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POI VOI HANG SO MANG CUA MANG MONG ZIRCONIA PHA TAP
YTTRIA
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Tom tat: Anh huong cua bé day, nhiét do va nong do tap chat doi voi hang so mang cua mang mong zirconia

pha tap yttria da dwoc nghién cieu bang phirong phdp thong ké momen. Biéu thirc gidi tich tinh todn hang sé6 mang

cia I6p ngodi va I6p trong dwoc suy ra cé tinh dén hiéu iing phi diéu hoa cia dao déng mang tinh thé. Hang sé

mang cua mang mong tang lén cung voi sw tang lén cua nhiét do va nong do tap chat. Sy gian doan trong cau triic

tuan hoan ciia mang tinh thé tai bé mdt la nguyén nhén dan dén sw gian no mang mong khi kich thuéc giam. Cac

két qua tinh todn dirge so sanh véi cac két qua thwe nghiém.

Tir khéa: hang sé mang, bé day, nong dé tap chat, mang mong YSZ, thong ké momen.

1. Mé dau

Zirconia bén hoa yttria (YSZ) 1a mot trong
cac vat dan oxit dugc nghién ciru rong rai véi
cac ung dung quang va dién [1-5]. Chat dién
phan YSZ vé&i do dan ion oxy cao di duogc
mg dung pho bién trong cac thiét bi dién hoa
va 12 mot vat liéu tiém nang cho cac nguf)n
ning luong thay thé [6,7]. Tuy nhién, ban
kinh twong d6i 16n cua cac ion oxy dan dén
d6 linh dong ion khong cao [8]. P& lam giam
dién trd cua pin, chiéu day 16p dién phan YSZ
da duogc rat gon toi kich thudc nanomet [9],
[10], [11] ...

D3 c6 rat nhiu cac nghién ciru thyc nghiém
khao sat anh huéng cua bé day mang mong
dén hing sé mang. J. Jiang et al. [12] dd quan
sat dugc sy gian ndé mang theo hudng vuong
goc voi chat nén khi kich thudc mang mong
YSZ giam. H. Ishigaki et al. [13] da phat
trién epitaxial mang mong YSZ trén chit nén
Si(001) c6 chira cac 16p SiO2 véi chiéu day
khac nhau. Hang sb mang giam va tién dén gan
gia tri ciia vat liéu YSZ khéi khi chiéu day cua
mang YSZ trén 5 nm. Sy gian nd mang khi
kich thudc giam con duoc ghi nhan trén cac
mang mong khac ¢ cau trac fluorite nhu mang
mong CeO, [14].

Phan 16n cac nghién ciru trude day vé hang
s6 mang ctia mang mong YSZ la cac nghién
ciru thuc nghiém. Trong bai bido nay, ching
t6i sa dung phuong phap théng ké momen
(TKMM) dé xay dung biéu thic xac dinh
hing s mang mang mong YSZ theo bé day
mang mong, nhiét do va n(‘Sng do tap chat. Tir
d6, chung toi tim dugc quy luét phu thudc cua
bé day mang mong, nhiét d6 va nong do tap
chat d6i voi hang s6 mang mang mong. Céc
két qua tinh toan duoc so sanh véi cac két qua
thuc nghiém.

2. Phuwong phap nghién ciru

Mang mong YSZ cé céu trac fluorite gdm
cac cation Zr** va Y3** chiém cac vi tri cua
mang 1ap phuong tam di¢n fcc c6 kich thude a
va cac anion O* chiém céac vi tri cua hinh lap
phuong con don gian ¢ kich thudc a/2. Dé
don gian cac tinh toan, chung téi chia mang
mong thanh n 16p tinh thé con gdm hai 16p tinh
thé ngoai va (n-1) 16p tinh thé trong, trong do
mbi 16p gdém hai diy cation (Zr*, Y**) va anion
O%* niam song song voi nhau va song song véi
bé mat. Boi s6 16p ciia mang mong 1a 16n nén
c6 thé coi thé twong tac gitta cc ion & cac 16p
trong bang vai thé twong tac gitra cac ion trong
vat liéu khoi.
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Boi mdi 10p tinh thé con gdm hai day cation
va anion nam song song véi bé mit nén mot 6
co s fee kich thude a, s& gom bén 16p tinh
thé con. Suy ra bé day trung binh d ctia mdi

