Progress in Superconductivity Vol.4 No.1 pp37-41

31 October 2002

Simulation Study of RSFQ OR-gates and Their Layouts for
Nb Process

D. W. Nam, H. S. Hong, J. H. Kang
Department of Physics, University of Incheon

Abstract

In this work, we have designed two different kinds of Rapid Single Flux Quantum (RSFQ) OR-gates. One was based on

the already developed RSFQ cells and the other was aimed

to develop a more compact version. In the first circuit, we used a

combination of two D Flip-Flops and a merger and in the other circuit we used a combination of RS FlipFlops and

Confluence Buffer. We tested the circuit performance by

using the simulation tools, Xic and Wrspice. We obtained the

operation margins of the circuit elements by a margin calculation program,and we obtained the minimum operation margins
of +30%. The circuits were laid out, aimed to fabricate by using the existing KRISS Nb process. KRISS Nb process includes

the Nb/Al,O3/Nb trilayer fabricated by DC magnetron sput

tering and the reactive ion etching technique for the definition of

the features. The major tools used in the layouts were Xicand L-meter.
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Fig. 1. Cross section of Josephson electronic device.
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Fig. 2. Circuit diagram of the general OR-gate.
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Fig. 3. Simulation results of the general OR-gate.

Table 1. Truth table of the OR-gate.

Input 1 Input 2 Output
1 0 1
0 0 0
I 1 1
0 1 1

Table 2. Margins of the junctions in the general OR-gate.

Name | Center(mA) | (-) margin % | (+) margin %
B10 0.4 62.50 >100.00
BI1 0.2 100.00 30.00
B12 0.2 40.00 35.00
B19 0.3 43.33 43.33
B20 0.19 36.84 31.58
B21 0.3 40.00 >100.00
B22 0.25 100.00 52.00
B23 0.33 100.00 33.33
B24 0.2 40.00 40.00
BS5 0.25 100.00 92.00
B6 0.19 84.21 52.63
B7 0.2 50.00 40.00
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Fig. 4. Circuit diagram of the OR-gate constructed by the
combination of RS flip-flop and Confluence buffer.
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Fig. 5. Simulation results of the OR-gate constructed by the
combination of RS flip-flop and Confluence buffer.
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Table 3. Margins of the OR-gate constructed by the
combination of RS flip-flop and Confluence buffer.
(Unit; Junction-mA, Inductor-pH)

Lable Center |(-)margin % |(+) margin%
BS5 0.25 56.00 48.00
B6 0.24 75.00 >1000.00
B7 0.24 100.00 95.83
B8 0.22 100.00 186.36
B9 0.22 100.00 195.45
B10 0.18 77.78 538.89
Bl1l 0.18 77.78 72.22
L5 3.20 68.75 >1000.00
L6 0.60 100.00 >1000.00
L7 0.60 100.00 >1000.00
L12 0.4 100.00 1450.00
L13 2.53 37.50 145.06
L14 1.00 36.11 1000.00
LCT41 2.60 100.00 375.77
LTTIN 8.50 80.24 141.18
16 0.45 42.22 35.56
Vo 2.50 72.00 84.00
BTT22 0.24 100.00 58.33
BITS 0.20 100.00 70.00
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Fig. 6. Layout of the general OR-gate

Fig. 7. OR-gate layout of the combination RS flip-flop and
Conflence buffer
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