SAND2016- 8535C

Sandia
Exceptional service in the national interest National
Laboratories

“Wafer Level Fabrication of Planarized J osephson Junctions

with TaN_ Barriers
M.D. Henry, S. Woltley, J. Miner, E.A. Douglas, T.R. Young, R. Lewis, L. Brunke, C.J. Pearce, T. Monson, N. Missert

MMCAd DY AdjuSUMmcCr 0 1€ 2 dINld AT partial prc Urc and dcpao Ol POWCI. DY [OIM1 walcr top 1O Al dl TOOIX CINPCIraturc. VI [V MCASUTrCICI 011 Pd
and FC) and I-V measurements of 4um junctions in LHe were performed.

grown and stabilized. Further, Nb/AI-AlO,/Nb junctions with moderate critical current was petio & A Ot .
densities require the addition of a shunt resistor, which adds complexity to the design and sweeping the N,, TaN, can undergo RT resistivity change as well as RRR variations altering

fabrication [2]. In this work, a TaN_ barrier, planarized wafer level process is demonstrated the film from superconducting to more insulating. The deposition parameters utilized for JJ » e o
using niobium superconducting layers and tantalum nitride for the barrier layer. Control devices was : Ar 15 scem, N, 8 scem, 250 W power at 3.9 mTorr. {1 | g 8 El °
over the sputtering parameters during deposition permits variation of the TaN, electronic b 5 5 = A
properties from superconducting to insulating at cryogenic temperatures. Nb/TaN,/Nb 103 » | ™~ il ] _[E : o o
junctions may offer increased robustness in fabrication sensitivity and fabrication process | a— E] E] —5 N Room Temp A
_ : _ i B g : o ]
variations relative to those of Nb/Al-AlO,/Nb [3]. 8 S e B & i gls ._
@102. © ﬁ 1(): :gg.%A)NI\zlz E] : B a0 o ° A
; ° 5o —40 % N2 _. = s A o ©
< o = | —37.5%N2 g | B B %0 o00© A
° ° iy o qgg:- 28.5% N2 %B B_g E|:| AA 00O AA -
Fabrication Sequence 40° | ' 4k %o fAanaanaddt g0
$10'} o S of ‘.]—E] E]—E] UUUUI:II:II:II:IEIUUUU
& e S | ' B B -
: | 1t B - :
a)Trilayer of Nb (200 nm) / TaN, ~ o © 2 4 =L iy  Aa00B08BRBRBRRANG A |
(10/20/40nm) / Nb (200 nm) is Room Temp Z | i B I S -
: . . . . S of
deposited 10 20 30 40 50 %2
. . N, Partial P % Ty ——————e———————————————————————————
b)Mesa etch 1s patterned and etched into p Paral Fressure () ol . . . :
0 100 200 273 ¥ ]
the bottom layer of Nb. Temperature (K) : :
c)Metal 1 etches the remaining stack 4 O TaN 10m ':
. : TaN 20 nm ]
down to the bottom oxide. ~ | 8 TeN 40om :
d)CVD Silicon dioxide is deposited over 2o OOm Tetp 'E = S o a
: : IR e
the metal stack. E g . . ° 5 o A«
. N 0.0002 { 2ok ; g 0.
¢)CMP flattens the oxide. : > §2:A 6 ooooooooo ] 20 8 & 4 a -
. s [ (@) ] v i (m}
f) A first oxide etch slowly etches back the E g of =~ 2 EUAAAAAAAQAAAAAAAAAE N egé - ;
. . . P = E=E = : o ]
oxide everywhere until the top Nb is s oo / zlf "“ouooo 0oO0opooaold 7 2 %D Room Temp :
exposed. g s | TNz - Seeem ' B 1sf oo %%ﬁ 2
. . ED —1a -/ SCcCm T
g)Metal 2 (Nb 200 nm) is deposited. 200004} rao27s - dseem, 0 o 1 8§§ ?(8) o
h)Metal 2 is patterned. —TaN2276 -6 scem N, 0.5 S
08 ‘ ‘ ‘ ‘ ‘ -0.0006 ¢ —TaN2277 - 8 scem N, ] [ ] AP R S S P S ]
Y ey, | 0 N 10 15 0 0l 02 03 04 05 06 07
s 10 s Die Number (From wafer top to flat) 1/Junction Diameter (7m)
Temperature (K)
1 — T e, T
0 ! b~ TaN10mm 4 um Diameter
[ ([ ] ([ ] [ J B B
| ~TaN 20
Niobium Characterization ~ | TN 0w
Plasma Etch and CMP 5
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