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Electromagnetic analysis of LTCC
high frequency devices

In response to the constant pressure to reduce both size and part count in mobile telephone
handsets and other RF and microwave circuits, compact low temperature co-fired ceramic (LTCC)
modules integrating many active and passive components into one multi-layer module with up to
20 or more layers. This paper focuses on the RF simulation and layout aspects of these multilayer

LTCC circuits.

he LTCC module may contain inte-
Tgrated passives such as inductors,

capacitors and impedance con-
trolled transmission lines, as well as ad-
ditional active or passive devices
mounted on top of the module. With a
typical dielectric sheet thickness of 0.05
- 0.10mm and a dielectric constant of €
= 7.8, capacitors with up to 20pF can be
implemented with tolerances of ~10%.
Inductors are typically realised as multi-
layer stacked loops with values up to
20nH, with much higher Q factors than
their silicon integrated counterparts.

The design challenge

RF design for LTCC circuits starts with
a lumped element ideal schematic as
usual, but then many components such
as capacitors and inductors are imple-
mented as layout features, rather than
dropping in the suitable SMD compo-
nent values. A virtually unlimited num-
ber of layout implementations exists for
a given circuit, and it is up to the design
engineer to pick the layout implementa-
tion that fits into the given circuit size
and can be designed efficiently with the
available simulation tools.

The use of model-based libraries is
limited in case of multilayer circuits be-
cause only very few multilayer models
and libraries exist. A new field solver
based library called IMST MULTILIB
has been introduced recently, which al-
lows the inclusion of typical multilayer
layout components in an ADS circuit
simulation. This simplifies the design of
the individual layout components, but
does not provide information about cou-
pling between them, which is also criti-
cal due to the high package density.

The following list shows the design
steps:

1 Design ideal (functional) schematic,
determine component values

2 Create each component shape, use
EM analysis to tune layout for de-
sired values

3 Floor planning with all shapes, with
coupling and size in mind

4 Modify shapes for package optimisa-
tion, if necessary

5 Assemble all components, run com-
plete EM analysis to include all cou-
pling

6 Back to step 3 until specifications are
met.

Electromagnetic analysis

When no models exist and coupling or
radiation is relevant, electromagnetic
(EM) analysis is the right approach. In
this paper, we use the same EM analysis
tool both for the design of the compo-
nents and to account for their coupling.

Due to the planar nature of the LTCC
technology, we chose a specialised planar
EM analysis tool, which is considered to
be more accurate and efficient than gen-
eral purpose 3D EM tools.

With these planar tools, only the cur-
rent density of layer metallisations and
vias have to be solved for. The dielectric
materials do not need to be discretised as
their thicknesses and dielectric proper-
ties are accounted for differently.

A very efficient planar electromagnetic
tool is the Sonnet Professional Suite.
This package utilises the so-called
closed-box solution in conjunction with
a uniform grid. The advantage of this
method is that it is very straightforward
without any numerical integration, so it
is not only fast but also very reliable
with virtually no limit to the number,

Figure 1: Example of a LTCC circuit with six metallisation layers. The size of the circuit is

5.1 x 1.9 x 0.35mm? (without feed lines)
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Figure 2: (a) above, L/C equivalent circuit of the EGSM/DCS
diplexer, and (b) right, S-parameters of the antenna EGSM
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Example: EGSM/DCS diplexer in LTCC
technology

As an example, we will design a LTCC
high frequency diplexer. One application
for such diplexers is in the RF front-end of
dual-band mobile phones, where they sep-
arate the two frequency bands for EGSM
(880 — 960MHz) and DCS (1710 — 1880
MHz). Many different implementations
are possible to achieve the desired fre-
quency response. In our case, a lumped el-
ement low pass filter is used for the
EGSM frequency range, and a lumped el-

ement high pass filter for DCS.

To get started, we first synthesise the
low pass and high pass sections indepen-
dently with a filter synthesis tool. When
both filters are connected to the common
antenna port as shown in Figure 2, the fil-
ter matching is degraded. The six L/C
values of the two single filters must be op-
timised to achieve good diplexer perfor-
mance. This can be done easily with a cir-
cuit simulator such as Agilent ADS, with
input matching and insertion loss for both
frequency ranges used as optimisation
goals. The element values given in Figure
2 are already the optimised values. With-
out losses, an insertion loss of less than

Figure 3: 3D View of an inductor in LTCC multilayer technology together with the SPICE

data output of the Sonnet EM analysis
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0.1dB has been achieved.

