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Development of Program counter through the optimization of
RSFQ Toggle Flip-Flop
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Abstract: We has designed, fabricated, and dx, AEHolA 2 3T IS WRspiceM[7]&
measured a Single flux quantum (SFQ) toggle
flip-flop (TFF). The TFF is widely wused in
superconductive digital electronics circuits. Many
digital devices, such as frequency counter, counting 2. = =

ADC and program counter be used TFF. Specially,
a program counter may be constructed based on
TFF. We have designed the newly TFF and
obtained high bias margins on test. In this work,
we used two circuit simulation tools, WRspice and
Julia, as circuit optimization tools. We used XIC for
a layout tool. Newly designed TFF had minimum
bias margins of +/- 37 % and maximum bias
margins of +/- 99 %(enhanced from +/- 85 %). The
designed circuits were fabricated by using Nb
technology. The test results showed that the
re-optimized TFF operated correctly on 100kHz and
had a very wide bias margins of +/- 63 %.

Key Words: digital, superconductivity, Josephson
junction, Toggle flip-flop, program counter, Single
flux quantum.
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Fig. 1. The layout of the counter. The main picture
is currently used TFF.

Fig. 2. The currently used TFF circuit.
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Table 1. Margins of the currently used TFF
(I'mA, J'mA, L:pH, X:golbal margin).

Device | Center (+/-)
Name | Value (=) Value (+) Ya}}le margin %
I; 0.97 0.67 1.36 30
I - 0.19 0.02 0.37 85
Ja 0.34 0.24 0.56 27
Jax 0.34 0.12 0.41 22
Jb 0.2 0.07 0.38 63
Jia 0.47 0.04 0.65 39
Tob 0.39 0.03 0.57 48
Leo 3.61 1.71 5.92 52
L, 2.02 0.48 2.67 32
Loz 1.11 0.11 2.12 99
Lo; 0.99 0.14 1.89 85
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Fig. 3. Schematic block diagram of the newly
designed TFF.
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Fig. 4. Simulation result of the newly designed TFF.

Fig. 5. The newly designed TFF circuit.

Table 2. Margins of the newly designed TFF
(I'mA, JmA, L:pH, X:golbal margin).

Device Center (-) Value|(+) Value (+/__)

Name Value margin %
L 087 | o054 | 119 37
I; 0.09 0.01 0.17 >99
Ja 0.24 0.02 0.32 37
Jax 0.2 0.13 0.34 33
Jb 0.2 0.09 0.33 52
Jia 0.47 0.15 0.68 45
Job 0.39 0.19 0.53 37
Lo 4.65 16 6.9 49
Lo 0.83 0.23 1.59 71
| 0.75 0.29 1.43 61

23. 82 &4

Fig. 62 #lole}S& 3 ZHijolni, TFF ek
H2E% £ JEE A oHE &) dHEz
1 F ofgiEe]l DC to SFQ -‘?’—-bv"o]‘?i & 0]
Monitoring -+ ] t}. °1E A& = DC to SFQY JTL
37E AXHA TFF 9% & 1 Sol7t TFFE A%
AFE oAl JTL 3712 A ofeFE RE SFQ to
DC 322 4E9r



HY A &
o

[_9.

o] #olol-2o] #A Alo]Fiz 940 ym x 227 umo] T
TFFalue] 7] 83 im x 103 mmeolth, -8 #o]
ol & EUZ F2E Asted FHAstdn. Fig 72
ZA Aot gl B AFE AT EYEFo]

~0
=

owel gwor W A% ¥ 4 Atk ol3e
SFQ to DC o %#o] SFQiEel Was dehinz
44 BHYE ¢ 7 Ak b2 F AIE shAE

utz ek SFQ to DC& AXEBR A4 259 379 3
el g vEpdth ol 24 100 KHzl A A4 % Aete

A% ¢ F Atk o9 ze] A HF vpAe
Table 331 7tk -2t Aol +/- 63 %E ¥ A

T 4o
1, bias l

—>
Input bias i Out
In
Mon bias
I; bias 1
.
Output blas
—

Fig. 6. Layout of the newly designed TFF.
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Ilg 7 Test result at 100 kH/

Table 3. The newly designed TFF margins at
100kHz., (Value : mA)

. ] Center () (+) (+/)
Device Namej | . . .
Value Value Value | margin

Ii 0.57 0 1.15 100 %

TFF

I; 0.22 0.08 0.36 63.6 %

Input 3.7 2.46 3.75 34 %
Output 2.76 1.54 3.99 44.3 %
Monitoring 1.92 1.02 2.82 46.9 %
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Fig. 8. Schematic block diagram of the program
counter.
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Fig. 9. Layout of 1-bit program counter.

1-Dit Qutput A-bit Output
4
‘ !
<, 1-DILPC o 1-Dit PG 1 1-it PCP 1-0itFC a) 1-Dit PG 1-DIPG o 1-DIE P Ly 1-0LPC
L

g !

<4 T-DIUPG e 1-DILPC e 1-DILPC 4 101 PC (o 1-DILPC o 1-DILPE ey 1-DIEPC (o 1-DLPC

4
9-bit Output

Fig. 10. Layout of 16-bit program counter.
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