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Growing lithium tetraborate crystals in the YXI/53° and XZb/45°
directions and their characteristics

AN. GOTALSKAYA, A.V. KHARITONOV, V.N. STASSEVICH and V.V. BEZDELKIN

Scientific Research Institute “FONON”, 105023 Moscow, Krasnobogatyrskaya 44, Russia

Different methods of charge synthesization are discussed.
Feculiarities of growing LBC ocrystal in the v¥1/53° and XZhs4s”
directions by Ozobhralsky method are given. Morpholeogy of LEO
crystals is described. Characteristics of LBO-resonators are

Qi ven.

Lithium tetraborats €L1154Q7}5 LBEQ, is a promising material for
application in slectronics, which attracts attesntion in connection with
a possible applicatipn in piezpelectric SAW and BAW products (1,21,

Lithium tetraborate is aleo a non-l.near optiscal materisal, & super-ion

conductor {31, It can he applied in photoelectric sensors in the IR
region and in radiation dosimeters [41.

For manufacturing SAK and BOW devices the plates of zero cuts
¥¥i/52° and  XIb/&5",  respectively, have been  used. We have
investigated initially LED crystal grown by Czokbralsky method in the
directions (0013 and T1I10] and growth and charge synthesis processes.

The guality of industrial LBO charge being concentrated by lithium
containing compounds we trimg differsnt methods of  charga
synthetizatien: in sclutions and by solid phase- and liguid phaze
resction methods.

When ohtaining LEO charge in solutions the following reagents have
been used: Li CO,+H,BO,, L1OH+H EC.. In the first case we have tried

to obtain LEQ wvia an intermediste composition LiQG- 2B 0. 3H20 by

maintaining constant pH of the esolution. This is, howaver a

sufficiently labouwr-—consumpiing technology, although it allows to
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maintain exactly a stoichiometric composition. We have alse attempted
to obtain LEDO pure charge by hydrothermal method by using reagents LiOH
and H_BO,. A single crystalline phazse LinB4G7 (with gram size 1-2 om)

I S R . . P
has been obtained at tm =450°C in platinug lined avtocliaves of V=0,4 1

but the yvield of chargee:as rather low.

The method of LEO charge obtained” by solid state reaction sethod
is a more technological one, however, it wes difficalt to obtain
gxactly the etoichiometric compesition. The progess of growth was a
muiltistage one! anngaling at 070 during 49 h under constant mixing,
synthesis at =500 during & b, annealing during 4 h at 300”C in vacuum
of 1OM3mm Hg for water traces and Cﬁz ramoval. The synthesis results
were controlled by DTG-mathod.

The mathod of liguid phaze reaction in the melt proposed by other
authors {51 was also investigated., First, the platinum crucible was
glued, then a calculated guantity of boron oxide was melted. The
crucible was weighted after cooling and then a calculated quantity
of lithium carbonate was added at i000°C. The crucible was weighted

again and the composition corrected. In the two

P

ast cases high guality
crystals were obtained. Good results were also obtasined when employving
double recrystallization and addition of horon onide in small
quantity for correcting stoichiometric composition, because during the

crystal growth & s=separation of an zasy volatile phase Li B can
i

8713
ooour,

Morphological investigation of the bounles grown in the EOQi} and
L1101 directions was then cérrieﬁ aut., During LEBEO boules examination
arown along the Z-axis one can gasily nots characteristic steps of
degenerate faces at their external surtfaces, which are located at
angles of 45" to sach other (fig.1).

The largest rough steps of degenerate faces with the height of
0.6~-1.,2 mm are located at angles of 0% to each other. The smaller
steps define the crystallographic direction [1003/700101 — the X (Y)-
aris, the large ones correspond to the [1103 - direction. LBEO boules
grown on [1101 sesds are characterized by four well distinguishable
plain steps of degenerate faces with the height of 0.1-0.2 min located
at angles of ?OD, v

Ong pair of these faces corresponds to the (0013 direction.
Hesides the main faces, weekly distinguishable faces cam be obzerved
additionally at the conical part of the crystst. These faces made an

Gt . . . ;
angle of I7° to the L0013 faces and wcorrespond, possibly, to the =suit
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9207). An interesting

peints of the normal te atomic plane [1121 1227 =52
f=ature of LEQ boules, grown at {1101 seeds is clearly visible inclined
smopth faces in the upper part of the boule near to growing seed, which
are located at an angle of 52%20"in the direction of the Z-axis.
Indentification of these inclined faces by means of atomic plane with
the diffraction indices [4481 confirmed their crystallographic
orientation [1121 (xC=45",72"=5230").

