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Abstract

The Arithmetic Logic Unit (ALU) is a core element of a computer processor that performs arithmetic and logic operations
on the operands in computer instruction words. We have developed and tested an RSFQ multi-bit ALU constructed with half
adder unit cells. To reduce the complexity of the ALU, We used half adder unit cells. The unit cells were constructed of one
half adder and three dc switches. The timing problem in the complex circuits has been a very important issue. We have
calculated the delay time of all components in the circuit by using Josephson circuit simulation tools of XIC, WRspice™, and
Julia. To make the circuit work faster, we used a forward clocking scheme. This required a careful design of timing between
clock and data pulses in ALU. The designed ALU had limited operation functions of OR, AND, XOR, and ADD. It had a
pipeline structure. 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. For high-speed tests, we used an eye-diagram technique. Our 4-bit
ALU operated correctly at up to 5 GHz clock frequency.
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Fig. 1. Schematic block diagram of the 1-bit ALU that uses
only one half adder. Four logic operations of OR, AND,
ADD, and XOR can be performed by controlling the three
dc switches a. b, and c.

Table 1. Switch selections for each logic function in the
superconductive ALU.
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Fig. 2. SPICE simulation results of the 1-bit ALU block.
Due to the propagation delay, there was about 180 psec
delay between the inputs and the outputs. Correct operation
of the circuit was observed with the circuit margins of
more than £25 %.
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Fig. 3. Mask layout of the fabricated 1-bit ALU. The
designed 1-bit ALU had about 151 Josephson junctions,
and occupied the layout area of 1450 pm x 800 um.
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Fig. 4. Mask layout of the fabricated 4-bit ALU. The
designed 4-bit ALU had about 354 Josephson junctions,
and occupied the layout area of 2200 um x 970 um.
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Fig. 5. Mask layout of the fabricated 4-bit ALU. The
designed 4-bit ALU had about 936 Josephson junctions,
and occupied the layout area of 3000 um x 1500 um. By
using non-standard cells, we could construct more compact
circuits and simplify the designs.
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Fig. 6. Block diagram of 2-bit ALU measurement system.
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Fig. 7. 5-GHz test results of the 1-bit ALU block. The
above graph shows OR, AND, XOR and ADD of the 1-bit
ALU block.
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Fig. 8. shows high-speed eye diagram test results of the
2-bit ALU at 5 GHz. These results were ADD test.
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