
Precursors preparation for growth of 

low-background scintillation crystals 
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Factors ensuring high quality crystals 

 

¶First order factor  

¶Growth technique 

¶methods for synthesis of crystals 

¶growth conditions 

¶growth mechanism 

¶Initial materials  

¶methods of a synthesis and purification  

¶impurity composition 



Traditional Czochralski Technique 

seed 

Å High temperature gradient (10-100 K/cm) 

Å Perfect cleavage of CWO, ZWO, NMO 

  thermoelastic  stress destroy crystal 

Å High local superheating of melt up to 200 K 

Å Evaporation and decomposition  melt 

 



By the contrast  in The Low Thermal Gradient Czochralski Technique (LTG Cz) the growth 
conditions are  selected in such a way that the temperature gradients 
become small and the solidification front becomes fully faceted  

ωDuring the entire process the grown crystal stays 
inside the crucible  

ωTemperature gradients within 0.1-1 deg/cm.  

ωTemperature fluctuations in the melt, usually causing 
crystal inhomogeneities, are not developed 

ωThermoelastic stresses in crystal are low 

ωEvaporation and decomposition processes are 
suppressed by the pipe socket, which works as a 
diffusion barrier 

ωWeighing control at all the stages of the process 
including the seeding  

ωCrystal dia./crucible dia. ratio up to ~0.8 
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Phases of production BGO in NIIC, 
Novosibirsk  
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Bi-oxide synthesis and production at NIIC   

Electrolysis to refine

Pb ~ 10-3%

Raw 
bismuth 
Bi1;Bi00

Melting and Cl removing Pb ~ 10-5%

Metal

Vacuum distillation Pb ~ 10-6%

Pb
residuals

residuals 
Ag; Au; 
Cu; Ni

Metal

Double stage bismuth oxidationOxygen

Used electrolyte ; anode
residuals Fe;Zn; Pb
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Properties can be drastically differ 

 even for very low level of impurities   

NIIC NIIC  Furukawa,Japan 
`Element 

% wt Bi2O3 

BMO 1-60 
Bi2O3 

BMO 2-118 
Bi2O3 

Lot 04.11.17 

C ¢1.10-3 ¢3.10-3 ¢3.10-3 

Na 7.10-6  n.d.(5.10-6 ) n.d.(5.10-6 ) 

Mg n.d.(5.10-6 ) n.d.(5.10-6 ) n.d.(5.10-6 ) 

Al ¢ 3.10-5 ¢ 3.10-4 ¢ 3.10-4 

Si  ¢ 2.10-4  ¢ 6.10-4  ¢ 4.10-4 

Cl 9.10-4 3.10-3 5.10-4 

K 3.10-5 n.d.(5.10-6 ) n.d.(1.10-5) 

Ca 2.10-5 n.d.(5.10-6 ) n.d.(1.10-5) 

Cr n.d.(1.10-5) n.d.(1.10-5) n.d.(1.10-5) 

Mn n.d.(1.10-5) n.d.(1.10-5) n.d.(1.10-5) 

Fe n.d.(1.10-5) n.d.(1.10-5) n.d.(1.10-5) 

Cu n.d.(1.10-5) n.d.(1.10-5) n.d.(1.10-5) 

Zn n.d.(1.10-5) n.d.(1.10-5) n.d.(1.10-5) 

Ge n.d.(1.10-5) n.d.(1.10-5) n.d.(1.10-5) 

Ag 5.10-5 5.10-5 n.d.(1.10-5) 

Te n.d.(1.10-5) n.d.(1.10-5) n.d.(1.10-5) 

Sb n.d.(5.10-6 ) n.d.(5.10-6 ) n.d.(1.10-5) 
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Polyhedral Crystallization Front of   
Big Sized BGO Crystal 

Krishan Lal et al. Journal of  

Crystal Growth 197 (1999) 865-873 



120 mm dia. BGO cylinders 

BGO crystal 

120 mm dia., 130 mm height  

PHR  at 662 keV  

better than 10%: 

Due to high uniformity of crystals and low light absorption scintillation 

parameters almost  does not worse with increasing of crystal dimensions 



Radiation Hard Crystals for BGO Veto Shield of the Imager IBIS  
  as one of two main gamma-ray instruments on board of the ESA mission INTEGRAL  

(The International Gamma-Ray Astrophysics Laboratory)  launched in Oct 2002 

¶ The area to be shielded is about 8000 cm2 

¶ Bars dimensions : 20 x 90 x (310-345) mm3 

¶ 20 krad radiation environment (induced by 
ionizing particles) for the lifetime of 5 years 

¶ Due to features of light collection, top-quality 
transmission properties are needed. 
Attenuation length has to be better than 3 m 
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BGO crystals for PoGOLite International Project 
(A High Sensitivity Balloon-borne Soft Gamma-ray Polarimeter)  

 Flight: 20013   Total weight of BGO >300 kg  

 

http://www.particle.kth.se/pogolite 



Radiation hard BGO  
for Hard X-ray Imager and the Soft Gamma-ray Detector, to be onboard 

the 6th Japanese X-ray Astronomy satellite ASTRO-H 

 

 

2011-2013:  About 15 types,  100 pieces totally 


