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Abstract— The temperature dependent dielectric stability and LCP’s dielectric constant and loss for frequencies greater than
transmission line losses of liquid crystal polymer (LCP) are 10 GHz.
determined from 11-105 GHz. Across this frequency range,
LCP’s temperature coefficient of dielectric constant,r.,., has an
average value of—42 ppmFC. At 11 GHz the 7., is the best Il. METHOD OFIDENTIFYING DIELECTRIC STABILITY
(=3 ppm/°C), but this value degrades slightly with increasing A Temperature Coefficient of Dielectric Constant
frequency. This 7., average value compares well with the better o ) } .
commercially available microwave substrates. In addition, it The temperature coefficient of dielectric constant describes

includes information for mm-wave frequencies whereas standard how much a material’s dielectric constant changes with a
values for 7., are usually only given at 10 GHz or below. given temperature change. This variable is usually given as

Transmission line losses on 3- and 5-mil LCP substrates increase ;
by approximately 20% at 75 °C and 50% or more at 125 °C. a constant over some temperature range, although it often

These insertion loss increases can be used as a design guidghanges slightly depending on the specific temperature. Typ-

for LCP circuits expected to be exposed to elevated operating ical absolute values for., based on a random sampling of

temperatures. material data sheets are from 11 - 280 [ppB}/ Values of
Index Terms—coefficient, dielectric, LCP, resonance, res- Te, Can be positive or negative, indicating an increasing or
onator, temperature, mm-wave. decreasing dielectric constant, respectively, with an increasing
temperature. To extraet , the measured dielectric constant at
|. INTRODUCTION some reference temperatui, ; (usually 25°C), is compared

. . . Wwith that obtained at some lowéfF;,,;+;q;, and higherl;,aq,
IQUID crystal polymer (LCP) is a relatively new, ﬂex'bletemperature. Equation (1) is then used to find

thin film material with excellent properties for mm-wave

passive circuits and printed antennas. The material's light er(Trinat) _ er(Tinitial)
weight and mechanically flexible nature makes it suitable 7. = rres) er(Tres) 106[ppm} 1)
for rolled, conformal, or other deployable antenna arrays Tyinal = Tinitial °C

and RF circuits. LCP has been shown to have promisingThe . value has units of parts per million per degree
electrical properties for applications above 10 GHz [1], b@elsius [ppnf/C]. As an example, a material wita,=3,
temperature testing on it has only been done up to 8 GHz=_50, and a temperature increase of 100 would be

[2]. Since many of the desired LCP applications are at mraxpected to change 9 . temp = 3+3(-50e-6)100 = 2.985.
wave frequencies, the material’s dielectric characteristics under

thermal variations are important to identify across the MM\ easurement Structures
wave range.

The thermal stability of LCP’s dielectric constant is inves- Traditional mm-wave high-temperature dielectric character-
tigated for the first time up to 105 GHz with the temperatur@ation methods such as using split-cylinder, split-post, or
varying between room temperature (2&) and 125°C. Fabry-Perot resonators [4] inside of an environmental chamber
A variable denotedr. , the thermal coefficient of dielectric c@n become prohibitive past 50 GHz. This and other res-
constant, is commonly given on material data sheets to specjant cavities have excellent measurement fidelity but they
dielectric temperature stability. To determine LCP’s therm&€come problematic when attempting to integrate 1.85 mm
characteristics at mm-wave frequencies’ﬂgtrs is investigated or 1 mm coaxial connectors feeding into an environmental
here at 10 frequency points between roughly 11 and 105 Gighamber. These connectors are expensive, fragile, usually short
In addition, the temperature dependent microstrip transmissifnlength, and difficult to connect with precision. In addition,
line losses in dB/cm are measured from 10-110 GHz. THee design of coupling loops at the ends of very small diameter

goa| is to determine how Signiﬁcanﬂy temperature affecfé)axial conductors is not a trivial matter, eSpeCially for mm-
wave measurements. These loops are used to transfer the signal
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typically upconvert the signal very close to the measurement the measured data. Postprocessing using MATLAB was
area. This makes for a cramped space for a temperatused to perform least-squares fits with each resonant peak to
controlled measurement. an analytical gaussian distribution. The residuals were then
The numerous limitations of cavity resonators restricted tlibecked to verify an acceptable fit. Using the fitted gaussian
mm-wave temperature measurements to printed resonant eguation, the maximum amplitude point for resonant peak was
cuits with GSG feeding structures. The solution was to moutiten identified to the nearest 1 KHz. This value was used
a Temptronic digitally controlled hot chuck (with 0.9C as the resonant frequency for each peak. One exception was
accuracy) onto the Agilent 8510XF chuck and to custom buildade near the 21 GHz resonance where the resonant peaks
2" thick aluminum spacers for elevating the mm-wave mixingrere strongly distorted and did not fit the expected gaussian
modules and the attached GSG probes to the same level asdikt&ribution. This resonance frequency was thus left out of the
hot chuck. Microstrip ring resonators with conductor-backeahalysis.
coplanar waveguide (CBCPW)-to-microstrip transitions were
then measured on the hot chuck for 3- and 5-mil LCP substrgge measurement Accuracy

thicknesses. The fng resonators were designed to prowdel_he most important consideration in taking a measurement
resonances approximately every 10 GHz. Each resonanc

rovided a frequency where  was measured ith varying temperature is accounting for the expansion of
P q y &, ' the materials under test. Thg/—CTE of LCP and the CTE

