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The Temperture Dependence of
Substrate Parameters and
Their Effect on Microstrip Antenna Performance

Pawel Kabacik Member, IEEE,and Marek E. BialkowskiSenior Member, IEEE

Abstract—in the common approach to the design of microstrip and those quoted in the manufacturers’ specifications. These
antennas, the designers rely on data provided in the manufactur- aspects are evidenced by the common practices regarding the
ers’ specifications, even though such specifications are conflneddesign and development of patch antennas, which neglect

to standard environmental conditions. In practice, the electrical th bl | tvpical h to the desi f
parameters of the substrates may deviate from the manufactur- ['€S€ Probiems. in a typical approach 1o the design of a

ers’ data, thus making the antenna designer adopt a deficient Microstrip patch antenna, the values of dielectric constant and
design strategy. In the study reported in this paper, microstrip dissipation factor are assumed as quoted in the data sheets.
substrates were exposed to large temperature variations and their There, the dielectric constant value.Y generally falls within
temperature dependent properties were measured in aspeuahzeda certain tolerance range, while for the dissipation factor

laboratory for dielectric materials. The results include plots of the tans). th . ue | tulated. Th fact
dielectric constant and dissipation factor for wide temperature (tan ), the maximum value is postulated. The manufacturers

ranges equivalent to those in airborne applications. On the basis Usually emphasize the frequency dependence of the material,
of this experimental data, the substrates were divided into four neglecting the temperature drift. Few data sheets provide the

categories according to their dielectric constant value and its thermal coefficient ofs,., which applies to the temperature
temperature dependence. Using both manufacturers’ data and range from 0°C (32 °F) to +100 °C (212°F).

the measured values, a series of microstrip dual-feed aperture- It is often th imat ¢ f the th tical del
coupled patch antennas were designed for the four categories of IS often the approximate nature of the theoretical moaels

substrates and the sensitivity of their electrical performance due Of the CAD tools used in the design process that are blamed

to temperature variations was fully investigated. for the discrepancies between the predicted and actual perfor-
Index Terms—Dielectric measurements, printed antennas, ther- Mances of the antennas. This judgment can be deficient when
mal factors. the actual electrical and physical substrate parameters deviate

from those of the data sheet or when they are both temperature
and frequency dependent.

In the present study, teflon-based laminates, ceramic-based
ECENT years have witnessed an increased use of r@minates, and quartz-fiber composite substrates are investi-
crostrip patch antennas in radio communications amyghted. The electrical parameters of these materials are difficult

radar. In some of these applications, a patch antenna is requi@dheasure accurately at the running manufacturing line. This

to operate in an environment, that is close to what is definedraay be one of the reasons why the manufacturers’ data is often

room or standard conditions. However, antennas often haveroomplete or incorrect. We obtained accurate temperature

work in harsh environments characterized by large temperateteracteristics of different substrates by using a precisely

variations. Air and spaceborne applications fit these charaontrolled laboratory setup. Having determined the actual

teristics, as well as large-scale integrated microwave anterelectrical parameters of several substrates, investigations are

modules (in the latter, the antennas are thermally affectpdrformed into the variations of the electrical performance of

by the adjacent electronic active stages). The result is thmaicrostrip antennas due to the incorrectly assumed electrical

the electrical properties of microstrip antennas suffer froamd physical parameters of the substrates.

unwanted variations.

In the course of our study, we found that two major prob-

lems had not been clearly addressed in the antenna literature ~ !l- EFFECT OF TEMPERATURE ONDIELECTRIC

[1]. The temperature dependence of the electrical parameters CONSTANT AND DISSIPATION FACTOR

of the substrates and the discrepancies between actual valuesf the various materials used in microstrip technology,
teflon, ceramic, and polystyrene laminates, dielectric foams
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in airborne applications, although in spaceborne applicationszs
they can be approximately twice as high.

