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TOM TAT: Mang Titanium nitride (TiN) duoc ché tao bang phuong phdp phiin xa phan
umg magnetron DC trén dé thiy tinh. Trong céng trinh ndy, chung t6i nghién cieu sy anh
huwong cia nhiét g de, thé phdn xa nguwing theo ti 1¢ khi N,/ Ar, dp sudt phiin xa va khéang
cach bia - d@é lén tinh chdt cdu tric, dién va quang ctia mang. Cdc tinh chat cua mang dugc
nghién ciru bdng cdch sir dung phwong phdp do nhiéu xa tia X, phuong phdp bén miii do, pho
truyén qua quang hoc.

Két qua cho thay, nhiét dj de, the phiin xa nguong theo ti 1é No/ Ar, dp sudt phiin xa va
khoang cach bia-dé anh huomg dén cau tric, tmh chat dién va quang cua mang. Mang co dién
tré sudt thdp nhdt 35 us2em, chiét sudt va hé sé tdt ciia mang ¢ budc séng 550 nm lan luot la
1.14 va 2.13, dwoc ché tao 6 nhiét d d@é 200°C, khodng cdch bia-dé 4.5cm, dp sudt phiin xa 3
mtorr, thé phin xa nguimg 550 Vo ti1é N, [ Ar =0.1

1.GIOI THIEU

Ngay nay, mang mong co nhidu img dung trong nhiéu linh vue nhu: co, nhiét, dién
Jur...Didc biét trong linh vuc quang hoc, mang mong du'qc mg dung rit da dang nhu: mang

khir phan xa don 16p va da 16p, rnang dan dién trong subt, mang quang tich hqp, guong lanh,
guong néng ') Trong nhifng nim gén day nhiéu tic gia trong va ngoa1 nudce da va dang tap
trung nghién clru vé mang guong nong truyen qua — mang cd dQ truyen qua cao ¢ vung kha
kién va phan xa cao & ving hdng ngoai. Mang guong nong truyén qua c6 thé duoc tao ra bang
nhiéu huéng nhu: Mang da 16p dién moi-kim loai-dién méi, mang din dién nhu: Bac, _vang va
ddng c6 d6 phan xa cao & vung hdng ngoai, hp thy it & ving kha kién, mang ban din c6 do
phan xa cao & vung hong ngoai nhu: MgO, ZnO, NiO, SiO, Sn0O, , Bi,03, PbO va In,03; Ban
dan pha tap SnO,:F, Sn0;:Sb, ZnO:Al ZnO:Ga, 1TO!

Trong d6, mét sb loai mang da 16p dién moi-kim loai-dién méi, da dugc nhiéu tac gla
nghién ctu nhu : SiO/AUSIO,, ALO; /Mo/ALOs, TiO/Ag/TiO,, ALOs/Cw/ALO; (12341 néi
troi nhét 1a hé mang da 16p TiO»/Ag/TiO, vi TiO, ¢6 chiét suit cao nén khir phan xa tot va né
1a mang c6 do bén co hoc cao. Tuy nhién, 16p kim loai Ag & gura khéng bén vé co hoc, hoa
hoc 14n nhiét hoc theo thoi gian **¥. Do d6, ching t6i nghién ciru vét liéu thay thé mang Ag
nhu mang T1N mang nay co do bén co hoc, héa hoc 1dn nhiét hoc rat cao va c6 tinh chit
quang dién giéng mang kim loai Aut78

Mang TiN la vat liéu c6 mau cta kim loai vang, do cung cao (21 - 24 GPa), chiu nhiét
(nhiét néng chay 1a 2950°C), chong dn mon, va c6 dién trd suét kha nho (20 - 30 pQ.cm) (48,13

