Sensor and Simulation Notes XIV
Design Considerations for a Spectal Twinaxial Cable
I. Introduction

Twinaxial cable is relatively new in the realm of high frequency cable types
and has not as yet reached the level of standardization that has been reached
by coaxial cable. There is a definite need jor a standard twinaxial cavble., Thi:
note 18 an analytical calculation that is suggested as a basis for the deszgn of
a special twinaxial cable for high frequency and/or pulse data transmission.

While twinaxial cables (or shielded twisted pairs as they are also known)
have existed for some time their application has largely been timited to
relatively low frequencies. The special cable suggested here is deszgned
specifically for high frequency and/or pulse data transmisston. The prime
& fference between this special cable and any previous twinaxial. cable is its
impedance values, A twinaxial cable has associated with it two impedances that
are of interest to us. Tne first is the differential mode impedance which is
the impedance normally defined in a twinaxial cable. The second is the common
mode impedance which is not usually considered in a twinaxial cable, The common
mode impedance 15 significant when using the twinaxial cable as a coaxial cable
(i.e., center conductors in parallel with sheath returm), Although a twinaxial
cable with both the differential mode impedance and the common mode impedance
specified has not to the author's knowledge been produced commercially, the autnor
can see no reason why such a cable could not pe produced. The quality control
necessary to produce a useful cable would pbe rigorous due to the tolerances
involved, but I believe that the problems involvea are not beyond the present
state of tne art as indicated by the precision coaxial components available
from various sources at this time,

II. Differential ifode and Common Mode Impedances

To 1llustrate the possibility of producing ¢ twinaxial cable with both
differential mode and common mode impedance specified, design calculations
for a specific type of twinaxial cable constiuering both impedances were
made. These design calculations considered the variation of: dielectrics;
eaole impedances; and differential to common mode impedance ratios. Thus,
from the results of this problem, a cable user could choose
his impedances, nis dielectric,and one dimension parameter to define his cavle.

For tne case considered, in which all conductors have a circular cross
section and the inner conductors are symmetrically located with respect to
the axis of the outer conductor, a close approximation of the characteristic
impedance, ZD’ for thne differential mode of operation is given by:
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Where P i{s the ratio of the imner conductor spacing to tne imner conductor
dlameter and & is the ratio of the inner conductor spacing to the diameter

of the dielectric. (See figure 1.) CLEA.RED SOER zLIC REL EASE
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Likewise, a close apprommatwn of the characteristic impedance, 2 o for the
common mode of operation is given by: .
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In a generalized form the equations become:
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For values of the ratic Z Sfrom 0, 400 to 3,000 and for values of Z
from 0.1 to 10, a computer was; gogr'cmmed to find a family of curves for g’ -
ond @ (figs. 2, 3, & 4). To define the physical parameters of a cable, the
designer must choose the values of the two impedances and the desired di-

electric constant. These values will give him Z, and R where R = 7, /%, =

Z Zc. P and @ are then obtained from the curves, The values of chmé

plus one arbitrarily selected dimension wniquely define the cable,

One of the important factors. to consider when designing a cable is
versatility., One of the reasons for specifying the common mode impedance
of the twinaxial cable is to provide a cuble that will function as a high
quality coaxial cable for the propagation of common mode signals. Since
most of the coaxial cables used for pulse data transmission have an impedance
of 50 ohms, (e.g., RG58/U and RG213/U) it follows that a reasonable value
for the common mode impedance of the twinaxial cable should also be 50 ohms,

The logical choice for the differential mode impedance is 100 ohms,
This impedance value will faczlztate the use of the cable as: (1) a
transmission line that can be matched to a pair of standard 50 ohm coaxial
cables. This matching isiaccomplished by comnecting the outer conductors
of the two coaxial cables to the outer conductor of the twinaxtal cable
and connecting the center conductor of each coaxial cable to one of the
' center conductors of the twinuwial cable, (2) a standard cable around
which the input and output tmpedances of various devices, which must
utilize a twinaxial cable, can be designed. To the author's knowledge, .
no twinaxial cable with a convenz;ant differential mode impedance exists

at this time.
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The impedance equations of the twinaxial cable with a 100 ohm differential
mode impedance and a 50 ohm common mode impedance become:
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Tnese equations were solved for P and @ for the common dielectrics that are
in use today (see table 1),

