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Abstract
The Low Temperature Co-fired Ceramics (LTCC) prscissvery popular in the electronics packaging istiy and is broadly
accepted for its low cost and rapid throughput. Atitayer LTCC 3-D structure generally shrinks dugilow temperature co-firing
process. Shrinkage occurs in all three dimension¥ Xand Z. Shrinkage has added a challenge to igét performance with low
temperature co-fired ceramics designs and limiteslyields of LTCC modules, components, subsystetndesigns. Roughness is the
measure of texture of surface of LTCC tape andamftiative analysis of vertical deviation of reairace from its ideal form.

This paper describes variations in X, Y and Z dioers of LTCC tape during firing at different temgieires and also describes about
the surface roughness of LTCC tape. Data has beercentrated on the experimental results and obsiemnva
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1. INTRODUCTION the LTCC product because the shrinkage of LTCC tsates
depends on the reactivity of the co-fired matedahtaining
ceramic oxide, alumina, glass, metals, organics aed the
firing conditions such as temperature, time and ianib
atmosphere [8].

Low temperature co-fired ceramics (LTCC) materiase

basically crystallisable glass or a mixture of glasd ceramics,
(alumina, cordierite (Mg2AI4Si5018) or silica) [1]The

ceramic tapes of different properties are developgdising

materials having different electrical and physipabperties.

The coefficient of thermal expansion can be adopdechatch 2. EXPERIMENTAL METHODOL OGY

alumina, gallium arsenide or silicon [1]. There ar@ide range LTCC Du-Pont 951 tape consists of 45% glass-ceramic

of tape materials and processes available for LT@glules. composite materials 40% alumina and 15% other dcgan
LTCC tapes are stacked, punched, laminated andeaub4ip to having low tolerance in di-electric constant (7.8bgtter

temperature ~850°C to form a dense unit strucfline. binders thermal conductivity (3W/mK), high mechanical déwnsi
of various composition and concentration are usegdrepare (3.1g/cm3) and Young modulus (152GPa) [ 3].

LTCC green tape. They provide high mechanical gfierio

the composition of LTCC tape but due to some bisdmrn Figure 1 show the process steps followed for deietpLTCC
out problem arises in tape. Due to burn out problefter substrate for optimization of shrinkage

firing LTCC tape shrinks and roughness distributaranges.

Surface roughness plays an important role in printf pattern

on LTCC tape. Shrinkage in LTCC tape affects thghhi

performance of LTCC technology [2-6].

Shrinkage occurs in all three dimensions of LTC@etaf
course uniformly and predictable and one can cosgtenfor
the shrinkage during the design. The flexural gitlerof an
alumina formulation is 320 MPa, which render theedi
structure extremely hard. The spongy of the LTCEtay is
lesser due to the use of vitreous material as @amglass
binder [4]. For the substrate, shrinkage has medsalong the
compaction direction and the diametrical shrink&gen the
geometry of the substrate. Repeatability and haymafnthe
shrinkage percentage must be the top criteria wiesigning
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Figure 1. LTCC substrate preparation process flow

Slitting is the process in which big rolls of greepe are cut
into the required size of 7.62 cm x 7.62 cm. Thadsof each
slitted green tape is 10 mil. Blanking is cuttinggistration
marks in to the substrate by a mechanical zighaotape can
be handled easily for further processing. To prewtickness,
LTCC tapes are collected together as stacking aggirig has
been done by using the solder iron by transfertiegt from

one top layer to the subsequent lower layers toidavo

misalignment. To do the lamination of the tapes itecessary
to tag and to seal bag. The stacked tapes are vapaokaged
in a poly urethane bag with pressure and heatethwater
set to 3000psi and 700C respectively is appliemfrall
directions so that several individual green shaetscombined
together to form one unit structure. After thatréfarm heavy
weight is used to make that uniform. Laminated iwécaapes
are co-fired in muffle furnace at different temgara as 100°C,
350°C, 600°C, 700°C and 850°C.

3.RESULTSAND DISCUSSION

Observations of LTCC tape have been taken to opéimi
shrinkage and roughness of LTCC substrates sinteted
different temperature and 3-D view has been cagtwiéh the
help of Zeta instruments optical profilers for 8baging and
metrology [7].

