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wherel,, andK, arethe modified Bessefunctions of the
first and second kind’, is associatesvith the skindepth
Potentialdesigns for éhigh power superconductindelay and is

line of approximately 10mslurationare described. The

transmitted signal should have low dispersan little H/ Y jouo normal conductor

attenuation to recapture the original signal. Sdemands =0 ——
cannot be met using conventional metal conducithis B/ vimuo+1/ A" Type| superconductor
paperoutlines a proposal for a new transmission line

design using low temperature superconducting materiahereA is the penetration depth of tiseperconductor. At
which meets system specifications. The 25W line iBigh frequenciesthe expression simplifies to enore
designed to carry pulsesignals with an approximatese familiar expression [2][3].

time of 8nsecand amaximum voltagemagnitude of

Abstract

25kV. Predictedelectrical desigrand performance of the _ V]To,u r mit N 10
line will be presented. R = 2 "Oa pO
Suppose the line wasnade of copper ¢ =
1 APPLICATION OF THE LINE 5.92e7Q-m)?) andthe innerand outer diameterswere

The line will beused to providéransit time isolation of 2CM and3cm respectively. With an 8nsec. rise time, we

the reflections expected to be generated in the kicker of 4ffd125MHz to be the highest criticquency, which
AHF acceleratofl]. The kicker will operatewith beam IS about 3 times that of the roll-ofirequency. For
currents of 3 to 6 kAand will launch beam-induced 12°MHz, a = 7.658e-4/m. For a 3!:”2) linethis
voltages up the transmissions lines connecting it to §9TfeSPoNds to a power attenuation of {12€°7)=98.9%.
pulsers. The mosstraightforward way tceliminate the 1N€ Signal has virtually disappeared! _ _
effects ofthese reflections is to transit time isolate the On the other hand, for the same set of dimensions,

kicker from the pulser. Thus the fi8ec line will actually 2 Miobium A=39nnv ,0=8.03e6Q-m)") line yields ano
allow a 20psec operational interval. of approximately 5.1025e-6(1j}¥m. The imaginaryterm
contributes to theinductance ofthe line. The power

attenuation is now 3% at 125MHz which is apper
limit. This is the most compellingeason touse a
superconducting line.

2 WHY USE SUPERCONDUCTORS?

2.1 Attenuation

The general expression for attenuation is 3 DESIGN OF A SUPERCONDUCTING LINE

1R @ The size of the transmission line fisndamentally limited
a===,/= by the critical field of the superconducting material. Of the
2 Zo\ 2 type | conductorsniobium (Nb) is the most generous
whereR; is the skin-effect impedancelependent on the material since it has the highest critiGfield of .206T

geometry and resistivity of the structure [2]. [2] at T=OK.
For a coax where andb are the inner and outer Assuming the distribution for the criticdield to
diameterR; is derived to be beB.(T) = B,(0)[1- (T /T,.)?], the criticalfield at 4.2K
. 2 (the usual operating point diquid helium) is .1635T.
R, :Mml 1 1 l@allf)+1,(@lr,) TheB-field of a structure can be written Bsgl whereg
2n B2 b? 2ria li(alT) is a geometry factor. The condition anis therefore
1 Ko(b/T,)+Ky(b/T )0 g=B /1.

2r b K, (b/T,) .

M) see back cover of [3].
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3.1 Coaxial line 3.3 Sheath helix

For a concentric coag=u/2rr wherer is either theénner Sheath helix linesre like coaxial lines, only thenner
or outerradius ofthe line. This yields the condition thatconductor iswrapped at arangle. Theseare slow wave
r> ul/27B,. If one wants tooperate at 20% afaximum  structuresand ideal for a delay line. However, they are
capacity, thera=.2ul/27B, wherea is the innerradius. more dispersive than regular coax. Fig. 3 shows two sets
The current onthe line can be ashigh as 1kA. This of two overlayed 10kV pulses. The solid line is detual
requires thag=6.12mm. signal at the output of the line and the dotted is the output
Since the layer of niobium onlgeeds to benuch hadthere been no dispersion. Thgdets are derivations
greaterthan the penetratiordepth A, a thin coat of based on Lund [5] and are for uncurved lines only.
approximately .5um will bedeposited on a copper Design 4: Fig. 3(a) corresponds to a line wgthl,
substrate as shown in Fig. The need for a metal b/a=1.15,p(pitchya=2.1, andv/c=.336. The line length is
substrate will be discussed in section 4. area between reduced toabout 1/3 of the original length. Part (b)
the two conductors will be filled with a material that maycorresponds tog,=3, b/a=1.4, p/a=2.75, and v/c=.264.
or may not have dielectric properties. The inoenductor The secondine yields a slightlyslowerwavebut at the
should be hollow to allow helium to flow through thecost ofincreasedlispersion as evident bthe wiggles at
tube. the rising part of the pulse.

