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(57) ABSTRACT 

AJosephson junction transmission line (50) for transmitting 
single ?ux quantum pulses. The transmission line (50) 
includes a current source (53), a plurality of isolation 
inductors (52, 54) electrically coupled in series along the 
transmission line (50), and a plurality of Josephson junction 
circuits (60, 70) electrically coupled in parallel along the 
transmission line (50). Each of the Josephson junction 
circuits (60, 70) includes only a Josephson junction (62, 72) 
and a parasitic inductor (64, 74) coupled in series. The 
Josephson junction circuits (60, 70) do not include a damp 
ing resistor in order to reduce timing uncertainty and to 
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UNDERDAMPED J OSEPHSON TRANSMISSION 
LINE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates generally to Josephson trans 
mission lines, and more particularly, to Josephson transmis 
sion lines that employ underdamped Josephson junctions to 
enhance the speed of signal propagation. 

[0003] 2. Discussion of the Related Art 

[0004] With recent developments in superconductor tech 
nology, superconductor devices based on Josephson Junc 
tions effect are replacing conventional devices based on 
semiconductor technology for high performance and loW 
poWer. Digital circuits that employ superconductor technol 
ogy are often desirable because these devices can simulta 
neously consume very little poWer and operate at very high 
clock speeds as compared to their semiconductor counter 
parts. Because of loW poWer consumption, it is possible to 
make systems very compact. Other bene?ts for signal trans 
mission using superconducting devices include reduced sig 
nal attenuation and noise. Digital circuits that employ super 
conductor devices can operate at clock speeds eXceeding 
100 GHZ. 

[0005] Josephson transmission lines (JTL) are typically 
employed in superconductor digital circuits to manipulate 
and transmit narroW pulse Width signals at loW poWer. JTLs 
employ Josephson junctions at predetermined intervals 
along the transmission line that regenerate and transmit 
pulse signals as a single ?uX quanta (SFQ), or a single 
quanta of magnetic ?uX. The Josephson junction functions 
as a tunneling device that includes tWo opposing supercon 
ductive ?lms, separated by an oXide dielectric layer. A 
current bias is applied to each Josephson junction. These 
junctions then sWitch or ?ip in response to an incoming 
transient voltage pulse, regenerating that pulse for the neXt 
junction, and returning to their initial state Where they are 
ready to respond to the neXt pulse. Each Josephson junction 
generates a voltage pulse When it sWitches. Typical SFQ 
pulse signals generated by a Josephson junction are 2-3 ps 
in Width and 1 mV. The time integral of the voltage pulse is 
equal to a single quanta of magnetic ?uX (I>O=2.07><10_15 
Volt-seconds. 

[0006] FIG. 1 is a schematic diagram of a standard 
superconducting Josephson transmission line (JTL) 10 that 
is representative of the knoWn transmission lines of this 
type. The JTL 10 is comprised of a sequence of JTL 
segments 11. The JTL segment 11 includes an inductor 16 
connecting adjacent junctions, a resistively shunted junction 
circuit 18 connecting one end of inductor 16 to a common 
ground return, and a biasing resistor connected betWeen the 
top of the junction 18 and a current source 12. The isolation 
inductor 16 provides inductive isolation betWeen adjacent 
junctions 11 and alloW propagation of the SFO pulse along 
the JTL 10. The biasing resistor 14 is connected in series 
With a current source 12 Which provides an equal amount of 
current to each of the Josephson junction circuits 18 and 20. 

[0007] The Josephson junction circuits 18 and 20 of the 
JTL 10 are spaced apart at predetermined intervals along the 
JTL 10 and act to regenerate the SFO pulses at each stage. 
Each Josephson junction circuit 18 and 20 is shoWn as an 
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equivalent circuit of a resistor and Josephson junction in a 
parallel array. The equivalent elements of the JTL segment 
11 and the Josephson junction circuit 18 Will be described 
With the understanding that all of the Josephson junction 
circuits in the JTL 10 have the same elements. The Joseph 
son junction circuit 18 includes a Josephson junction 22 that 
is connected in series With a ?rst parasitic inductor 24. The 
Josephson junction 22 and the ?rst parasitic inductor 24 are 
connected in parallel With a damping resistor 26 and a 
second parasitic inductor 28. The ?rst and second parasitic 
inductors 24 and 28 are connected to a reference ground 30 
opposite the Josephson junction 22 and the damping resistor 
26. The damping resistor 26 shunts the Josephson junction 
22 and helps to de?ne its response to incoming signals. The 
damping resistor 26 is chosen such that the SteWart-Mc 
Cumber parameter C. SteWart, Applied Physics Letters 
12, 277 (1968). D. E. McCumber, Journal of Applied 
Physics 39, 3113 (1968)], Which parameteriZes hoW a 
Josephson junction is damped, falls betWeen 1 and 2. 