In the present study, substrate measurements were perzs|
formed at the Laboratory of Dielectrics and Structure of
Organic Compounds at the Chemistry Faculty of the Wro- 27
claw University, Poland. The laboratory has well-established
facilities providing high-quality measurements for solid and: 2}
liquid materials at temperatures ranging at least frot20 °C
(—184°F) to +180°C (356 °F) at arbitrary humidity and in
the presence of various chemical agents. s

The samples were disc shaped and had diameters of 8 &nhd* | Material B
6 mm for low frequencies and high frequencies, respectively.
They were prepared with extreme care as exertion of any?>®
physical force could adversely affect the electrical parameters |
of the sample. It was due to the large frequency span that two™* |
measuring methods and three test setups had to be used. Thus,
at 800 kHz and 1 MHz use was made of a Hewlett Packard 2'18 2 ¢ 8 8§ © © © 5 8 @ 3 8 & =
HP4284A precision LCR meter. Relative permittivity and loss ~~ T T T mperature [deg €1
tangent were calculated assumlng a parallel plate Capaclll_;%r_ 1. Measured dielectric constant-f for two categories (A and B) of
model for the sample. At frequencies higher than 1 MHz, thgss-reinforced teflon laminates.
resonant method was applied, using a HP4191A RF Impedance

Analyzer for frequencies of up to 1 GHz and a HP 8720 . . .
Vector Network Analyzer, HP 817A-Slot Line and custom ow-mobility) to a rubbery (high-mobility) state [3]. Phase
gﬁnsition in glass occurs at 20-3@ (68-86 °F) and is

made microwave test cavity for frequencies ranging betwe . SR \ ;

1-10 GHz. In every instance the cavity with the Samp@ccompamed by a variation in the dielectric constant and
under test was installed inside a hermetic cavity with preci§é&Sipation factor and by an increase in the thermal expansion
temperature control. The measuring setup was calibrated usﬁ’?@

fficient.
standard polypropylene or polystyrene samples of known ategory B laminates were characterized by a dielectric
parameters. Regardless of temperature, the accuracy of %A

Material A

. Mawetialp

lectric const:
N
v

C WewRB

gstant with a gradient value differing markedly in at least

measurements was quite good, with errors smaller than 1.5 4#@ témperature subranges of the dielectric constant plot.
3% for dielectric constant and dissipation factor, respectivefffegardiess of this effect, the laminates experienced phase
It should be noted that the measuring accuracy is affected §gnsition. It is worthwhile to mention that the Category B lam-
the precision of the microwave equipment and by the qualifyates had dlele_ctrlc constants, which were almost independent
of dielectric material sample preparation. In the latter, tHef temperature in the lower temperature subrange and showed
maintenance of a constant sample thickness is of paramo@ifémarkable temperature dependence in the upper subrange.
importance. Furthermore, materials displaying very low lossesThe laminates were made of woven or dispersed glass
(less than 0.001) could be measured with worse accuracyf®ers and teflon fillers (at precisely controlled proportions of
tand parameter. More details concerning the measureméh@ss and filler). Although there is a wide spectrum of glass
accuracy of this parameter can be found in [2]. types, only some of them, namely those having low losses
Using the testing facility of the laboratory, the dielectri@t microwave frequencies (e.g., pyrex) can be used for the
constants and the dissipation factors of laminates and substfaghufacture of microwave laminates. All of the laminates
materials offered by major manufacturers (Rogers, 3M-Arlofgsted belonged either to Category A or B. Thus, representative
Taconic, CuFlon, GIL) were measured. Due to the anisotrogi&amples of Category A were Ultralam 2000 and CuClad
properties of the laminates, the measurement plane had t026€ LX laminates, while good representative examples of
clearly defined. In the present case, the measurements w8 Category B were RT/duroid 5880 and TLX-8 laminates.
performed only in thez plane that was oriented along théJnfortunately, it is impossible to classify a given laminate as
laminate thickness. A or B on the basis of data sheets, because the latter do not
The investigated substrates were divided into four caterovide sufficient information about the chemical composition
gories, A, B, C, and D, according to the composition off the glass or material structure.
the material and the temperature dependence of the dielectri€ategories C and D materials included ceramic and quartz-
constant. Categories A and B included teflon-glass microwafieer composites, respectively. We do not mention the names
laminates. Substrates of Category A were characterized ¢fythe materials or manufacturers when providing quantitative
dielectric constants whose values decreased with temperat@aés.
where the drop had approximately constant gradients, whichThe measured temperature characteristics of the dielectric
varied slightly when a phase transition of glass occurred. Natenstant for two laminates representing Categories A and B,
that the phase transition phenomenon involves changesréspectively, are plotted in Fig. 1. As shown in this figure,
molecular thermal mobility, which is associated with transfothe measured values for material A ranged from 2.82 at
mations of the amorphous phase of materials, from a glassg0 °C to 2.56 at+80 °C (a 9.7% change). There was a
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dielectric constant value changed by 6.9%. There was neg-