16p tinh thé con 14
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trong do, a,  cing la hing s6 mang trung
binh ciia mang mong. Boi d = nd, nén tir p.t (1)
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4y =2 @
n
Goi a, va a, 1a hiang s6 mang cua 16p trong
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Cac khoang 1an can gan nhat ' (T), " (T)
¢6 tinh dén anh huong phi diéu hoa cua dao
dong mang tinh thé duoc xac dinh theo biéu
thire [15]

K(T)=#(0)+Cuyy +Cyyy +Coyl,  (6)
KH(T)=r"(0)+Cyp+Coyy +Coyp, (7)

voi 7' (0), 7 (0) la cac khoang lan cén gin
nhét & nhiét 46 7= 0 K dugc xac dinh tir diéu kién
cyc tiéu thé nang cia mang tinh thé khi cac ion
nam & vi tri cAn bang & 16p trong va 16p ngodi, va
C..C,,C, la néng dd cua cac ion R*, Y, O%,
VA Vi, Yy, Vo 1a d0 doi ctia cac ion R*, Y?*, O*
0 lop trong va 16p ngoai ra khoi nlit mang ¢ nhiét
do 7. Nhu vay, dé tinh toan cac héng $6 mang cua
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do doi y,, v, v, cuacacion R*,Y?*, O* tai lop
trong va 16p ngoai mang mong.

D¢ doi cua cac ion ¢ lop trong

Boi thé twong tac giita cac ion & 10p trong
dugc xem nhu gidng véi thé twong tac giita cac
ion trong vat lidu khdi nén biéu thirc xac dinh
do doi y,, vy, y, cua cac ion R*, Y**, O* co
dang gidéng cac biéu thirc trong vat lidu khéi co
cau trac fluorite [16]
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trong d6, B=x,y,z Vva u, 1a hinh chiéu
do doi cua ion thu i 1én tmc B, ¢y la
thé ning tuong tac gitra ion th 0 va ion R*
(hodc Y?*', hoac O*) thtr i ¢ 16p trong va m
la khéi lwong nguyén tir trung binh cua hé,
m=Cm, +C,m, +C,m,. Biéu thiic cac dai
lugng 4., A., 4. c6 dang gidng véi bidu thirc
cua A4 trong tai liéu [17].
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thé nang twong tac gitra ion Zr** (hodc Y**) thir
0 va ion thtr i c6 dang

oo +u )=t (o)) +
o’
+— Z{ qDIOn ] hl/ll}/—l—
eq

Ou, ,Ou,
o
_z (010n uﬁLlll/ll +
Ou,, Ou, 6u " r
0",
—Z PR e S
aﬁ/f] u u u ul’] e (14)

a, tu,

a.

i

trong do, R 1a ki hiéu chung cho hai ion Zr*
va Y3,

Luc tac dung 1én ion R thu 0 dugc danh gia
bang cach lay dao ham thé ning tuong tac. Néu
ion R thir 0 trong mang bi tac dung boi lyc phu
a, thi ¢ trang théi‘ can bang, tong luc tac dun,g
lén ion nay phai bang khong va ta c6 dugc moi
quan hé

(e
o Z[ 0. L(%Mﬁ

4 7\ ou, Ou, 8u
—84%1;’" <u u_u >
6um8uw6ui76uw B
eq
(15)

Str dung cac cong thirc khai trien momen

+iz(

12,57,
—a, =0.

