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Abstract—Liquid crystal polymer (LCP) is a promising sub-
strate for electronics packaging. In this paper, the high frequency
characteristics of LCP were investigated using a microstrip ring
resonator to verify the possibility of the application of the material
in RF packaging. The relative dielectric constant and the loss
tangent have been measured. The radiation loss of the ring is con-
sidered to accurately determine the loss tangent. A GaAs MMIC
switch circuit was fabricated using LCP as substrate to demon-
strate an application of this material for system-in-a-package.
From the high frequency measurements, it is shown that LCP has
low dielectric constant and low loss tangent in the frequency range
from 1 GHz to 35 GHz. It is also found that LCP can be used in
System-in-a-package applications.

Index Terms—Dielectric constant, liquid crystal polymer, loss
tangent, radiation loss, RF packaging, ring resonator, system-in-a-
package.

I. INTRODUCTION

W ITH the growth of the personal communication market
and the wireless applications, the need for an expanded

supply of high frequency packaging materials with high per-
formance has become critical. On the other hand, the require-
ments of the next generation packaging involve dramatic re-
duction in size and cost. This can be accomplished with in-
creased integration of passives, RF and optoelectronics within
a package, leading to the system-in-a-package (SiP) solution.
SiP is a highly integrated technology with all the system-level
components including ultra high-density wiring, capacitors, in-
ductors, resistors, RF and optoelectronics, buried into one single
board. Due to the embedded RF components in the substrate,
the high frequency characteristics of the substrate become im-
portant and should be carefully studied.

For many years, the only materials available to microwave
engineers were Teflon and ceramics based materials. Both of
the materials had one thing in common: they were too expen-
sive. Liquid crystal polymer (LCP) is a thermoplastic polymer
much cheaper than Teflon and LTCC. This material also offers
an excellent combination of electronic, thermal, mechanical and
chemical properties that make it as a promising substrate for
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electronics packaging. Its mechanical stability is 4 times higher
than that of polyimide. It has less expansion forces that cause via
misregistration. The coefficient of thermal expansion of LCP
laminates and circuit boards can be matched to that of silicon
chips and chip packages, providing higher reliability. In addi-
tion, high moisture and chemical resistance enhance LCP per-
formance in aggressive operating environments [1]. Since LCP
is low-cost, it is also suitable in all applications when FR4 are
used today.

For a material used in RF packages, the major considerations
include cost, electrical, thermal and mechanical performances.
Although LCP was introduced for multiplayer PCBs in 1995,
there was no detailed description and tests on its high frequency
electrical characteristics [2]. In this paper, the high frequency
electrical characteristics of LCP are studied in order to fully
exploit its dielectric properties. In Section II, a microstrip ring
resonator was fabricated on LCP to measure the dielectric con-
stant and the loss tangent of the substrate. In the calculation of
loss tangent, the radiation loss of the ring resonator was con-
sidered to reduce the error caused by the electromagnetic ra-
diation. In Section III, an MMIC switch circuit was fabricated
using LCP as substrate to demonstrate a simple application of
LCP in system-in-a-package. The high frequency performance
of the circuit was measured. All the high frequency tests were
performed by an HP8510C network analyzer.

II. CHARACTERIZATION OF LCP USING MICROSTRIPRING

RESONATOR

The two most important electrical parameters used to char-
acterize an RF substrate are the dielectric constant and the loss
tangent. The dielectric constant is important for all RF boards
because it determines the characteristic impedance of the cir-
cuitry. A precisely controlled and repeatable dielectric constant
is necessary for proper circuit performance in higher frequency
applications. The loss tangent is of primary importance for high
power applications or where carefully balanced circuitry is em-
ployed.

There are several standard methods existing for measuring di-
electric constant and loss tangent. The impedance or resonator
method can be used respectively according to the applicable fre-
quency ranges. The impedance method is usually applied at low
frequencies ( 100 MHz). In this method, the dielectric con-
stant and loss tangent are calculated from impedance measure-
ments of a circular capacitor. At higher frequencies, the dielec-
tric properties can be determined from the characteristics of a
resonant structure located on (microstrip method) or in (stripline
method) the dielectric.
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Fig. 1. Top layout of the ring resonator on the surface of LCP substrate.

In this paper, the microstrip ring resonator method was used.
Compared to a microstrip line resonator, a microstrip ring res-
onator does not suffer from open-ended effects and can be used
to give more accurate measurements. The configurations of mi-
crostrip ring resonators are easier to manufacture because the
manufacture involves only etching of copper-clad dielectric ma-
terial. In addition, the current flows predominantly only on the
surface of the conductor and the roughness correction is better
defined [3].