[0008] When an SFQ pulse impinges the JTL segment 11, 
the Josephson junction 22 ?ips, or increments its internal 
degree of freedom, or phase by 275. When the Josephson 
junction 22 ?ips, the Josephson junction 22 regenerates and 
transmits an SFQ pulse to the neXt junction. When the neXt 
junction receives the SFO pulse, it recreates and propagates 
the SFO pulse to the folloWing junction. Typically, the travel 
time of the SFO pulse from one Josephson junction to the 
other ranges betWeen 2.5-4 pico-seconds(ps) depending on 
the degree of damping (SteWart-McCumber parameter) and 
the current bias. At any given time, at least tWo junctions are 
in the process of advancing their phase. 

[0009] When the junction ?ips, the Josephson junction 22 
regenerates a voltage pulse having a ?Xed time integral (DO. 
In cases Where the junction carries current that is less than 
a predetermined threshold, the Josephson junction does not 
?ip in response to the input pulse and fails to regenerate and 
retransmit the voltage pulse to the neXt junction. On the 
other hand, When the junction carries current that exceeds a 
predetermined threshold, the Josephson junction goes into a 
voltage state Where it emits a pulse train, or multiple voltage 
pulses in rapid succession although only one pulse is 
eXpected, and leads to erroneous results of a circuit. Damp 
ing resistor 26 helps to prevent JTL 10 from going into the 
voltage state. Conventionally the magnitude of the induc 
tance of the isolation inductor 16 is such that the product of 
its inductance and the Josephson junction’s critical current 
(the L-Ic product) is in the range 0.7-1.0 milliAmp-pico 
Henrys. In addition, each junction 11 is current biased With 
about 60%-80% of the critical current of the Josephson 
junction. 

[0010] Furthermore, as the SFO pulse is transmitted doWn 
the J TL 10, the damping resistor 26 generates Johnson noise, 
or current noise that effects the junction 22. Because the 
speed of propagation depends upon the applied current bias, 
the current noise results in timing jitter, or uncertainty in the 
time of ?ight of the SFO pulse. Additionally, because the 
Johnson noise applied to each junction 22 is independent 
With respect to the other junction 11, the timing jitter of each 
junction 22 is also independent With respect to the other 
junction. The accumulation of this timing jitter in the JTL 10 
increases in proportion to the square root of the number of 
JTL segments 11 in JTL 10. The damping provided by the 
damping resistor 26 and the ?rst and second parasitic 
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inductors 24 and 28 increases the propagation delay and 
results in a slower speed of signal propagation on a chip as 
could otherWise be realiZed. The propagation speed of an 
SFQ pulse along JTL 10 is about one tenth of the propaga 
tion speed along a passive microstrip transmission line 
fabricated in the same superconducting integrated circuit 
(IC) technology. Therefore, the standard JTL 10 available 
for SFQ based devices is sloW, and adds timing jitter or 
timing uncertainty to the signal it carries. This timing 
uncertainty ultimately limits the maximum clock speed of 
the clocked logic circuits and the performance of supercon 
ducting devices that employ Josephson junction transmis 
sion lines. 

[0011] What is needed is a superconductor Josephson 
transmission line that provides the transmission and distri 
bution of the SFO pulses on a superconducting integrated 
circuit Without suffering from the draWbacks discussed 
above. It is therefore an object of the present invention to 
provide a superconducting Josephson transmission line that 
transmits the SFO pulses at faster speeds With reduced 
timing jitter. 

