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Abstract—Liquid crystal polymer (LCP) is a promising sub- electronics packaging. Its mechanical stability is 4 times higher
strate for electronics packaging. In this paper, the high frequency than that of polyimide. It has less expansion forces that cause via
characteristics of LCP were investigated using a microstrip ring misregistration. The coefficient of thermal expansion of LCP

resonator to verify the possibility of the application of the material - L o
in RF packaging. The relative dielectric constant and the loss laminates and circuit boards can be matched to that of silicon

tangent have been measured. The radiation loss of the ring is con- Chips and chip packages, providing higher reliability. In addi-
sidered to accurately determine the loss tangent. A GaAs MMIC tion, high moisture and chemical resistance enhance LCP per-

switch circuit was fabricated using LCP as substrate to demon- fgormance in aggressive operating environments [1]. Since LCP

strate an application of this material for system-in-a-package. ; _ T ; ; it
From the high frequency measurements, it is shown that LCP has :Jsslg(\jlvtgg;; itis also suitable in all applications when FR4 are

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 For a material used in RF packages, the major considerations

System-in-a-package applications. include cost, electrical, thermal and mechanical performances.
Index Terms—Dielectric constant, liquid crystal polymer, loss Although LCP was introduced for multiplayer PCBs in 1995,
tangent, radiation loss, RF packaging, ring resonator, system-in-a- there was no detailed description and tests on its high frequency
package. 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 I, a microstrip ring
resonator was fabricated on LCP to measure the dielectric con-
W ITH the growth of the personal communication markedtant and the loss tangent of the substrate. In the calculation of
and the wireless applications, the need for an expandgds tangent, the radiation loss of the ring resonator was con-
supply of high frequency packaging materials with high pekjgered to reduce the error caused by the electromagnetic ra-
formance has become critical. On the other hand, the requiggation. In Section 11, an MMIC switch circuit was fabricated
ments of the next generation packaging involve dramatic rgsing LCP as substrate to demonstrate a simple application of
duction in size and cost. This can be accomplished with ipcp in system-in-a-package. The high frequency performance
creased integration of passives, RF and optoelectronics withifthe circuit was measured. All the high frequency tests were

a package, leading to the system-in-a-package (SiP) solutigarformed by an HP8510C network analyzer.
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 imJ he two most important electrical parameters used to char-
portant and should be carefully studied. acterize an RF substrate are the dielectric constant and the loss
For many years, the only materials available to microwaygngent. The dielectric constant is important for all RF boards
engineers were Teflon and ceramics based materials. BotHPgfause it determines the characteristic impedance of the cir-
the materials had one thing in common: they were too expé:,pitry. A precisely controlled and repeatable dielectric constant
sive. Liquid crystal polymer (LCP) is a thermoplastic polymeilS necessary for proper circuit perforn.wance.in higher freque_”cy
much cheaper than Teflon and LTCC. This material also offeapplications. The loss tangent is of primary importance for high
an excellent combination of electronic, thermal, mechanical aR@Wer applications or where carefully balanced circuitry is em-

chemical properties that make it as a promising substrate Ripyed. o o
There are several standard methods existing for measuring di-

. ) ) _electric constant and loss tangent. The impedance or resonator
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Fig. 1. Top layout of the ring resonator on the surface of LCP substrate.

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

In this paper, the microstrip ring resonator method was use

3
Compared to a microstrip line resonator, a microstrip ring re 7219 . .
onator does not suffer from open-ended effects and can be u ~&- considering radiation y
to give more accurate measurements. The configurations of | o —— without considering radiation | /"
crostrip ring resonators are easier to manufacture because 5l /"V""\x»/ ]
manufacture involves only etching of copper-clad dielectric m. - T
. . . =) T -
terial. In addition, the current flows predominantly only on th S a4 //g//’,@,\ 7 e o
surface of the conductor and the roughness correction is be E /% S \w/
defined [3]. w3 & N ]
The LCP BIAC Copper Clad Laminate from GoreTex Japs 3
was investigated. The thickness of the substrate is;#B5A 2r 1
copper foil with thickness of 18m is attached by heat-bonding
on both sides of the board. A ring resonant circuit was etch !
on the surface of the LCP dielectric. The layout is shown i 0 ‘ ‘ . . ‘
Fig. 1. On the other side, the copper was kept as the groL 0 5 10 15 20 25 30 35
of the circuit. The radius along the middle line of the ring i Frequency (GHz)

