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NHONG CHUYEN DOT (CAM» T22ONG PHO EPR
CUA CAP (Fet B—)° TRONG SILIC
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1. Md dau:

Do o do linh dong va ndng do cao, nén sil fa mét nguvén 16 thuong ¢é mat
trongcac vt liéu ban dan ddc biét trong don tinh thé Silic. Trong Silic, sat chi¢i
vi tri gitta nat mang v hoat ddng nhu tap chit Donor. Nong déd ctia né c6 ih
dat duge 2x 101 ng tir/em?. Do ning lugng di dong ctia né di nho (0,69 eVh nen
s&l dé dang tuong tac véi nhau hofic vai cée nguyén tir Acceplor ¢6 mit trong
tink thé d¢ tao thanh cic cluster eha sit ho#ic chc complex sil — Acceptor o
phin irng sou day:

Fe® — Fet 4 c—
B® - B~ 4 pt

(FetB-)°® + (pte)

Lién két gitta sat va cac Acceptor trong.cac cap nay ld lien két ion nén no
khong bén va de dang bt pha vo béi nhiét do. Bén canh ¢ap St — Acceeplor eon
co eap (pte—). Vivay sutao cap din dén lam gidim do linh dong caa hat (di dicn
va do d6 Jam gidam d) dian cda don tinh thé Silic. Sit trong Silic rat hoat dong vé
phueong di¢n di¢n, cée trang thai dién tich elia nod ¢6 (¢ thay ddi L miu nay sang
mau khac tay thuoe ché d¢ xir ly mau va nhi¢t do. Cac mire ning lugng «iu no
da diwoce xac dinh boi cae phép do DLTS elirng to rAng mac E.— 0,5 eV wung
rng voui cdp (FetB™)°. Ngodi ra con nhiéu mire khiace nira twong ang véi sit.

Cau true dién 0 cua nhicu cap gita ki loai chuyén doi nhu (Cr, Mn, Fo)-
vai cie acceptor nhu (B, Al, Ga, Zn, In, Au va Pt) da duge mo6 ti trong cong trinh
rdt co dong cia Ludwig va Woodbury?; Tal ¢& cac cdp nay (Irir cap Feln) nban
hudng [111] lam truc cua cap va riéng cap Feln thinhén hudng [001). Tiong cac
cdp nay, cie lon kim logai chuy®u doi ¢éd'ciu true didén tir brong Gr nhu cda cac
lon ¢o Lip. irong khi do che Ion acceptor lai co vo kin dién t&. Tac dung chinh
clia lon acceptor la chilam bién dang khidng gian lip phuwong bao quanh lon kim
loai. Vi viy cac s6 hang lrong toan (¢ Spin — Hamilton la khong lip phuong,
diéu nay phén anh tinh phice tap ca phd EPR ciia cic ciap nay.

Ph} EPR ctia cap (FetB—)” dugce nghién ciru bdi nhiéu tac gia [2, 3. 4]. Phd
cua cap niy bao gom 3 duéng cdu trae linh vi [3] twong ang voi bdn truc
tuonyg [111], khi tir treng H ndun (rong mat phing [110]. Cic dudng cidu (rie
tinh vicod sir phu thude goe rdt manh. Khi goéc 0 = 55° thi ¢ 3 dudng nay trung
khit v&i nhau, [3]. Cép (FeB) c6 J = 3/2 nhung lai co Liang s& lick phd khikhong
cd tir trudng ngodi rat lon 2D > hv?(v:tAn s6 <ong siéu cao Lin) cho nén c¢'i
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chuy®n doi gitta cdec mire M 4 1/2 1a dwge quan sa'. Trong treéng hop dongidn
a1, cic dudng eiu tric tinh vi bi phdn tach thanh (2I;+1) (21,4 1) thank
pria edu trac tinh vi. D6i vai FeS” (I = 1/2) d6i vai B (I = 3/2). Dang cla cin
trac siéutinh vi phu thudc rdt nhidu vao gia tri D2

2. Phuong phip thye nghi¢m:

Cac mau duoce dung trong nghién ciru 1a Silic loai p pha tap Bor vai dién
trd sufit tie 1, 1.5 A&n 2Qem. Kich thude miu 2x 3 x 20min. Sit duge khuyé&ch
tan vao tinh thé theo hai cach: true tiép va ngiu nhién. Cach true tiép 1a cho st
pha 1&n b2 mit miu & trong chin khéng sau do nung néng dén nhiét do 1159°C
d rdi ludng hoi Argon lrong khodng théi gian 4 gio va lam lanh dét ngot d&n
nhidt &3 Nito long. L&p Si0, va cac tap chdt khae & b mat dwrge lam sach nher
hédn hyp Axit HNO;: HF v4itile 3:1 trong thoi gian 4 phidt. Cach thir hai cling
ti&n hAnh trong tu nhu trén chi khac 14 khong cho séit phi lén mit miu.

Phd EPR duge ghi trén may trong ddi X. Tir tewdng Hndm trong miat phing
| 110] ctia mau- Cac phép do duge tién hanh & nhiét d¢ thdp & trén cic mlu véi
cac loai dién trd sudt tr 1, 1.5 d&n 2Qcm. Trén may Varian 20 cia Phéng thi
nghi¢m CYng hudng tir, trudng Dgi hoe tonz hop Karl-Marx Leipzip, (CHDC Bire).

