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1. M6 D A U : 

Hien tUdng nhiet didn trong chat rSn dUdc Seebeck phat hien Ian 
dau tien vao nam 1826. 6ng da phat hien thay c6 sU xuat hien cua 
ddng dien trong mot mach kin cua hai kim loai khac nhau A va B khi 
CO sU chenh lech nhiet do giUa cac tiep diim ciia chiing. Sau do, Peltier 
da cbi ra r^ng cd mot nhiet lUdng toa ra tai tiep diem cua hai kim loai 
khac nhau khi c6 mot dong dien chay qua chiing. Vao cuo'i the ky 
trUdc, viec ngbien cdu tinh chat truyen cua cac vat lieu nhiet dien da 
dUdc quan tam. loffe la nha khoa hoc Nga da phat hien tinh chat rat 
ly thu cua cac vat lieu BigTea, Sb2Te3 va BigSog va cho thay chiing la 
nhUng vat lieu tot nhat cho ling dung nhiet dien d nhiet do phong. He 
so'pham chat (ZT) ciia cac vat lieu nay cd ddn vi d nhiet do phong. Vao 
nhUng nam 1990, he vat lieu Bi2Te3 dUdc ngbien ciiu mot each rong 
rai. Da cd rat nhieu ngbien cutu nh im lam tang dac tinh nhiet di§n 
Cling nhu tinh cd hoc cua cac vat lieu nay [1-3]. G^n day nhat, v^t lieu 
(Bi,Sb)2Te3 chiia lUdng dU Te hoac pha tap them Tel 4 cd he so' pham 
chat cao d 200 K [4]. Mac du vay, trong cong trinh do cac tac gia khong 
ngbien cUu den loai vat lieu Bi-Sb-Te loai p, thanh phan cu the cua 
chiing khong dUdc cbi ra. Do v^y, chiing toi co gang tim dieu kien to'i 
Uu de che'tao vat lieu (Bi,Sb)2Te3 dung d nhiet do thap loai n ciing nhU 
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loai p tU dung dich dU Te. Viec khao sat mot each cd he thong tinh chat 
truyen cua he Bi]̂  gSbg 2Te3 dUdc thUc hien trong bao cao nay. Chiing 
toi xac dinh cac thong so'cd ban de dieu khien cac tinh chat nhiet dien 
d dudi nhiet do phong, dong thdi chiing toi ciing khao sat anb hudng 
cua dp sach cua vat lieu den cac tinh chat nhiet dien cua he vat lieu 
nay [5]. 

2. THUC NGHlfiM: 

Ddn tinh the Bi^ 3Sbo_2Te3o dUdc nuoi tCf dung dich 
Bii,8Sbo.2Te3_o+5 du Te (5 = 0,0 - 0,4). Cac vat lieu ban dau Bi, Sb, Te 
vdi do sach 99,99% (4N) va 99,9999% (6N) da dUdc dung de che tao 
mau. Hon hdp cua cac vat lieu dUdc cho vao trong o'ng thach anb hiit 
chan khong den 1x10" Torr, nung nong chay trong Id sau do dUdc lam 
lanh cham den nhiet do phong. Cac ddn tinh the cua he 4N dUdc nuoi 
bang phUdng phap Bridgman vdi gradient nhiet do la 25 K/cm va toe 
do nuoi la 40 mm/gid. Cac ddn tinh the cua be 6N dUdc nuoi bang 
phUdng phap Gradient Freeze vdi gradient nhiet do la 40 K/cm va tdc 
do nuoi la 1,25 mm/gid. 

Cac thong so' cau true ciia cac mau nay dUdc xac dinh qua nhieu 
xa tia X (XRD), anb kinh hien vi dien txi va xac dinh thanh pbSn cua 
cac nguyen to'trong mau (EPMA). He so'Seebeck dUdc do b^ng phUdng 
phap on dinh nhiet trong dai nhiet do tU 4,2 K den 300 K. Dien trd 
suat dUdc do bang phUdng phap bo'n mUi do. He so' Hall dUdc do d tCt 
trUdng 0,8 Tesla trong dai nhiet do tU 77 K den 300 K. Do d i n nhiet 
dUdc do doc theo phUdng ciia mat phang de boc tach trong khoang 
nhiet do tii 5 K den 300 K b^ng may do PPMS. 

