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Growing lithium tetraborate crystals in the YXV53" and XZb145" 
directions and their characteristics 

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

Scientific Research Institute "FONON, 105023 Moscow, Krasnobogatyrskaya 44, Russia 

Dl. f  f . e r . ~ n t  weti.:c:,ds of char-go ~ y n t t ~ e c j i z  a t i  on a r e  d i  scussed. 

P e c u l  i & r i . t i e . z  a{: g~.0ih)1)79 LCO c r y s t a l  i n  hihe Y X ~  /53" a n d  X Z ~ / ~ L Z O  

d i r e c t i o n s  by Czoi: t . ralsky me thad  are g i v e n .  Mor-phology 04 LEO 

c r y s t a l s  is d e s c r i b e d .  C h a r - a c t e r i s t i c s  uC L E O - r e s o n a t o r s  are 

g i v e n .  

L i t t i i u m  t e t r a b o ~ a t e  ! i i ,B  TZ f , tF(3, is a  p r o m i s i n g  m a t e r i a l  f o r  
,.. 4 7 

a n p l  i c a t i r j r r  i n  electroriics, wh ich  a t t r a c t s  a t t ~ n t i a n  i n  c o n n e c t i o n  w i t h  

a p o s s i b l e  a p p l i c a t i o n  i n  p i e z n c l e c t r i -  SCM and  BAN p r ~ d u c t s  C 1 , 2 7 .  

L i t h i u m  t e t r a b o r a t c  is a i s o  a n o n - l i r , e a r  o p t i c a l  m a t w i a l ,  a s ~ t p e r - i o n  

conduc tc s r  C31,: It can. b~ a p p i i e d  i n  p h n t a e l e c t t - i z  s e n s o r s  i n  t h e  IF? 

r e g i ~ i i ' a n d  i n  r a c l i a . t i o n  c',asir!\eter= i42, 

F o r  rnarru$actut--ing SRP4 enr! BAN d e v i c e s  t h e  p l a t e s  of z e r a  c u t s  

YXI. ; Z S ~  and  ~ 2 0 1 4 9 ~ ~  ? = s p e c t i  v e i  y ,  have bean !..tsed, We h a v e  

i n v e s t i g a t e d  ini t ic3. l . i .y !-GO r r y a t a l  grown by Czokhr -a l sky  method i n  t he  

d i r e c t i o n s  COO1 3 a n d  C 1105 and  g r o w t h  a n d  c h a r g e  s y n t h e s i  5 p r o c e s s e s .  

The  qua1 i Ciy of i ndiis ' t r- i  a3 LBO c h a r g e  b e i n g  c a n c e n t r a . k e d  by 1 i t h i  urn 

c o n t a i n i n g  campou.r\ds, w e  t r i e d  d i f  +erect m e t h a d s  n f  char-5 .? 

s y n t h e t i z a t i c n :  i n  ~ ~ l u k i o n s  and by s o l i d  p h a s e -  and l i q u i d  pha , e  

r e a c t i  a n  methsds. 

When c;C.Itair:ir!3 I..BO c h a r g e  irr z o l u t i n n s  t t . 3  F o l l o w i n g  r e a g e n t s  h a v e  

b e e n  used: L-i 3ci33.+.i-lgB% L iO1-I-tH,BC),. I n  t h e  f i r s t  case w e  h a v e  t r i e d  - . C. 

t o  n h t s i n  LHO v i a  nn i n t e r r ; l . s d i a t . d  c u m p o s i t i n n  L i e n -  2B20g-  SH20 by 
L 

~ a i n t a i n i n g  c o n r ; t a n t  pH o f  t h e  snl~.\t.ic?r!= T h i s  is, however ,  a 

s i \ l i $ i c i e n t l  y  1aho:-ir-canscirnp.ti ng . t r ; c h n u l a ~ y ,  a l t h o u g h  i t  a 1  l o w s  ,to 
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Maintain exactly a stoichiometric composition. We have also attempted 

to obtain LBO pure charge by hydrothermal method by using reagents Li OH 

and H^BO... A single crystalline phase Li,B 40 7 (with gram size 1-2 cm) 

has been obtained at t =450°C in platinum lined autoclaves of V=0,4 I 
med 

but the yield of charge was rather low. 