3. Két qua:

Trong t4l cd cac miu d2u quan sat duge cac duong phd clia Fe?, Fet va cap
(7¢3). Cac duwdng phd cua Fe® va Fet+la dong nhdt va khong cé sir phu thude goc.
Cudng 49 cia eac dwdngndy 1a dd manh vathay dbi khidién trd suft cda maiu
khiac nhau. Cudrng 49 phd clhia Fe® manh nhdt & miu ¢6 &ién trd sudt 16n trong
khi cirdng A cda Fe+ mainh nh&t khi di¢n trd susit cia miu nhd. Phd EPR cla
Fotehico mitdudog & taig=3531(2, 3] va khdag quansat thdy cku tric sidu
tinh vi. Diéu do chiag td ring ndng do cla ddng vi Fe®? ril it trong cac mau
ai duogc nghién curu.

Sau thoi gian 1 ngdy git midu & nhict 46 phong, cwrong 46 cha phd cha cace
Ions#t c6lap Fe+ va Fe® gidm xudng rd rét trong khi do phd clia (FeB) lai ting
1¢n. Sau khodng thoi gian 3 ngav phd clia Fe® va Fet hoan toin bién m&t con phd
ciia (FeB) tduglén he¢ s§ 3 va giir on dinh d&n nhirng 1an do sau. Ca ba dudng céu
trie tinh vi cha cap (FeB) ddu ¢6 s'r phu thude goc va déu bi phin tich thinh 10
dudng clu tric tinh vi. CAe dudn ndy co bién 46 rdtlon va ¢6 sy phu thude goe
r3réi. Hinh ve 11a pho cfu tric siéutinh vi cia 3 dwong ndy. Phd ndy ghiduge
& nhiét @6 18,8 K & 1An 86 v = 9,12 Gllz. Khi goc gitra cwdng &9 tirtrudng Hva
truc clia edp (Hirong 111) biing 60° v6i bién d¢ bi&n di¢u va cong suit sOng siéu
caotan khac nhau.
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N&u md rdng gidi han do thica ba duwong cfu Irac tinh vi noi trén deu bi
phén tich thanh 10 dirorno c&u tric siéu tinh vi. Hinh 2 ghi pb3 cua cic &uongp
ndy twony tng véi budng cia tir truong theo cic tryc tinh thé.
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Hinh 2. Ph) c&u truc siéu tinb vi cda cap (FeB) trong Si khi H7[{100]

St phu thudc goc cla cac duwdng cku trae siéu tinh vi noi trén mo th & hinh 3
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Hinh 3. Sy phu thué¢c goc ctia cac duong®HFS
4. Phan tich két qua:
T phd EPR 43 quan sat thiy ngay ring c6 4 dwong c6 bién dd 16n ré rér
G 18t ca cac goe 0 khic nhau. Cae dwong nay chinh la chuy@ndoi twong dwong
voi AM = +1va Am =0(M sd lugng t&r tir di¢n t&r, m la s8 luong t& tir
bat nbé&n). Nguyén nhdn clia n6 1A do twong tac siéu tinh vi cla cac dién
tlr khong tao chp (spin bing 3/2) v6i momen spin nhin cta ddng vi BI(I = 3/2).
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PRY efq trd: siéu tinh vi voi spin nhan efa Fed? 1hong drge quan sfi do rong
2y el nG @A it nhr 03 noi &t (¥ cop (FetB-)° hiing 80 tach phd khoéngco tir
Corang ngodd DA rdr a (2D »hv)2 dng Lot Ling s siéu tinh vi khong dong
ATt eno nén phd nidng lrgry turong ung vol chuyen doi ndy ¢o dang rvat phuoe
tp vard cde O hang khong cheo dang (35,5:) (S-14) (3,50 (510) lam xuat bien
niirng chuyén dyi cm tuwony ong voi dang (AM=-- I, Am = -+ 1, 4 2..) [3],
Ca ehnven doi dwge pnép (LDin=0) lin chuyén doi khong dwge phép(Am=-:1°
L2y dou cd sy phu thude ghe rdit rd rot. Su phu thuée goe nay khéng niteng
d re phdn Anh bai vi tri cla ching trong o tnrdmg ma cit & bidndo ciacenling
nira. Khi H#[i11] biin dé cha cAc chuysn doi clim v chuvén doi duge phép
¢o gia tri nho vh¥t Gia tri D 1on té1 mbe ly thuvé! nhicu loan cbi dirge 4p dung
d5i voi mot s3 goo ma ¢o sin 2 6 danho. Vaicde goe 0trong khoang tir 18=76°,
bidn 4o cia che chuydn doi cim ¢G gia tri gin biing bién d¢ cia chuyén doi
dirg: phép. Vivay viée tinh toda ehinh xie che mirc n.ng luong chi co thé nho

may iinh d*én tir.
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SAMPENEHHDIE CBEPXTOLHKHE MEPEXOALI B CIEKTPE
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