The LCP BIAC Copper Clad Laminate from GoreTex Japan
was investigated. The thickness of the substrate is 125m. A
copper foil with thickness of 18m is attached by heat-bonding
on both sides of the board. A ring resonant circuit was etched
on the surface of the LCP dielectric. The layout is shown in
Fig. 1. On the other side, the copper was kept as the ground
of the circuit. The radius along the middle line of the ring is
7.95 mm. The width of the microstrips on the LCP surface is
306 m to make sure that the characteristic impedance of the
microstrips is 50 . There are two 0.12 mm gaps at the end of
the ring to couple the resonator to the measurement system. This
provided sufficiently light coupling to measure the resonators
without significantly loading the test equipment.

Since one of the most important requirements of this exper-
iment is frequency accuracy, the resonator was first measured
with a broad frequency sweep to determine the location of res-
onant peaks (shown in Fig. 4). Next-parameters were mea-
sured by a narrowband frequency sweep near each resonant
peak. Then the data were inserted into a computer program to
calculate the material’s dielectric constant and loss tangent as a
function of frequency.

A. Dielectric Constant

For a ring resonator, the effective dielectric constant is given
by [4]

(1)

where is the radius along the middle line of the transmission
line; is the resonance frequency;is the number of half wave
lengths; is the speed of light in vacuum.

Fig. 2. Relative dielectric constant of LCP as a function of frequency.

Fig. 3. Value of loss tangent as a function of frequency.

Fig. 4. Measured and simulatedjs21j of the ring resonator with broad
frequency band (1 GHz to 40 GHz).

Then the relative dielectric constant of LCP can be derived
from the effective dielectric constant and the physical dimen-
sions of the microstrip. The expression is

(2)
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where , is the effective strip
width accounting for the nonzero strip thickness

. and are the physical width and
thickness of the copper donductor, respectively,is the thick-
ness of LCP substrate,is the thickness of the copper trace.

Using (1) and (2), the relative dielectric constant at resonance
frequencies was calculated. The result is plotted in Fig. 2.

B. Losses

The measured unloadedof a microstrip ring resonator can
be obtained by [4]

(3)

Where is the measured insertion loss in decibels of the res-
onator at resonance. The loadedis defined as

(4)

where is the 3-dB bandwidth of the resonator. The
measured attenuation constant can be given by

Np
unit length

(5)

where is the guided wavelength. It is known that the total
attenuation constant ( ) is the sum of the conductor atten-
uation factor ( ), the dielectric attenuation factor () and ra-
diation attenuation factor ( )

(6)

1) Conductor Loss Attenuation Constant:Taking the thick-
ness of the strip into account, we can get the conduction atten-
uation constant of a microstrip line as [5]

dB
unit length

dB
unit length

dB
unit length

(7)

Fig. 5. Outline and schematic of AP640R1-00 (Dimensions indicated in mm;
All pads are� 0.07 mm wide; Chip thickness= 0:1 mm. J1 and J2 are two
input/output ports; B1 is the dc bias port.).

where

is the surface-roughness resistance of the microstrip.is
the surface resistance of the microstrip. is the characteris-
tics impedance of the microstrip. is the skin depth of copper.

10 H m, bulk conductivity of the metal, is
frequency. is the mean surface roughness of the copper trace.

2) Radiation Loss Attenuation Constant:In the previous
works on the measurement of dielectric loss of the microstrip
ring resonator, the radiation loss is always neglected due to its
complexity [6]–[8]. But the radiation becomes significant at
high frequencies because radiation increases rapidly with the
ratio of substrate thickness to free-space wavelength. In this
paper, only the radiation from the ring resonator is considered.
The radiation from other parts was neglected. From Van der
Pauw’s work [9], we can get the radiation quality factor of
a microstrip circular resonator

(8)
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Fig. 6. View of top layer of the MMIC switch circuit.

where and are the permittivity and permeabiligy of
the dielectric substrate respectively. is the characteristic
impedance. is the propagation velocity of the resonance
signal. is the operation frequency. Note, , , and
are dimensionless parameters. After restoring dimension of the
above dimensionless expression, we can derive the following
equation of :

(9)

where is the thickness of the substrate. is the wavelength
of the resonance signal in the free space.is the characteristic
impedance of the microstrip. The radiation attenuation constant
of the ring can be given as

