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ABSTRACT and resonators with high quality factors at high

. : . frequencies. Though the relative permittivity of
We report on basic passive components inte LTCC ceramic is usually in a range of 6 to 10,

grated into ceramic substrate and on the per- . . )
formance of a finite element software package capacitors with high values can be achieved by

The inductors of different types in a range of creating a multilayer structure. Materials with

1nH to 10 nH show moderate dependence onhigher permittivity are at the development stage
frequency. Spurious resonances adé cou- at the moment. Onto the surface of a LTCC

pling of neighbored structures. Shunt capacitorsmOdU|eaCt'Ve elements like IC’s can bended_
between 6 pF and 128 pF have resonances ol soldered. It was calculated that the required

i 0, -
contrast to the series capacitors depending O@irt?c?ngoeraCIéTkSoir?O\?g:e ;Smagr(:gatzg/o .Oil;ﬁstra
the ground plane. Stripline and lumped element . ' y Imp 'mt..

OIfor this technology are mobile commuaition

devices, where miniaturisation is urgently
needed. With reduction in size parasitics and
crosstalk become more and more important.
Therefore lumped circuit simulation is not suffi-
cient and full 3D-simulation is necessary. To
INTRODUCTION demonstrate the electrical behavior at UHF band
On PCB boards usually up to 75% of the totalfrequencies, different fundamental types of in-
area is covered by passive components. Onéluctors, capacitors and resonators were fabri-
possibility to decrease thatase is integration cated and as well simulated using a finite ele-
into a multilayer substrate. This can tbene by ~ment software package. The results are pre-
means of the LTCC (Low Temperature Cofired sented here.
Ceramics) technology [1,2] by whichetalliza-
tion is screenprinted onto green ceramieeh. SMULATION TECHNIQUES
Printed sheets are stacked, laminated and firedSimulation can be carried out by different com-
Since co-firing is done at relative low tempera- mercial software packages based on, e.g. TLM
tures (< 950 °C) highly conductiveetalization  or spectral domain miedds [3]. Further on the
layers of silver or copper can be used in thismarket are boundary element and finite element
step. The thickness of these conductors igprograms. The choice for finite elements was
around 10 um, which is about three times themade since that combines the advantage of full
skin depth at 1 GHz. As a result of that andthree dimensionality with the possibility to use
since losses due to the ceramic can be ignorechaterials with complex permittivity and perme-
compared to conductor losses, the LTCCability. In addition a benchmark showed that the
method is very useful for integrating inductors calculation time of the commercial FEM soft-

100 and 50 resztively. Fair agreement of
measurement and simulation was observed.
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Figure 2: Straight line

Figure 1: Three quarter circle inductor
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ware package used here is superior even to prg — Measurement: Sample 2
grams that only offer 2%2-D modeling. T ooy o uonNonetabors
£
INDUCTORS £
=]
As inductors straight lines, meander structureq E soe-09 t

and a couple of three quarter circles in stripline
technique were chosen (Fig. 1) and placed sid¢
by side on one board. In Figs. 2 to 4 some ex; '
amples for measured and siaigld hductances Frequency / GHz
are shown. Neighbored structures were too close
to each other so that interference occured. Thig

4,0E-09 t t t

Figure 3: Three quarter circle inductivity

was minimizecduring measurement by adhesive | *°F% T casurement sample 1
copper strips pasted over the neighbored struc ~ Measurement: Sample 2
2,0E-08 T - - -Simulation: No neighbors
tures. Nevertheless the graphs show some spur =
ous resonances. Apart from this resonancej# |
measured and simulatedrees agree fairly. In |3 ™"
particular the general frequency dependence i = LoE0s ]
similar. Quantiative deviations, e.g. Fig. 3 '
shows an error of about 4% at 500 MHz, may be : : :
caused by a non-ideal test fixture. This is also 0 05 1 15 2
true for all other results presented here. Frequency / Ghz