. Hon nira, mang mong TiN c6 do phan xa cao trong vung hong ngoa1 chiét suat thip va hé sb
tit cao nhu mang Au, rét thich hop lam 16p gitra trong hé thong mang da 16p. Tuy nhién, tuy
vao muc dich sir dung khac nhau ma nhiéu tic gia da sir dung cac phuong phap ché tao mang
khéc nhau trén céc loai dé khéc nhau. Véi muc dich dung mang TiN lam hang rao khuyech tan
trong cong nghé IC, mot s8 téc gia da ché tao mang TiN trén dé Sil'"*'"'®, cho dién tr& suat c&
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25 pQ.cm . Mot sb tac gia khac {mg dung tich chat co hoc ciia mang va img dung cho muc
dich trang tri, ho da sir dung dé thép (304) hoic dé MgO(001), két qua cho mang TiN c6 dién
tr&' suat c& 13pQ.cm - 192uQ.cm, mét sé cong trinh khac, tac gia ché tao mang TiN trén dé
thiy tinh!'2">141516] thi Jaj cho két qué dién tré sudt tir 50-200uQ.cm. Trong cong trinh nay,
ching t6i ling dong mang TiN trén dé thuy tinh kiém v6i muc dich nghién tiu tich chét quang
va dién ctia mang dé tmg dung lam mang phan xa trong hé mang da 16p.

Vi viy, trong cong trinh nay ching t6i nghién ctru, tim nhiing diéu kién t5i vu dé ché tao
mang TiN c6 chiét sudt thdp, hé sd it k 16n, nghta 1a mang c6 dién tré suit thip hay do phan
xa cao & ving hdng ngoai. Do d6, mang TiN phai ¢6 cAu tric dic, tirc 1a mat do khéi 16n. Dién
tré suat ciia mang TiN phu thudc vao ndng d¢ hat tai va do linh dong cla dién tir dan. Mang
TiN ¢6 lién két hod hoc twong tyr kim loai, nén ndng do hat tai cao (c& 102 hat/em®)®™8. Vay
yéu t6 dé lam giam dién tr& suét ciia mang TiN chi yéu 1a do db linh dong cua dién tir din
quyét dinh. Vi thé, dé tao dugc mang cé dién tré sudt thap, cn tranh tao mang c¢6 cdu tric x8p
ving I (m6 hinh Thornton). Nghfa 14 tranh tao mang c6 nhiéu bién hat tréng. Mubn viy, ta cAn
phai tao mang theo co ché nhiét dong hoc va dong hoc.

Theo co ché nhiét dong hoc, ta can cép nhiét d6 dé du 16n dé 1am ting d6 linh dong cua
cdc nguyén tir t6i dé va lam chiing d& dang khuyéch tan vao nhitng vj tri bén trong mang tinh
thé, lam cho Titan va Nito d& hop thirc hon. Véi nhiét d6 dé I6n sao cho T,>0,3T,, (16n hon
500°C), mang s& ¢6 cdu triic ¢t dic trong mé hinh Thornton ®7#%) . Tuy nhién, nhiét d¢ dé
trong dé tai ndy chi thay i tir 150°C dén 400°C, khong dap tmg dugc mé hinh Thornton.
Hon nifa, nhiét d6 qué cao dé gy ra cho thanh budng chin khéng gidi hip nhiing tap chét va
gy tap trong mang.

Viy dé giam dién tré sudt clia mang, ta cin 4p dung co ché thir hai 1a co ché déng hoc.
Nghia 1a ting cudng mét d¢ ion ning lugng cao dén mang nhu céc ion Ar', N,*, N*. Vi vy,
ching i sir dung h¢ magnetron gn cin bing. Muc dich 1a dé ting cudng sy truyén xung
lugng gitra ion nang lugng cao cho nguyén tir hap thy nhu Ti va N, trén bé mat mang, lam
tang d§ linh dong cua nhimg nguyén tr hap thu va din dén tang sy khuéch tan cia ching vao
mang tinh thé & nhing vi tri bén. Ddng thoi tang kha nang hop thirc giira Titan va Nito lam
cho mang c6 cAu triic dac.

