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Description 

The  invention  relates  to  a  method  of  manu- 
facturing  bismuth  germanate  (Bi4Ge3012)  crystals 
and  to  the  crystals  thus  obtained. 

Bismuth  germanate  crystals  of  the  composition 
Bi4Ge3012,  also  referred  to  as  BGO,  have  attracted 
much  attention  due  to  their  scintillation 
properties.  The  crystals  are  suitable  for  various 
uses,  for  example,  as  detectors  in  a  high-resolu- 
tion  electromagnetic  calorimeter  or  as  X-ray 
detectors  in  tomographic  equipment. 

Up  till  now  a  customary  method  of  manufactur- 
ing  these  crystals  has  been  the  Czochralski  tech- 
nique.  According  to  this  method  a  seed  crystal  is 
brought  into  contact  with  the  surface  of  a  melt, 
and  subsequently  the  seed  crystal  is  pulled  up  at 
an  accurately  controlled  rate.  This  method  has  the 
advantage  that  no  additional  thermomechanical 
stresses  are  introduced  because  the  crystal  is  not 
grown  and  cooled  in  a  crucible.  However,  a 
disadvantage  with  this  method  is  that  there  is 
substantial  circulation  of  the  melt  and  this  causes 
impurities  to  be  introduced  into  the  melt,  as 
described  by  E.  Lorenz:  "Status  of  BGO  develop- 
ment  and  perspectives  in  high  energy  physics"  in 
Nuclear  Instruments  and  methods  in  Physics 
Research  225,  500—504  (1984).  This  leads  to  a 
substantial  reduction  in  yield. 

The  Bridgman  method  has  also  been  proposed 
for  growing  BGO  crystals,  as  appears  from  the 
above-mentioned  publication  by  E.  Lorenz. 
According  to  this  method  the  starting  mixture  is 
melted  in  a  crucible  and,  in  contact  with  a  seed 
crystal,  is  moved  in  a  furnace  with  a  temperature 
gradient,  in  such  a  way  that  the  crystal  grows 
from  the  seed  crystal.  The  advantage  of  this 
method  is  that  by  selecting  a  certain  shape  for  the 
crucible,  the  crystal  can  be  given  any  required 
shape,  which  is  not  possible  with  the  Czochralski 
method. 

However,  the  Bridgman  method,  just  like  the 
Czochralski  method  is  found  to  give  rise  to  signifi- 
cant  crystal  defects  in  the  form  of  inclusions. 
Examples  of  these  inclusions  are:  Ge02, 
Bi2Ge309,  Bi12GeO20  or  Bi2Ge05. 

Surprisingly  it  has  been  found,  according  to  the 
invention,  that  if  the  stoichiometry  of  the  starting 
mixture  of  Bi203  and  Ge02  is  changed  in  favour  of 
Bi203,  this  results  in  a  type  of  crystal  which  has 
such  a  low  concentration  of  inclusions,  that  when 
ignoring  a  small  zone  of  inclusions  developed  in 
the  beginning  of  the  growth  process,  this  crystal 
is  fully  acceptable  for  practical  use.  Moreover,  a 
high  degree  of  crystal  perfection  is  obtained.  If 
bismuth  germanate  crystals  have  fewer  dis- 
locations  and  other  imperfections,  this  also 
reduces  the  likelihood  of  damage  upon  exposure 
of  radiation.  The  method  of  manufacturing  bis- 
muth  germanate  (Bi4Ge3012)  crystals,  in  which  the 
starting  mixture  is  melted  in  a  crucible  and,  the 
resulting  melt  being  in  contact  with  a  seed  crystal, 
is  moved  relatively  with  respect  to  a  furnace  with 
a  temperature  gradient  down  in  the  direction  of 
said  temperature-gradient  with  such  a  velocity 

that  the  crystal  grows  from  the  seed  crystal,  is 
"characterised  according  to  the  invention  in  that 
the  starting  mixture  has  a  composition  of 
between  40.2  and  40.5  mol.%  of  Bi203  and 

5  between  59.8  and  59.5  mol.%  of  Ge02. 
Experiments  have  demonstrated  that  starting 

mixtures  containing  39.4,  —  39.7,  —  39.75,  and 
40.0  mol.%  of  Bi203  give  rise  to  impermissible 
inclusions  in  the  entire  crystal.  With  mixtures 

10  containing  40.6.  mol.%  and  higher,  the  portion 
which  is  free  of  inclusions  gradually  decreases. 

Starting  mixture  containing  40.2  and  40.5 
mol.%  of  Bi203  result  in  perfect  crystals. 

The  invention  will  be  illustrated  by  a  specific 
is  example. 