100/50 Twinaxial Cable Parameters for Common Dielectrics

Dielectric Dielectric P Q
Gbnst%nt
at 10" cps
Alry - .. 1.0006 1,589 0.875
Styrofoam 22 1,025 1,60 0.373
Styrofoam 108,7 1,03 1,602 0,372
Teflon 2.1 2,07 0.301
Polyethylene 2,25 2,14 0,293
Polystyrene 2,55 2,28 0,280
TABLE 1

Using the results obtained a cable was designed for Teflon dielectric
(e = 28,1). The values for P and § were 2,07 and 0,301, respectively. Some
tyf;ical dimensions for other dielectrics are tabulated in table 3 appended
to this note, ‘

III. Other Characteristics

With the dimension ratios of the desired cable and its dielectric fized,
one can check to see if the cable meets other requirements levied on a cable
for hign frequency and/or pulse data transmission, These requirements are:

(1) High voltage capability of greater than 5 KV & fferential mode and
10 KV common mode,

(2) Attenuation of less than 4 db per 100 feet at 400 me and less than
2.0 db per 100 feet at 100 me in either mode of operation, Or equivalently,

(8) A cable tau of less than 0,392 ns for a 100 meter cable length.

High Voltage Breakdown

The dielectric strength of Teflon for a 1/8 inch sample is approximately
480,000 volts per inch, Therefore, for a wniform field dstribution, the
spacing between center conductors must be greater than 0,0105 inches for a
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5 KV differential mode voltage capability and the spacing between center
conductors and outer conductor must be greater than 0,021 inches for a 10

KV common mode voltage capability.

Attenuation-Frequency Characteristics

The differential mode attenuation of this type of twinaxial cable i3 given

by the equations: \ _
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where o, . 18 the attenuation due to the conductor logses, ., 18 the
abtenuagzon due to the dielectric Zosses R ig the skin e%ect surface

i8 %he skin effect surface resistance

peszstcmce of the center conductors, R % by oF the diasecte: o resuer
Lvity O e dieleetric and n is the

the outer conductor', o 18 the conduc
€ of the dielectric,

In the case of Teflon, it can be shown that ahe attenuation due to the
dielectric losses is roughly 10 orders of magnitude below the attenuation
due to the conductors, and therefore will not be considered,

o
For the cable under consideration: .
ZD = 100
P = 2,07
g = 0,301
R o=R o= 2.61x10"7 f  for copper conductors
R, = = Vmouf

s so
Inserting these parameters, the equation for the differential mode
attenuation becomes:
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Bntering the requirvement for o, = 2 db/100 Ft at 100 me, '(7.0175X10™°
nepers/meter at 100 me) and solving for D, the required diameter of the

dielectric is determined to be: 4




D=9,19 X 10“3 me ters

"’ orn D= 0,382 inches

Since the attenuation is inversely proportional to D a larger value for
D would resuét in q smaller attenuation, Therefore, let D = 0,400 inches
(1.016 X 10”° meter). The attenuation then becomes:

o, = 63.56 X 1078 f nepers/meter
or an=1,811X 107% f db/100 ft
The common mode attenuation of this twinaxial cable is given by the
equation:
_ 1
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In the case of teflon dielectric and copper conductors:
o P = 2,07 D = 0.400 inch (10,16X10™° meter)
Q = 0.301 d = 0.058 inch (1,47X10° meter)
R = 2.61x10"7 V 7 Z, = 50 ohms

The common mode attenuaton is then:

2,03 x 1077V f  nepers/meter
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c
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Cable Tau

When a cable is used for pulse data transmission,the cable Tau
represents a parameter that is extremely useful for data reduction. This
parameter can be used to describe the response of the cable to either a
wilt impulse or wnit step input. The impulse response (or transfer func-
tion) of a cable may be expressed as:
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t, 18 time of application of the impulse and 1T is the time delay of the cable.