2.THU'C NGHIEM

Maing TiN duoc ché tao bing phuong phap phun xa phan tmg Magnetron dc trén dé thiy
tinh, hé chan khong 1am vigc ¢6 4p suét t6i han 10 torr v6i bia lam bing vat liéu Titanium, do
tinh khiét 99.6%, kich thuéc bia 100 x 100 x 6 (mm). Khi 1am viéc la khi Argon (99.99%) va
khi hoat tinh la khi Nito (99.99%), chiing dugc tron 14n theo ti 1é cho trudc va dugc dua vao
budng chin khéng bing hé van kim. Hé magnatron dugc ding c6 kich thuée 119 x 119 x 51
(mm), tir trudng trén bé mit bia dugc tao b?mg loai nam chdm vinh ciru Ferit, cuong dd tir
trudng khoang 350 Gauss. Qué trinh tao mang dugc tién hanh v&i 4p sudt 3.10° torr dén 6.107
torr, khoang céch giita bia va dé thay ddi dugc, thé phiin xa thay ddi tir 350 V dén 650 V, ti 18
khi N, so véi Ar thay ddi tir 5% tir 15%. Bé diy mang dugc xac dinh bin phuong phép
Stylus, dién tré' mat ciia mang dugc xéc dinh bang phuong phép bén miii do'*). Chu trac tinh
the va kich thuéc hat cia mang dugc xéc dinh dya vio phd nhidu xa tia X. Chiét sut n va hé
sb tit k cua mang dugce x4c dinh bing phuong phéap Ellipsometry
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3. KET QUA VA BAN LUAN
3.1.Tinh chit dién

3.1.1.Khao sdt anh hwong ciia thé phiin xa theo ti I¢ khi Nito va Argon

V6i mdi ti 1& % cua Nito va Argon, ching ti khao sat dién trd suat cia mang theo thé
phun xa nhu db thi (hlnh 1) va tim dugc dién tr& suét thap (g voi thé phin xa ngudng ). Két
qua nhan dugc cho thdy dién trd sudt giam theo thé phiin xa, 1a do su truyén xung luong gitia
ion va nguyén tir Titan ting, lam tang d linh dong cua nguyen tir hap thu Titan trén bé mat,
dan dén  phan (mg giira Titan va Nito ting cho mang hop thic tét. Piéu nay duoc thé hién 18 &
phd nhiéu xa tia X.

Tir phd nhiéu xa tia X (hinh 2) cho thdy dinh phd tuong tmg mat (111) giam khi tang thé
phun xa la do c6 sw giai phong nang luong, lam giam nang lugng bé mat, tirc 1a 1am tang nang
luong bién dang, béc tinh thé tang. Khi the phun xa dat gia tri ngudng thi mat (200) va (311)
xuét hién ddng thoi mang c6 dién tro suat thap nhat. Sy xuat hién cta dinh pho (200) va (311)
giai thich cho mau Q54 c6 dién tr& suat nho 3.5.10° ( Qcm). Dién trd suit clia cdc mau ting
hay giam thé hién qua su thay dbi ti 1& cuong do cua mat (200) va (311)

Tir két qua khao sat trén, ta thdy (g véi mdi 4p suét riéng phan cua Nito, ta tim dugc thé
phin xa nguong dé co thé théng duoc sy Nitride hoa trén bia va tao horp thirc t6t trén mang va
nhu thé c6 thé cho dién trd sudt thip. Vi vay ta can thay ddi ti 1¢ khi giira Nito va Argon. Déng
thoi thay dbi thé phun xa tai timg 4p suat riéng phan cua Nito. Két qua cho thay voi ti 1€ % cia
Nito va Ar 1a 10 thi thé phiin xa ngudng 1a 550 V, khi d6 mang co dién trd suat thép nhit (miu
Q54)