Az result of X-ray investigations a table of experimental angular
parameter values and relative intensities  of atomic plane
reflection of LRBO crystals was specified for practical applications
(tahle 1),

More exact definition of LEBO elementary cell parameters was made
by using three reflection pairs from atomic planss with large angle
values Ohqupqoo } A=5,48772 A x C=10,2876 A. Comparison of these values
with the initially accepted data confirms their satisfactory
coincidence with the measuring error of 0,007 A for "&Q" and with
0,015 A error for "c". Taking into account considerable influence of
charge purity and growth conditions on elementary cell parameter values
such difference can be admitted.

For these directions an optimum LBO crystal cutting technology
into sections has been developed (fig.Z, 3). However during the cutting
pirocess considerable rejects have been obtainsd. Therefore, we have
grown LBO crystals in the directions YXI/SED and XZb/45D with the
diameter of 40 mm and the length of 30 mm in platinum crucibles in an
oxidating atmosphere for evaporation suppression of easy volatile
borates in installations "Crystal” with an induction heating of a
crucible (fig.4).

During LEQ single crystsl growth, the investigators come across
a number of difficulties! '

i. The charge guality for this material is of prime importance,
because the melt has a very visc ous glassy texture, the exit of
gaseocus components at the surface being rather difficult from it. In
addition to this, with temperature fluctuations near the surfaceinf the
mait, the solubility of gaseous components in the surface layer occours.
As the result, the gaseous components come into  the melt. Then by
means of .convaction currents they are trapped by growing crystal
and figure in the "as grown” crystal as growth column and facettes
{figure 5).

2. With crystals having a low meliting point, the heat dissipation
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ococurs at the exupense of heat transfer to the grown crystal. It is
theraefore difficult to excliude heat energy dissipitation with small
heat transter and low melting temperature.

Z. LBO crystals have a strong anisotropy of linear thermal
expansion coefficients along different crystallographic directions.
Therefore in the process of LBO growth stresses occour, cracks and
anomalous edges at the crystal surface can appear. Thus, for successful
LEO crystal growing it iz necessary to tcreate "soft" growth
conditions.

Rased on peculiarities of LBO crystals we have developed a heat
assembly with upper resistive heating enabling to set up minimum axial
temperature gradients near the crystallization front. This makes it
possible to decrease streszses in crystals, +to lower temperature
fluctuations influence on gasecus impurity entering the crystal., All
this enables to maintain stable temperature conditions for the LEBGQ
crystal growth of 40 mm in diameter without facetted regions. The
technological growth parameters are also of great importance for LBO
crystals. For ensuwing "soft" growth conditions, it is necessary to
maintain low rotation rates (2-4 rot/min) -and low growth rates (0.1-0.4
mm/h) .

In order to decrease viscosity of the melt we increased melting
tenperature, by adding 0.1-0.2 mass per cent of lantanium oxide, which
enables [£3-9 to decrease gaseous inclusions in crystals. This
additive does not influence piezoelectric properties of LEO crystals.

With small temperaturse gradients near the melt surface LEO
crystals grow up equally well along the vx1/532° and xzhsas®
crystallographic directions and have a well developsd faces.

