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1. Mddiu 

Vit lieu sieu din nhidt do cao (SDNDC) hd Bi, ngay tiif khi dugc phit hien (1988), 
vdi nbilng die tinh ciia minh da dugc coi la mdt trong nhung vit lieu c6 y nghia Ung 
dung cao. Vdi hgp thii:c hoa hgc Bi^Sr^CaCuA^' pha sieu din nay (dugc ggi tat la Bi-
2212) cho nhieu Uu diem nhu re, khdng doc hai, dc tao pha, ben vung va cho nhidt do 
tdi han cao (Tc « 80K), mat do ddng tdi ban cao... 

VI viy, vide ehe tao vat lieu SD Bi-2212 vdi muc dich iî ng dung la cip thie't. Cho 
tdi nay, edng nghd ehd tao miu gdm SD he Bi cd the coi nhu da dn djnh. Nhidu noi trdn 
the' gidi da dat dugc cdng nghe miu gdm SDNDC he Bi vdi chit lugng cao. Tuy nhien, 
vifc sir dung miu gdm SD vao muc dich Ung dung la rit khd. Cac kho khin nay se dugc 
giai quyê t neu cd dugc san pham la miu mang SDNDC. 

Vdi nhiJng die tinh boa ly rifing, vi^c cbS' tao mang SDNDC cd nhidu die didm 
khdng gidng nhu dd'i vdi cac miu mang thdng thudng khic. Hien nay, viec tim kiem 
mot cdng ngh6 ch6' tao mang SDNDC hd Bi la vin dd dugc quan tim va chua c6 dugc 
kd't qua cudi ciing. 

Trong bai nay chiing tdi trinh bay kd't qua do die trung I-V ciia mau ming day SD 
Bi-2212, dugc ehe tao theo phuong phap ndng ehay cue bo va tien hanh phin tich su 
lidn quan giira die trung I-V vdi dieu kien ehe' tao mang. Tir dd cd the cai tien didu kiSn 
cdng nghe vdi muc dich nang cao do ddng nha't va tang mat do ddng tdi ban cua miu 
mang day Bi-2212. 

2. Thirc nghicm: 

Mang day Bi-2212 dugc ehe tao bang phuong phap ndng chay cue b6 theo cic 
bude sau: 

1. Tao bdt me: Bgt me Bi-2212 dugc tao thanh tir mau khdi Bi-2212 ehe tao bang 
phuong phap phan ung pha rin thdng thudng [1 ]. 

2. Tao mang: Bdt me liy tU cac miu khdi dii mjn, dugc nghidn thit ky vdi dung 
dich keo hiru co, tao thanh hon hgp die sdn set. Hdn hgp tren dugc ep len de o xit nhom 
AI2O3 vdi kfch thude 5mm x 10mm. Miu dugc say a nhiel do < lOOC trong vong lOh. 
Qua tnnh xir ly nhiet dd tao mang dugc mo ta theo so do sau: 

Sod6 I 

Giai doan 1: Ning nhidt do vdi toe do 2 dd/phiit, dd trinh su bong miu khdi de'. 
Sau dd giu nhiet do on dinh d 500 C trong I Oh nham phin huy va dudi phan hiJu co. 

Giai doan 2: Ning nhiet do tir 500C len nhiet do ndng chay Tmelt vdi td'c dd 2 
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d6/phtit. Giu" Tmelt trong 5 phut. 

Giai doan 3: Dua vd T = 840C va giir nguyen trong thdi gian 12h. 

Giai doan 4: Ha nhidt dd xudng T = 500 C va giir nguyen trong lOh. Sau dd tat Id 
va cho miu ngudi theo Id. 

Qua trinh xir ly nhidt nay dugc tien hanh o 16 Lindberg - Blue THF55000, co 
khi^ng chd' nhidt dd. 

Dinh gia so bd cho dd day cia mang cd 50 |am. 

Cac phep do R (T) va I-V ciia miu mang dugc tid'n hanh bang phudng phap 4 miii 
do. Trong phep do I-V miu dugc gia cdng lai sao cho ti^t didn ddng nhd nhit, co 
0.05mm x 1mm. Cac tiep xuc dugc tao bang dung dich ho bac. 

