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Growth of Low Defect Piezo-quartz and Defect Analysis
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Abstract

Quartz single crystals were grown hydrothermally and growth defects such as dislo-

cations, etch channels and impurities were examined. Growth rates were 0.25-0.65 mm/day
under the growth conditions of following. 1. Mineralizer: 4 wt. % NaOH. 2. Growth tem-
perature: 340-360°C. 3. Temperature gradient: 20-40°C. 4. Seed: ZY plate. 5. Nutrient: syn-
thetic quartz. Defects of the quartz which was grown with optical grade synthetic nutrient,
low dislocation density seed and horizontal seed setting technique were as follows. 1. Dislo-
cation density: 20.0 each/cm’. 2. Etch channel density: 5.0 each/cm® (1st grade by IEC 758
standard). 3. Impurity (Jarger than 10 p) concentration: 2.4 each/cm’ (Ia grade by IEC 758

standard). 4. Alpha value: 0.019 (A grade by IEC 758 standard).
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Fig. 1. Hydrothermal process of growing quartz.
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Table 1. Inclusion grade of synthetic quartz

a2 8 B EETE

Table 3. Etch channel grade of synthetic quartz

size range (um) Densities per cm® Grade Maximum number per cm’
Grade 10-30 30-70 70-100 >100 1 10
Ia 2 1 0 0 2 30
3 100
Ib 3 2 1 1
4 300
I 6 4 2 2 e
I 9 5 4 3 5 00
I 12 8 6 4
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Table 2. Alpha grade of synthetic quartz

Grade Maxima QX 10° units*
2500 Olsses Olazo (pre 1987)
Aa 0.026 0.015 0.075 38
A 0.033 0.024 0.082 3.0
B 0.045 0.050 0.100 2.4
C 0.060 0.069 0.114 1.8
D 0.080 0.100 0.145 1.4
E 0.120 0.160 0.190 1.0

*These Q-values were obtained from o-meas-
urements and empirical correlation, and were in com-
mon usage prior to 1987.
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Table 4. Experimental data of piezo-quartz growth
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No nutrient seed seed T growts temp. P growth rate
1 lasca” (0001) ZY- vertical 340 40 980 0.60
2 synthetic IX ” 4 ” 980 0.61
3 ” ” ” 360 " 1100 0.65
4 ’” " 1 ” 30 1120 047
5 ” " " ” 20 1130 0.35
6 ” (0001) ZY- horizontal ’ ” 1130 0.28
7 " il ” 340 40 990 0.59
8 ” " vertical 360 20 1130 0.30
9 ” ” horizontal ” ’” 1130 0.29
10 " +x z' ” " ” 1130 0.28
11 ” ” ” ” ” 1100 0.29
12 synthetic-II*°  (0001) ZY- ” ” ” 1130 0.25

a: filling ratio
b: natural quartz from Brazil

¢ roman letter indicates etch pit density of seed: IX (>1000 each/cm®), Il (100-1000 each/cm?), I (20-100 each/

cm?), I (<20 each/cm?)

d: (0001) ZY seed sliced from the +X sector of as grown quartz
e: commercial quartz of opical grade (Al content below 0.1 ppm)
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Table 5. Etch pit and etch channel density of commercial and as grown quartz
ek oit density of etch pit density etch channel Grade b
No etch pit density o of grown P./P. density of K(=C./P.) rade by
seed(P.) crystal(P,) ) grown we IEC 758
1 2.3%10° 2.4%10° 1.043 1.1x10° 0.458 below 5th
5 6.5x10° 7.0%107 1.077 2.9x10° 0.414 4th
9 3.0x10! 3.5x10 1.167 1.5x10' 0.429 2nd
10 7.0x10' 1.0x 107 1.429 4.1x10 0.410 3rd
12 1.4x10 2.0x10 1.429 5.0 0.250 1st
A-96* - 3.0x10° - 1.4x10° 0.467 below 5th
S-96** - 2.7x10° - 1.3x10° 0.481 ”
*: commercial quartz produced at domestic company in 1996
**: commercial quartz produced at USA company in 1996
Table 6. Alpha measurement and estimated Q value of as grown quartz
No Absorbance Absorbance thickness alpha growth Grade by
at 3585 c¢m™ at 3800 cm™"  of specimen rate(mm/day) IEC 758
3 0.1019 0.0454 1.06 0.053 0.65 D
5 0.0805 0.0383 1.15 0.037 0.29 C
6 0.0689 0.0373 1.32 0.024 0.28 B
7 0.1043 0.0436 1.21 0.050 0.59 D
8 0.0673 0.0363 1.02 0.030 0.30 B
12 0.0570 0.0363 1.07 0.019 0.25 A
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Fig. 2. Alpha value as a function of growth rate.
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Table 7. Inclusion density of as grown quartz
No 10-30 p 30-70 u 70-100 p >100 ¢ total # of  Grade by seed
(each/cm®) (each/cm®) (each/cm®) (each/cm®) inclusions  IEC 758 setting
5 12.3 55 4.5 3.0 25.3 I vertical
6 6.2 3.0 21 1.5 12.8 I horizontal
8 115 51 44 3.5 24.5 1 vertical
9 6.0 2.7 2.1 1.3 12.1 I horizontal
12 1.2 0.8 0.4 - 2.4 Ia ”

20-24 regions (volume of each region is 0.65-0.75 cm®) of each sample were examined. Experimental data of No.
5 and No. 6 are same except kind of seed setting. Same as the case of No. 8 and No. 9.
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