SUMMARY OF THE INVENTION 

[0012] In accordance With the teachings of the present 
invention, a Josephson transmission line (JTL) for transmit 
ting single ?uX quantum pulses is provided. The JTL 
includes a current source, a plurality of isolation inductors 
electrically coupled in series along the JTL, and a plurality 
of Josephson junction circuits electrically coupled in parallel 
along the JTL. Each of the Josephson junction circuits 
includes a Josephson junction and a parasitic inductor 
coupled in series. HoWever, the Josephson junction circuits 
do not include any damping elements. This enables the JTL 
to reduce timing uncertainty and to enhance propagation 
speed. In one embodiment, each Josephson junction circuit 
is biased With about 30% of the critical current of the 
Josephson junction and the inductance of the isolation 
inductor is adjusted betWeen 0.2-0.4 pHmA/IC, Where IC is 
the critical current in mA of the Josephson junction. The 
reduced current bias and inductance of the isolation inductor 
help prevent the transmission line from going into a voltage 
state in the absence of damping resistors. The present 
invention, thus, provides a superconducting Josephson 
transmission line that transmits and distributes the SFO 
pulses at faster speeds With reduced timing jitter. 

[0013] Additional objects, advantages and features of the 
present invention Will become apparent to those skilled in 
the art from the folloWing discussion and the accompanying 
draWings and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a schematic diagram of a knoWn super 
conductor Josephson junction transmission line; 

[0015] FIG. 2 is a schematic diagram of an underdamped 
superconductor Josephson junction transmission line, 
according to an embodiment of the present invention; 

[0016] FIG. 3 is a schematic diagram of an underdamped 
superconductor Josephson junction transmission line that 
employs resistively shunted inductors, according to another 
embodiment of the present invention; 

[0017] FIG. 4 is a graph shoWing illustrative simulation 
plots depicting the relationship betWeen the timing jitter 

Mar. 27, 2003 

present per junction and the bias fraction for the standard 
and underdamped Josephson junction transmission lines; 
and 

[0018] FIG. 5 is a graph shoWing illustrative simulation 
plots depicting the difference in the operating margins for 
the standard Josephson junction transmission line, the 
underdamped Josephson junction transmission line, and the 
underdamped Josephson junction transmission line With 
damping on the inductor. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0019] The folloWing discussion of the preferred embodi 
ments, directed to a Josephson transmission line for trans 
mitting single ?ux quantum pulses, is merely exemplary in 
nature, and is in no Way intended to limit the invention or its 
application or uses. 

[0020] FIG. 2 is a schematic diagram of an underdamped 
superconductor Josephson transmission line (JTL) 50, 
according to an embodiment of the present invention, that 
transmits and distributes SFQ signal pulses in a supercon 
ducting integrated circuit in the manner discussed above. 
The underdamped JTL 50 includes a plurality of JTL seg 
ments 51 that are connected in series. The JTL segments 51 
include a series of Josephson junction circuits 60 and 70 
connected in parallel betWeen a reference ground 66 and 76 
and a biasing resistor 56 and 58 along the JTL 50 at 
predetermined intervals. The biasing resistors 56 and 58 are 
connected in series With a current source 53 Which distrib 
utes an equal amount of current to each junction 51 through 
bias resistors 56 and 58. Isolation inductors 52 and 54 are 
connected in series along the underdamped JTL 50 betWeen 
adjacent junctions 62 and 72. The isolation inductors 54 and 
56 alloW propagation of the SFO pulses and provide induc 
tive isolation betWeen the Josephson junction circuits 60 and 
70. The Josephson junction circuits 60 and 70 include a 
parasitic inductor 64 and 74, and a Josephson junction 62 
and 72 connected in series, respectively. The Josephson 
junction circuits 60 and 70 do not include a damping resistor 
or a parasitic inductor that are connected in parallel as do the 
Josephson junction circuits 18 and 20 discussed above. 

[0021] By eliminating the damping resistor 26, the junc 
tion 62 is left With a damping resistance intrinsic to the 
junction 62 Which is much Weaker than that in the standard 
JTL. With less resistive damping, Josephson junctions 62 
and 72 Will ?ip in response to an incoming SFQ pulse With 
less applied current bias compared to the conventional JTL 
10. By eliminating the damping resistor 26, the under 
damped JTL 50 also has reduced Johnson noise, or current 
noise, and thus reduced timing jitter is added by JTL 
segment 51. Removing the damping resistor reduces the 
time it takes Josephson junctions 62 and 72 to ?ip in 
response to an incoming SFQ pulse. Therefore SFQ pulses 
propagate more quickly from one junction to the neXt in the 
underdamped JTL 50 than they do in the conventional JTL 
10. 