of copper are matched at 17 [ppt@]. The z—CTE of LCP
1. FABRICATION is higher at 150 [ppmiC]. The measured resonant frequencies
LCP (R/flex 3850) material was provided by Rogers Coare thus a combination of both dielectric/metal dimension
poration with double copper cladding in 2- and 4- mil thickechanges and changes in the dielectric constant. To separate
nesses. In addition, 1 mil low melt bare LCP (R/flex 390&hese contributions, the equations from [1] for converting the
bond layers were provided. Copper was etched from one sigf¢asured resonant frequenciesetg; and ¢, were carried
of the substrates by masking the bottom with polyester tap@t with the corrected expanded dimensions for the mean ring
and using piranha etch to remove the copper on the top. Ofidius -, the substrate height, and the strip widthiV at
Copper Bond 5um copper foil was then bonded to the 2each temperature. These dimensional uncertainties as well as
and 4- mil single copper clad LCP core layers with the the uncertainty in the LCRy—CTE (+3) [2] were taken into
mil LCP bond layer. The smoothum copper was used for account as shown by the error bars in Fig. 1.
minimizing skin effect losses at high frequencies. The result
was 3- and 5-mil LCP substrate heights. The bond was done V. RESULTS
in_a Karl S_uss SB-6 computer cont_rolled silicon wafer bondey Temperature Coefficient of Dielectric Constant
with a recipe developed at Georgia Tech. Therd copper
was then patterned using a standard photolithography procesé'jwo changes occur When the resonant structures under test
Shipley 1827 photoresist was used to define the pattern ZH8 heated. A frequency shift of the resonant peak corresponds

ferric chloride was used to chemically etch the copper patteff.& combination of the change in structure size and the change
Acetone was used to strip the photoresist. in the dielectric constant. Second, a decreasijipctor of
the peaks with increasing temperature indicates an increase in

dielectric loss.
Frequency shifts at each of the fal\i" values (25, 50, 75,

A. Measurement Procedure and 100°C) were recorded for each resonance. Calculating

CBCPW-to-microstrip transitions fed the microstrip ringhe dielectric constant (while accounting for the dimension
resonator configuration D found in [1]. Cascade 280 pitch changes at each temperature) provided fouwvalues for each
110 GHz probes were used with the Agilent 8510XF networdet of resonant peaks. The. value is known to vary slightly
analyzer. First, a through-reflect-line (TRL) calibration wawith temperature so the mean value was taken and this is the
done with a set of CBCPW-to-microstrip transmission linegalue given at each resonant frequency shown in Fig. 1.
to calibrate out the transitions and set a reference pland.CP’s temperature stability near 11 GHz is excellent. How-
on the microstrip feed line. The ring resonators were tha&ver, it slowly degrades with increasing frequency and it seems
measured to identify the locations of the resonant peaks.converge to a nearly constant value between 53 and
Once the resonant frequencies were established, a second TBE GHz. Overall, LCP’s temperature stability is as good or
calibration was done with much finer frequency resolutiobetter than the 10 GHz PTFE/glass and alumina temperature
around each peak. The peaks were calibrated with frequerstgbility values. This is comparing LCP’s stability over a
resolutions varying between 1.25 MHz and 3.75 MHz. Theearly 100 GHz range while the others are forra only
hot chuck was initially set to 28C. Calibrated S-parametersat 10 GHz. Thus, the values measured for LCP show that
were then taken at 25, 50, 75, 100, and Z5 Once the it has attractive temperature stability properties for mm-wave
hot chuck reached each desired temperature, 10 minutes wagplications.
given for the probes and attached coaxial cable to heat evenlyig. 2 shows the data in a different representation as normal-
and for the temperature to settle. ized dielectric constant vs. temperature. This shows that the

An averaging factor of 256 was used for all measuremerdgelectric constant of LCP drops more sharply with increasing
to reduce measurement noise. However, noise was still preseemperature at high frequencies. Finally, Fig. 3 shows the

IV. MEASUREMENTS
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Frequency [GHz] Fig. 3. LCP’s dielectric constant vs. frequency and temperature. The

dielectric constant increases with increasing frequency and decreases with
Fig. 1. Absolute value of the thermal coefficient of dielectric constant, increasing temperature. Note that the peak at 21 GHz did not have a well
vs. frequency of several standard materials and of the broadbandor shaped gaussian distribution and thus the resonant frequency could not be
LCP. The closerr, | is to zero, the more stable the dielectric constant iaccurately calculated. However, the 21 GHz measurement at @28as the
with respect to temperature. best fit at that frequency and so only it is included for an estimate of the
dielectric constant.
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Fig. 2. The ratio of LCP’s heated dielectric constant and the dielectric Frequency [GHz]

constant at 25C vs. temperature. The values for LCP are for measurements
from 11-105 GHz from this paper. As a comparison, 99.5% alumina al
PTFE/glass have been included. Notice that the values for 99.5% alumﬁg'
and for PTFE/glass are for measurements at 10 GHz [3].

4. Attenuation of 3- and 5-mil LCP substrate microstrip transmission
s as a function of temperature. Line width, W, was [@4for both lines
which gave 3 = 682 and 882 for the 3- and 5-mil thicknesses, respectively.

actual values of LCP’s dielectric constant vs. frequency amdmparatively better than a majority of other standard mi-
temperature. crowave substrate materials in this parameter. The microstrip
transmission line losses on LCP increased steadily with in-
creasing temperature. Loss increases of approximately 20%
and 50% or more were observed for temperature increases to
At mm-wave frequencies, power becomes scarce and Iq§°C and 125°C, respectively. These loss increases should be

insertion loss for transmission lines is important. Thereforeonsidered for LCP transmission lines exposed to significantly
temperature dependent loss variations need to be taken igkevated temperatures.
account. Microstrip losses in dB/cm were extracted from the

B. Microstrip Transmission Line Losses vs. Temperature
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