noticeable phenomenon of glass phase transition, as obse i 'Hle variation in the dielectric constant with frequency in
at 23°C (73°F). For the material representing Category Bt, € _tempera.\tu.re range 6t60 °C tp +25 C (77 °F) and

the measured dielectric constant ranged from 2.4660 °C a slight var|a_1t|on with _frequency in the higher temperature
to 2.45 at4+-20 °C and 2.27 a#-80 °C (an 8% change). The range,_reachlng a maximum of 0.8% 480 °C. The values
changes in the dielectric constant as a function of frequen‘(rclé/d'Ss'pat'On factor measured at a room temperature amounted
(within the considered temperature ranges) for laminates A a d0.00S—bemg ,1'3 tlm_es .the maximum value given by
B were less noticeable. The relative change in the dielectme manuchturers .sp.eufl.cauon. Only for temp.eratures below
constant as a function of frequency was less than 0.15% fSELO C did the dissipation factor comply with the value

material A and less than 0.5% for material B. The measuré%commended in the specification. Temperatures abel@

temperature characteristics of the dissipation factor for botﬁ: had a considerable effect on the measured values and led

laminates are presented in Fig. 2. The measured value 3,2 significant divergence from the specifications at high tem-
laminate A approached 0.0005 and was almost frequer& atures. The highest measured dissipation factor value was
independent. This value was much lower than the one quo 12 at+80 °C, which was 5.2 times the maximum allowable

in the manufacturer's specification. The highest measurégué gven by manufacturers’ specifications. The measured

value of the dissipation factor for laminate B was close %alues did not show any temperature-related hysterisis as they

0.0017 at temperatures betweeB0 °C (86 °F) and-+50 °C were independent of cooling and warming sequences.
(122 °F), and complied with the data sheets only for a
limited temperature range. Having measured the values of the Il PERFORMANCE OFMICROSTRIP ANTENNAS
dielectric constant for laminates A and B, it was interesting to OVER LARGE TEMPERATURE RANGES
compare them with the values specified by the manufacturersHaving measured the electrical parameters of the substrates,
The comparison revealed a considerable discrepancy betwida possible to perform a comprehensive analysis of various
the measured values and those quoted by the manufacturerisrostrip antenna elements exposed to large temperature vari-
Furthermore, it disclosed the occurrence of phase transitiona#ibns. In the present study, our considerations were focused
about 20-30°C (68-86°F). This has not been mentioned inon a dual-feed aperture-coupled microstrip antenna, which
the manufacturers’ specifications. was designed for operation in the downlink of a personal
In the course of testing, we noticed that exerting a higatellite communication system. The downlink frequency band
pressure onto the laminates’ surfaces irreversibly modified tadopted for the purpose of the study ranged between 2483.5
electrical properties of the substrate, increasing, for exampésd 2500 MHz (16.5-MHz bandwidth with center frequency
the value of the dielectric constant. However, generally presf = 2491.75 MHz).
ing the laminates under high temperature cannot be avoided’he generic view of the investigated antenna is shown in
during the photo-etching process, because it is necessaryrip. 4. The antenna structure consists of three dielectric layers,
clad a light-sensitive film onto the laminate surface. one ground plane, and printed circuits. On the top surface
Category C materials were laminates with uniformly disthere is a square patch. Two orthogonal rectangular coupling
persed ceramic filler in a teflon matrix. Typical exampleslots are located in the ground plane. On the bottom surface
of this category are RT/duroid 6010 and AR1000. Fig. there is a microstrip feeding circuit comprising two separately
shows the measured dielectric constant and dissipation faaacited microstrip lines. Since this antenna has two orthogonal
values for one of the Category C laminates. The measuregds, it can generate dual-polarized or circularly polarized
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Fig. 5. Calculated return loss at ports 1 andb2,(and.S»2) of a LBB patch