3. Ket qua va thau luan 

Hinh 1 la dudng dien tid phu thudc vao nhiet dd cua miu mang day B-2212. Ta thi'y 
CO su chuydn pha ro ret tai vilng T - 85K, chirng to su t6n tai ciia pha siSu din ^v-TlVl la co 
ban. Tuy nhien, cung nhu nhieuOng bd vd cic miu ming day hd Bi, dc) rdng chuyen pha la 
kha r6ng vi con t6n tai didn tro du. Dieu nay lien quan dd'n quy trinh cdng nghe tao mang va 
CO mat trSn die trUng I-V cua miu ma se phin tich ky vao phin sau. 

Hinh 1 Hiitb : 
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Hinh 2 la ket qua do die trung I-V cua miu mang day Bi-2212 d cic nhiet dd T = 
30, 50 ya 70K. Cic tuyen die nay deu cd dang chung la cd 2 vung tuyd'n tinh. Viing 
thip (I « Jc) vdi V < 0,3 V va viing cao (I > Je) vdi V > 2 V d giua 2 viing nay, khi I « 
2,7A (d t = 30K) trdn die trung I-V, the V ed mot bude nhay dot ngdt vdi AV * 1V. Su 
ting ddt ngdt cua the d diy dugc xem la ket qua cua su phi vo trang thii sidu din khi 
ddng dat gii tri tdi ban Jc - gidng nhu trong cac vit lieu sieu din trude diy. Nguyen 
nhin ciia no la cd sir phi cap hat tai khi ddng dat gia tri tdi ban, tur dd dien trd bat diu 
khic khdng. Bang tinh loan ket hgp giira md hinh BCS vdi md hinh tU giao (Flux creep 
model)[2] va cic hien tugng ghim tir thdng (flux pinning)[3] cd the cho gii tri Jc tir die 
trung nay. Tuy nhien, sir bien luan die trung I - V tai viing I « Je nay la rit da dang. 
Trong bai nay chiing tdi chi xae dinh mdt each dinh tinh bang ly thuyet BSC (dudng lien 
net) va cho kd't qua tinh loan Jc = 5.10" A/cm". 

Mat khic, dang cua bude nhay the trong I - V nay cung cd the nhin dugc khi do 
die trung I - V cua cac tiep xuc Josephson tren cac miu khdi he Bi [4]. Bdi viy, Ic = 
0,25A d diy ciing ed the hieu la ddng tdi han cua mdt tiep xuc Josephson nim trong 
long vit lieu - didu nay cd dugc la do ban chit die thii cua vit lieu gdm SD nhiet do cao. 

Phin tuyd'n tinh I - V d viing V cao dugc xem nhu qui luit Om ciia trang thai 
thudng cua vit lieu. Tuy nhidn cd thd d viing I a: Ic con cd mdt phin dien trd dugc ddng 
gdp bdi ddng cac xoay tU trong long vit lieu SD - ggi la Rff - (flux flow), khi I tang din 
dd'n Jc. Didu nay da dugc nhidu nghien ciiru ndi de'n, khi xem SDNDC la mdt SD loai 2 
khdng ddng nhit, cd do dai ket hgp ^ nhd (vai chue A) va do xuyen siu X Idn (vai 
nghin A). H,, ciia cac vat lieu nay rit nhd din ddn trang thai hon hgp rit dd hinh thanh 
khi cd ddng chay qua vat lieu sidu din. 

Cung bang hien tU(;mg luan nay ed the xet cho doan tuyen tinh I - V d viing V nhd 
(V < 0,3V). Ngay tU khi xiy dung ly thuyet vd SD loai 2, Abrikoeov da cho ring, vdi 
cac SD loai 2 kem ddng nhit, d nhidt do T > OK, ddng tdi han Jc cd the giam tdi 0 do cd 
su chuydn ddng nhiet cua cic dudng sUe (thermally assisted flux flow - TAFF). Cd 
nghTa la, trong SD loai 2, d T > OK, ludn tdn tai mdt dien trd RTAFF- Didu nay cung dugc 
ndi de'n trong [5] khi nghien c\hi SDNDC. 

Tuy nhien, ne'u R-r̂ FF la chii dao ciia dac trUng I - V d diy thi no phai phu thudc 
nhidu- vao nhidt dd, khdng tuyen tinh I - V va ludn ed mat trong mgi mau. Didu niy 
khdng dugc thoa man trong cac nghien cii:u tie'p theo ciia chiing tdi. 