[0022] In the present invention, each Josephson junction 
62 and 72 is current biased at about 30% of their critical 
current, and the LIC product is adjusted between 02-04 
pHmA for the underdamped JTL 50. As discussed above, 
each junction 11 of the standard JTL 10 is current biased 
With 60% of the critical current of the Josephson junction 22 
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and the LIC product is adjusted between 0.6-0.8 pHmA/IC. 
If the damping resistors 26 are removed from the conven 
tional JTL 10, it Will tend to go into the voltage state in 
response to an incoming SFQ pulse, producing many SFQ 
output pulses, and rendering the J TL unusable. This problem 
is avoided in the underdamped JTL by reducing the bias 
current from around 60% to 30% of the Josephson junction’s 
critical current, and reducing the LIC product to the range 
0.2-0.4 milliAmp-picoHenrys. Thus, in the present inven 
tion, the LIC product, or the magnitude of the inductance of 
the isolation inductor 52, 54 is adjusted betWeen 0.2 and 0.4 
pHmA/IC(mA), and more preferably at 0.3 pHmA/IC(mA). 
For eXample, When the critical current of the Josephson 
junction 62 is 0.1 mA, the inductance of the isolation 
inductor 52 is chosen to be 3 pH. 

[0023] FIG. 3 is a schematic diagram of an underdamped 
JTL 100 according to another embodiment of the present 
invention. The underdamped JTL 100 includes all of the 
elements of the underdamped JTL 50 Where the same 
elements are represented by the same reference numeral. 
Additionally, the JTL 100 includes a damping resistor 102 
and 106 and a parasitic inductor 104 and 108 in parallel With 
the inductors 52 and 54, respectively, and de?nes a shunted 
inductor 110 and 112. The shunted inductors 110 and 112 
alloW the Josephson junctions 62 and 72 in JTL 100 to be 
biased at a higher fraction of their critical current than their 
counterparts in JTL 50. The damping resistors 102 and 106 
help prevent JTL 100 from going into the voltage state in 
response to an input SFQ pulse, and thus have the effect of 
increasing the range of alloWable bias current for JTL 100 
relative to JTL 50. While damping resistors 102 and 106 do 
apply Johnson noise current to Josephson junctions 62 and 
72 in J TL 100, they do so in a Way that adds less timing jitter 
to propagating SFQ pulses than do the damping resistors 26 
in the conventional JTL 10. 

[0024] FIG. 4 is an illustrative graph comparing the 
amount of timing jitter present per junction in the standard 
JTL 10 and the underdamped JTL 100 of FIG. 2 When the 
current bias is varied. The vertical aXis represents the timing 
jitter contributed per junction in femtoseconds, and the 
horiZontal aXis represents the fraction of maXimum current 
bias. A graph line 206 represents the timing jitter per 
junction of the underdamped JTL 50, and a graph line 208 
represents the timing jitter per junction of the standard JTL 
10. The lines 206 and 208 shoW that the underdamped JTL 
50 contains less timing jitter per junction than the standard 
JTL 10 When the same fraction of current bias is applied. 
When the fraction of bias current is varied from 0.1 (10%) 
to 0.7 (70%), the timing jitter in the underdamped JTL 50 
drops from 200 fs to 20 fs. For the standard JTL 10, the 
timing jitter drops from 600 fs to 100 fs When the fraction 
of bias current changes from 0.3 (30%) to 1.0 (100%). The 
timing jitter per junction for the standard JTL 10 is, on 
average, ten times more than that of the underdamped JTL 
50 When the same amount of bias current is applied. 