antenna of Fig. 4, with different sets of electrical parametersapd tan 6)
wz of the substrates: (a) provided by the manufacturer; (b) measuree2@t
°C; (c) measured at-60 °C; and (d) measured at80 °C. Both substrates
were made of material Ba = 34.66 mm, s = 23.2 mm, ws = 2.0 mm,
sw =124 mm,sl = 7.0 mm, wz = 2.42 mm, st = 6.0 mm, &1 = &2,
tan 6; = tande, .1 = 42 = 2.20,tand; = tande = 0.0009,d; = 3.18
mm (125 mils),d> = 0.76 mm (30 mils),e, = 2.32, tané, = 0.0013,
d, = 40 pm.

Top view

port 2

€., tand,, d;

drift. Nevertheless, for the cases investigated here for which
the return loss at the center frequency was maximized, the
prepreg isolation values ranged between 9.5-16.7 dB and was only
& tand, d, slightly sensitive to temperature.
Fi_g. 4. ‘anfiguration ofadgal-feed patch antenna with through-slot coupl d':Or accuracy of analySIS’. the software package Ensemble
microstrip lines. Metal cladding: 0.5-0z (17;6m) thick copper. Ports 1 and ?AnSOft: Boulder Technologies) was used. This software in-
2 are located between branch coupler and coupling apertures. volves a full-wave method and is suitable for analyzing printed
antennas that are manufactured in stratified planar dielectrics.

electromagnetic radiation. To obtain circular polarization, fUring calculations, the frequency step was set to 2 MHz,
is necessary to use an external polarizer in the form of€XCEPt in selected cases where it was made to be 1 MHz. The

3-dB directional coupler connected to the two lines. In aﬂalculated results were _slightly affected by the grid size. For
the investigated cases, the patch substrate was chosen t&fNPIe, for a coarse grid, the calculated center frequency was
3.18 mm thick (125 mils). The microstrip line and the feedin 508 MHz while for a fine grid it was 2492 MH_Z' as re_quwed.
circuit substrate were 0.76 mm (30 mils) or 0.51 mm (20 mil the present analysis, an even temperature d|str|but|on across
thick. Between the patch substrate and the ground plane thi&le entire antenna structure was assumed. In practice, the
was a thin bonding film. Note that in aerospace Composﬁ%mperature distribution inside the antenna structure can be
engineering the term “bonding layer” is also knowrpaspreg nonu_nn‘orm. In such cases, a more cqmplex analysis may be
All circuits were printed on 17:m (0.5 0z) copper foils. required. However, they are not considered here.

In the investigations presented here, attention was focused , .
on the return loss characteristi§;( and S»») as a function A- Antennas with Laminates A, B, and C
of frequency and, particularly, on the temperature drift of We considered several antenna designs. For clarity, they
the center frequency, (defined as the maximum return lossre denoted by three letters. The notation reads as follows:
frequency). Although isolation between the two ports is a kalie first latter (L or P) indicates the source from which
parameter in the design of dual- or circularly polarized antenifze electrical parameters of the substrate were taken=(L
elements, it was not the subject of the present investigationsanufacturers’ data, 2 our measurements). The second letter
The reason is that for the dual or circularly polarized antenrgtands for the patch substrate category (A, B, and D). The third
there exists a tradeoff between the return loss and isolatietter denotes the category of the feeding line substrate (A, B,
when broad-band operation is required. In such a case, #ra C). The return loss characteristics calculated for an LBB
return loss has to be decreased in order to achieve high-feedenna, with manufacturer's specified parameters (l) for the
isolation and, consequently, an increased polarization baneflon-glass laminate substrate (b) of the feedline and patch
width. However, having decreased the return loss value, tlagers, is shown in Fig. 5. Thus, the patch and microstrip line
position of the center frequency is less clearly determined arstibstrates belonged to substrate category B (with temperature
therefore, does not provide a clear measure of the frequemtyaracteristics shown in Figs. 1 and 2). The lowgst(S22)