Figure 4: Meander inductivity
CAPACITORS

The second group of passive components unde?nd. without n(tel_ghbors. Durlgg Trrrlleasurehment,
consideration is given by series and shunt ca89ain COpPer strips were used. 1he grapnhs sug-
pacitors made in microstrip technology. For gest that the shleld_lng was sometimes successful
each specific value two or three elements Were(F'g' 6), but sometimes not (Fig. 7.)' '_I'he curves
arranged side by side onto one board (Fig. 5).Of the shunt capacitors show a shift n the reso-
The neighbored structures causddilar inter- hance frequency. This can be e_xplalned by Fhe
ference as was the case with the inductors. Sincg"Ct’ that the resonance itself is related with

calculation was easy, they were simulated withstandlng waves occuring on the narrow ground
planes of the shunt capacitors. Thus the reso-

0-7803-4471-5/98/$10.00 (c) 1998 IEEE



nance frequency is dependent on the position o
the connected capaeit During simulation al-

ways the middle capacitor was connected, bul
during measurement another element was taker
This explaines the frequency shift. Broad ground
planes and shorter connections of theugd

planes itself to ground should be used to preven
from the spurious resonances. In Fig. 8 a result
for a series capacitor is presented. Since there
are no ground planes resonances cannot be o

Figure 5: Shunt capacitor arrange ment

served. In summary simulation was able to pre-
dict the influence of crosstalk.

RESONATORS

Finally two resonators fabricated in stripline
technique are presented. One is a meander ar
shunt capacitor combination and the other is g
stripline resonator. All measurements regarding
the resonators were done with two samples o
the same style of construction. Therefore always
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two results in the figures and tables are given. In
Tab. 1 measured and simulated resonance fre

Figure 6: |S | of shunt capacitor, 63 pF

guencies are shown. The simulation was done
using the eigenmode solver of the finite element
software package. The values agree very well tg
the measured data. For the determination of thé
Q factor by simulation a frequency sweep is
required. Furthermore, the software package
offers two possillities for modeling the con-
ductors. First there are 2D-elements which car
be loaded with a resistance (Method 1). Al-
though this resistance depends on frequency du

5]/ dB
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Frequency ! GHz

to the skin effect, thprogram onlyaccepts one
value for all frequencies. Therefore the surface

Figure 7: |S| of shunt capacitor,127 pF

resistance must be chosen according to a spe
cific frequency, e.g. the resonance frequency
The second alternative for modeling is to use
3D-elements (Method 2), which is able to deal
with frequency dependent resistivity. However
this method results in models with a large num-
ber of elements and long computation times. The
resonators have been simulated using both way
of modeling (Tab. 2). First it must beated, that

in the diagrams (Fig. 9 and 10) the graphs ob-
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tained by Method 2 always show higher values

Figure 8: |S,| of series capacitor, 27 pF
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then those obtained with Method 1. This is not
fully understood up to now. Looking at the re-

Resonance frequency / GHZ
Measured Simulated

sults for the LC resonator (Fig. 9) the measured
curve agrees well with the sinatéd one ob-

LC Combination 1.285; 1.335% 1.266
Stripline shortend 0.980; 0.98D 0.976

tained by Method 2. The Qdtor in the case of
Method 1 is much lower. A contrary behavior
can be observed with the stripline resonator

Table 1: Measured and simulated resonance frequen-
cies using the eigenmode solver

(Fig. 10). Method 2 delivers higher Qdtors.
This behavior may be explained by the fact that

Resonator Type of | Peak-| Peak- Q
data frq./ | height/
GHz Q

the LC resonators in contrast to the stripline
resonators have very fine structures compare
with the whole device so that numerical effects
lead to the deviations.

jLC Combi- | Measured| 1.280 1707 | 52.5

nation 1.335| 1800 | 46.5
Surf.Res. | 1.319 526 15
3D-Elem. | 1.301] 1972 53

CONCLUSION

It can be stated that simulation is able to predict
the electrodynamic behavior of LTCC compo-

Stripline Measured| 1.165% 1813 | 109
shortend 1.180| 1779 | 112
Surf.Res.| 1.184 1663 109
3D-Elem. | 1.168 3825 236

nents. Care should be taken whestedmining
the Q factors of resonators. The potential of

Table 2: Measured and simulated resonance peaks

miniaturization and reliability inherent in the
LTCC technology leads to the wish to integrate
whole networks into substtes. Ther®re the
necessity to find design rules for intatgd
components arises. Much freedom is provide
for choosing the design paratersfor getting
the best possible electrical ffmmance. Thus
the LTCC technology has aest potential for
future generation mobile communication units.
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