3. KET QUA VA THAO LUAN: 

TU ket qua phep do pho nhieu xa tia X cua tat ca cac mku cho thay 
r i n g cac m l u la ddn pha, khong tim thay sU xuat hien ciia pha la nao 
d tat ca cac vi tri cuo'i va vi tri giiia cua thdi ddn tinh the (vi tri nay 
dUdc tinh tijf diem moc ddn tinh the). Rieng d pb^n tren dinh cua thdi 
ddn tinh the cd ton tai mot phan kim loai Te dUdc tach ra va chiem ch6 
d do. Hang so'mang a va c ciia he vat lieu nay dUdc xac dinh bang phep 
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phan ticb Rietveld va dUdc dUa ra trong bang 1 [6]. Do Idn ciia cac 
hing so' mang khong phu thuoc vao thanh phan cua vat lieu dU Te ban 
dau, dieu nay khAng dinh lUdng Te du trong hdp thUc khong di vao 
trong tinh the', anb chup kinh hien vi dien tU ciing nhU ket qua cua 
phep do EPMA deu cho ra cung mot ket qua tUdng tU r i n g lUdng Te 
du deu dUdc tach ra va nim d phan dinh cua thdi tinh the. 

Bang 1: Hing so' mang cua he vat lieu Bi^ 8Sbo,2'^e3 n+g 

\ Hing so 
\v mang 

s \ . 
0.0 

0.05 

0.10 

0.30 

0.50 

0.90 

-

He4N 

a (A) 

4.3661 

4.3665 

4.3667 

4.3700 

4.3698 

4.3728 

_ 

c{A) 

30.4679 

30.4654 

30.4617 

30.4664 

30.4592 

30.4435 

-

Hing so 
mang 

S 

0.00 

0.10 

0.20 

0.259 

0.276 

0.30 

0.40 

He6N 

^(A) 

4.3691 

4.3691 

4.3693 

4.3693 

4.3679 

4.3697 

4.3690 

c{A) 

30.472 

30.477 

30.478 

30.478 

30.482 

30.478 

30.474 

Hinh 1 cbi ra he so Seebeck a phu thuoc vao nhiet do cua he 

1^^1,89^0,2^63^0 (6N) dUdc nudi tU dung dich Bi^ 8Sbo^2Te3,o+5 (5 = 0,0 -
0,4). TU hinh ve tren ta thay xuat hien gia tri kha Idn cua a doi vdi ban 

din loai p. Chung toi thu dUdc gia tri rat Idn cua a = 500 |iV/K tai 

nhiet do 200 K vdi miu c6 thanh phin 6 ~ 0,259. Tiep tuc tang lUdng 

du Te 6 thi ban d in chuyen tii loai p sang loai n khi 5>_ 0,276. Vdi 

ban din loai n, gia tri cua a dat - 400 |iV/K d nhiet do 200 K vdi m l u 

CO thanh phan 5 - 0,30. Su giam cua a d vung nhiet do cao cho thay 
cac mau la ban dan rieng trong vung do. 

• * 

Anb hudng cua do sach cua vat lieu ban d iu vao tinh chat nhiet 
dien cUng da dUdc xem xet. Chung toi da thu dUdc he so Seebeck cua 

he 6N cao hdn so vdi d he 4N. Vung chuyen tU loai p sang loai n trong 
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Hinh 1: Sir phu thuoc vao nhiet do ciia he so 
Seebeck cua he Bij gSbQ 2TC3 0 t̂ ^ -̂
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Hinh 2: Logarit ciia dien trd sua! phu thuoc vao 
logarit nhiet do ciia he Bij^SbQ 2^63 0 (6N) 

hai he 4N va 6N cung khac 

nhau. Doi vdi be 4N, dau ciia 

a dUdng khi 0 < 5 < 0.10. 

Them vao do, dUdng a (T) 

cua cac mau trong he 4N la 

tuyen tinh va dat gia tri nhd, 

cd 200 pV/K d nhiet do 300 K 

cho ca hai loai ban dSn loai n 

va p. Su khac nhau cua be so' 

Seebeck giiia hai he 4N va 

6N CO the dUdc giai thicb la 

do tdc do nuoi ddn tinh the 

ciia he 4N nhanh hdn so vdi 

he6N. 

Su phu thuoc nhiet do 
ciia dien trd suat p cua he 
Bij 8Sbo,2Te3o (6N) dUdc dUa 
ra tren hinh 2. Khi thanh 
phan Te dU tang, p tang rat 
manh va dat gia tri cao nhat 
d g^n bien vung chuyen tU 
loai p sang loai n (5 = 0,276). 
Khi 5 tiep tuc tang thi gia tri 
ciia p lai giam. Do'i vdi mau 
khong pha tap, dien trd suat 
tuan theo bam Tl,97 trong 
dai nhiet tCf 120 K den 300 K. 
d nhiet do dudi 120 K, sU 
bien doi cua p la nhd. Doi vdi 
mau CO 5 = 0,10 thi chiing 
tuan theo ham Tj,80 tdi nhiet 
do 170 K. Trong trudng hdp 5 
= 0,40 thi cbung lai cbi tuan 
theo ham Ti.49 trong dai 
nhiet do tU 80 K den 300 K. 
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Hinh 3: Logarit ciia dp linh dong phu thuoc 
vao logarit nhiet do ciia he Bij gSbg 2X63 Q 
{6N). 
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Hinh 4: Sir phu thuoc nhiet dp cua nghich 
dao he so dan nhiet do mang cua he 
Bil.8Sbo.2Te3.o (6N) 

