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Abstract - Confluence buffers and single
flux quantum (SFQ) switches are
essential components in constructing a
high speed superconductive Arithmetic
Logic Unit (ALU). In this work, we
developed a SFQ confluence buffer and
an SFQ switch. It is very important to
optimize the circuit parameters of a
confluence buffer and an SFQ switch to
implement them into an ALU. The
confluence buffer that we are currently
using has a small bias margin of *11%.
By optimizing it with a Josephson circuit
simulator, we improved the design of
confluence buffer. Our simulation study
showed that we improved bias global
margin of 10% more than the existent
confluence buffer. In simulations, the
minimal bias margin was *33%. We also
designed, fabricated, and tested an SFQ
switch operating in a DC mode. The
mask layout used to fabricate the SFQ
switch was obtained after  circuit
optimization. The test results of our SFQ
switch showed that it operated correctly
and had a reasonably wide margin of
+15%.
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Fig. 1. Circuit diagram of the confluence
buffer.
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Table 1. The existent confluence buffer
margins obtained with Julia. The
minimal margin was $26%
Device Center | (-)margin | (+)margin
Name Value (%) (%)
Ja 0.39mA 73 67
Jax 0.28mA 67 90
Jb 0.39mA 73 71
Jbx 0.28mA 67 90
Jo 0.39mA 67 58
L1 0.55pH 90 90
L2 0.55pH 90 90
L3 0.58pH 90 90
L4 0.9pH 90 90
10 0.828mA 26 30
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Fig. 2. Mask layout of the confluence
buffer. Confluence buffer core circuit,
inputs, output, and the bias current are
shown on the figure.
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Fig. 3. Circuit simulation results of the
confluence buffer obtained with WRspice.
Delays in output data were caused by
the Josephson Transmission Lines.
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Table 2. The optimize confluence buffer
margins obtained with Julia. The minimal
margin was *33%

Device Center | (-~)margin | (+)margin

Name Value (%) (%)
Ja 0.22mA 90 90
Jax 0.22mA 73 61
Jb 0.22mA 90 90
Jbx 0.22mA 73 61
Jo 0.24mA 90 90
L1 0.63pH 90 90
L2 0.63pH 90 90
L3 1pH 90 90
L4 3.17pH 90 90
10 0.46mA 33 37
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Table 3. The Global margin result of optimized
confluence buffer obtained with Julia

parameter | ()margin | (H)margin | (-)margin |(+)margin
(%) (%) (%) (%)
Bias 22 24 33 32
Junction 19 36 27 33
Inductor 67 83 52 90
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Fig. 4. Mask layout of the new designed

confluence buffer. Confluence buffer core
circuit, inputs, output, and the bias
current are shown on the figure.
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Fig. 5. Circuit schematics of the designed SFQ
switch. Lin = 0.62pH, Lox = 2.80pH, Jor =0.17mA,
JJon - 037InA, Isw = 85rnA

In Bvldeir SFQ pulseZt ¢&He] =W L, ¢
HHE AU Z2Z" junction JJuarE AYA #H
ot old I Hbe]lolA7F 1o JJon junction©]

115

293 1 pulsex Lout dEHE Ay Out®:
o2 UrHA €t

a8y 29X19 Ly Hlelol2rt 0Y Helle E28
junction?! JJo7F 2R 8t pulsew AEET.

a8 62 & A7 fARlE SFQ DC £
219l Alg#old Aotk W HEFES aHEZE
data InputS RAFn glon H3te ag=
E 29 vloloiAQl I, o ¥EE =2
P

Wl ofefl Y= vlelo] Ao WE outputd E
o F3 ot vlolojArt QlE wels HAAHC
2 output® B & gz, vio]oxvt glE o
= outpute] §l&< & # Stk ol F3 DC

=9A7F A% AFEE ¢ 5 Aok

23

W Inputédum

SURSE: WS SN SO

Artutrary Unit
u\
2...

[:34]

Time {ms}

Fig. 6. Circuit simulation results of the
designed SFQ DC switch. (1101) data patterns
were used in simulations.
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Table 4. The designed DC switch margzin
result. The minimal margin was +37%

Device | Center | (-)margin |(+)margin

Name Value (%) (%)
JJoff 0.17mA 81.82 81.82
Jdon 0.37mA 37.84 37.84
Lin 0.62pH 100 100
Lout 2.80pH 25.0 >100
Tsw 3.5mA 43 43
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Fig. 7. Mask layout of the designed SFQ DC
switch. SFQ core circuit, inputs, output, and
the bias current(Isw) are shown on the figure.
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