[0025] FIG. 4 also illustrates that for both the standard and 
underdamped JTLs 10 and 50, the less fraction of current 
bias applied, the more timing jitter is present per junction. 
Also, the more fraction of current bias applied, the less 
timing jitter is present per junction for both the standard and 
underdamped JTLs 10 and 50. HoWever, as mentioned 
above, junctions in JTLs 10, 50 and 100 Will go into a 
voltage state, in Which many output SFQ pulses may be 
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produced in response to a single input SFQ pulse, When 
current bias applied to each junction exceeds a predeter 
mined fraction of its critical current. LikeWise When the 
current bias applied to each junction falls beloW some 
predetermined fraction of its critical current, too much 
timing jitter is added as the SFQ pulse propagates from one 
junction to the neXt. In this limit the transmission and 
distribution of SFQ pulses is unreliable. In the present 
invention, about 30% of bias current is applied to each 
junction. 
[0026] FIG. 5 is a graph illustrating the operating margins 
of bias current for the above mentioned JTLs 10, 50 and 100 
When the critical current of the Josephson junction is set at 
0.1 mA. The vertical aXis represents the fraction of maXi 
mum bias, and the horiZontal aXis represents the inductance 
betWeen adjacent junctions in pico-Henry First and 
second plots 306 and 308 represent the operating ranges of 
the standard JTL 10 for 10 giga-hertZ (GHZ) and 40 GHZ 
data pulse trains, respectively, as a function of both induc 
tance and bias fraction. Third and fourth plots 310 and 312 
represent the operating ranges of the underdamped JTL 50 
for 10 GHZ and 40 GHZ data pulse trains, respectively. Fifth 
plot 314 represents the operating range of the underdamped 
JTL 100 With the shunted inductor junctions for a 40 GHZ 
data pulse train. The third plot 310 illustrates that When the 
inductance is set at 4 pH, the bias fraction must be set 
betWeen 0.05 and 0.48 for the underdamped JTL 50 to 
correctly transmit and to distribute 10 GHZ data pulse train. 
If the bias fraction is set at 0.3, then the inductance must be 
set betWeen 2 to 8 pH for the underdamped JTL 50 to 
properly function. 

[0027] FIG. 5 also illustrates that the bias fractions of the 
?rst and second plots 306 and 308, respectively, are almost 
tWice as high as that of the third and fourth plots 310 and 312 
When the inductance is varied from 0 to 11.5 pH. This 
implies that the underdamped JTL 50 requires only 50% of 
the current bias to properly function When compared to that 
of the standard JTL 10. Furthermore, the ?fth plot 314 
illustrates the enlarged operating margin of the under 
damped JTL 100 When the shunted inductor junctions 110 
and 112 are employed. The bias fraction is required to be set 
betWeen 0.05 to 0.3 When the underdamped JTL 50 uses the 
inductance 4 pH for a 40 GHZ pulse train as shoWn by the 
fourth plot 312. HoWever, the bias fraction maybe set 
anyWhere betWeen 0.1 to 0.7 When the underdamped JTL 
100 With the shunted inductor uses the same amount of 
inductance for the same pulse train as illustrated by the ?fth 
plot 314. This enlarged operating margin of the under 
damped JTL 100 With the shunted inductor shares the 
advantages of reduced timing jitter and increased propaga 
tion speed afforded by underdamped JTL 50, but With an 
increased bias current operating margin. 

[0028] The present invention solves the aforementioned 
problems by removing the damping resistor from the 
Josephson junction circuit Which reduces the amount of 
noise current injected into the Josephson junction from the 
resistor. This, in turn, reduces the accumulated timing uncer 
tainty added in signal transmission. Because the Josephson 
junction is not damped as strongly, the phase of the junction 
advances more rapidly, and the SFQ pulses propagate fast 
along the transmission line. The present invention is appli 
cable to circuits/devices Where the SFQ signals are trans 
mitted around a superconducting IC. For eXample, the 
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present invention may be used to reduce jitter in supercon 
ducting A/D converters Which is disclosed in Us. Pat. No. 
5,942,997, issued Aug. 24, 1999, titled “Correlated Super 
conductor Single Flux Quantum Analog-to-Digital Con 
verter”, and assigned to the same assignee as the present 
invention. In addition, the present invention may also be 
used in digital logic applications Where timing jitter betWeen 
clock and data signals limits the maXimum clock rate. 

[0029] The foregoing discussion describes merely eXem 
plary embodiments of the present invention. One skilled in 
the art Would readily recogniZe that various changes, modi 
?cations and variations can be made therein Without depart 
ing from the spirit and scope of the invention as de?ned in 
the folloWing claims. 

What is claimed is: 
1. A Josephson transmission line for transmitting single 

?ux quantum pulses, said transmission line comprising: 

a current source; 

a plurality of isolation inductors electrically coupled in 
series along said transmission line; and 

a plurality of Josephson junction circuits electrically 
coupled in parallel along said transmission line, each 
Josephson junction circuit being biased With current 
from said current source, Wherein each Josephson junc 
tion circuit includes an underdamped Josephson junc 
tion for providing reduced current noise and reduced 
timing uncertainty to increase the pulse propagation 
speed. 

