
Sensor and Simulation Noties XIV

Desigfi Considerations for a Special T??inarZaZ Cable

1. Introduction

lUinaxiaZ cab Ze is relatively nev in the realm of high frequency cab Le tgpes
and ha not as yet =ached the Zeve 1 of s twdzrdization that has been reached
by coaxial cable. There is a definite need j-or a standard tiinaxiaZ cd Ze. This
no~ is m aalytical calculation that is suggested as a basis for the design of
a special tiinaxid ctik for high frequency cmi/oP puke data transmission.

While tiina&aZ cab Zes (oP shielded tiisted pairs as they are also known)
have ,existed for some time their application hw large Zy been; Zi@ted to
PSZative Q, Zou frequencies. The special cable suggested here is designed
specifically fop high frequency and/or p?.se data transmission. The prime
difference be tieen this special cable and my przvious tiinaxial. cable is its
impedance values, A tuinaxial cab Ze has associated ui tn it tio impedances that
are of interest to us. The first is the differential mode impeckznce uhich is
the inpedance normally defined in a tuinaxial cable. The second is the cormun
mode inpedance uhich is not usually considered in a twinaxial cabZe, The CORRROiA

mode impedance is significcmt uhen using the .twinaxial cab Ze as a coaxial cable
(i. e., center conductors in paralle Z uith- zneath return). Although a tiinaxial
cab Z.e aith both the differential mode iinpedance and the conumn mode impedance
specified luzs not to the author’s knouledge been produced conunercially, the autnor
can see no reason uhy such a cable could not tie prduced. The quality control
necessazy to produce a useful cab Ze would be rigo~’ox due to the tolerances
invo Zved, but I believe that the pPODZeros invo i!vea are not beyond the present
state of the art as indicateci by the precision coaxial components auaikb Le
from various sources at this time.

II. Differential ;.!o& md ConunonMode Impe&nces

To illustrate the possibility of proauting c ~~inzxial cable with both
riifferentia Z mode and eorrunonmode impedance speeifizd, %siga calculations
for a specific type of tiinaxial cab Ze consitiering both impedances uere
made. These design calculations considered the variation of: die lectrics;
cab Ze impedances; and diffe~ntial to common mode impetiee ratios. Thus ,
fzmm tlze results of this pzwb Zero, a cable user could” choose
his impedances, ;lis d-ie Zectri C,anu- ofie dimension parme tep to define his cao le.

For tize case considered, in uni ch alZ contiuetors kave a cipcular cross
8ection LUZ~ tke innep conductors cpe symne tricczl@ locate~ vith respect to
the axis of the outer conductor, a c Zose approximation of the cnaractetis tic
i~e d-~ ce, .zD, for -the dif’’eren tial mode of operation is given by:

ZD= +,/ ‘1-i22°- l+4@”
‘~{lil ;’”2P1— - —

i. \)UI+Q2 16P4 j

Where p is the patio of the inner conductor

[
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Likeuise., a close approximation of the chcmacteristic impedance, Zc, for the
comn rnodk ;f operation iz given by: ●.-

(4)

Jn a generalized form the equations become:

..

(5)

For values of the ratio Z /Z from 0,400 to 3,000 and for values of z
from 0,1 to 10, a wmputer #c& p?vgrmd to find a family of curves fop &
and Q (figs, 2, 3, 6?4). To define the physical parm tezw of a cab Zea the
desi~er must choose tne vaZues bf the tio impedanms and the de8ired di-
electric con3tanti, l’hese valuea ’uill give him Z1 and R uhere R = Z /Z =

(
ZZ* P cmd Q are then obtained froh the curves. The values of ~d Q

~ p us cone arbitrari @ selected dimension unique lg define the cabb,

One of ‘the irrpo~tant factors. tio consickr wh~n designing a ccdle is
versati 2i Q, One of the rwasons for specifying the common rmde impedance1

~ of the tiinatialcabh iz to prqvih~ a cubla that uill function as a high
1 q@i ty co~a~ c~le foY the ,p~paga~on Of CO~n mde signals. Since. most of the coaxial cab Zes us~d for pulse data tmnstission have an impedan~

of 50 ohms, (e. g., RG58/U and RG213/U) it follous that a zwasonable value
‘ fop the conmwn mode impehce of the tuinaxial cable ~hould also be 50 ohms,

The logical choice for tier differential mocb impedmce is 100 ohw,
This impedance value uill faci~ibate -the use of the cable as: (1) a
transmis~ion line that’ can he .vh%ched to a psi% of standard 50 ohm coaxial
cables, Z%is matching 5s :accomplished .@ connecting the outer conductors
of the two coaxial cab Les to the’ outer conductor of the @in&al cabte
and connecting the center candkctor of each coaxial cable to one of the
cente~ conductors of &@ tuikzzial cables (2) a standizrd cable around
which the input and output impedances of various devices ~ uhich must
utilize a twinaxial cable, c& be @signed. To the author’s knuwZedge,
rzo twinaxial cable w; th a conven$ent d;ffezwntial nmde impedance exi~ts
at this time,
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The impeciknce equations of the
mod2 impedmce and a 50 ohm commm

