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'UOI DON TINH THE
'ERMANATE BISMUTH (BGO)

ANG PHUONG PHAP
'ZOCHRALSKI VA STEPANOV

1. MO DAU

Tinh thé Germanate Bismuth (BGO) thu hidt sw quan tim cda nhiu nhi nghién céru trén
& giéi vi t8 hop céc tinh chdt vit ly hip din cda ching.

BGO ¢6 ciu tric lip phwong tdm khéi, nhém déi xérng T5 vé&i hing &8 mang a = 10, 14554°
|, ¢6 tinh chit 4p dién, quang dién, quang din, quang &m manh, c6 gidi phé truyén qua réng, cé
i€t suit vA dé quay quang lén, nén vit liéu ndy cé nhi€u trién vong éng dung thirc té trong ki
wit quang dién tif.

Ngiy nay BGO da dwoc diing nhiéu trong ky thudt vat Ij n¥ng lwgng cao nhw lam detector,
Jorimeter, scintilator d8i véi cic bire xa tia X, positron, tia v (2, 3, 4] v1 tinh thé niy khéng hit
n, ¢6 thoi gian kich thich va phét quang rit ngin.

BGO cdn dwoc dung trong ky thuit dién ti dwéi dang nhimg bd diéu bién 4nh sdng va tia
ser ciing nhur 1Am méi trudng ghi nhin va nhé céc thong tin (5, 6, 7, 8.

BGO pha tap dit hiém c4 tinh chit phit huynh quang manh v ¢6 thé lam vit ligu leser céng
13t trung binh & buéc séng c& 1,54um.

Vi BGO dugc tao ra do phin #ng tda nhiét tir hai loai oxyt GeO3 va BizO3 ¢6 nhiét d néng
1Ay phi hop khéng cao trong méi truwdmg khong khf, nén thuin loi nhit 12 nuéi né bing phuong
hdp Czochralski.

Don tinh thé BGO dau tién do Nithsche thu nhin dwoc tir ndm 1965 [9]. Mic du viy dén

ay viéc hodn thién ky thuit nuéi don tinh thé BGO vin cdn dwgc ban cii kh4 s6i ndi trong nhieu
ing trinh [2, 3, 10].

2. PHAN THUC NGHIEM VA KET QUA

Chiing t8i thyre hién nuéi don tinh thé BGO bing hai phwong phip Csochralski kva Stepanov.

Vit liéu ban d3u 13 cdc oxyt GeO,, BiyOs ¢6 46 sach 2N, dwoc cidn theo ti 18 6:1 vé trong
rong phit hop véi gidn 45 trang théi cda hé ndy.

Ld dién trd cong suit 3KW gin véi mdt hé théng ty dong khdng ché nhiét 4§ dao dong trong
hodng +0,5°C (xem &nh).
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Khi nuéi bing phwong phip Czochralski ching téi diing mam dinh hwémg [110], kich thwéce
5 % 5 x 40mm?>, cit tir don tinh thé BGO c6 sin. Sau khi ma: héng, mim diroc cho &n mon trong
dung dich HCI loiang dé khir cAc sai héng b& mit.

Anh 1. Lb dién tré coéng suft
3KW v cédc thiét bi di kém dé nuéi
tinh thé BGO bing phwong phap
Czochralski.

Noi Pt ¢6 dwdng kinh 80mm, chigu day 2mm dyng day vat litu BGO & dang bot. Vit héu
BGO diroc tong hop thinh théi da tinh thé & nhiét d6950°C.

Viéc nudi don tinh thé BGO dwoc tié€n hanh trong méi trwdrmg khong khi. Vian tdc quay mam
I3 10v/phit, quay ndi la 10v/phit, téc dd kéo min dao ddng trong khodng 2mm dén 4mm/gio.
Gradient nhiét do theo truc kéo 1a dT/dl = 25°/cm theo ban kinh la dT /dr = min.