7.95 mm. The width of the microstrips on the LCP surface |
306 um to make sure that the characteristic impedance of t
microstrips is 542. There are two 0.12 mm gaps at the end o~
the ring to couple the resonator to the measurement system. T -30 ' ' ‘ o ‘ I
provided sufficiently light coupling to measure the resonatol i
without significantly loading the test equipment.

Since one of the most important requirements of this expe 50l
iment is frequency accuracy, the resonator was first measut
with a broad frequency sweep to determine the location of re
onant peaks (shown in Fig. 4). Nextparameters were mea-
sured by a narrowband frequency sweep near each resor
peak. Then the data were inserted into a computer program
calculate the material’s dielectric constant and loss tangent a
function of frequency. -90

|8. 3. Value of loss tangent as a function of frequency.
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A. Dielectric Constant AT s 20 25 30 35 40

Frequency (GHz)

For a ring resonator, the effective dielectric constant is given

by [4] Fig. 4. Measured and simulatdd21| of the ring resonator with broad
frequency band (1 GHz to 40 GHz).

2
Epeff = <27r;w f0> (1) Then the relative dielectric constant of LCP can be derived
m from the effective dielectric constant and the physical dimen-
wherer,, is the radius along the middle line of the transmissiop®ns Of the microstrip. The expression is
line; fy is the resonance frequenayis the number of half wave 2epf+M—1
lengths;c is the speed of light in vacuum. Er = T M+l )
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whereM = (1 + 12h/Weff)_1/2, W. sy is the effective strip
width accounting for the nonzero strip thickné®s:; = W +
(1.25t/m)[1 + In(2h/t)]. W andt are the physical width and  g79 —
thickness of the copper donductor, respectivklis the thick-
ness of LCP substratejs the thickness of the copper trace.
Using (1) and (2), the relative dielectric constant at resonan

0.877

0.585

frequencies was calculated. The result is plotted in Fig. 2. 0.313 —
B. Losses
The measured unloadég of a microstrip ring resonator can 0,000 —
be obtained by [4] ' | — |
0 g g g8 g
L 5 5 - —
QO = 1_ IO_LA/2O . (3) ° °
WhereL 4 is the measured insertion loss in decibels of the re
onator at resonance. The load@ds defined as B1
Jo
=— 4
Qr BW s 12 (4)
where BW_; 45 is the 3-dB bandwidth of the resonator. The
measured attenuation constant can be given by ;

T Np
otal =— - 5
Hrotal = 0o, [umt Iength} ©) Jz >—] F—< J5
where ), is the guided wavelength. It is known that the tota
attenuation constanitv{,.;) is the sum of the conductor atten-

uation factor {..), the dielectric attenuation factaw{) and ra- = =

diation attenuation facto
h@ 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

Qtotal = Qe + Xd + Q. (6) input/output ports; B1 is the dc bias port.).