Trong bai nay, chung tdi cho rang su ton tai Rl d viing I « Ic lien quan trUc tie'p 
de'n tinh trang eiu triic miu khdng ddng nhit. Thdng thudng, mau gdm SDNDC dugc 
xet nhu mot mang rit nhidu hat SD tiep xuc nhau. Cac bien hat, tuy dieu kien cdng 
nghe, cd the' la KL thudng, BD hay didn mdi, cd do day khic nhau. Tuy vao dd day d 
cua bien hat, ma cac tiep xuc vdi eiu true S-I-S, S-N-S... cd the d dang tie'p xuc 
Josephson, tunel hay don gian la ndi tiep d cac miu khoi, vdi do ddng nhit tot, hat min, 
bien hat khdng dang ke, ta cd the nhin dugc mot mgi tir thuin Igi cho mot dong sieu 
din Is chay qua miu ma khdng cd didn trd. Dieu kien nay cd duoc ne'u do day bien hat 
d thoa man didu kien sau: 2d < ^ (1). Co nghIa la tiep xiic giira cac hat' la Josephson 
hoic ket lien nhd hieu Ung gin gui (proximity effect). 
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Vdi SD he Bi-, < ^ > «= 30 A la rit nhd, didu kidn (1) khdng phai ludn dat dugc. 
Ngoai ra dd d6ng nhit kem cua miu cd the din de'n sU tao thanh tirng "dam" (cluster) 
khdng CO tinh SD, vdi kich thudc Idn khdng cho phep ddng Josephson xuyen qua. Khi 
do dong 1 bude phai di qua mdt viing cd dien trd R„, va chinh thanh phin nay giy nen 
dd ddc tuye'n tinh cua I - V tai vung I « Jc. 

Nhu viy, su t6n tai tuye'n tfnh I - V d I « Ic lien quan true tie'p de'n quy tnnh 
cdng nghe tao miu. No chi ra sir cd mat ciia cic pha thudng (tap chit hoic pha SD thip 
2201) trong miu mang. 

Trong qua trinh tao miu mang day SDNDC, tai cdng doaa ndng chay - giai doan 
2, cac tham sd T„^„ va t,,,,,, la bet sUe quan trong. Ca 2 thdng sd nay phai phdi hgp chit 
ehe sao cho cac hat sieu din (cua miu khdi) ndng chay viifa dii dd lien kd't bien hat, tie'n 
de'n tang mit dd khdi, giam hieu iî ng bien hat, nhung chua chay qua de cac hgp phin SD 
ben trong hat bi chay ra va phan bd lai lam giam sir dong nhit v^n co tiir miu gdm. 

Bude quan trong thir 2 la thdi gian u miu (giai doan 3) sao cho phin nong chay 
vira hinh thanh (tir cac bien hat) tien tdi tao pha SD se 6n dinh lai va lugng 6 xi trong 
miu ciing phu thudc vao cdng doan nay. 

Tiif cic die trung I - V tren hinh 2 cho ta suy luin ring cic miu mang day Bi-
2212 vdi Tn,eii - 870C va t,„̂ „ - 5 phut la chua thue ddng nhit, nhung da cho kha ning Jc 
kha cao, hon ban cac miu khdi trudc diy. 

Lip luin nay da dugc ap dung va cd kd't qua trong vide cai tie'n quy trinh tao miu 

mang day Bi-2212 tie'p theo. 

4. Ket luan 

TCf nhUng trinh bay tren, cd the rut ra kd't luin sau: 

- Bang phuong phap ndng chay cue bo, miu mang day SD Bi-2212 bude diu da 
dugc ehe' tao thanh cdng. 

- Tiir ket qua do die trUng I - V cd thd thi'y dugc kha ning cho mat dd dong tdi 
han Jc la kha cao. Tuy nhidn miî c dd ddng nhit cua miu va tham sd cdng nghe da anh 
hudrng triJc tie'p de'n die trUng I - V va gia tri Jc ciia miu. 

Ldi cam on: Hai trong cac tie gia (Do Thi Sim va Nguydn Minh Thuy) xin cam 
on sU ung hd ve tai chfnh cua dd tai cap trudng DHSP va Dai hgc qud'c gia Ha Noi. 
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SUMMARY 

Relation between the I - V characteristics of superconducting thick film Bi-
2212 and condition of their preparation 

This paper presents results ofeleetrical measurement ofsupereonducting thick film 
Bi-2212, which were prepared by partial melt processing. 

The R (T) characteristics shows a superconducting phase-transitional Tc « 85K. 
This proves prevalent presence of superconducting phase Bi-2212 in the film. 

From the I -V charaeteristies measured al T = 30, 50, 70K we deduct, that there is 
critical current density Je, which is about 5.10- A/em' at T = 30K. 

In the paper we analyse relation between the 1 - V characteristics of 
superconducting thick film Bi-2212 and condition of their preparation. 
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