Np
unit length

(10)

where is the guided wavelength.
3) Loss Tangent:Removing the conductor attenuation con-

stant and the radiation attenuation constant from the total atten-
uation constant, the dielectric loss tangent of LCP can be deter-
mined from the dielectric attenuation constant, showed as

(11)

The measured values of loss tangent are shown in Fig. 3.
The measurement results without considering of the radiation

loss are also plotted. We can see that the radiation loss has pro-
nounced effect on the measured value of the loss tangent, espe-
cially at high frequencies. To testify the accuracy of the mea-
sured values, the FDTD simulation software, QuickWave 3D,
was used to model the operation of the ring resonator. The av-
erage values of the measured relative dielectric constant (3.0)
and the loss tangent ( 10 ) were adopted in the simu-
lation. The simulated and the measured shown in Fig. 4
agree well.

From the measurement results, it is seen that LCP has low rel-
ative dielectric constant and low loss tangent over the frequency
range 1 GHz to 35 GHz. So it is a good substrate for high fre-
quency applications.

III. MMIC S WITCH CIRCUIT

In this section, a switch circuit was fabricated using LCP as
substrate to demonstrate the concept of system-in-a-package. A
3-terminal active nonlinear packaged GaAs MMIC switch chip
(AP640R1-00) was used. This chip is a single pole, and single
throw PIN diode switch with fast switching speed (less than 2
ns) and broad bandwidth (18–40 GHz). Its outline with bias and
circuit schematic is shown in Fig. 5.

The chip was embedded into a cavity drilled through the
LCP substrate and attached to the ground of the circuit by
an Ag-filled conductive adhesive. 50 standard microstrip
transmission lines were designed as signal input/output lines.
Gold bonding wires were used to connect the chip to these
microstrips and dc bias strip. Fig. 6 shows the top view of
the embedded chip and the bonding wires. A 300resistor
was chosen as the bias resistor. When the chip is biased by
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(a)

(b)

Fig. 7. Measured performance versus frequency of MMIC switch: (a) isolation
state and (b) insertion loss state.

dc voltage 7 V, a 20 mA current was applied to the chip.
The chip will operate in isolation state. When it is biased by

3 V dc voltage, the chip will work in insertion loss state.
The scattering parameters were measured across the input and
output ports for both bias conditions. The measurement results
are shown in Fig. 7. From the high frequency measurement
results, it is shown that the embedded MMIC switch chip
works well. The substrate, LCP, has good capability for high
frequency signal transmission. It can be used as a substrate for
high frequency SiP modules.

IV. CONCLUSION

The high frequency characteristics of LCP were investigated.
The radiation loss was considered in the measurement of the
value of loss tangent. It was found that in the frequency range
1 GHz to 35 GHz, the relative dielectric constant of LCP is
about 3.0. The value of loss tangent of LCP is below 0.0045.
This means that LCP offers Teflon-like RF performance, it is a
good substrate for high frequency packaging. The GaAs MMIC
switch circuit fabricated in the LCP substrate works well in the
frequency range 20 GHz to 40 GHz. It is shown that LCP can
be used as substrate for system-in-a-package applications.

REFERENCES

[1] J. W. Balde, “Packaging at the turning point – Technology and manage-
ment issues,” inProc. IMAPS France 2001, May/June 2001, pp. 22–24.

[2] K. Jayaraj, T. E. Noll, and D. R. Singh, “A low cost multichip packaging
technology for monolithic microwave integrated circuits,”IEEE Trans.
Antennas Propagat., vol. 43, pp. 992–997, Sept. 1995.

[3] D. A. Rudy, J. P. Mendelsohn, and P. J. Muniz, “Measurement of RF di-
electric properties with series resonant microstrip elements,”Microwave
J., pp. 22–39, Mar. 1998.

[4] K. Chang,Microwave Ring Circuits and Antenna. New York: Wiley,
1994.

[5] R. A. Pucel, D. J. Masse, and C. P. Hartwig, “Losses in microstrip,”
IEEE Trans. Microwave Theory Tech., vol. MTT-16, pp. 342–350, June
1968.

[6] L. H. Hsieh and K. Chang, “Equivalent lumped elements G, L, C, and
unloadedQ’s of closed-and open-loop ring resonators,”IEEE Trans.
Microwave Theory Tech., vol. MTT-50, pp. 453–460, Feb. 2002.