£, tand,, d,

Side view
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Fig. 6. Calculated temperature dependence of return I8ss §nd S»2) of  Fig. 7. Calculated temperature dependence of return I$ss &nd S22) of
PAA patch antenna designed with the use of the measured material electrizBB patch antenna, designed with the use of the measured material electrical
parameters. Both substrates were made of material A (Figs. 1 and231.1  parameters. Both substrates were made of material B (Figs. 1 and=2}.3.2

mm, Is = 22.6 mm, ws = 2.0 mm, sw = 11.5 mm, sl = 6.5 mm, mm,ls = 22.0 mm, ws = 2.0 mm, sw = 12.0 mm, sl = 6.5 mm,
wz = 2.04 mm, st = 5.3 mmM, .1 = &2 andtanéd; = tandy are the wz = 2.18 mm, st = 6.0 mm, .1 = &,2 andtand; = tands are the
measured valueg); = 3.18 mm (125 mils),d> = 0.76 mm (30 mils), and measured values{; = 3.18 mm (125 mils),d> = 0.76 mm (30 mils),
gp = 2.32, tané, = 0.0013, d, = 40pm. ep = 2.32, tanép = 0.0013, dp = 40pum.

value was—52 dB at fo = 2492 MHz and the 10 dB return by temperature variations was42 MHz (at —60 °C) and
loss bandwidth was 108 MHz. Itis interesting to recalculate thg62 MHz (at+80 °C) for the PAA antenna, and2 MHz (at
return loss characteristics of the LBB antenna by making us&0 °C) and+4-88 MHz (at+80 °C) for the PBB antenna. The
of measured electrical parameters of the laminate. Plots (b)—-&htenna bandwidth approached 7% and increased slightly with
of Fig. 5 present the results of such calculations for threaemperature. For the PBB antenna, the frequency drift was only
temperatures, respectively. The plots of the antenna return 1g2sMHz in the temperature range froar60 °C to about+-40
for the measured values show a considerable shift downwafd@s A major section of the drift occurred at temperatures above
along the frequency axis. The center frequency+@0 °C  +40°C. That can be attributed to the temperature dependence
amounted to 2384 MHz (being by 108 MHz lower than thef the dielectric constant value of laminate B.
design value). The 10 dB return-loss bandwidth of the antennaSince the use of the same substrates for the patch and for the
was 97 MHz (which is concomitant with the decrease of thfeeding network may not necessarily provide an optimal patch
minimum return loss value). The drift of the center frequenayesign, we also studied antennas involving a combination of
was 84 MHz when temperature varied betweeB0 °C and teflon-based (A or B) and the ceramic-based (C) laminates.
+80 °C. This frequency drift was several times the requireflig. 8 presents the plot af;; values calculated for the PAC
operational bandwidth. The results imply that the designeghtenna (material C, 0.51 mm thick). The center frequency
antenna would not satisfactorily fulfill the requested technicaffset due to temperature was42 MHz at —60 °C and
specifications. Needless to say, such an antenna could hargd0 MHz at+80 °C. The impedance bandwidth approached
be regarded as a good design. We also examined how 11® MHz and increased slightly with temperature. The PAC
presence of prepreg affected the return loss characteristmstenna presented the first design that complied with the return
The influence of prepreg was found to be very small as thess (10 dB) requirement over the specified frequency band and
center frequency was shifted by only about 2 MHz. over the entire investigated temperature range.

If the center frequency of an actual antenna falls below the
design value, this may be an indication that the actual dielectric ) i
constant value of the substrate has been greater than the gné\ntennas with Material D
assumed in the course of design. In our tests all laminates ha®n the basis of the results obtained in the subsectiane
a greater measured dielectric constant values than the nomuai see that the use of glass reinforced teflon substrates may
ones. be unacceptable in applications were the antennas are exposed