A. Shrinkage Optimization

At 100°C volume and physical property of LTCC tapenain
unchanged while at 100°C mechanical strength dflsitayer
LTCC tape has increased.If a single layer LTCC mgrepe is
placed in an oven for 50-60 minutes, and let altbestape to
settle for 24 hours, by this process the tape besongid
during the single-layer processing steps and tlggdity

restricts tape movement
misalignments and compromise shrinkage measureraetie
surface) [6]. At 350°C volume of LTCC tape remaimast

unchanged, and mechanical strength of LTCC tapééesme
low and it is fragile,the surface color of LTCC p&abecomes
light blue. Binders and plasticizers are used tovioie high

mechanical strength to LTCC tape, at 350°C bindans

plasticizers are evaporated so LTCC tape beconitke land

surface has been rough.

At higher temperature 600°C, there is a weight lok8-10%
tape becomes brittle for low intensity with low rheaical
strength. After 650°C LTCC tape starts to densifyl dhen
liquid glass is formed. Near to this temperatuee phrticles of
Alumina start to dissolve and the amount of glagfyse
increases up to 700 °C. From 650 °C to 700 °C ithtersng of

the LTCC takes place and the material is fully esiet at
700°C. At 700°C, LTCC substrate shrinks as mucHireel

shrinkage and becomes tough weight loss is alsmuh as
final weight loss but the surface color is not ddsype, it is
almost equal to green tape. At 850°C shrinkage rscauL TCC
tape about 12+0.8% in X-Y direction and 15+0.8% 4n

direction having high intensity. LTCC tape becorhesd and
tough. The surface color of completely fired LTCGp¢ is deep
blue and weight loss is about 11+0.8%. Shrinkage @&t

LTCC tape according to different sintering temperathas
shown in table 1.

TABLE 1 SHRINKAGE RATE OF LTCC TAPE
ACCORDING TO DIFFERENT SINTERING

TEMPERATURE
S. Sintering | Size (X, Y, | Weight | Remark
No | at °C 7) (gm.)
1 100 7.62cm, 9.60 No change
7.62cm,
0.702mm
2 350 7.62cm, 9.60 Low
7.62cm, mechanical
0.702mm strength,fragil
e
3 600 7.62cm, 8.54 Low
7.62cm, mechanical
0.702mm strength,fragil
e
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4 700 6.76cm, 8.46 Shrinks  ang 124
6.76cm, tough N
0.596mm o //. [
5 | 850 6.76cm, | 8.46 | Shrinks  and s N
6.76cm, hard, s | AN
0.596mm Deep blue A AN
surface color § b
§’ 0.4 - N
B. Roughness optimization 1% .\-
Roughness (measure of texture of surface) of LT@get "1
sintered at different temperature has measured @itka oo
Instrument [7] shown in table 2. Surface roughnesgreen I
tape has been viewed non-uniformly at differentgesdand 0 200 400 600 800
centre. After lamination LTCC tape became a mohiglit Sintering at *C
uniform structure but roughness of structure idedint at _ _
different points but greater than green tape afghouolume Figure2: Graph between Different roughness parameters and
and property of tape remains unchanged. sintering temperature

TABLE 2 ROUGHNESS OF LTCC TAPE ACCORDING TO Data may be important for well defined cavity mauaifiring

DIFFERENT SINTERING TEMPERATURE and integration of passive components with LTCCstaite.
S Sintering Average Skewness
No | At(°C) Surface (asymmetry of]
Roughness | distribution) (Ssk)
(Sa) (um) (HLm)
1 Green Tapel 0.8597 -0.0072
2 Laminated 1.495 -0.0129
3 100 1.045 -0.0180
4 350 1.131 -0.0237
5 600 0.5922 -0.0088
6 700 0.4162 -0.0082
7 850 0.3154 -0.0157 ‘

o . . Figure 3: 3-D view of LTCC substrate fired at 700°C
At 100°C volume and physical property of LTCC tapeains

unchanged but roughness of surface is not unifatislyibuted.
Fragile tape sintered at 350°C and 600°C have wario
roughness value at different points. But roughnedsie for
LTCC tape fired at 700°C and 850°C is almost sanukifferent
points.

CONCLUSIONS

LTCC substrate has been sintered at different tesyoes.
Shrinkage take place at 700°C and before this temyre
LTCC substrate becomes fragile and roughness of Q. TC
substrates which sintered at different temperatisrenot
uniform but it decreases as temperature increaseah@wn in
figure 2. But roughness of tape fired at 700°C a880°C is Figure 4: 3-D view of LTCC substrate fired at 850°C
almost uniform as shown in figure 3 and figure 4.Rough

surfaces usuallyvearmore quickly and have highéfiction ACKNOWLEDGMENTS

coefficients, so for better printing of pattern &mCC tape ) )
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