[7] S. Vasudevanet al., “Microwave characterization of low temperature
cofired ceramic system,” inProc. Int. Symp. Adv. Packag. Mater. 1997,
1997, pp. 152–157.

[8] A. T. Bryan, “Automated microwave measurements of microstrip ring
resonators at low temperatures,”IEEE Trans. Appl. Superconductivity,
vol. 7, pp. 1865–1868, June 1997.

[9] L. J. van der Pauw, “The radiation of electromagnetic power by
microstrip configurations,”IEEE Trans. Microwave Theory Tech., vol.
MTT-25, pp. 719–725, June 1977.

Gang Zou (S’01) received the B.Sc. degree in
electrical engineering from the Huazhong University
of Science and Technology, Wuhan, China, in 1992,
the M.S. degree in electrical engineering from
the Institute of Electrical Engineering, Chinese
Academy of Sciences, Beijing, in 1995, and is
currently pursuing the Ph.D. degree in electronics
packaging from Chalmers University of Technology,
Gothenburg, Sweden.

His main research interests include RF/microwave
substrate materials, RF/microwave package design,

modeling and characterization, and system-in-a-package.

Hans Grönqvist received the M.S. degree in engi-
neering physics, the Licentiate degree in engineering,
and the Ph.D. degree from Chalmers University of
Technology, Göteborg, Sweden, in 1987, 1990, and
1994, respectively.

From 1994 to 2001, he was with Saab Ericsson
Space, Göteborg. Presently, he is with Saab Mi-
croTech AB, Göteborg, responsible for RF and
micro systems. His research areas include systems
engineering, packaging and production aspects of
microwave circuits, and novel integration methods

for electronic assemblies.

J. Piotr Starski (S’76-M’78-SM’93) was born in
Lodz, Poland, in 1947. He received the M.S. and Ph.
D. degrees in electrical engineering from Chalmers
University of Technology, Göteborg, Sweden, in
1973 and 1978, respectively.

In 1983, he was appointed Associate Professor also
at Chalmers. From 1972 to 1978, he was with the Di-
vision of Network Theory, Chalmers University of
Technology. From 1978 to 1979, he was a Design En-
gineer at Anaren Microwave. Inc., Syracuse, NY. Be-
tween 1979 and 1997, he held the position of a Re-

searcher at the Division of Network Theory and Division of Microwave Tech-
nology, Chalmers University of Technology. Presently, he is a Docent at Mi-
crowave Electronics Laboratory, Chalmers University of Technology. His cur-
rent activities are in the area of microwave circuits and devices and also in in-
terconnections for RF applications.

Dr. Starski received a Fellowship from the Sweden-America Foundation in
1978. He was Chairman of the IEEE Sweden Section between 1987–1992 and
Vice-Chairman between 1992–1999.

EX1032 / Page 5 of 6 
Murata Manufacturing Co., Ltd.



508 IEEE TRANSACTIONS ON ADVANCED PACKAGING, VOL. 25, NO. 4, NOVEMBER 2002

Johan Liu (SM’90) received the M.S. degree in ma-
terials science and the Ph.D. degree in rapid solidi-
fication processes of metallics from the Royal Insti-
tute of Technology, Stockholm, Sweden, in 1984 and
1989, respectively.

Between 1989 and 1999, he was with IVF—The
Swedish Institute of Production Engineering Re-
search. In 1998, he became an Adjunct Professor in
electronics packaging with the Chalmers University
of Technology, Göteborg, Sweden. Since April 1999,
he has been a Chair Professor and Head of Division

of Electronics Production, Chalmers. He has published over 130 papers in
refereed journals and conferences, edited a book on conductive adhesives
in electronics packaging, and two conferences proceedings in polymeric
electronics packaging. He serves as the European Editor for theJournal of
Electronics Manufacturingand as a member of the International Advisory
Committee for the journal ”oldering and Surface Mount TechnologyS.

Dr. Liu is the Founding Chair of the IEEE CPMT Sweden Chapter. He is also
the founder of the IEEE International Conference Series on Adhesives and Coat-
ings in Electronics Manufacturing (Adhesives in Electronics Series) and Poly-
meric Electronics Packaging (PEP series). He is a member of IMAPS Nordic
Chapter. Recently he has been selected as a member of the Board of Governors
for IEEE CPMT Society worldwide.

EX1032 / Page 6 of 6 
Murata Manufacturing Co., Ltd.


	Index: 
	CCC: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	ccc: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	cce: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	index: 
	INDEX: 
	ind: 