Figs. 6 and 7 show the calculated return loss characteristioslarge temperature variations. Hence, it is worthwhile to
for the PAA and PBB antenna, with own-measured parametéosk for materials with electrical properties less susceptible
(P) of category A or B teflon-glass laminate substrates usemtemperature. Advanced aerospace composite materials are
in the feedline and patch layers, respectively. In both desigmspomising candidates for consideration. There are two princi-
use was made of actual electrical parameters, as obtained fqueth categories of such composites—one based on honeycomb
measurements at20 °C. The center frequency drift causedillers and the other one based on fibers (glass or quartz). The
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Fig. 8. Calculated temperature dependence of return I8ss 4nd Ss») of 0
PAC patch antenna, designed with the use of the measured material electrical
parameters. Patch substrate: 125-mils-thick material A (Figs. 1 and 2); line

substrate: 20-mils-thick material C (Fig. 3).= 31.2 mm, Is = 21.3 mm,
ws = 1.6 mm, sw = 11.6 mm, sl = 7.0 mm, wz = 0.488 mm, st = 2.8 -10
mm, €1, £-2, tandy, and tando are the measured valueg; = 3.18
mm (125 mils),d> = 0.76 mm (30 mils),e, = 2.32, tané, = 0.0013,

dp = 40pm. 20

major advantages of these materials can be detailed as follov{_is_;o,
low weight or ultralow weight, very wide temperature rangeg

of operation, good electrical parameters, weak temperature de-
pendence of electrical parameters, and small thermal expansior®
coefficient. In our study, we considered composites made of
quartz fibers (category D substrates). The deficiency of the_,
material was fragility, moisture absorption, and difficulty of
cladding of printed circuits.

One of the recently recommended Category D materials*°
for use in microstrip antennas is a quartz-based composite,
which consists of short quartz fibers bonded together. The
development of this material was originally stimulated b¥i9- 10. Temperature drift of calculated return loss ( and 52,) of PDB
the needs of thermal insulation engineering. The measu ﬁgt h antenna, designed Wlt.h the_ u_se_ qf the meas_ured mat_enal elgctncz.al

meters. Patch substrate: 125-mils-thick composite material D (Fig. 9);
dielectric constant and dissipation factor for this material afig@e substrates: 30-mils-thick material B (Figs. 1 and @)= 39.14 mm,
plotted in Fig. 9 for test temperature ranging froni20 °C s = 24.6 mm, ws = 2.0 mm, sw = 14.5 mm, sl = 9.0 mm, wz = 2.18
(~184 °F) to +160 °C (320 °F), which complied with the ™" = 2 It o L e o gy o 5 o™
conditions of certain spaceborne applications. Compared to thes, = 0.0013, d, = 40um.
materials of Category A, B, or C, the dielectric constant value
of the Category D material varied only slightly: from 1.718 aperature from 2480 MHz-{60 °C) to 2506 MHz ¢80 °C).
—120°C to 1.645 at}-160°C (4.3%). The dissipation factor The PDB antenna return loss was never worse than 15.6 dB
turned out to be ultralow, varying from 0.00043-all20°C over the entire operating temperature6Q °C to +80 °C)
to 0.0005 at+-160 °C. Manufacturer’'s data were unavailableand frequency band.
because this material is recommended for other applications. IHaving achieved such promising results for the PDB an-
has to be added that frequency had little effect on the measutedna, we examined a PDC antenna in which the 30-mils-thick
values and there were no phase transitions. teflon-based laminate had been replaced by a 20-mils-thick

Using the Category D material, a new dual-fed microstriperamic laminate of Category C. The calculated return loss
antenna (PDB) was designed (the thickness of the Categoryliaracteristic is shown in Fig. 11. The center frequency varied
laminate being 30 mils). Fig. 10 shows the calculated retuby 22 MHz (from —16 MHz at —60 °C to +6 MHz at
loss (511 and S32) versus frequency with temperature as &80 °C). The return loss was even lower than that for the PDB
parameter. The maximum return loss, 56 dB, was achievadtenna. It must be noted that for the substrate combinations
at 20 °C and was higher than 24 dB in the entire operating + D and C+ D, a remarkably small frequency drift was
frequency bandwidth. The center frequency drifted with tenachieved (1 and 0.9%).

