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Abstract

Design and Measurement of SFQ DFFC and Inverter
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We have designed and measured a SFQ(Single Flux Quantum) DFFC and an Inverter(NOT) for superconducting
ALU(Arithmetic Logic Unit) development. To optimize the circuit, we used Julia, XIC, and L meter for circuit simulations
and circuit layouts. The Inverter was consisted of a D Flip-Flop, a data input, a clock input and a data output. If a data pulse
arrives at the inverter, then the output reads ‘0’ (no output pulse is produced) at the next clock period. If there is no input data
pulse, it reads out ‘1’ (output pulse is produced). The DFFC was consisted of a D flip-Flop, an Inverter, a Data in, a Clock in
and two outputs. If a data pulse arrives at the DFFC circuit, then the output2 reads ‘1° at the next clock period, otherwise it
reads out ‘1’ to outputl. Operation of the fabricated chip was performed at the liquid helium temperature and at the
frequencies of 1kHz..
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Fig. 1. Schematic diagram of SFQ DFFC circuit. 10=3.6,
11=2.5,12=4.2,13=5, 14=2.9, JI5=1.57, JC4=JO11=1.9,
JC3 =J14=]J012 =2.24 , JC2 =J11=J12 =2.68, J23 =JCl=
JO21=J022=3.14, JI3=4.48. unit : 1=0.125 mA
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Fig. 2. Schematic diagram of SFQ Inverter. 1C=1.889,
ID=2.249, 10=2.089, IU=1.079, JD3=1.57, JD2=]D4= 2.24,
JO1=]02 =JU2=2.68, ID1=JU1=3.14 .

unit : 1=0.125 mA



Design and Measurement of SFQ DFFC and Inverter 19

T T
0 500 1000

(247.85 , 1.53) Alx ¢

S RO SUUU S mma‘m.sléu(jdl)f
5 NN O O L -------
! 5 i
: : ;
500 1000
(1100.00, -0.82) ERE]
l 1 — main.41iu(jo2)
05 S EYFFT A= e e T T
j ikl SEBI  —
I| T ‘| T I|
0 500 1000
(1152.16, 0.58) 24
’ l l Juain.s1.out
T T T T T
0 500 1000
TIME (ps)

Fig. 3. Simulation results of SFQ Inverter.

Fig. 5. Microscope image of SFQ Inverter

Polds Y3 Fol= vl BAS T3y
7} parameter®] ®hZ gho] Hujrt HLEE 3=
£ A3 AFch. DFFCY Inverterd] HAi A
A wzle 125%0)dE 98 T AN Fig 4
¢} Fig. 55 10 layer processoll <3 #jzt=
DFFC%} Inverterd] P73 ARZ-E YERRI QL
ot £ dA7eA A" HY ARE v=
Hypresoll oJ#ste] Azsiglon, Az 34
£ 539 Nb F, 439 Si0, &, 1709 Mo &
a3 1719 ALOEol F&Fo] Qi) =
o] Layout® #ZA3lsl7] $13t] Layout’ ol
A JYEAE FE3 F5 LmeterE: AHE3IA
o} XICe2 123 layout®} schematic circuit
diagramo] M2 U x|3te]ol A& AYRIATL
FE2dt. M2 dAEA F& A B8t
A gAY dgrt dAyEt A doh

A4dE A& SA4st7] k] 40pin high
speed cryoprobe, YA TH LAY QA7 AmT
a3 AFRIIZAE AFEs o, AlgH
QHABAFAIE 300 kHz F35 WG 1
mV/dive] FAREE 7R & Aol dx &

Fig. 4. Microscope image of SFQ DFFC
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Fig. 6. Measurement result of SFQ DFFC
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