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Requirements for a heterodyne
receiver at 1-2 THz band

HEB SIS

Operation 2fGap = 2 THz
(center) fo>1.5THz O ,
frequency Jo. > 50kA/cm
Fractional Af

frequency — >0.3 O J. > 50 kA /cm”
bandwidth Jo

IF frequency Afir ~ 20 GHz > 2
bandwidth (fir ~0—20 GHz) X te 2 DI fam

Ay + Ay
h

fGap —



SIS junctions to be used for
heterodyne receivers at 1-2 THz band 1

Operating frequency and gap energy
2(A1 4+ Ar)

2fGap = P >2THz — A1 +A> > 4.14 meV
Gap energy Nb NbN Nb3Ge MgB2
(meV)
Nb 1.35 2.7 meV
1.30THz
NbN 2.36 3.71 meV [4,72 meV
1,80 THz 2.28 THz
Nb3Ge 3.46 4.81 meV 5.82 meV

2.33 THz 2.81 THz




Current density of SIS junctions

1
WRNC

— (0.1 —-0.3 : Fractional bandwidth

IcRy = Ve : Material constant
C;=CA
A : Junction area

C, : Specific capacitance 40 — 80 fF/um?

Af 1 1 1 1 je 1

f  oRNC; @VeCA 21 f VeCy

Increase f keeping —- constant, jco must be increased
A : : ;
Increase Tf keeping f constant, jo must be increased




heterodyne receivers at 1-2 THz band 2

SIS junctions to be used for
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Current density of SIS junctions

Nb/Al/AlOx /Al/Nb

220
200 /
180 /

"
160 pd

20 ™ )

0 1 2 3 4 5

J B 25 kA/Cm2 SIS voltage (mV)
c =

M. Kroug et al., to be published.

H. Ishida et al., Electronics and Communications
in Japan, Part 2, Vol. 88, No. 12, 2005

Z. Wang et al., Appl. Phys. Lett. 70, 114 (1997).
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Defects in insulator

New : Nb/AI/ALO /AI/Nb | PEOSE3Ea0ac0050




Niobium SIS Junctions with Al Cap Layer

> previously reported:
SIS Junctions Based on AIN, Barrier
- j. =10 — 45 kA/cm?

- sharp non-linearity
and low leakage with g > 20

Al cap layer 3-4 nm

—— barrier ~1nm

\ Al over layer

6-8 nm
- several devices successfully tested
in the 400 — 500 GHz range
(including a j, ~ 45 kA/cm? mixer)
220 I i i
» same approach recently used for: 200+ AIO_ barrier based SIS junction //
SIS Junctions Based on AlO, Barrier 11 J ~ 25 kAlem? g
160-|—
- jJunction quality comparable for < 140 ¢~ 0.75 pm
current density up to 25 kA/cm? = 400l 9720
- fabrication not optimized yet 5 100
% 80
> we have a promising additional option 60
for fabricating high-j. SIS mixers 40
20 ™~ )
0
0 1 2 3 4 5

SIS voltage (mV)



Ultra high current density SIS junction

Nb/Al/AIN/Al/Nb =

700

600-

o
o
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SIS current ( A)

IV characteristics of three junctions, nominal
diameter ¢, = 1.0, 0.9 and 0.8 pm, made from

- J. ~ 45 kA /cm?

\
\

-

i

.Ili

)

2

3 4

SIS voltage (mV)

the layer stack Nb/Al,AIN /Al/Nb.

quality factor g

25

20

15

10

\

Al over layer 6-8 nm
6-8 nm

e \_

AIN barrier ~1nm

10 20

30 40 50

current density /. // kA/lcm?



Trx, (DSB) [K]

High Critical Current Density (J.)
SIS Junction Device Development

200
Blue: Band 8 production (13 kA/cm?)
Red: High J. mixer (24 kA/cm?)
150 A
100 A
50 1
O T T T T
400 420 440 460 480

LO Frequency [GHz]

Band 7 275 -370 GHz

Band 8 385-500 GHz } Unification !

500
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Nb.Ge/NbOx/Al/NbiE & DL . Fl =

‘Nb,Ge/NbOx/Al/Nbiz & B A D #F 28 1=E

‘PbIZR AT, 1E5FRY, BEMAIIZZ TE 7ENbZE F
—SISRFDREM. 1558 Iimr‘u:
—XRAESISERF A

ANV I FEDER

— Bk

B DNbED RIHICEDHHIEZEIRR, - —YFERDIER

—EEEREEESDEIR : :
R — B ZEHT. Nb,Ge/NbOx/Al/NbiZE &1 EE1ERK

*%?%L@ﬁﬁﬁ ZEMEDMR E

ANb3Ge ~ 3.46 meV

Nb
GAP ~ 1.7 THz
Al — NbO. J
Nb,Ge Anp ~ 1.35 meV
X'tal ALO, (sapphire) substrate foap = 0.7 THz

ANb3G6 + Anp =~ 4.81 meV — fgap ~ 1.2 THz
— fMAX ~ szAP — 2.4 THz



Simulated RF response of a Nb3Ge/barrier/Nb junction

7 , r 7 r .
‘ No RF v No RF eV
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Nb3Ge/SIO2/Pb junction

ul-
Pb F‘WJ‘/ c.
Si0y —air i n AR i

NS

d

b

20 ﬂ".n

510 — RN AN

Y ///////W

Fig.1 Different steps during structuring Gf.
a tunneljunction sandwich {ef. text).

M. Muck et al., IEEE Trans. Magn.,
Vol. 23(2), 1493 — 1496, 1987.

60+
NbsGe / Si0;/Pb |
T=4.2K A
E:L 1
=20
| | - | |
-6 =2 _D 8
Ly VImV]—
-40
-60

Fig.2 I-V characteristic of a Nb,Ge-510,-Pb
tunnel Jjunction.