In  an  ampoule-shaped  platinum  crucible,  illus- 
trated  in  the  annexed  drawing  and  having  an 
internal  diameter  of  the  broadest  part  of  20  mm, 
an  internal  diameter  of  the  smallest  part,  the  stem 

20  of  4  mm  a  length  of  about  12  mm  and  a  wall- 
thickness  of  0.2  mm,  the  conical  part  having  an 
angle  of  70°±0.15'  a  mixture  of  powdered  Bi203 
and  Ge02  in  a  ratio  of  40.5  mol.%  of  Bi203  and 
59.5  mol.%  of  Ge02  in  the  form  of  a  tablet 

25  compressed  without  a  binder  is  placed.  The  tab- 
lets  have  a  diameter,  nearly  fitting  in  the  broadest 
part  of  the  crucible.  The  stem  of  the  crucible  is 
filled  with  seed  crystals  having  a  diameter  of  4 
mm  and  having  a  crystal  orientation  of  [110] 

30  coinciding  with  the  axis  of  the  stem.  The  seed 
crystal  has  the  stoichiometric  composition  of 
BGO  (Bi4Ge3012). 

The  crucible  is  placed  in  a  resistance  heated 
furnace,  having  an  internal  diameter  of  45  mm 

35  and  a  total  length  of  75  cm,  the  resistance- 
element  consisting  of  a  number  of  sections, 
enabling  the  establishment  of  a  temperature 
gradient.  The  furnace  has  a  zone  of  30  cm  in 
which  a  temperature  of  1070°C  is  maintained  at 

40  the  top,  a  zone  of  6  cm  having  a  temperature- 
gradient  of  10°C/cm  and  a  zone  of  again  30  cm,  at 
the  lower  part,  in  which  a  temperature  of  1010°C 
is  kept  constant. 

The  crucible  is  first  placed  in  the  1070°C-zone  in 
45  a  stationary  position  and  kept  therein  until  the 

mixture  of  oxides  is  molten  and  homogenized. 
When  the  equilibrium  is  attained,  this  being 
observed  visually,  the  crucible  is  moved  through 
the  temperature  gradient  with  a  velocity  of  1.1 

so  mm/hour.  During  the  whole  growing  process  the 
furnace  is  rinsed  through  with  pure  oxygen.  At 
the  bottom  of  the  zone  of  1010°C  the  crucible  is 
cooled  down  to  ambient-temperature  at  a  rate  of 
20°C/h  in  the  furnace  in  the  switched-off  position. 

55  The  platinum  crucible  is  peeled  off  from  the 
cooled  crystal,  the  conical  part  containing  inclu- 
sions,  is  sawn  off.  A  perfect  crystal  is  obtained 
having  a  length  of  8  cm  and  a  diameter  of  20  mm. 

60  Claim 

A  method  of  manufacturing  bismuth  germa- 
nate  (Bi4Ge3012)  crystals,  in  which  a  starting 
mixture  is  melted  in  a  crucible  and  the  resulting 

65  melt  being  in  contact  with  a  seed  crystal  is  moved 
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latively  with  respect  to  a  turnace  witn  a 
mperature  gradient  down  in  the  direction  of 
lid  temperature-gradient  with  such  a  velocity 
at  the  crystal  grows  from  the  seed  crystal 
laracterized  in  that  the  starting  mixture  contains 
Jtween  40.2  and  40.5  mol.%  of  Bi203  and 
jtween  59.8  and  59.5  mol.%  of  Ge02. 

itentanspruch 

Verfahren  zum  Herstellen  von  Wismutgerma- 
3t-(Bi4Ge3012)-Kristallen,  wobei  das  Ausgangs- 
smisch  in  einem  Tiegel  geschmolzen  wird  und 
ie  resultierende  Schmelze  in  Kontakt  mit  einem 
Fropfkristall  in  einen  Ofen  mit  einem  Tempera- 
irkoeffizienten  derart  in  der  Abwartsrichtung  des 
radienten  mit  einer  derartigen  Geschwindigkeit 
ewegt  wird,  dass  der  Kristall  aus  dem  Pfropfkri- 

SldM  WdUIIOL,  UQUUIV/M  yci\uiiiii.v/iwiii.vv  — 
Ausgangsgemisch  zwischen  40.2  und  40.5  Mol.-% 
Bi203  und  zwischen  59.8  und  59.5  Mol.-%  Ge02 
aufweist. 

Revendication 

Methode  pour  la  fabrication  de  cristaux  en 
germanate  de  bismuth  (Bi4Ge3012)  selon  laquelle 

i  un  melange  de  depart  est  fondu  dans  un  creuset 
et  le  bain  en  resultant  est  deplace  en  contact  avec 
un  germe  cristallin  par  rapport  a  un  four  presen- 
tant  un  gradient  de  temperature  dans  la  direction 
du  gradient  de  temperature  a  une  vitesse  telle  que 

>  le  cristal  se  forme  par  croissance  a  partir  du 
germe  cristallin,  caracterise  en  ce  que  le  melange 
de  depart  contient  40.2  a  40.5%  en  moles  de  Bi203 
et  59.8  et  59.5%  en  moles  de  Ge02. 
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