300 

Dau cua be so Hall la 
phu hdp vdi ke t qua ciia phep 
do he so' Seebeck a. Nong do 
phan tii ta i d nh ie t do phong 
giam tii 3 X 10^^ cm'^ den 0.8 
X 10^^ cm"^ khi_ta t a n g lUdng 
Te du t rong m i u . d nh ie t do 
dudi 200 K, do l inb dong Hall 
cua ta t ca cac m a u t u a n theo 
quy lua t h a m mU p T "'' (xem 
h inh 3), d do gia tri r = 1,30; 
1,66; 1,41 va 0,66 tUdng Ung 
vdi cac m a u c6 ^ = 0,0; 0,20; 
0,30 va 0,40. Do vay c b u n g toi 
CO the ket luan r ^ n g t a n xa 
phonon a m ch iem Uu t h e 
t rong dai nh ie t do tii 77 K den 
200 K cho cac m a u c6 S 0.30. 
Gia tri /• cao d nh ie t do cao cd 
the la do do dan r ieng. 

Hinh 4 dUa ra nghich 
dao do dan nh ie t do m a n g 
1/KL la b a m ciia nh ie t do t rong 
he Bii gSbo.aTea 0 (6N). Nhie t 
do ma tai do K (T) C6 gia t r i 
nhd n h a t la t a n g theo Stxi 250 
K {S= 0,0) den 300K (S= 0,40). 
Chung toi da gia th ie t r ^ n g 
1/KL {T) = Afr^ + Br + C, t rong 
d6 so b a n g dau t ien dUdc mo 
ta la do t a n xa e lec t ron-
phonon va so h a n g tbi i ha i 
dUdc dUa ra bdi qua t r i nh 
U m k l a p p [7]. D u d n g l a m 
khdp la r a t phu hdp cho ca 
dai nhie t do trvL nh ie t do Idn 
hdn 200 K ma d do t a n xa 
ambipolar chiem Uu the t rong 
vung b a n d i n r ieng. 
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Hinh 5: Sir phu thuoc nhiet dp ciia he so 
phdm chat ciia he Bij 8̂ *̂ 0.2̂ *̂ 3.0 <6̂ *-

Hinh 5 cbi ra sU phu 
thuoc nhiet do ciia he so 
pham chat Z. Vdi mau 
chUa pha tap, gia tri ciia Z 
tang theo sU tang ciia 
nhiet do va chiing dat gia 
tri cue dai 3.2 xlO'^ K"̂  d 
230 K. 

Trong m l u ^ = 0.259, Z 
dat gia tri cao nhat d nhiet 
do 200 K v a b ^ n g Z = 5.8x 
1 0 ' ^ K ' ^ k h i d 6 Z ^ = 1.1. Su 
tang cua Z d nhiet do thap 
c6 the dUdc giai thich do do 
linh dong tang khi nhiet 
do tang. 

4. KET LUAN: 

Chiing toi da thanh cong trong viec che tao ddn tinh the 
Bi]̂  gSbg 2^63 0 loai p dat be so' pham chat ZT cao d nhiet do 200 
K. Do anb hUdng cua do sach ciia vat lieu ban d^u cung nhu tim 
dUdc dieu kien tdi Uu trong che tao mau, he vat lieu 
Bi | gSbo 2^63 0 (6N) CO be so' ph£m chat cao hdn trong he 
Bii.8Sbo.2Te3.o (4N). 
Ldfi c a m dm Cac tac gia cam dn Vien Khoa hoc va Ky thuat tien 
tien ciia Nhat ban da giiip chiing toi hoan thanh ngbien cUu tren. 

TAI LIEU THAM KHAO 
[1] H. Schen-er, M. Chitroub, 
Conference on Thermoelectrics, 
USA, 1998. 115- 120. 
[2] B. Lenoir, A. Dauscher, M. 
Chem. Solids 59 (1) (1998) 129 

C. Roche, S. Scherrer, in: International 
ICT Proceedings, IEEE, Piscataway, NJ. 

Cassart, Y. Ravich, H. Scherrer, ./". Ph\s. 
-134. 

[3] H J. Goldsmid, Pro. Phys. Soc. Lond., 869, (1956) 203. 
[4] V. A. Kutasov, L. N. Lukyanova, and P. P. Konstatinov, Semiconductors, 
34, (2000) 376. 
[5] N. T. Huong, G. Nakamoto, M. Kurisu, Hoi nghi Vo tuyen dien li'rTodn 
quae Idn thu 9 (2004). 
[61 H. Rietveld, .f. Appl. Cryst, 2 (1969) 65-67. 
[7] H. Kaibe, Y. Tanaka, M. Sakata and I. Nishida, .f.Phys. Chem. Solids 50 
(1989)945. 

121 