The main featurs of LBD resonator technology is its solubility in
liquid media. In this connection we were interested in obtaining more
exact kinematic curves of LEO water and HND3 (6074 concentration)
dissolution at different temperatures (fig.56). LBO solution rate in
deionized water with specific resistivity of { MOhm om at temperatures
of 55°C, &0°C and 100”0 is egual to 0.02, ©0.05 and O.25 um/min,
respectively. LBO solution rate in &60% HNG., at temperatures of IQDC,
40°C and 40°C was 2.6, 4.2 and 30 ym/min.hRepdeucibility of solution
rate depends on the sample surface state and the solution purity.
Chemical etching of LBO plates after lapping was made in acid mixture
taken in the proportion: HNDZ=HCL=H20 = 12111 at room temperature. The

solubility rate in this solution is ™ 10 um/min. The surface roughness



fSngle oar

C(.(/(diz X‘Zay

C2-65

nEs of LED crystal

Heackio 29be fetur| Joitait Qngte of | Dowste F!f#ﬁnﬂlf/wf/l boyh Rebar.| Jutait Ongtc of | Doubte  Relatine
wdex of Ungle|ecn alomiic [instabidtlion | Bzagg Qugte of  |intensily index of {ngee Yen qhmmie \instablatipn 8sagg prgtc of sty
fveof  \plane hke |of angte Baagy  \6f veftu-atomic pons ML | of angte Baagy  pf e
G Brisks o | G| 20 nd et [ (o | B | ek
7 12 | 3 k4 s 6 7 / 2 123 4 5 3 z
020 | 0° 000007 |-3°6730" 1 927407 1184320V 50 268 |~u=|4rovad 29%3'30" [4302407 [86°05 207 05
040 |~u~ | —=rr— | 59000 (85970 |375620° | 40 268 |-n=|492180038%6°00" |82°07/0" \roa 420" §
060 |~u-|—u— |#8%720°\2970'30° | 582 100"} 17 2670 |-~ 3140\ 51°88 00" 657 710" Vd034°207| 35
080 =~ | —n— 277340 4922507 |87°05%07| 7 4100 lywhtooopo a0t 610530 (12201007 S
010 |- |—n~ V47040054 2370" 110616 20°| 35 qu02 |-n—\ovz30"l9s8 50" \62°35%00" |r26° 167007 a5
962 |\ IE10" (283230 1475740 |83 43207 Q8 4spg |~—|rssaso|srasver |67 92w Jrareiior| 45
062 | -1= 775017 2050" | 304000\ §12000" (20 240 lswddboo 00| 758 70" _|21°8b0" 423600” | 70
042 \-n=\24°0350° 75900 |202870"|474620" |12 480 |=v=| —n— |2°78°30" 46°37°%0" |95°15°20" | ¢
084 |~u=| —n— \32°24 00" \45°4370°\9/ 26 20" 12 482 {—u—) 173820\3436 CO" |47 5510" |96 s0 20" | 37
069 |-~ 312320"2¢3500" [34°64 706948207 | 4,0 242 | -n=|2005009%8%0" [23°C500" |46° 600" | &5
086 |-1-1342820\38°63 50" 1524300 10426 90" | ¥ 484 Y= —v—"[38°37°CO" |51 900" |103°9020"] 4.7
022 |- 2290003370 11246 00"\255200°| 9 486 |—~~\3r9250\45 28 50" |56°43 00" |//726°00| 40
994 |Ai=|—n— |2 B850" |26 4790\ 5227 20" | 18 244 |- ~s909v0| g 0o 28050 |56 w020 | 55
066 |~n~|—— 2823°00" 47 5240° 1830420 710 246 |~n=|s57°0/202/%59°00" |35°18"10" |70°36 207 1.0
D88 |~y — 484540 162°0850"|1247790"| 12 248 || wsparroc0’ (pu29r0" 1855820 | 12
068 |~i-\505050 379520 \603439" \WI 0900\ 50 2410\~ ~ |64 0620 43°0r 30" \S6°20°40"\112°9/20") 1.5
046 \wir~155 FECO 202 20= | F3HOIG 6721 0T2] A2 .. . 2412 |- |67 2016200 00" (76299 10" | 15198207 | o7
0610 |~4- |56 5520\50°0170" (6320202690407 (/0 - 6.400\057800°0000158°07 20" |7/°26°30" |429500" | 25
G249 |1~ (6730306 36°00" (1955 70°\39%020) /10 6102|-»—\8°58407|60°22'00°|73%1'10" |147°2220] 42