1) Conductor Loss Attenuation Constarifaking the thick-
ness of the strip into account, we can get the conduction atté¥fere

uation constant of a microstrip line as [5] 9 AN2
_ -1
W< 1 Rgl —Rs{l—l-;tan [14(@) ]}
h —2
. 2 muf
ao(f) <S8 Bor |y (Wers\T\ fy 0 b Re=\=~
¢ 21 Zoh 4h Wers TWers 1
bs =
x[ln<47rW+1>— 1- % }} dB o f
- it | h . . . g
1 W ¢ I+ 7w unit lengt R, is the surface-roughness resistance of the microdgips
o < <2 the surface resistance of the microstrify. is the characteris-
h ) tics impedance of the microstrif, is the skin depth of copper.
ool f) :8.68 R 1— Weyss 14 h n h 1 = 47 @ 1077 H/m, o = bulk conductivity of the metalf is
¢ 2m Zoh 4h Weps  7Wess frequencyA is the mean surface roughness of the copper trace.
t 2) Radiation Loss Attenuation Constani the previous
2h 1-5 dB : . . .
In +1) - - _ works on the measurement of dielectric loss of the microstrip
t 1+ 55 unit length

ring resonator, the radiation loss is always neglected due to its

w 9 complexity [6]-[8]. But the radiation becomes significant at
h high frequencies because radiation increases rapidly with the
ac(f) _Rsl 8.68 S ratio of substrate thickness to free-space wavelength. In this
{Weff +2Mn [2% (W i1 4 (). 94)]} paper, only the radiation from the ring resonator is considered.
The radiation from other parts was neglected. From Van der

eff ‘zf;ff - h N h Pauw’s work [9], we can get the radiation quality fact@y of
eff +0.94 We.ss wWeysp @ microstrip circular resonator
1—t dB 4Z,
2T h : @) Qr =~ (8)
[ < > 1+ 2h:| } unit length w2pvg? (1 — Fep+ Se2p?)
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Fig. 6. View of top layer of the MMIC switch circuit.

where ¢ and p are the permittivity and permeabiligy ofloss are also plotted. We can see that the radiation loss has pro-
the dielectric substrate respectivelffy is the characteristic nounced effect on the measured value of the loss tangent, espe-
impedancew, is the propagation velocity of the resonanceially at high frequencies. To testify the accuracy of the mea-
signal.w is the operation frequency. Notg ¢, 11, Zy andv, sured values, the FDTD simulation software, QuickWave 3D,
are dimensionless parameters. After restoring dimension of thas used to model the operation of the ring resonator. The av-
above dimensionless expression, we can derive the followiagage values of the measured relative dielectric constant (3.0)

equation ofQ,.: and the loss tangens.( * 10~°) were adopted in the simu-
lation. The simulated and the measutegl| shown in Fig. 4
0, ~ Ereff 20 (9) adree 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-
guency applications.

~ 2
120m8 (&) (1= de, + e2)

whereh is the thickness of the substrate, is the wavelength
of the resonance signal in the free spdggis the characteristic
impeda_nce of the m?crostrip. The radiation attenuation constant . MMIC SWITCH CIRCUIT
of the ring can be given as
In this section, a switch circuit was fabricated using LCP as
T Np substrate to demonstrate the concept of system-in-a-package. A
= Qrhg [unit Iength} (10)  3-terminal active nonlinear packaged GaAs MMIC switch chip
(AP640R1-00) was used. This chip is a single pole, and single
where), is the guided wavelength. throw PIN diode switch with fast switching speed (less than 2
3) Loss Tangent:Removing the conductor attenuation conns) and broad bandwidth (18-40 GHz). Its outline with bias and
stant and the radiation attenuation constant from the total attefrcuit schematic is shown in Fig. 5.
uation constant, the dielectric loss tangent of LCP can be deterThe chip was embedded into a cavity drilled through the
mined from the dielectric attenuation constant, showed as LCP substrate and attached to the ground of the circuit by
an Ag-filled conductive adhesive. 5Q standard microstrip
agho (er — 1)\/Ererr transmission lines were designed as signal input/output lines.
tan 6 = . . ; :
27.3 &, (ereff — 1) Gold bonding wires were used to connect the chip to these
microstrips and dc bias strip. Fig. 6 shows the top view of
The measured values of loss tangent are shown in Fig.tBe embedded chip and the bonding wires. A 3D0esistor
The measurement results without considering of the radiatisms chosen as the bias resistor. When the chip is biased by
EX1032 / Page 4 of 6
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