Win&al cable tiith a 100 ohm differential
muck impedance become:

. loo~ [1=~n kP(l-Q2)—-
‘1 120 1+6?2

These equatiqns were ~olved for P and Q for the commondie Lectrics that are
in use today (se~ ‘tabZe 1),

100/50 !lUinaxial Cable Pamme ters for Comnon tie Zectrics

AiP 1.0006, 1,589 0,375
st.yPofoam 22 1.025 1,,60 0,373
s@rofom 103,7 1,03 1,602 0,372
yef lon 2.1 2,07 0.301
.Polye thy lene 2,25 2,14 0,293
PoQjs tyrene 2,55 2,28 0,280,4

TABLE 1

Using the results o.btained a cab Le uas designed for TefZon die Zectric
(c = 2.1), The values for P and Q ii)e~e 2,07 md O,301,respectively. Some
ty~ical dimensions for other die Zectrics are tabulated in +ab2e 3 appended
to -this no tie,

III. Other Charac&eris tics

With the dimension ratios of the desired cab Ze and its die Zectiric fixed,
one can check to ~ec if the cable meets other requirements Zev-ied on a cable
for high frequenczz and/or pulse data transmission, These requiremmts ape:

(1) High voltage capabili@ of greater than 5 XV differential mode and
10 XV common mode,

(2) Attenuation of less than 4 & pep 100 feet at 400
2.0 & per 100 feet at 100 mc in either wde of operation,

(3) A cable tuu of less than O, 392 n-s for a 100 meter

High VoZtage Breakdcwn

mc and less than
Or equivalent Zy,

cab Ze length,

The die Zactric strength of TefZon for a 1/8 inch sample is appzwcimati ly
4803000 vo Zte per inch, There fozwa for a unifom field distribution the

&
spacing betieen center conductQrs must be greater than O,0105 inches for a
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5 xv di ffemnti{al mode vo Z&age capaii Z$ty cma the spacing betwen center
.

conductors and oute~ conducto~ must be greate~ than 0,021 inches for a 10
KV common mode vo Ltage capability,

Attenuation -Frequen~
‘o

Charactetis tik~

The differential mde attenuation of this type of iwinaxial cab Ze is given

Crrl

%2 = –%-

~=~
Dl+aD2

[11/
..

dze m a is tihe atiterwation due to the conductor losses, a is the
at tsnua%!on due to the die le etti c losses ~ R @is the skin e ect surface

iss gke skin ef feet surfaw ~esis tancePesis_h2me of the center conductops~ R
‘f”o the outer conductop, a is the conduc zvity.of the die lectpic and n iB the

d c of t% die Zectric,
In- the case of TefZon, ib can be sh.om -thatiahe attenuationdue to the

die Lectitic losses is roughly 10 ordeP8 of magnitude be hu the attenuation

due to the conductors, and thepe fore wi ZZ not be considered,

Fop the cab le under consideration:

%
= 100

P = 2.07

Q = 0.301

R~2 = RG3 = 2.61X10-7 ~ for copper eondutitors

R8 Aa-’

Inserting these parameters, the equation fop the di f fepential mode
attenuation becomes:

(
!T ~8 +

)
=;!j x 10-20 p

aD = (12’)

Since D/d is fixed by &e values of P and Q,

(8,988D + 2,6611 )~ ~o-.lo,--7
aD = Dd

.—
D} ‘f

a

()

= 64,5757 ~ 1o-1o [~
D- --T-’-- Vf

Entering the requirement for aD ~ 2 db/100
nepem/me teP ah 100 me) and solving for D, the
&elect&e is &termimd to be:

4

(13)

ft at 100 me, ‘(7,017SX10-3
required dim teP of the

“d
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D=9,~9x10 -3 TnetePs

OP D = 0, 362 inches

Since the ahtemation is invense ly proportional to D a larger valm for
D oould resujjt in a smaller attenuation. Therefore, Zet D = 0,400 inches
(1.016 x 10- meter). The attenuation then becomes:

aD
= 63.56 X 10‘8 ~ nepers/meter

-4 J-jr &/loo ft
or an = 1,811 X 10

IJ

The common
equation:

mode attenuation of this twinatial cable is given by the

[1
U+v (14)

and R
v S3

[

4) $Q4
l+ ’2Q+— /1+8Q4 5+4P2(f

“m ~+4p2 \ (J—,
l+4@~’

In the cdse of tefZon diehcttic and coppe~” conductors:

P = 2,07

Q = 0.301

2?s=2061X1O-7 p

D = O.400 inch

d = 0,058 inch

Zc = 50 ohms

(15)

(16)

(10,16X10-3 T7.K?tiP)

(1,47X10-3 Wter)

The corwnoamode attenuation is then:

= 2.03 x lo-7 ~ nepers/meterCle
a =5.78X1O -5 ~ &/loo ft
c

Cable Tau

h%en a ccble is used for pulse duta transmission, the cable Tau
represents a parameter that is extremely useful for data reduction. This
pmam ter can be used to describe the response of the cab Ze to either a
unit impulse or wit step input, The impulse response (oP transfer func-
tion) of a cable may be e~ressed as:

()

1/2 - 3/2g(t)=% x e - T/x x >0
(17)

= o X<o

uhere

x = to- 2T,
5
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to is timeof application of the impuke and ZT is the tim delay of the cable.
.