Sau khi lra chon cac thong s3 t&i wu ching t6i da nuéi dwoc don tinh thé BGO ¢6 kich thuéc
¢ = 30 = 40mm, | = 200mm (xem &nh).

Pon tinh thé cé miu trong sudt, & mot vai tinh thé doi khi ¢é cdc vt nirt & phin cudi la do
x6c nhiét gay ra khi 1am ngudi dén nhiét do phong.

Phan tich &nh Laue cho vét d&i xirng phii hop véi truc phét trién cda tinh thé da chon.

Phé truyén qua do dwoc khi ding don sic ké loai YM-2 cho dudmg cong phi hop véi che tai
liéu da cong ba.

Song song vé&i viéc nudi don tinh thé BGO bing phwong phiap Czochralski, chiing t6i con tién
hanh nuéi ching theo phwong phap Stepanov. Thiwre chit cda phwong phiap Stepanov la sit dung
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n twong mao din cia chit 1dng trong khe hep. Do viy “khudn tao ding” cda bin tinh thé
1g vai tro hét sirc quan trong.

Trong qua trinh nuéi chiing téi da ding khnon bing Platin ¢é kich thwée chiéu réng la 15
1, chieu day 1a 1,2mm.

Khe hep, qua dé tinh thé phat trién dwéi dang cic Lan méng, ¢6 dang bing phing véi do
g la 0,15mm.

M3im kich thuwéc 10 x 20mm? ¢é dinh hwémg 13 [110] ciing diroc cit tir thdi don tinh thé nuéi
o phrong phiap Czochralski.

Téc dé kéo 12 4mm /gio.

Arh 2. Hinh dang va kich
W dom tinh thé BGO di thu
1 dwrore.

Véi gradien nhiét dé thich hop mim néng chidy va bit diu phét trién sau khodng 7mm chiéu
Néu dieu khién tot nhiét dé cda khudn thi tinh thé 6 thé phat trién deu din va doi khi chidém
thé tich cda khudn. Tuy nhién viéc kiém tra vi khéng ché nhiét dd cda khuén véi d6 chinh
tin ciy IA viéc 1am rit khé. Mot d6i khi, mim tink thé khang phat trién dwoc vi mang dung
giira khe hep vid mit két tinh bi ngudi, déng lai.

D6 tron béng cda khuén cing anh hudng rat ién dén qua trinh két tinh va phaim chét cda
méng tinh thé tao thanh,
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Qua mdt &3 Iin the nghiém chiing t5i di nhin dwge bin don tinh thé BGO véi kich thué
1% 5x, 15mm>. M3c dd phim chit tinh thé cdn rit han ché, nhung di sao cing da ¢ nhirng kin|
nghiém buéc diu vé mét cich tao tinh thé duéi dang céc 14t méng cin thiét cho céng ngheé lan
linh kién dién t& néi chung.

Mot 88 tinh chit cda BGO sé dwoc théng bio trong cic bii sau.

Chiing t6i xin chin thanh cdm on Phong thi nghiém vat héu cda Vién V4t ly thuge Vién ha
1am Khoa hoc Bungaria da tao ditu kién thuin lgi cho viéc thuc hién cong nghé nudi tinh thé na)
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Tran Har Huynh

GROWTH OF BISMUTH GERMANATE CRYSTALS
BY THE CZOCHRALSKI AND EFG METHOD

Transparent, water-clear single crystal of BGO have been grown by the Czochralski and E. F. G
method. The used raw material were 99,99% pure Bi;Oa. They were melted in a platinum crucible unde
oxygen atmosphere. The growth direction was nearly [110], the growth rate 2.0 - 4.0 mwmhr ™', Under suc
conditions we have received typical bouble measured 30 - 40 mm in diameter and 200mm in length, th
thin plater measured 10mm in width and Smm in length.

Khoa Vit ly - DHTH Ha Nos
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