The method o-f LBO charge obtained' by solid state reaction method 

is a more technological one, however, it was rfi-f f icult to obtain 

exactly the stoichiometric composition. The process o-f growth was a 

multistage one: annealing at 90° C during 40 h under constant mixing, 

synthesis at 550°C during 6 h, annealing during 4 h at 300 C in vacuum 

of 10~"'mm Hg -for water traces and CC, removal, The synthesis results 

were controlled by DTG-method. 

The method o-f liquid phase reaction in the melt proposed by other 

authors C53 was also investigated. First, the platinum crucible was 

glued, then a calculated quantity o-f boron oxide was melted. The 

crucible was weighted a-fter coaling and then a calculated quantity 

o-f lithium carbonate was added at 1000 C. The crucible was weighted 

again and the composition corrected. In the two last cases high quality 

crystals were obtained. Good results were also obtained when employing 

double recrystal 1 ization and addition o-f boron oxide in small 

quantity -for correcting stoichiometric composition, because during the 

crystal growth a separation o-f an easy volatile phase Li^Ef-O,^ can 

occur. 

Morphological investigation o-f the boules grown in the [0013 and 

CI 103 directions was then carried out. During LBO boules examination 

grown along the Z-axis one can easily note characteristic steps of 

degenerate -faces at their external surfaces, which are located at 

angles o-f 45 to each other Cfig.l). 
The largest rough steps of degenerate -faces with the height of 

o 0.6-1,2 mm are located at angles of 90* to each other. The smaller 

steps de-fine the crystal lographic direction C1003/C0103 - the X (Y>-

axis, the large ones correspond to the C1103 - direction. LBO boules 

grown on C1103 seeds are characterized by -four well distinguishable 

plain steps o-f degenerate faces with the height o-f 0.1-0.3 min located 

at angles of 90 . 

One pair of these faces corresponds to the C0013 direction. 

Besides the main faces, weekly distinguishable faces can be observed 

additionally at the conical part of the crystal. These faces made an 

angle of 37 to the C0013 faces and correspond, possibly, to the exit 



p c i n t s  of t h e  normal $0 a t o m i c  p l a n e  C1123 t ~ ~ ' = 5 2 ~ 3 0 / ) .  An i n t e r e s t i n g  

f a a t u r e  of LBO b o u l e s ,  grown a t  C1103 s e e d s  is c l e a r l y  v i s i b l e  i n c l i n e d  

smooth f a c e s  i n  t h e  u p p e r  p a r t  of t h e  b o u l e  n e a r  t o  growing s e e d ,  which 

a r e  l o c a t e d  a t  an  a n g l e  o f  52"20'in t h e  d i r e c t i o n  af t h e  Z-axis.  

l n d e n t i f  i c a t i o n  of t h e s e  i n c l i n e d  f a c e s  by means of a t o m i c  p l a n e  w i t h  

t h e  d i f f r a c t i o n  i n d i c e s  C4453 c o n f i r m e d  t h e i r  c r y s t a l l o g r a p h i c  

o r i e n t a t i o n  El121 ( ~ ~ = 4 9 ~ , ~ 7 . ' = 5 2 ~ 3 0 / ) .  

Ao r e s u l t  of X-ray i n v e s t i g a t i o n s  a  t a b l e  of e x p e r i m e n t a l  a n g u l a r  

p a r a m e t e r  v a l u e s  and r e 1  a t i v e  i n t e n s i t i e s  n.F a t o m i c  p l a n e  

r e f l e c t i o n  of LBO c r y s t a l s  was s p e c i f  i e d  f o r  p r a c t i c a l  a p p l i c a t i o n s  

( t a b l e  1 ) .  

