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Abstract

We have designed and simulated an 1-bit ALU (Arithmetic Logic Unit) by using a half adder. An ALU is the part of a
computer processor that carries out arithmetic and logic operations on the operands in computer instruction words. The
designed ALU had limited operation functions of OR, AND, XOR, and ADD. It had a pipeline structure. We constructed an
1-bit ALU by using only one half adder and three control switches. We designed the control switches in two ways, dc switch
and NDRO (Non Destructive Read Out) switch. We used dc switches because they were simple to use. NDRO pulse switches
were used because they can be easily controlled by control signals of SET and RESET and show fast response time. The
simulation results showed that designed circuits operate correctly and the circuit minimum margins were +/-27%. In this
work, we used simulation tools of XIC and WRSPICE. The circuit layouts were also performed. The circuits are being
fabricated.
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Fig. 1. Schematic block diagram of a conventional RSFQ
ALU. Clock pulses travel in reverse direction to the data Fig 3. Block diagram of an RSFQ ALU, In this simulation,
flow. we used three NDRO switches and a Half Adder
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Fig 5. WRSPICE simulation results of the DC switch. The
data pass the switch when the bias to the switch is on and
are blocked when the bias is off.
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Table 2. Circuit margins of the DC switch obtained from
the circuit simulations
(Unit. Junction-mA, Inductor-pH, SW bias-mV)

II)\IZ‘;LC: (\:lelt;r (-) Value | (+)Value [(+/-) margin %
B3 0.17 0.03 0.30 82
BTT22 | 0.37 0.23 0.51 38
LJ22 0.62 0 1.24 100
L 0.93 0 1.85 100
LTTIN | 2.80 2.10 >20 >100
LIBCTJ4] 2.00 0 >20 >100
RIBCTJ4| 10.50 6 15 43
SW bias 35 2 5 43

swW Biasl

Fig. 6. Layout result of DC switch
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Fig. 8. (a)WRSPICE simulation result of NDRO switch
(b) magnification the result
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Fig. 10. SPICE simulation results of the RSFQ ALU. In
this simulation, we used NDRO gates as RSFQ switches to
select logic functions.
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Fig. 11. 1-bit ALU Layout constructed with a Half Adder
and three NDRO switches.

1 ns ~ 2 ns Ato]ol A= ANDS} XOR7} 43

L= AR 24& stk Fig. 109 A34E
S ALUZE Aoz $3ES 4 5 Ao

Fig. 112 & A7E T3 dAU= 1bit ALU
9] layout Z3}o|t}.

YA} E test chip] H7]E 5 mm x 5 mmo] W
4071 9] contact padE 7}FA 21 Q)T

1-bit ALUY ZF7]= 2 mm x 1 mmo|t}
DC/SFQ Data input¥ 7] € 3} SFQ/DC output, =1
BE Hud To2 745 Ao

II1. Conclusion

2 AFE %3] RSFQ 1-bit ALUZ t]A}41&}
Aot AlEHolAE B3 AR ALUE 29
Ao A functions A ®3glel] wEl AND, OR,
XOR, ADD?] =g a2t} A&ANE F3TS
SFelstdh, 3 chip layoutd 38313t} Al
Ztd 329 margine +/-27%E FAFoF I

F 24 Alzo] RolIdEF B3t

Acknowledgments

€ 97= 2147] ZRIE AFEAgRl
A 2HE=SE7IE/ME AYEe] AT
ALzt gt A4 deeido] A7l
Blo] d7n] A gl o) FAHASYT

References

f11 K. K. Likarev and V. K. Semenov, “RSFQ
Logic/Memory Family: A new Josephson-Junction
Technology for sub-Terahertz Clock-Frequency
Digital Systems”, IEEE Trans. Appl. Supercond,
13-28, (1991).

[2] K. R. Jung, J. H. Park, H. R. Lim, Y. R. Jang, J. H.

Kang, T. S. Han, “Design and Measurement of an

SFQ gate composed of a D Flip-Flop and a

Confluence Buffer”, Progress in Superconductivity

Vol. 4 No.2 127-131, (2003).

Theodore Van Duzer and Charles W. Turner,

“Principles of Superconductive Devices and Circuits”,

2" ed., Prentice Hall, 309-311, (1999).

{4] O. A. Mukhanov, S. V. Polonsky, V. K. Semenov,
“New elements of the RSFQ Logic Family”, IEEE
Trans. Mag., Vol.27. No.2, 2435-2438, (1991).

[5] D. W. Nam, H. S. Hong, J. H. Kang, “Simulation
Study of RSFQ OR-gates and Their Layouts for Nb
Process”, Progress in Supercond. Vol. 4 No.l 33-41,
(2002).

[6] O. A. Mukhanov, S. V. Rylov, V. K. Semenov, S. V.
Vyshenskii, “RSFQ Logic Arithmetic”, IEEE Trans
Mag., Vol. 25 857-860 (1989).

[7] V. K. Kaplunenko, M. 1. Khabipov, V. P. Koshelets,
K. K. Likharev, “Experimental Study of the RSFQ
Logic Elements”, [EEE Trans. Mag., Vol. 25 861-864
(1989).

[8] Andrzej Krasniewski, “Logic Simulation of RSFQ
circuits”, IEEE Trans. Appl. Supercond., Vol. 3 33-38
(1993).

[9] Junichi Koshiyama, Nobuyuki Yoshikawa, “A
Cell-Based Design Approach for RSFQ Circuits
Based Binary Decision Diagram”, IEEE Trans. Appl.
Supercond., Vol. 11 263-266 (2001).

[10] Joonhee Kang, Deepnarayan Gupta, “Demonstration
of RSFQ Digitizer on a Multichip Module”, IEEE
Trans. Appl. Supercond., Vol. 12 1848-1851 (2002).

3

—_