Note:
Pb was etched by FeClgz solution,

whereas Nb3Ge was etched reactively
in an SFg plasma.



I-V curves of Nb-based SIS junctions

I T I T | T
015 . L |
o
5 — 1y, (BSE]

ED.ID— =
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oLt 1 L ] ] 1 L I 5 1 7 . ] &
Nb/NbO, /PbBi
150 R. F. Broom et al., IEEE Trans.
125 Electron Dev., ED-27, 1998, (1980).
Elm 220
i - .
i 160 /
25 < 140 p—r”
-== §120
e 1.0 2.0 30 5 100
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G. Hawkins and J. Clarke. 0 ; ; — : : !
J. Appl. Phys., 47, 1616 (1976) SIS voltage (V)

Nb/Al/AlOy /Al/Nb



Nb3Ge/NbOx/Pb junction

Nb3Ge/Oxide/Pb

K. Tanabe and O. Michikami, J. Appl. Phys.,

Substrate: (1102) Sapphire (R plane)
Nb3Ge preparation:

DC magnetron sputtering

Target: Arc melted Nbqg 742Geg 253

Subst. Temp.: ~700 C

Sputt. Rate: ~20 nm/min.
Thickness: 300-400 nm
Tc:21.3K
(Breaking vacuum)
Base electrode patterning: Chemical etching
(Breaking vacuum)
Base electrode cleaning: Ar + 9.7vol%CF,4

vol.58(9), 3519-3528, 1985. Oxidation: Plasma oxidation, Ar + 8.1vol%0O-

Pb: T, =72K

4 Pa, 60V, 1-30 min. (typcal)
Pb deposition:
Thermal deposition, 400-600 nm

Pb — Nb
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Suppression of leakage current

Nb

Nb or Nb3Ge

NbOXx

(Semi-cond.)

6Nb+5A1,03 — 10Al4-3NbyOs5

Nb or Nb3Ge

Nb or Nb3Ge
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NbsGe/Oxide/Pb

K. Tanabe and O. Michikami, J. Appl. Phys.,
vol.58(9), 3519-3528, 1985.

Nb,Ge/NbOx/Pb — Nb,Ge/NbOx/Al/Nb
| Substrate: (1102) Sapphire (R plane)

Nb.Ge preparation:

DC magnetron sputtering
Target: Arc melted Nb, _,,

Subst. Temp.: ~700 C

Sputt. Rate: ~20 nm/min.
Thickness: 300-400 nm
Tc:21.3K
(Breaking vacuum)
Base electrode patterning: Chemical etching
(Breaking vacuum)
Base electrode cleaning: Ar + 9.7vol%CF,

Oxidation: Plasma oxidation, Ar + 8.1vol%0O
4 Pa, 60 V, 1-30 min. (typcal)

Ge

0.258

2

Pb deposition:
Thermal deposition, 400-600 nm

:

Al/Nb deposition:
E-beam deposition, 400-600 nm




Fabricaton of a SIS junction with a Nb,Ge base electrode

ANb;Ge ~ 3.46 meV

Nb
fp— NDO, Anp ~ 1.35 meV
Nb3Ge fGAP ~ 1.2 THz

Q

max 2.4 THz

X'tal AL O, (sapphire) substrate

Procedure of the growth of the quadruple-layers (FI—EZHh TEZEZHE 5T (ZEHHE)

1 Substrate temperature elevation Up to 950 C Sputter chamber
2 Nb3Ge sputter ®2 inch target, confocal config. Sputter chamber
3 Substrate temperature cool down  Down to room temperature Sputter chamber
4 Plasma oxidation (NbOXx) 10%O02/Ar Load locked chamber
5 Al deposition < 10 nm thick SIRUIEL GRELTIR)

or evaporation chamber

6 Nb deposition 100 nm Sputter chamber
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Resistance (£
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Nb3GeFE R D {E

250t
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Nb3Ge/Quartz
Td(’pr) =950 ° C

400

Resistance (£}
= ] Lo Ll
[=] th [=1 h
=] =] =] =

@
=]

100
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5 10 15
Temperature (K)

20
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50 100 150 200
Temperature (K)

250

120
100k NbsGe/Sapphire
Tdepa =950°C
80t
@ 120
3
g 60 | 100!
g 80
K
40t R
S 40
201 20
30 9 5 10 15 20 25 3
Temperature (K)
300 00 50 100 150 200 250

Fabricated and measured by H. Yamashita

Temperature (K)
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Shutter for pu—uulturln'_ Clnen ! - . -
T-5 distanzi ! 165ms

: ¥
= 10 - -
NoiGe Py = 0.8Pa o »
Input peewnr ; 26500 B I
m
(=T
Hapter E-:
Sepphire Subshimie  $35 For]
-]
e 10
3
. 5 v
Shitiee Tor pre-sputisneg - Opsan - 1
£ 3 n b b
T-5 dhilafsi | 165mE

Nb;Ge Py = 0.4 0r0.8Pa
barget o TS50 204 ESD 00 a5n

mput poyess ; 25N
Subsirate Temperalure S0

Sputtering apparatus

® :Ar pressure = 0.4Pa, Shutter: open, 12 nm/min
® : Ar pressure = 0.8Pa, Shutter: open, 7 nm/min
® : Ar pressure = 0.8Pa, Shutter: close, 2 nm/min

M : No transition

Nb3Ge film on 35-mm® sapphire



Future work

» & Tc Nb3GefRDERSEHDHERE

+ Nb3Ge/Oxide/Al/Nb SISIES DIERL
oxide: Al,O3 or Nb,Og

Al,Og Nb
or
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Nb or Nb3Ge
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