More e x a c t  d e 4 i  n i t i o n  o f  LBO e l e m e n t a r y  c e l l  p a r a m e t e r s  Mas made 

by u s i n g  t h r e e  r e f l e c t i o n  p a i r s  f rom a t o m i c  p l a n e s  w i t h  l a r g e  a n g l e  
0 v a l u e s  Ohkl-90 ; a =9,4772 6 , ~ ~ 1 0 . 2 8 7 6  A. Comparison of t h e s e  v a l u e s  

w i t h  t h e  i n i t i a l 1  y  a c c e p t e d  d a t a  c o n f i r m s  t h e i r  s a t i s f a c t o r y  

c o i n c i d e n c e  w i t h  t h e  measut-ing error of 0 , 0 0 7  A f o r  "a " and w i t h  
0 

0,015 A e r r o r  f o r  "c".  f a k i n g  i n t o  a c c o u n t  c o n s i d e r a b l e  i n f l u e n c e  of 

c h a r g e  p u r i t y  and growth  c o n d i t i o n s  on e l e m e n t a r y  cell  p a r a m e t e r  v a l u e s  

s u c h  d i f f e r e n c e  c a n  be  a d m i t t e d .  

F o r  t h e s e  d i r e c t i o n s  an o p t i  inurn LBn c r y s t a l  c u t t i n g  t e c h n o l o g y  

i n t o  s e c t i o n s  h a s  been d e v e l o p e d  I f i g . 2 ,  3 ) .  However d u r i n g  t h e  c u t t i n g  

p r o c c s s  c o n s i d e r a b l e  rejects h a v e  been o b t a i n e d .  Theref  o r e ,  w e  h a v e  

grown LBO c r y s t a l s  i n  t h e  d i r e c t i o n s  ~ ~ 1 / 5 3 O  and x f b / 4 s o  w i t h  t h e  

d i a m e t e r  of 40  mm and t h e  l e n g t h  of 50 mm i n  p l a t i n u m  c r u c i b l e s  i n  an 

o x i  d a t i n g  a t m o s p h e r e  far e v a p o r a t i o n  s u p p r e s s i o n  of e a s y  v o l a t i l e  

b o r a t e 5  i n  i n s t a l l a t i o n s  " C r y s t a l "  w i t h  an i n d u c t i o n  h e a t i n g  of a 

c r u c i b l e  ( f  i g . 4 ) .  

Dur ing  LBO s i n g l e  c r y s t a l  g rowth ,  t h e  i n v e s t i g a t n r s  come a c r o s s  

a number of d i + f i c u l t i e s :  

1. The c h a r g e  q u a l i t y  f o r  t h i s  m a t e r i a l  is of p r i m e  i m p o r t a n c e ,  

because t h e  m e l t  h a s  a  v e r y  v i s c  aaus g l a s s y  t e x t ~ t r e ,  t h e  e x i t  of 

g a s e o u s  components  a t  t h e  s t t r f a c e  b e i n g  r a t h e r  d i f f i c u l t  f rom it. I n  

a d d i t i o n  t o  t h i s ,  w i t h  t e m p e r a t u r e  f l u c t u a t i o n s  n e a r  t h e  s u r f a c e  of t h e  

m e l t ,  t h e  s o l u b i l i t y  of g a s e o u s  camponents  i n  t h e  s u r f a c e  l a y e r  o c c u r s .  

A s  t h e  r e s u i t ,  t h e  g a s e o u s  components  come i n t o  t h e  melt. Then by 

means of c o n v e c t i o n  c u r r e n t s  t h e y  atme t r a p p e d  by growing  c r y s t a l  

and f i g u r e  i n  t h e  "as grown" c r y s t a l  as  growth  column and f a c e t t e s  

( f i g u r e  5).  