-60°C
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0 TABLE |
CALCULATED CENTER FREQUENCY AND THE MAXIMUM RETURN Loss
5 WITH AND WITHOUT INCLUSION OF THERMAL EXPANSION EFFECT
center frequency [MHz]
701 22 MHz return loss [dB]
1 Antenna without thermal with thermal
) expansion expansion
E 20 |
g -60°C +80°C -60°C +80°C
= -25
-60°C PAA 2450 2554 2449 2555
-30
46 41 38 60
+80°C
-35
20°C PBB 2490 2580 2489 2582
-40 +
£ & § § 8 & g § § 8 8 s 46 44 32 35
& g J 3 & & & & & & & &
frequency [MHz]
PDB 2480 2506 2478 2507
Fig. 11. Temperature drift of the calculated return loSs;(and S22) of
PDC antenna, designed with the use of the measured material electrical 41 24 53 24
parameters. Patch substrate: 125-mils-thick composite material D (Fig. 9); line
substrate: 20-mils-thick material C (Fig. 3).= 39.8 mm, Is = 22.0 mm,
ws = 1.6 mm, sw = 14.7 mm, sl = 10.0 mm, wz = 0.488 mm, st = 3.2 PDC 2476 2498 2477 2498
mm, €1, &r2, tanéd; and tands are the measured valued; = 3.18
mm (125 mils),d2 = 0.51 mm (20 mils),e, = 2.32, tané, = 0.0013, 29 35 27 37
d, = 40pm.
C. Thermal Expansion Effect 2600

So far we described the temperature dependence of the
electrical parameters of the substrates and their effect on the
performance of the patch antenna. However, in a practical 0
situation, there are other substrate-related factors that affect the
performance of antennas. One of them is the thermal expansion _ 2540
coefficient. Thermal variations account for a slight expansion
or shrinkage of the antenna dimensions. Yet the expansion ef-
fect and the temperature dependence of the substrate electrical
properties may compensate each other.

The thermal expansion coefficient in theand y direc- 2480 1
tions (parallel to the laminate surface) generally ranges from
14 to 48 ppm/°C. Thus, in practice, the impact of the 2450
thermal expansion coefficient along the or y axis for a
moderately sized substrate is of little importance. Hence, in
the present case, for the investigated temperature variations ,,,, ‘ . . ‘
between—60 °C and +80 °C, the expansion in the and 60 -40 20 0 20 40 60 80
y directions can be neglected. The values of the thermal temperature [deq ¢l
expansion coefficient in the direction for glass-reinforced Fig. 12. Center frequency defined in terms of the minimum valué of
teflon laminates generally range from 170 to 280 pp@! (522), versus temperature for antennas. (a) PAA. (b) PBB. (c) PDB. (d) PDC.
For an expansion coefficient of 280 ppmC, the thermal
expansion of a 0.76-mm-thick laminate &R0 °C) results board, this expansion coefficient leads to 0.01% thickness
in a 3.9% thickness change [from 0.7430 mm (29.25 milghanges.
at —60 °C to 0.7728 mm (30.43 mils) at+80 °C]. For a It is worth evaluating how thermal expansion contributes
3.18-mm-thick board, thickness also changes by 3.9%, but tieethe overall antenna parameters. From the data of Table |
corresponding values are 3.109 mm (122.39 mils) and 3.2@®mparing the center frequency and maximum return loss
mm (127.30 mils) for—60 °C and+80 °C, respectively. The with and without inclusion of the thermal expansion effect)
thermal expansion coefficient of a quartz-fiber composite itsis apparent the change in the physical dimensions of the
more than one hundred times smaller than that for many ottertenna has little importance. The frequency step used in
types of foams used for microstrip antennas. The composite calculations was 1 MHz. Fig. 12 describes the calculated
D (Fig. 9) has an ultra low coefficient of thermal expansiorgenter frequency drift when the thermal expansion effect was
ranging from 4x 10~7 to 7 x 10~7. For a 3.18-mm-thick included in the analysis. As shown by these plots, frequency

N
3%
R
S

center frequency [MHz]
N
o
(=]
o

2440
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drift due to temperature was 106 MHz for the PAA, 93 MH~
for the PBB, and 21 MHz for the PDC antenna.
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