D41k

B HHAEFEErE

.i-qli 7 - ..:;_11...4 ".'.'"'_-ﬁ'h.

T _l.-'a'\.

L~
(E2:353 SCE02-35, 1992
T

LI #R0L8E ., REASRR .
B, Bk

EART FIA
1995 SE£HFFF 42 []]
Bl gmns
mAE, MEIE

i 3

|._-|..,.|.”'_
"_'.'

B SRl Sy i ¥

XA%., I

F P
s T e

pd R o -Ill by
3 —a v : -
Lo i i ke |1'] a5 5 i

fiRd >
| St

7 S

1995 =8 F5 56 EIEH

;_ ¢ |j?.|-:.rg!.-lu'\ :I?I:‘;h

*11_

F; ?‘f_-' KE. Al

1 e s £YE)
|-|-] L e ¥ “..'E = i1 [N
1
2 1] 4
Foan BT
|! A T g
i = i
e T 1 i 18]
|. I"-. y _I gl
E i !
= | T 5 _|| L3 ,.-.?;.l:-.
' e T 1 - 1
o -._Il r—
e L 18




180







	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042
	043
	044
	045
	046
	047
	048
	049
	050
	051
	052
	053
	054
	055
	056
	057
	058
	059
	060
	061
	062
	063
	064
	065
	066
	067
	068
	069
	070
	071
	072
	073
	074
	075
	076
	077
	078
	079
	080
	081
	082
	083
	084
	085
	086
	087
	088
	089
	090
	091
	092
	093
	094
	095
	096
	097
	098
	099
	100