2. With c r y s t a l s  h a v i n g  a l o w  m e l t i n g  p o i n t ,  t h e  h e a t  d i s s i p a t i o n  
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o c c u r s  a t  t h e  e x p e n s e  of h e a t  t r a n s f e r  t o  t h e  grawn c r y s t a l .  Z t  is 

t h e r e f  o r e  d i f  S i c u l  t t o  e x c l u d e  h e a t  e n e r g y  d i s s i p i  t a t i o n  w i t h  small 

h e a t  t r a n s f e r  and  low m e l t i n g  t e m p e r a t u r e .  

3. LBO c r y s t a l s  h a v e  a  s t r o n g  a n i s o t r o p y  of l i n e a r  t h e r m a l  

e x p a n s i o n  c o e f f i c i e n t s  a l a n g  d i f f e r e n t  c r y s t a l  l n g r a p h i c  d i r e c t i o n s .  

Th,erefore  i n  t h e  p r o c e s s  o+ LBO growth  stres.,ses o c c u r ,  c r a c k s  and 

anomaluus  e d g e s  a t  t h e  c r y s t a l  s u r f a c e  c a n  a p p e a r .  Thus,  f o r  s u c c e s s f u l  

LBO c r y s t a l  g rowing  i t  is n e c e s s a r y  t o  . c r e a t e  " s o f t "  g r o w t h  

c o n d i t i o n s .  

Based on p e c u l i a r i t i e s  of  LBO c r y s t a l s  w e  h a v e  d e v e l o p e d  a  h e a t  

a s s e m b l y  w i t h  u p p e r  r e s i s t i v e  h e a t i n g  e n a b l i n g  t o  set up minimum a x i a l  

t e m p e r a t u r e  g r a d i e n t s  n e a r  t h e  c r y s t a l  1  i z a t i o n  -FiFant.. T h i s  makes it. 

p o s s i b l e  t o  d e c r e a s e  stt-esses i n  c r y s t a l s ,  Ira 1  awer t e m p e r a t t r r e  

f l u r t u a t i o n s  i n S l u e n c e  on g a s e o u s  i m p u r i t y  e n t e r i n g  t h e  c r y s t a l .  A1 1  

t h i s  e n a b l e s  t o  m a i n t a i n  s t a b l e  t empera tu t -e  c a n d i t i o n s  f o r  t h e  LBO 

c r y s t a l  g rowth  of  40 mm i n  d i a m e t e r  w i t h o u t  f a c e t t e d  r e g i o n s .  The 

t e c h n o l o g i c a l  g rowth  p a r a m e t e r s  a r e  a l s o  of g r e a t  i m p o r t a n c e  f o r  LBO 

c r y s t a l s .  For  e n s u r i n g  " s o + t W  g r o w t h  c a n d i  t i o n s ,  i t  is  n e c e s s a r y  t.o 

m a i n t a i n  low r o t a t i o n  rates (2-4 r o t / m i n )  .and low growth  rates 10.1-0.4 

mm/h). 

I n  o r d e r  t o  d e c r e a s e  v i s c o s i t y  of t h e  m e l t  w e  i n c r e a s e d  m e l t i n g  

t e m p e r a t u r e ,  by a d d i n g  0 . 1 - 0 . 2  mass p e r  c e n t  of l a n t a n i u m  o x i d e ,  which 

e n a b l e s  us t o  d e c r e a s e  g a s e u u s  i n c l u s i n n s  i n  c r y s t a l s .  T h i s  

a d d i t i v e  d o e s  n o t  i n f l u e n c e  p i e z o e l e c t r i c  p r o p e r t i e s  of LBO c r y s t a l s .  

With s m a l l  t e m p e r a t u r e  g r a d i e n t s  n e a r  t h e  me1 t s u r f  a c e  LBO 

c r y s t a l s  grow up e q u a l l y  w e l l  a l o n g  t h e  \ f ~ 1 / 5 3 ~  and  x2h/4?l0 

c r y s t a l l o g r a p h i c  d i r e c t i o n s  and h a v e  a w e l l  d e v e l o p e d  f a c e s .  