The step response of the cable can be found from the inverse tramsform of N
1/S times the transfer function. In terms of x and T : .
h(t) = cerf‘./;r/a: x>0
(18)
= 0 x <0

where cerfVt/x is the complimentary error function of Vrt/x.

Cable Tau is closely related to the attenuation-frequency characteristic
of a cable. The Tau of a cable can be expressed as:

(adt) (19)
2w

where L is the length of the cable, w is the radian frequency for which Tau

is defined, and o(w} is the attenuation at w expressed in nepers per wnit
length. Tau will be defined for 100 me in the case of this cable,

The & fferential mode Tau for 100 meters of this cable is 0,326 ns and
the commoin mode Tau for 100 meters of this cable is 0.0328 ns,

IV. Summary and Conclusions

This note is an analytical approach to the design of a standard twinaxial
cable for broad band measurements and pulse data transmission. The author o,
reqlizes that the realities of engineering and manufacturing will require
some compromise and that there will have to be some changes in the design
to satisfy unforeseen requirements,

If one looks at the limiting caseg where S goes to zero (and the twinax
becomes a coax) and where D goes to infinity (open two wire line), it becomes
apparent that the equations used are only approximations, However, such
approximations are often used in engineering work where their more rigorous
counterparts would involve calculations more difficult than the slight increase
in aceuracy ts worth, As a matter of fact,it is common practice to use only the
first term of the impedance equations for the manufacture of cables,since this
alone ts sufficient to be beyond the accuracy limitations of mogt cable manu-
facturing machinery., Note that these approximations are only valid when
limiting cases are avoided.

It also must be noted that the attenuation equations are based upon solid
inner and outer conductors and thus allowance must be made when a braided outer
conductor is used, With modern flat wire braid, outer conductor efficiencies
approaching 90% can be obtained, so the error introduced by the use of braided
outer conductors is not serious.

Finally, wnder certain conditions Teflon has some undesirable characteris-
ties that eliminate it from comsideration., Under these conditions, the material
that is, at present, the best choice for a solid dielectric is polyethylene. The
use of polyethylene for the dielectric requires that the dimensions of the cable. —
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be recaleulated to meet the attenuation requirements set forth, Since this
paper is merely an analytical approach to the design of a standard twinaxial
cable and is not intended to be a final design these calculations will not

be presented.

GERALD L, FJETLAND
2d Lt, USAF
17 March 19665
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CALCULATED CHARACTERISTICS OF A 100/50 OHM TWINAXIAL CABLE

DIFFERENTIAL MODE IMPEDANCE: 100 0HMS

COMMON MODE IMPEDANCE: o0 OHMS

DIFFERENTIAL MODE ATTERNUATION:

1,825 db/100 feet @ 100 me
3.65 db/100 feet @ 400 me

COMMON MODE ATTENUATION:
0.578 db/100 feet @ 100 me
1,16 db/100 feet @ 400 me

©IFFERENTIAL MODE TAU: 0,326 ns for 100 meters
COMMON HODE TAU: 0.0328 ns for 100 meters
DIELECTRIC: Teflon (e, = 2.1)

DIAMETER OF THE DIELECTRIC: 0.400 inch
DIAMETER OF INNER CONDUCTORS: 0,058 inch

SPACING (CENTER TO CENTER) OF
INNER CONDUCTORS: 0.120 inch

TABLE 2
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100/50 TWINAXIAL CABLE PARAMETERS FOR- COMMON DIELECTRICS

DIELECTRIC DIELECTRIC P Q D S d DISSA- DIELECTRIC
CU%STANT AT IN INCHES  IN INCHES  IN INCHES  PATION STRENGTH
10" CPS EA@TOR AT 1/8th IN.
10”7 CPS  SAMPLE INW
VOLTS/MIL
AIR 1,0006 1,.5887 0. 3749 0,300 0.1125 0.0707 - =
STYROFOAM-22 1.025 1.5998 0,3727 0,857 0.096 0,060 - -
STYROFOAM 103.7 1,03 1.602 0.3722 0. 300 0.1117 0,0697 - -
TEFLON 2.1 2.0725 0,3009 0.400 0.1208 0.058 0.00083 480
POLYETHYLENE 2.25 2.1408  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 200

TABLE 2
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