2. A Josephson transmission line for transmitting single 
?ux quantum pulses, said transmission line comprising: 

a current source; 

a plurality of isolation inductors electrically coupled in 
series along said transmission line; 

a plurality of Josephson junction circuits electrically 
coupled in parallel along said transmission line, each 
Josephson junction circuit being biased With current 
from said current source, Wherein each Josephson junc 
tion circuit includes an underdamped Josephson junc 
tion for providing reduced current noise and reduced 
timing uncertainty to increase the pulse propagation 
speed; and 

a parasitic inductor coupled in series With each Josephson 
junction. 

3. A Josephson transmission line for transmitting single 
?ux quantum pulses, said transmission line comprising: 

a current source; 

a plurality of isolation inductors electrically coupled in 
series along said transmission line; 

a plurality of damping components connected in parallel 
With each isolation inductor; and 

a plurality of Josephson junction circuits electrically 
coupled in parallel along said transmission line, each 
Josephson junction circuit being biased With current 
from said current source, Wherein each Josephson junc 
tion circuit includes an underdamped Josephson junc 
tion for providing reduced current noise and reduced 
timing uncertainty to increase the pulse propagation 
speed. 
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4. The transmission line of claim 3 Wherein said damping 
components include a damping resistor and a parasitic 
inductor connected in series. 

5. The transmission line of claim 1 Wherein each Joseph 
son junction circuits is current biased With about 30% of a 
critical current of said Josephson junction for preventing 
said transmission line from going into a voltage state. 

6. The transmission line of claim 1 Wherein a magnitude 
of an inductance of said isolation inductor is adjusted 
betWeen 0.2-0.4 pHmA/IC(mA), Where IC(mA) is a critical 
current of the Josephson junction, to prevent said transmis 
sion line from going into a voltage state. 

7. AJosephson junction transmission line for transmitting 
single ?ux quantum pulses, said transmission line compris 
mg: 

a current source; 

a plurality of isolation inductors electrically coupled in 
series along said transmission line; and 

a plurality of Josephson junction circuits electrically 
coupled in parallel along said transmission line, each 
junction circuit including a Josephson junction, 
Wherein each Josephson junction is biased With about 
30% of a critical current of the Josephson junction in 
order to prevent said transmission line from going into 
a voltage state. 

8. The transmission line of claim 8 Wherein a magnitude 
of an inductance of said isolation inductor is adjusted 
betWeen 0.2-0.4 pHmA/IC, Wherein IC is a critical current 
of said Josephson junction in mA. 

9. AJosephson junction transmission line for transmitting 
single ?ux quantum pulses, said transmission line compris 
mg: 

a current source; 

a plurality of isolation inductors electrically coupled in 
series along said transmission line; 

damping elements coupled in parallel With each isolation 
inductor; and 

a plurality of Josephson junction circuits electrically 
coupled in parallel along said transmission line, each 
junction circuit including a Josephson junction, 
Wherein each Josephson junction is biased With about 
30% of a critical current of the Josephson junction in 
order to prevent said transmission line from going into 
a voltage state. 

10. The transmission line of claim 9 Wherein said damp 
ing elements include a damping resistor and a parasitic 
inductor. 

11. The transmission line of claim 7 Wherein each Joseph 
son junction circuit consists of only the Josephson junction 
and a parasitic inductor. 

12. A Josephson junction transmission line for transmit 
ting single ?uX quantum pulses, said transmission line 
comprising: 

a current source; 

a plurality of isolation inductors electrically coupled in 
series along said transmission line; and 

a plurality of Josephson junction circuits electrically 
coupled in parallel along said transmission line, each 
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Josephson junction circuit including only a Josephson 
junction and a parasitic inductor coupled in series. 

13. The transmission line according to claim 12 Wherein 
said Josephson junction circuit is biased With 30% of a 
critical current of said Josephson junction. 

14. The transmission line according to claim 12 Wherein 
a magnitude of an inductance of said isolation inductor is 
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adjusted betWeen 0.2-0.4 pHrnA/IC, Where IC is a critical 
current of said Josephson junction in rnA, in order to prevent 
said transmission line from going inot a voltage state. 

15. The transmission line according to claim 12 further 
comprising a damping resistor connected in parallel With 
each isolation inductor. 

* * * * * 


