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Abstract

Superconductive digital to analog converters (DAC) based on Josephson effect produce the voltage steps with high
precision and good stability. Therefore, they can be applied to obtain a very accurate ac voltage standard. In this paper, we
made a simulation study of Rapid Single Flux Quantum (RSFQ) DAC. RSFQ DAC was composed of Non-destructive Read
Out (NDRO) cells, T flip-flops , D flip-flops, Splitters, and Confluence Buffers. Confluence Buffer was used in resetting the
DACs. We also obtained operating margins of the important circuit parameters in simulations.
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Fig. 1. Block diagram of digital-to-analog circuit.

Bolzx vle} Zro] Non-Destructive Read-Out
(NDRO), Toggle Flip-Flop (TFF), D Flip-Flop (DFF)
Splitter, Confluence Buffer (CB) 5 & A8-3}hed
T4 3t} Binary code® ¥ digital input©]
most significant bit (MSB)2 ¢ZF o= HE 3
e CBe| Z1#]lal 1 thg significant bit -
I U CBRE FabAeE® fJEEA "o
o] 714 digital code®] Y=ol Jojx] CBE A&
3 o] HE resets Y3 Ao F digital inputs
DFFoll AAAAH FOEH reset A5 23]
o] k& ™Al CBE E38l9l NDRO 3|20 ¢
HAZ] 024 NDRO 329 AHES “0” ZH
2 ghEo] F7] fEe| ATt Clock Thaell TFF
S A 80 FZA clock A1EE o)Fwdt 3
= DACY Aol dde 329
synchronizationol] AF-&3}3 T}

HAelE YA Fig. 201+ 2 bit DAC F2F
AAEF oy F A bito] A" Ay F2
2E L8 Zd YEdgdozH o W bitd
DAC =28 74 & v & A7
Z2AE AlEHClA E5 AHEste] HATREAE A
e FastozM Fig 20] BoA RSFQ DAC
7V AR Jedes & F YT AA
AAEAN ARE A% =] P2 4 biteE
H Jd2E FAsI HAEA AE9E T
Al A8S A5ko] Whiteley Aol A 7lat
® XIC softwareE A X|3to] A&} &

— :> Analog Out
R splitter >
splitter >
splitter splitter
DFF » CB * OFF 1
cB > c8 [PINORO) >
clock L {
y
DFF DFF
DFF DFF
Y I—> 3 |—>
TFF L TFF TFF |
reset >

Fig. 2. Schematic diagram of RSFQ DAC.
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Fig. 3. Directly coupled voltage multiplier
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Fig. 4. Magnetically coupled voltage multiplier
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Fig. 5. Simulation results of the magnetically coupled
2-stage voltage multiplier. Two output pulses are generated
for each input pulse.
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Fig. 6. Bias current margins of a magnetically coupled
2-stage voltage multiplier circuit. The y-axis represents the
bias current values applied to the right hand junction and
the x-axis represents the bias current values applied to the
left hand junction.
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Fig. 7. Simulation results of a magnetically coup led 8-stage
voltage multiplier circuit. Eight output pulses are generated
for each input pulse.
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Fig. 8. Layout of the magnetically coupled 2-stage voltage
multiplier. The magnetically coupled parts are indicated by
arrows. Above the magnetically coupled parts, Josephson

transmission lines lie and below them, voltage

multiplications arise.
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