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Abstract

For more than two decades Nb trilayer (Nb/Al,O3/Nb) process has been serving as the most stable fabrication process of
the Josephson junction integrated circuits. Fast development of semiconductor fabrication technology has been possible with
the recent advancement of the fabrication equipments. In this work, we took an advantage of advanced fabrication
equipments in developing a superconducting Arithmetic Logic Unit (ALU) by using Nb trilayers. The ALU is a core element
of a computer processor that performs arithmetic and logic operations on the operands in computer instruction words. We
used DC magnetron sputtering technique for metal depositions and RF sputtering technique for SiO, depositions. Various dry
etching techniques were used to define the Josephson junction areas and film pattering processes. Our Nb films were stress
free and showed the T.’s of about 9 K. To enhance the step coverage of Nb films we used reverse bias powered DC
magnetron sputtering technique. The fabricated 1-bit, 2-bit, and 4-bit ALU circuits were tested at a few kilo-hertz clock
frequency as well as a few tens giga-hertz clock frequency, respectively. Our 1-bit ALU operated correctly at up to 40 GHz
clock frequency, and the 4-bit ALU operated at up to 5 GHz clock frequency.
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Fig. 1. Cross section of the KOPTI’s 3.0 m Nb process.

(a) Pecatite SRR Ot 2,800y (Padwst 17:86Imn S anat 1 §rIEFCITS

\
1
/
/

¥

Vomeg 2003087 Hoamg 500(0.504)

ToffD 108050 (Radius: MWD Siems® 3 SHEOY

*‘.

(b) P.orafile i S

g ——t

s

¥

Y3 2ACNR 230 13 §6AC.00)

(C) g | 1 T T T T
\o i—o— 700 W, T/S=100 mm
4] _ ....... \ ........... e Seeneci i
8
5
L2
=
A
B.i2 0.i3 D.i4 UTS Uiﬁ D.i7 ng
Ar pressure [Pa]

Fig. 2. Stress test of Nb films used in Nb integrated circuit
process. (a) Surface profile of bare Si wafer. (b) Surface
profile of Nb film deposited Si wafer. (c) Stress vs. Ar
pressure. The y-axis shows the height difference between
the vertices in (b) and (a).
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Fig. 3. AFM images of Nb films for various target-
substrate distances. The film surface was smooth for 100
mm.
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Fig. 4. Schematic diagram of Nb trilayer deposition system.
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Fig. 5. SEM pictures of Nb/SiO2/Nb multilayer cross

sections. (a) With no reverse biases (b) With reverse biases.
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Fig. 7. Microscopic image of 4-bit ALU fabricated with 10
mask level Nb trilayer process.
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