When the Ilumped element L/C
schematic is finished and the best element
values are determined, the next step is to
create the equivalent layout for each of the
inductors and capacitors. We will design
for a LTCC process with seven dielectric
layers, with a dielectric thickness of
0.05mm and a dielectric constant (€) of
7.8. Inductors are implemented as two
layer loops, capacitors as parallel-plate
capacitors. Each single element is drawn
and analysed individually in Sonnet. Be-
cause we are designing simple inductors
and capacitors, all we are interested in are
equivalent L and C values rather than the
full frequency response. The Sonnet analy-
sis data display supports this by displaying
equivalent circuit values in SPICE format
directly. This way, we can check the analy-
sis result directly against the desired L or
C value.

This advantage of using the SPICE data
can be demonstrated with the example
shown in Figure 3. A 3D view of a LTCC
inductor is shown together with the
SPICE data output of Sonnet for 850MHz
and 950MHz. We can identify an induc-
tance of L1 = 9.34nH and a parasitic ca-
pacitance of C2 = 0.19pF between the
ports 1 and 2. Additionally we can iden-
tify parasitic capacitors to ground of C1 =
0.32pF at port 1 and C3 = 0.54pF at port
2. Due to the electromagnetic analysis we
have not only found the inductance value
for L1, but also (unavoidable) parasitic
capacitors. Thus, parasitic elements can
be identified already in an early stage of
the design and, if necessary, they can be
minimised by modifying the layout.

When all six L/C elements have been
designed, the complete diplexer can be
composed. This sounds like a trivial task,
but due to unavoidable cross coupling, the
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circuit performance will also depend on
the placement of elements. For example,
there can be strong parasitic coupling be-
tween the low pass and the high pass fil-
ter elements, or possible crosstalk be-
tween the antenna and the EGSM/DCS
ports. Proper placement of the circuit el-
ements and functional blocks is important
to achieve a good overall performance.
Fortunately, the electromagnetic analysis
of the full layout takes all coupling into ac-
count, so that possible problems can be
detected easily.

The layout of the diplexer is shown in

Figure 1. The size is only 5.1 x 1.9 x
0.35mm? (feed lines not included).
When the cross-coupling between the
elements has been minimised with a good
layout strategy, the initial electromagnetic
analysis of the complete circuit should al-
ready give good agreement with respect to
the ideal lumped element case. Differ-
ences between the simulated and the ideal
circuit can be explained by the parasitics
of each element, and by parasitic cou-
pling between the L/C elements among
each other. Both effects can be minimised,
but not completely avoided. However, all

Figure 4(a): Results of the EM analysis for
the LTCC diplexer before and after
optimisation for antenna EGSM
transmission

Figure 4(b): Results of the EM analysis for
the LTCC diplexer before and after
optimisation for antenna DCS transmission

parasitic effects are accounted for in the
analysis, and the performance of the
diplexer can be optimised by small
changes (fine tuning) of the six L/C ele-
ments. Such a fine tuning can be per-
formed efficiently by using the un-
grounded internal ports of Sonnet. If such
a port is used e.g. within an inductor, a
tuning inductance DL can be added ex-
ternally after the analysis. A potential cor-
rection of L for an improved performance
of the diplexer can be obtained by chang-
ing the value of DL without the need of
repeated electromagnetic analyses.
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Figure 5: 3D view of a compact LTCC
Bluetooth bandpass filter



30 LTCC MODULE DESIGN

'
........... 4

|
Mo oqpi i S S
a ]
g )
n zu:L .......... U FO | A
i i
t 30 -
v
4 g0t A LN
g 1
(dB)-5U:- ----------- qmmme- Fommmmmm - am---
| — N I HE— H— HE
1 125 15 175 2 225
Frequency GHz

Figure 6: Simulation
results versus
measured for the
LTCC Bluetooth
bandpass filter
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The results of the electromagnetic
analysis before and after the fine-tuning
are shown in Figure 4. Within the speci-
fied frequency ranges, the optimised cir-
cuit has an insertion loss of less than
0.1dB. This is the same low value as for
the ideal L/C circuit.

LTCC Bluetooth filter

In the previous example, we used simple
layout elements and a relatively small
package density, to better illustrate the
design steps. More complex layout is
found in real world circuits, and the pack-
age density will also be higher. Figure 5
shows the layout of a Bluetooth LTCC
band pass filter. Figure 6 shows the cor-
responding simulation and measurement
results (design and measurements cour-
tesy of National Semiconductor [8]).

Conclusion

The development of LTCC circuits can be
significantly accelerated with the help of
electromagnetic analyses. Additionally, in
some cases EM analyses are the only way
to identify parasitic couplings between
different circuit groups already in an early
stage of a design. An efficient design flow
even for complex circuits can be obtained
when an appropriate electromagnetic
analysis method is used. An example of an
EGSM/DCS diplexer in LTCC technol-
ogy has been presented to show how elec-
tromagnetic analysis with the Sonnet Pro-
fessional Suite was used to transfer an
ideal L/C circuit into a multilayer design
with similar performance.
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