[17], cac do doi trung binh cua cac ion 16p ngoai
(u,u,), (u,uu,) co thé duoc biéu dién theo

io iy ia iy

< l.a> . Boi tinh d6i xtmg cta mang tinh thé ciu

tric 1ap phuong nén

(), ={ ).~ )~ ). (), =52

Khi d6, phuong trinh (14) tré thanh

R

~ \2d2y;+ 3 nx n+ nw)dy;
a,¢ daz ( VrEVr ﬂRC da +

AR AR e

}/R (x coth x, -l)yR

R

LA —(x;cothx)-1)-a,=0 (17)
mu

trong do, cac tham so &, x,, B,, 7, dugc

xac dinh bang cac biéu thirc

1 o't
k;:—z[—%] ENGE)
eq

25 ou’

ip
1 3¢R 3¢R
no_ 4 i0,n + i0,n ,
szl 2%
eq eq
(19)
1 G(po 8(00
n [ U,n 6 10,n
EARP Z[ Ou,, j Z(a 50U,
<q cq 20)

Giai phuong trinh vi phan tuyén tinh (17),
thu dwoc biéu thirc x4c dinh do doi y* cta ion
R khi khong c6 ngoai luc
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3. Két qua va ban luan

Trong nghién ctru nay, chung t61 st dung
biéu thire thé twong tac giira cac ion co chua
s6 hang mo ta twong tic Coulomb xa va céc
s6 hang mo ta cac tuong tic gan c6 dang thé
Buckingham [18]

9.4, C,
(0,,( ) +A exp(—LJ——é’,
r B r

i

(26)

Vol g,, g, la cac dién tich cua ion thu i va
tha j, r 12 khoang cach gitra ching, 4, B,, C,
la cac tham so c6 cac gia tri khac nhau tuong

{rmg v&i mdi twong tac ion-ion (Bang 1).

Bang 1: Cac tham s6 ciia thé Buckingham
trong mang moéng YSZ [19].

L R P
0*- 0~ 9547.96 0.224 32
Zr*-0* 1502.11 0.345 5.1
Y- O* 1366.35 0.348 19.6
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Céac két qua tinh toan hing s6 mang cua
mang mong 9 mol % YSZ tai nhié¢t d 650 °C
v6i cac bé day mang mong khac nhau dugc
trinh bay trong Hinh 1. Hang s6 mang c6 dugc
boi Jiang et al. [12] xac dinh tir nhiéu xa tia X
(XRD) trudc va sau phép do tro khang cling
dugc chi ra dé so sanh. Co6 thé thdy hiang s
mang ciia mang mong giam khi bé day mang
mong tang va c6 gia tri luén 16n hon gia tri
hing sé mang cua vat liéu khdi. Cac két qua
tinh toan phu hop tét voi cac két qua thuc
nghiém (TN) [12]. Jiang et al. [12] d& xuét
rang, twong tac gilta mang mong va chat nén
dd dan dén hing s6 mang mang mong ting khi
bé day giam. Trong nghién ctru cuia chiing toi,
tinh gian doan trong cdu trac tudn hoan cua
mang tinh thé xdy ra tai bé mat di lam thay
d6i thé tuong tac giita cac ion & 16p ngoai. Sy
thay doi nay lam ting cuong dang ké khoang
cach gifra cac 1on & 16p ngoai so vdi cac ion &
16p trong. Do d6, hang s6 mang ctia 16p ngoai
16n hon khoang 10.4 % so voi 16p trong cua
mang mong 9 mol % Y SZ tai nhiét do 650 °C.
Su chénh 1éch nay din dén hing s mang cia
mang mong 16n hon 0.42 % so v6i khéi voi
bé day d = 6.4 nm, va khi d = 12,8 nm thi ti 1&
nay giam nhanh con 0.2 %. Khi bé day mang
mong ting dén gia tri d = 25 nm thi ti 18 nay
12 0.1 % va gan dat t6i gia tri hing s6 mang
cua vat liéu khdi. C6 thé thdy voi mang mong
c6 bé day nho hon khoang 25 nm, hing sb
mang giam nhanh theo bé day nhung sau khi
gén dat toi gia tri héng sb mang cua vat li¢u
khéi thi hing s6 mang giam rat cham. Sy phu
thudc nay gay boi su gidn nd mang tinh thé &
16p ngoai va khi chiéu day mang moéng nho
(d < 25 nm) thi sy bién dang ndy anh huéng
manh dén toan bd mang tinh thé mang mong.
Vai tro 16p ngoai yéu rat nhanh khi sé 16p
trong ting 1én va hau nhu khong dang ké khi
bé day gan 100 nm.
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Hinh 1: Hing s6 mang ciia mang mong
9 mol % YSZ tai nhiét d9 650 °C véi cac bé

day mang méng khac nhau.
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ciia mang méng YSZ vao nhiét dg.