15 T T T

Helium

Fig. 1. Coaxial line with NHayersdeposited on copper
tubes

10F/—

V)

Design 1: The outerconductor radius, for an
impedance of 23, is 9.28mm. Design 2: If one putsin a !

L y
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dielectricmaterial of =10, the outeradiusgoes up to T T e
22.85mm. The advantage ofthe dielectric is that the Fig. 3. @) — 10 kV pulse at output of lifer sheath
length of the line igeduced by dactor of 1#10 which helix without dielectric, — — same pulse if line
yields a length of 948m. were non-dispersive

o b) same as a) except line hdiglectric. Wiggles
3.2 Stripline indicate more dispersion
For manufacturing considerations, it may &asier to o
fabricatestriplinesinstead of coaxialines. The solution The sheath helix line ispresented here as a

for the stripline problem, both op@mdclosed, haveen Packup design in castne stripline is noteasy to
derived by Primozich [4]. As it turns out, a stripline withmanufacture because of it's length or the dielectric used for
a dielectric filer is too dispersive (seesection 5). the coaxial line proves to be lossy difficult to work
Therefore,the design cannot have dielectric material. with.
Design 3: The stripline dimensions are shown in Fig. 2.

_ 4 THE NEED FOR A SUBSTRATE

T Niobium can be deposited on copper as illustrateHim

1 where the fields and currents flow. Tempperacts as a
stabilizer in case the superconductingportion exceeds
critical currentand quenches. Quenches cdistort the
original signal by introducing transient higesistance to
the line.

- Copper is also a much less expensoaaductor
than niobium so the minimal use of niobium is
advantageous from a bulk material cost point of view. In

Fig. 2. Dimensions of stripline design addition, if the helix line is chosen as the final design, a

19 mm 24.5 mm

6.1 mm
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substrate for the innerconductor will need to be The parameters for designs Wererun through a

implemented. kicker dynamiccode to examine the acceptability of the
output signal. All 3 designs produced clean output
5 DISPERSION signals. An output plot oflesign 2 isshown in Fig. 5
) ] ) ) whereR,=1m.
The previous section hadreadyshown thatdispersion
from skin depth isnegligible for asuperconductindine. 12

The dispersion on the superconductirgnsmission line,
instead, is caused by wrapping the long line onto either
drum or into a pancake shape. Theelectromagnetic
problem for a curved coax has been solved in [7].

The propagation constant forcarved coax is as
follows

101

Vkv)
O

22 +i +0 i 0

¥ = y3d+ 5+ 00

where y,= wvue, A=Aw’+B, andR=R(s).The constants
A andB can be found in7]. For a pancakedesign, the

outer cable radiuss, as a function o§, the total length, =t
andR,, the inner radius,

R(S) = Rg + 2_bS % 5 10 15 20 2 % % 2 po 50
m

t(nsec.)

If one wants tofind the total dispersion at the endi9- 5. Design 2placed in kicker dynamics program
of the line, the propagation constamould need to be produced almost exact _repllcatlon of original pufsgure
integrated over the length of the line since it varies with 2ctually has 2 overlapping curves)

In other words, 6 CONCLUSION

—ifyas . . . .
e i’ e { Attenuation in long transmission linesiade use of
Thereforethe phase shift of the signal at taed of the superconductors anecessity. The attenuation in the
line is superconducting line is very small, with joirdennecting
s sections of the line contributing to most of it. Dispersion
w ds O  2bsO : _ ,
Ap=- AQ; ) VOJ’ R2(< = —yo%ln +_ZH on the other hand, can arise simply from the geometry of
o RE(S) e the line. Curved lines and helix lines are subject to

The phase velocitand Ag for design 2 is plotted dispersion. Two coaxial lines, one striplirend asheath
in Fig. 4. As one can see in Fig. 4b, the phase distortiohelix design were presented. The challenge of fabricating
is less than L at theend ofthe line. The striplinesvere the line will determine which design is ultimately adopted.
treated as equivalent colires to estimate thdispersion
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