048 |~ |—#— 295842 4257 50" 4555%90"| 6 460 Wrwak0 0000 22°33 7007 135°52' 0" [ 7°94°20°| 4
0470 \~u-166579014724'00 | 54°4370° 110926207 42 482 |-v=\14°192423°53 30 37°1240" | 74°25'20°) 20
026 (=i~ 70 0630157300 283270 6704 20] 9 Y64 |~u—~|270v0d275030" (4109 70" 8271920 | 27
0472 \~n-\—u— 15922990 \§2 370\ 154620157 466 |~—\37:2870|34°16'30" |42°357%0 (9571720 | 08
028 |~-|7 53502502307 (382140 76 4320 | & 68 \-i—|a5372043°37 30"\ 567 05 #7359 00 72
0210|-0- 77450036 2 V0|00 T/ 70" /002 20185 46./0\-=|51:56%0|58%1 10~ | 72°0020| rig0040] a7
0212 |~u~\79%440'\62°38°00" |65°67 70" 37°'64'20" | 40 82 bl 1006204225 207 (554030 | rer2900| 12
004 |~—\900000)4°05° 50" |/72500" |35°5000° 400 pg4 |-n—lopys tts 43 co” |60°02 0" 120°04:20°) S0
008 \~n-\—i1—123°28'00"| 36’4340\ #354'20" | § 686 |——28 5550545600 |6815 10 (1360207 6
Q082 == | —n— 150°39'20°\63°6830" 12757 00"| /6 220 Ysopd 0°00°00|-0°07 (0 | 13218 17 |26°36°20" | 4 X
2100 \rigi 000'0c"|42° 4030 | 6559 90° 11959207 # 440 (= —v— o0 por 12720 10" \S0°42 207 12
2702 i |\ WHZT | HH 00" 572510 W5°9620° |45 660 \—~—| ——|90"6%0° |93°38'50" | 471790 17
2904 |- |195200° |48 2500 (6148 70" 235620" |6 880 |w—|———|S3F3 0" 56521807 |13 HE 4" &
2106 |-~ 1282720 |57 7530 " (03490 \wr0920" | 12 884 |——\18°0220615910" |75 1820 150969015
280 \weer ovopy’ (28520 (920430144 090025 664 |—n~ 23282013525 507 4845 00"\ 97 5000 | 22
282 |~ 11235'40" 1300230 \432740" (8643207 |46 444 | = \BB0s | 19357 107 |33 16 2011 6692407) 6
284 |-i- 9404403325400 " |47 180" | 942620° {0 668 |~r—N4905383052%1 10" |66°Cc020|132°0040| 25
286 |- 155000 N0022 00" (8397 70° 00798 20°\3 86 224 |-~ [622920(8°51°20 |22°10 J0 |44 20007 | 10
288 Vi~ |\ 47/Y70\0F200" (640770 (7280220 2,0 448 |~w—|—is IS HBPO" 1 49°02 10"\ 980520 | 37
260 B 000 a0 1738 30" (305540 6751207 |25 208 |-—ls0v0rd 28235007 | 395930 | 79°4900° | 45
262 |~ |40 (002°60" 132°22'00°|64%400" (40 22.42\-1— 78385894 307|500 90" | 1380720 | 2C
264 |- 13073307 |23 70507 | 363007 |13 00°05"| 22




C2-66 JOURNAL DE PHYSIQUE IV

was not  deteriorated in thiz cass. LBO resonators fabricated with
LED piezoelesctric alements in the Jform of flat wafers with 7 mm  in
diameter and thickness 1t~ 215 um with silver electrodes of 2 am in
diameter had the following paramesters {(tabl 2). Dependences of
temperature-~frequency coefficient, electromechanical coupling factor of
#- and L-modes in LED on the angle of cut YX1/3 of piezoelectrical

element are given on fig 7 and 8.

Table 2. LBO resonator parameters

Frequency Resonance Quality Frequency Capacitance Motional
+ spacing factor constant parallel! motional  inductance
MiHz % e kHz mm Cg, RF Cl’ pF Lys H
} -
7.55 2-2.2 (EF-5).107 1&£45 T &9 0. 147 0.00731
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Fig. 2. "As grown" crystal LBD in the direction YX1/53
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Fig. 5. Technology of cuthing LBD crystal bouls £1101
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Fig. 6. Kinetic curve of LBQO dissciution in hot
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