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Feasibility study on effective use of material®s physical properties in
machining of functional crystal

Zhou, Libo
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Single crystal LiTa03 (LT) is multi-functional, exhibits extraordinary
piezo-/pyro-electricity, and expected to be utilized in sensors and SAW filters. Due to these
physical properties, the LT single crystal is polarized and followed by structure phase transition
when the temperature varies. The LT wafer is subjected to not only the external mechanical stress,
but also the internal stresses which are resulted from polarization during grinding.

The indentation results show the LT crystal degrades 20% in its hardness and 45% in toughness when

temperature varied. Theoretical estimation on three stress components induced by the mechanical
effect, the electronic effect and thermal effect in LT wafer during grinding suggest that the
internal stress account for 80% of the total stress on the wafer, and stand out as the major fact
for fracture. Temperature control and electrolyte utilization are proposed to suppress the internal
stress, and successfully to grind wafer as thin as 100um.
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Fig.1 LiTaO; crystal and wafer
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Fig.2 LT crystal structure

(a) Rotary infeed grinding

(b) Broken LT water

Fig.3 Wafer grinding and problem encountered
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Fig.4 Micro/Nano indentation instruments

Table 1 Indentation conditions

Load range [mN] 5~35
Load accuracy [uN] +19.6
Applied load [mN] 5 10 15 20 | 25 30 | 35

Loading rate [mN/s] | 0.36 | 0.72 | 1.45 | 1.45 | 3.37 | 45 | 6.75

dar

Temperature 2 = 0(T=23,127°0);
variation [°C/s] alip 1.3; CI7 —-1.16
dt ' d
Iteration 5 times for each specified load
Indenter type Berkovich
Samples polished LT(300pm), Si (500pm)
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Fig.5 Temperature profile and load cycle
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Fig.7 Reduction in hardness
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Fig.8 Reduction in toughness
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Fig.9 Stress component in grinding process
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Fig.10 Estimated stress components at (0001)
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Fig.12 Grinding machine
Table 2 Grinding conditions

Grinding wheel S]?I?Iggr(t) (t:y1p6e(;v
Wheel speed n, [rpm] 1000

Wafer type 4 inch LiTaO; wafer
Workpiece speed n, [rpm] 50

Feed rate f' [um/min] 2

Solution CH,;COOH
Concentration [vol%] 0~5

Cool temperature 7' [°C] 5~35
Substrate Glass

o =182 [ps/cm] (0 vol%)

o =382 [us/cm] (0.4 vol%)

Fig.13 Ground wafers
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Fig. 14 Effect of temperature control
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Fig.15 Effect of electrolyte

(a) Before grinding (b) After grinding

Fig.16 LT wafer thinned less 100pm
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