The  main f e a t u r e  of LBO r e s o n a t o r  t e c h n o l o g y  i s  its s o l u b i l i t y  i n  

l i q u i d  media.  I n  t h i s  c o n n e c t i o n  w e  were i n t e r e s t e d  i n  o b t a i n i n g  more 

e x a c t  k i n e m a t i c  c u r v e s  of LBO water and HNO, (60% c o n c e n t r a t i o n )  
3 

d i s s o l u t i o n  a t  d i f f e r e n t  t e m p e r a t u r e s  ( -Fig .b) .  LBO s o l u t i o n  ra te  i n  

d e i o n i z e d  water w i t h  s p e c i f i c  resistivity of 1 MOhm c m  a t  t e m p e r a t u r e s  

of 5 5 ' ~ ~  ~ 5 0 ~ ~  and 1 0 0 ~ ~  is e q u a l  t o  0 .02,  0 .05  and 0.25 pm/min, 

r e s p e c t i v e 1  y.  LBO s o l u t i o n  ra te  i n  60% HNO, a t  t e m p e r a t u r e s  of I ? ~ C ,  
L% 

4 0 O ~  and &OOC was 2.6,  4 .2  and 30 pm/min. R e p r o d u c i b i l i t y  of s o l u t i o n  

ra te  d e p e n d s  on t h e  s a m p l e  s u r f a c e  s t a t e  and t h e  s o l u t i o n  p u r i t y .  

Chemical, e t c h i n g  of LBO p l a t e s  a f t e r  l a p p i n g  was made i n  a c i d  m i x t u r e  

t a k e n  i n  t h e  p r o p o r t i o n :  HNOg:HCL:H20 = 1: 1: 1 a t  room t e m p e r a t u r e .  The 

s o l u b i l i t y  r a t e  i n  t h i s  s o l u t i o n  is " 10 pm/min. The s u r f a c e  r o u g h n e s s  
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labia is Angle paramstres of atomic: planes o-f LSD crystal 
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was not deteriorated in this case. !_B0 resonators -fabricated with 

LBO piezoelectric elements in the form o-f flat wafers with 7 mm in 

diameter and thickness f* 215 fjm with silver electrodes of 3 mm in 

diameter had the following parameters (tafal 2), Dependences of 

temperature-frequency coefficient, electromechanical coupling factor of 

B- and C-mcde5 in LE<0 on the angle of cut YX1//3 of pi ezoel ectrical 

element are given on fig 7 and 8. 

Table 2. LBO resonator parameters 

Frequency 

f 

MHz 

7.55 

Resonance 

spacing 

7. 

**?._*"? "? 

Quality 

factor 

Q 

<3-S> . lO"' 

Frequency 

constant 

kHz mm 

1645 

Capacitance 

parallel motional 

Co, pF Cj, pF 

3.69 0. 143 

Motional 

inductance 

4» H 

0.0031 
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Fig. 1. L3U crystal morpfoiogy 
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Fig. 2. "As grown" crystal LBO in the direction YXl/53° 

Fig. 3, A growth column and facets LBQ crystal 
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F i g . 5 . Technology o-f r u t t i n g LBO c r y s t a l bcsul s Zi. 103 
i n t o yy.\/fi 
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Fig. &, Kinetic curve c-f LBO dissolution in hot 'water and 

in concentrated HNO^. 

Fig. 7. Dependence of temperature frequency coefficient 

of frequency af 3 and C nodes an LBO crystal on 

the annls of cut \'Xl/ft of a pi sz, -a&ctr ic sieiiiant 



C2-72 JOURNAL DE PHYSIQUE IV 

F i g . B, Dspsndencs of f r sqcsRcv r c a f f i.-i <-.:-ry!r. anri 

e l e c t r D r o e c h a r i c a l c::;:jpli ~g •facte:'- c- f °-- ~nd 

D-mcidsB i n LSD r>n th?~ ann l z c-f cu t YT.l/f? c-f a 


