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ABSTRACT

Single crystals of rare-earth iron garnets were grown from solutions of molter: lead oxide, lead flucride,
boric oxide, iron oxide, and the oxides of yttrium, samarium or gadolinium. The crystals were grown by slow
cooling technique. A convenient composition was 41.18 mol% PbO, 20,50 mol% PbF,, §.23mol% B,0s, 20.00
melfs Fe(y and 10 00mol% R.0; where R is Y, Sm or Gd. For this experiment, platinum crueibles of size
20, 30cc and a vertical siliconit tube furnace were used. The precipitation temperature of YIG was observed
in the range of 1150C-1120C and the optimum growth conditions in this experiment were determined. The
nucleation rate was controlled by the holding time after the fast cooling, the growih rate by the slow cooling
conditions, The form of the grown YIG crystals showed a cambination of{110} and {211}, and the size of the
crystals grown in this experiment was up to aboul 9 mm under the conditions of holding time 16 hour, cooling
rate 2°C/hr. and temperature range 1150°C-900% .

The precipitation temperature of SmIG was ohserved in the range of 1050°C-980°C and the size of the crystals
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grown in this experiment was up to about 5 mm under the conditions of holding time 16 howrs, cooling rate 2°C/

hr. and temperature range 1000°C-8007C.
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Fig.2, Tube furnace used for the flux growth.
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Table 1, Experiments for Seeking Te

Batch mass[g] Ts[') TelC]
50.09 1278 1240
5019 1240 1310
18.47 1210 1180
50 15 1180 1150
50.55 1150 1

‘; 50.05 1120 1090
l270°C ..

I240°c RIS
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Fig.4. Change of crystal phases according to the
temperature ranges
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Fig.5. X-ray diffraction pattern for YIG,

Table 2. Change of Crystal Phases According to the
Temperature Ranges,

Temp, range| Evap. loss Phase Size
[l [%) G O [mm]

1270-1240 26.17 none | all -

1240-1210 25.99 none | all —

1210-118G 22.17 none | all —

1180-1150 19.58 none | all -

1150-1120 18.25 half | half 2.5

1120~1090 12.22 much | little 3
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Table 3, Experiments According to Various Temperature Controls

r No, Batch mass(g] Temperature Control
I 320 hr,
1 100 19 1300°C 980°C
50 min. 100 hr.
2 80.02 1300 s 12300 —— 1150
150 min, 120 hr.
4 §0.08 1300 ——— 1150%C , 1030
150 min. 5hr. 120 hr.
4 10624 1800C ——— 1150C —— — 1150C ——— 10307
s _ 150 min. 16t 100 hr
' 1300°C : 50T st 1050°C
. 150 min. 5hr. 125 hr,
6 §4.52 1300C ——— 1150%C 1150C 90T
T 90.42 150 min 16hr. 125hr.
' | 1300C —— usc s 900'C
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Fig.6-(a). Single crystals of YIG from experiment 1
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Tahble 4, Results of YIG Crvslal Growth

No. Temp. range Cocling rate Phase Size[mm]
[c] [c/hr | Gamet Orthoferrite Ave, Max
1 1300- 980 1 much some 1 2
2 1230-1130 1 very little large quantity - -

3 1150-1030 1 much s0me 4
4 1154-1030 1 large quantity very little a 5
5 1150-1050 1 large quantbty very little 4 7
] 1150- 900 2 large quantity very little 3 8
7 1150- 900 2 large guantity very little 5 g
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Table 5. Various Growth Experiments of YIG

varied fixed fixed
PO 30.20-40.33 mol% PbO  41.18moal% PO 41 13 mol%
Composition PbF, 20.18-36.50 mol% PbF; 20.59mal% PbF. 20.58mol%
P B.O:  3.30- 7.99mol% B0,  8.23mol% B0, 8.23mol%
Y,0:  10.00-11.50 mol% Y.0, 10¢.00mol% Y.0, 10 00mol%
Fe,0: 20.00-20.40 mol% Fe 0y 20.00mol% Fes; 20.00 mol%
Additive Ca0 0.05-0.20 mal% - -
Coaling rate varied fixed varied
£ 1.5-4°C /hr. 1T /hr 1-2¢ /hr.
varied
Tem. rance fixed fixed 1150-1030C
p. rang 1300-950C 1135-1035C 1150-1050C
1150- 900C
\temp. ) .
@
S
Temp. control
time .
" holding 6
Esperimental Comp(_)s.ltlon @ fast cooling rate 4 holding tln'ie
variations additive @ heating rate after fast cooling
anaho @ slow cooling rate g ternp. range
PbO  36.63mol%
PbF. 27.23mol%
= 49110l .
B0,  5.42mol% fast ccﬂ)olmgfr rate holding (ime 16 hr.
Optimum conditions Y.0: - 10.20 mol% 0.5¢/min. temp range
P Fe,0; 20,40 mol% heating rate 115%4300%
Ca0  1.50mol% 1C/min.
slow cooling rate
1.5C /hr.
No of experiments 8 3 7
Grown crystal size § mm A mm 9 mm
Reference Y K. Lee H.M .Park™ this work
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Table 6. Experiments for Seeking Tg
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