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Dielectric and magnetic materials were developed for use as 
integrated passive components in LTCC packages.  These materials were 
tested with standard commercially available ESL LTCC tapes as well as those 
available from Dupont, Motorola and Ferro. ESL conductors were evaluated 
with all systems and include low cost, high conductivity silver and silver 
alloys appropriate for high frequency applications. The tapes and pastes 
were þ red using the proþ les recommended by the respective tape vendors.  
All of the ESL compositions are lead free.

The magnetic tapes in the study show permeabilities of 50 to greater 
than 1200 and were originally developed for use in LTCC transformers 
and inductors. They are shown here to be capable of decreasing the size 
of inductors buried in LTCC's.  Capacitor tapes and pastes with dielectric 
constants ranging from 50 ð 250 tested as buried capacitors under various 
processing conditions and temperature coefþ cients are within the limits of 
XR7 standards. The compatibility of these inductor and capacitor materials 
with  LTCC tapes from ESL and other vendors is established by evaluating 
electrical and structural properties.

Introduction:
Indications are that there will be a  continuing demand for electronic systems that are 

less expensive, more reliable, less lossy and capable of providing increased functionality.  
In addition to these needs, that never seem to be completely satisý ed, we believe that many 
system customers will be asking that their requirements be met with lead-free materials.  
There is a concern that lead can be leached from discarded electronic equipment and get 
into the water supply and thus create problems in our ecosystem.

Currently the listed needs, apart from the lead-free materials requirement, are being 
met by an approach that involves squeezing highly integrated ICs and miniaturized passive 
components together on a substrate of reduced size.  This approach, however, has limitations.  
One problem is that passive components, which in most cases outnumber the ICs, are reaching 
a size where difý culties in handling and testing are having an adverse effect on cost and 
reliability.  Another problem is that there is no surface left onto which components can be 
squeezed.

Designers are turning to approaches that make use of the third dimension, i.e., involve 
burying components.  This paper will discuss an LTCC approach where some or all of the 
passive components can be buried in the interior of the module leaving room on the surface 
for ICs which can provide the desired added functionality and increased reliability due to 
a reduction in the number of solder joints.  LTCC technology is especially well suited to 
the integration of passive components with the package (module) because; (1) its layer by 
layer build-up scheme provides a number of surfaces on which to deposit components, (2) 
the LTCC materials are ý red at temperatures close to those used to ý re thick ý lm passive 
components, and (3) LTCC host materials not only form an excellent base for the component, 
they also form a good protective coating.



Table 1
Lead Free, Coý reable Conductors

Designation            Description
 903-CT-1        High Conductivity Ag
 903-CT-1A    Ag Matched for Shrinkage
 953-CT-1G    Low Cost Pt/Ag
 963-G             Solderable Pd/Ag  
 902-G             Ag via ý ll
 962-G            Via ý ll Ag/Au transition
 903-CT-A       Solderable top layer Ag
 953-AG          Leach Resistant Pt/Ag
 803-MG         Wire Bond able Au

 Solder            95.5 Sn-3.8Ag- 0.7 Cu

 9904 Ag*       Top layer photoimageable
 8804 Au*       Top layer photoimageable  
        * post ý reable only 

Table 2
Lead Free, Coý reable Dielectric

Designation            Description
 41110            K - 4           LTCC Tape 
 41020           K - 7.5        LTCC Tape 
 41050           K - 13         LTCC Tape 
 41060           K - 16         LTCC Tape
   
 41240           K - 50         Ca pac i tor Tape 
 41250           K - 100       Ca pac i tor Tape 
 41260           K - 250       Capacitor Tape

   4162 K - 50        Capacitor Paste
   4163 K - 100       Capacitor Paste
   4164 K - 250       Capacitor Paste

 40010           Õ - 200        Ferrite Tape 
 40011 Õ -   50        Ferrite Tape
 40012 Õ - 500        Ferrite Tape
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Buried CapacitorsBuried Capacitors
Lead free capacitor tapes were developed with a range of K values up to 250.  They 

were tested by embedding them in the four lead-free LTCC host tapes in Table 2 and ý ring 
at peak temperatures of 850 - 875 ÁC. Hold times at peak ranged from 12 to 60 minutes.  
These same capacitor tapes were also buried in DuPont 951, Motorola T-2000 and Ferro 
A-6 and except for A-6 ý red at a peak temperature of 875ÁC.  The Ferro A-6 was ý red at 
850ÁC.  All the proý les used were those recommended by the tape vendor. The ESL 41240 
(K-50), ESL 41250 (K-100) and ESL41260 (K-250) tapes were compatible with all the host 
LTCC tapes.  The coný guration used for testing these capacitor tapes is shown in Figure 2. 

Materials and Processing
The robust set of conductors and dielectric tapes and pastes developed to make the 

integrated passive parts are listed in Tables 1 and 2.  These lead free materials are compatible 
and coý reable for use in multilayer applications. The conductor system is based on silver 
which pro vides high conductivity,  low cost, and good sol der abil i ty. Compatible Au, Pd/Ag 
and Pt/Ag, pastes are also available where special properties are needed. A wide range of 
LTCC dielectrics are also available. These include K values up to 16 for size reduction 
capability.[1]

The loss char ac ter is tics of these LTCC structural tapes were de ter mined using ring 
res o na tor structures. The details of the process and measurement  tech nique are described 
in an earlier publication [2].  Silver con duc tors were used for all test parts. Hold time at peak 
tem per a ture was var ied from 15 minutes to 90 minutes. The heating rate from 450 to 875 
was varied from 2ÁC/minute to 15ÁC/minute. These parameters were found to have no effect 
on loss characteristics.
  

Figures 1  shows loss char ac ter is tics for all four LTCC tapes as compared to FR-4. 
These low and in ter me di ate K dielectric tapes show better loss char ac ter is tics than FR-4 and 
have the additional ad van tag es of higher thermal conductivity and the abil i ty to accommodate 
multilayer structures.

The LTCC approach also has the necessary þ exibility to meet the on-going system 
needs.  Loss can be reduced by proper layout of high conductivity metals and low loss 
ceramics while the need for low cost is achieved by parallel processing of low cost materials.  
The concern about lead being leached from discarded electronic equipment is handled 
through the use of lead free materials.




