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Influence of WIP conditions on dimensional change
of LTCC sheet

M. S. Jeong, Y. H. Yoon, S. H. Rhim, S. M. Yoon, S. L. Oh

Abstract

LTCC (Low Temperature Co-fired Ceramic) has been successfully applied to ceramic substrates for circuits and micro-
fluidic systems and has proven its superior performance in a variety of applications. The prediction of shrinkage in LTCC
process is an important for dimensional control of micro LTCC products which has influences on electronic
characteristics. For avoiding the unpredictable shrinkage of LTCC during the sintering which makes accurate placement
of the circuit devices difficult, pre-processes such as WIP (Warm Isostatic Pressing) and lamination must be modified.
The objective of the present investigation is to establish a proper WIP conditions for near net shape fabrication of LTCC
products. This paper discusses the influence of WIP conditions on the dimensional change of LTCC sheet. In the
investigation, it is shown that the shrinkage values of sheets depend on WIP conditions and sheet directions. This work is
a quantitative evaluation of the effect of WIP pressure on shrinkage of LTCC sheet. Additionally, the results show
anisotropic shrinkage behaviour of sheet during LTCC process.

Key Words : LTCC (Low Temperature Co-fired Ceramic) , WIP (Warm Isostatic Pressing) condition, shrinkage value
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Table 1: Characteristic of ceramic/glass powder

Characteristic Specification

Ceramic material ALO;
Glass material Si0, / B,O; / BaO
Powder density 2.7 g/em’
Average particle size 2.39 um (Dsy)

Iy AEY AF] AL shumys Agu/F
2t~ 3914 (K6A, Thinkcera, Dsp: 2.39 pm)2t 7]
AFAE 45:55 (wh) B &EE T H 24X 0%
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Fig. 2 (a) Tape casting machine
(b) Direction of LTCC sheet
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(b) Cross section
Fig. 3 SEM view of LTCC green sheet

(a) Top surface
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(a)Without WIP Process
Figure 5: Digital image of sintered sheet

(b) With WIP process
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Fig. 8 The difference of shrinkage values in each

direction as a function of WIP pressure



Table 2: Shrinkage values of sample

without WIP process
Direction Linear shrinkage [%]
Tape casting 19.11
Perpendicular 2049
Thickness 15.25

WP A& ANA @e AHel 24 ¥ &
238 Tivle 20 EIRTE TA Bge] $EE
o) 2ol Wikl Wl o} suAE A hehgon
A2d Wy 3 Fge) $58 Aol U
B A %9 sah Dol wae $%E A
ol dolx Axy BHY ggoz wolw, A
F 44 A o) Helg ;e @ 447} dasiy

Figure 9+ HolZ A2d FAHES AXR AZd
a¥ AE9 WIPS sintering ¥ &
of AEe dolg Husty F FEHEFL AXNG
Rolt} o] ¢ ':771] WY &
o #EFETL & & FA &

Figure 73} Table 2 OM &4 & 21%01, a7
o) gaure mad A9 Zo| wake] A%
o] F7 wakel 'r?'ﬁ‘?-_r Btk ¢ At &R
wipst Z& it IAS T7}°}°ﬂ" %R s
of o dFgog BAGe FA LI £
o] do] W&ol o “]iﬂ ¢ 27 “ﬂv‘f’.—"ﬂ
Al F FHEEIME FA el o aA v
BlHA HE Aolet A7 "o

# %+(Stacking) ¥ L 73 Multi layer® A5
¥ LTCC micro device® &3Fo|u}, Micro-fluidic
system®] A'ge] Zo] F& FA we i o4
Aq MHE 1 MAY 8Fgog ol o
g nFo] LY Aoz HT)

35

o N W
hnh O n @D
i1 i

Wy
[~

- Casting direction
= Perpendicular direction
«A=Thickness direction

Linear Shrinkage [%]

(1]

T T

0 100 200 300 400 500
WIP Pressure [kgf/cm?]

Fig. 9 The total shrinkage values in each direction
as a function of WIP pressure
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Fig. 10 The relative density of samples after WIP
and sintering process as a function of WIP pressure
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Fig. 11 The density variation rate of samples after
WIP and sintering process



(a) Without WIP process (b) 100kgf/cm2

(c) 300kgf/cm?

(d) 460kgf/cm?
Fig. 12 SEM image of sintered ceramic sheet
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