The step response of the cable can be found from the inverse tmnsform of
1/s times the transfer function. In terms of x and ~ : ●

h(t) = C?c?rf !/T/x’ X>o

(18)
o X<o

;“uhere ce~f ~/x zs the complimenta~ error function of Tx.

c’abZe Tau is closely related to the attenuation-frequency chamderistic
of a cable. The Tau of a cable can be expressed as:

= (Za(u)fT “2T (19)

where L is the Zength of the cab h, u is the radian frequency fop uhich Tau
is defined, and a(a) is the attenuation at u e~ressed in nepers pep unit
lezgth, Tau uill he defined for 100 me in the case of this C-&Z-e,

the

Iv.

,,

The differential mode Tau for 100 wters of this cable is 0,326 ne and
common mode Tau for 100 meters of this cable is 0,0328 ns.

Sum-nary and Conclusions

TMs note is cm analytical approach to the design of a s tantid @i&al
cable for broad band measurements and pulse dhta tmnsmission. Tlae author
realizes that the realities of engineering and mmufacturing &11 mquim
some compromise and that there ui 11 have to be some changes in the c&sign
ti satisfy unfo~eseen requirements.

If one looks at the limiting cases ~ohere S goes to zem (and the twinax
becomes a coax) and whe~e D goes to infinity (open two wipe line), it become~
appaxenti that the equations used are on@ approximations, HOWe.VeP$ such
approtimatiions are often used in engineering work where their wre rigorous
counterparts would invo Zve calculatiioas mre difficult than the slight increase
in accuracy is worn%. As a matteP of fact, it is common practice to use only the
first term of the impedance equations for the manufacture of cab k, since thie
alone is sufficient -LObe beyond the accuracy Zimi tations of ws t cab te manu-
facturing machinery. Note that these approximations are only valid uhen
limiting cases are avoided,

It also must be noted that the attenuation gquations are based upon soZid
inne~ and outer conductors and thus al Lowance must be rule uhen a braided outer
conductor is used, ??ith rrwdern fl?at vire b~aid~ outer condwtor efficiencies
approaching 90% can be obtained,, so &he error inbmduced by the use of bmihd
outer conductors is not se tious.

Final Zy, under certain conditions Teflon has eume undesimb Ze characteri~ -
tics that e Zinrinate i t from mn.sid&rationO Undep -these conditiorw. the material
that is. at present, -the best choice for a solid dielectric is polyethy be. The
use of po Zye,thy law for the die Zectric requires that the dimensions of the cab Ze.

6
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be recalculated *O meeti the abtenuut;on requirements set forth., Since this

●.- paper is mezwlg an analy tieal approach to the design of a s tan,da~d twinaxial
cable and is not intended to be a final design thesg calculations uill not
be pwsented.

GERALDL, FJETLAND
2d Lt, USAF
17 March 1965
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CALCULATEDCHARACTERISTICSOF A 100/50 OHMTWINAXL4LCABLE

DIFFERENTIALMODEZMPEDAN~: 100 OHMS

COMM9NMODEIMPEDAHCE: 50 OHMS

DIFFERENTIALMODEATTENUATION:
%

COMW?NMODEATTE.NUATION:

VIFFERE#TIAL MODETAU:

COMMOflMODETAU:

DIELECTRIC:

DIAMETEROF THE DIELECTRIC:

WXMETEROF IIWiER CONDUCTORS:

SPACING (CENTERTO CENTER)OF
II?NERCONDUCTORS:

1,825 db/100 feet @100 mc
3.65 db/100 feet @406’rrtc

0.578 &/100 feet @ 100 me
1,16 db/100 feeti 6’ 400 me

0,326 nS fur200 ~tePs

0,0328 ?2S for 200metew

Teflon (cp= 2.1}

0.400 inch

0,058 inch

0,120 <n&

TABLE 2



100/50 TlkL17dAXIALCABLEP~AMETERS FOR CW4UH91EL3’CT’RICS

DIELECTRIC P Q D s d DISSA- DIELECTRIC

PCO1 TANT AT Ifl INCHES IN IIVCHES IN INCEES PATIOii STRENGTH”
10 CPS FA TORAT l/8th IN.

510 CPS SAMPLEIN
VOLTS/MIL

. -..

AIR 1.0006 1.5887 0.3749 0.300 0,1125 0.0707 -
.. .

STYROFOAM-22 1.025 1.5998 0,3727 0,257 0,096 0.060

STYROFOAM103.7 1.03 1.602 0.3722 0.300 0.1117 0,0697 -

TEFLON 2.1 2.0725 0.3009 0.400 0.1203 0.058 0.0003 480

POLYllTfiYLENE 2.25 2.1403 0.2934 0.425 0.125 0.0584 0.0005 460

POLYSTYRENE 2.55 2,2783 0.2798 0.4886 0.1367 0.060 0-0001 500

TABLE 2
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