Két qua tinh toan hang sb mang ctia mang
mong YSZ & cac nhi¢t d0 khac nhau duoc
trinh bay trong Hinh 2. C6 thé thay khi nhiét
do tang, cac ion dao dong manh ra khoi nut
mang dan dén hiang s6 mang ting 1én cung voi
nhiét d9. Dac bi¢t, bdi anh hudng cia hi¢u trng
phi diéu hoa trong dao dong mang tinh thé nén
hang sé mang tang nhanh hon & ving nhiét do
cao, T> 1000 K. Céc két qua tinh toan a,, a
con chi ra r?mg, do doi ra khoi nat mang cua

n

cac ion ¢ 16p ngoai 16n hon so voi 16p trong.
Sy thay doi trong thé ning tuong tac giira cac
ion ¢ 16p ngoai la nguyén nhan din dén su ting
cuong nay.

Su phu thudc cia hing s mang viao ndng
do yttrium x trong YSZ ¢ 773 K dugc trinh
bay trong Hinh 3. Hing s6 mang cua cac
mang YSZ két tua boi epitaxy 10p nguyén tir
st dung Zr(thd),, Cp,Zr(CH,),, Cp,ZrCl, nhu
la “zirconium precusosrs” da do dugc boi M.
Putkonen et al. [20]. C6 thé thdy hang s mang
clia mang mong YSZ ting 1én cing v4i nong
do yttrium va gidng véi quy luat phy thudc cia
hang s6 mang viao nong do pha tap trong YSZ
khéi. Céc két qua tinh toan phu hop t6t voi cac
két qua thuc nghiém [20].
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Hinh 3. Hing s6 mang ciia mang méng YSZ dwoc tinh toin ¢ cic nong d pha tap
khac nhau.
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3. Két luin

trong nghién ctru nay, anh hudng ctia hing sb
mang vao bé day mang mong, nhiét d6 va ndng
d6 pha tap da duoc nghién ciru bang phuong
phap TKMM. Dua vao cac biéu thirc tinh toan
do doi cua céc ion ¢ 16p ngoai va 16p trong ra
khoi nit mang c6 tinh dén anh huong cia hiéu
mg phi diéu hoa, hing sé mang mang mong da
duogc tinh toan 14 mot ham cua bé day, nhiét do
va nong do6 pha tap. Sy giin né ciia mang mong
dugc ghi nhan khi bé day mang mong giam,
nhiét do ting va ndng do tap chit ting. Tinh
gian doan trong ciu tric tudn hoan cua mang
tinh thé xay ra tai bé mat 1a nguyén nhan dan
dén sy gidn no khi kich thudc mang mong giam.
Khi bé diy mang mong tién dén gia tri 100 nm,
hang s6 mang ctia mang mong tién dan dén gia
tri cua vat liéu khéi. Cac két qua tinh toan phu
hop 6t v6i cac két qua thuc nghiém.
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EFFECT OF THICKNESS, TEMPERATURE, AND DOPANT
CONCENTRATION ON LATTICE CONSTAN OF YTTRIA-
STABILIZED ZIRCONIA THIN FILM

Le Thu Lam®, Pham Ngoc Thu
Tay Bac University

Abtract: The effects of thickness, temperature and dopant concentration on lattice constant

of yttria-stabilized zirconia thin film are investigated by statistical moment method. The explicit
expressions of lattice constant of the external layers and internal layers are derived including the
anharmonicityeffects of thermal lattice vibrations. The lattice constant of thin film increases along
with an increase in temperature and dopant concentration. The discrete in periodic structure of
crystal lattice is the reason for the lattice expansion with the decreasing thickness. The calculated
results are compared to the available experimental resullts.

Keywords: lattice constant, thickness, dopant concentration, YSZ thin film, statistical
moment method.
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