Ngoai co ché truyen xung lugng giira ion va nguyen tir Titan, khi tang thé phiin xa dat dén
gié tri ngudng, co ché trung hoa Auger xdy ra c6 nghia la dién tir dan dién thi nhét tir Ti
chuyén qua trang thai co ban cua ion N, bang hiéu tmg duodng ham, trung hoa né va dong thoi
trao ning luong thira cho dién tir thir hai trong ving dan dién, kich thich né 1én mién ning
lugng lién tuc Viy, khi ting thé phin xa, Nguyén tir trung hoa N, giai phong tir bé mit bia Ti
va dugc cip ning lugng c& thé 4p vao bia. Do vay, N dén dé, lam tang néng luong truyén cho
dé, vano lién két vao trong mang nhiéu hon, din dén dién tré sudt ciia mang thép.
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Hinh 1. Biéu di®n sy anh huong cta dién tré suét theo thé phiin xa, g v6i ting ti 18 phan tram ciia
Nito va Argon
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Hinh 2.Phé nhiéu xa cia cac mang TiN duoc tao theo thé phiin xa khac nhau va cac thong sé: ti 1é
N,/Ar 1a 10%; 4p sudt 1am viéc p=3mtorr

3.1.2. Khio sdt sw anh hwéng ciia dién tré suit theo khodng cdch bia dé

Khoang céch gitra bia va de ciing 12 vén dé quan trong can pha1 khao sat. Neu khoang cach
qua xa thi nang luong téi truyen cho mang khong du 16n va vi thé mang c6 céu tric tinh thé
chua tét , néu khoang cach gan thi dong ion bén phé s& lam tang sai hong. O mot khoang cach
t6i wu, sur truyén xung lugng giira ion va mang s& cho hop thic tét va nang luong bén phé cia
ion chua vuot qua ngudng dé gay ra sai hong trong mang Cong trinh nay tim dugc khoang
céch téi wu 12 4.5cm (méu Q54) thi mang c6 dién trd sudt thap nhat
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Hinh 3.Biéu dién sy anh huéng ciia dién tré theo khoang céch bia — dé
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Hinh 4. Phd nhidu xa ctia cdc mang TiN dugc tao véi cdc thong s6: Up=550 V; ti 1& Ny/Ar 1a 10%; ép
suét 1am viéc p=3mtorr, nhiét d6 la 200°C. khoang céch bia va dé thay dugc : h=3,5cm; h=4,5cm;
h=5,5cm

3.1.3. Khdo sdt sw anh hwong ciia dién tré suit theo nhiét dp

Ngoai cic th(‘m‘g s6 nhu cudng do dong phiin xa ngudng, khoang cich gitra bia va dé, nhiét
d6 ciing 1a théng so quan trong, anh hudng dén qué trinh hinh thanh tinh thé ctia mang. (Hinh
5) cho thdy & 300°C, bac tinh thé ciia mang 16n nhat, thé hién & théng s -If'- 16n, 1am ting

i §
d6 linh dong ciia dién tir, khi d6 mang cé dién tro sudt thip co 3.5.10° Qcm (miu T71) nhu
(hinh 6). Tuy nhién, khi nhiét d§ ting dén 400°C, vat liéu trong buéng chén khong nha khi,
I
1am cho mang ¢6 nhiéu tap, din dén bc tinh thé giam thé hién qua % giam. Vi thé d linh
T

dong cua dién tir giam ddng nghia voi dién tré sudt ting.
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Hinh 5. Biéu dién sw anh huong ciia dién trd sudt theo nhiét do dé
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Hinh 6.Phé nhiéu xa ctia cic mang TiN duoc tao véi cc thong sé: Up = 550 V; i 18 No/Ar 1a 10%; 4p
suat lam viéc p = 3mtorr; khoang cach bia dé 1a h=4,5 cm ; nhiét do thay déi tir 200°C dén 400°C

3.1.4.Khdo sdt sw anh huéng dién tré suit theo dp suiit phiin xq
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Hinh 7. Biéu dién sy anh huéng ciia dién tré theo 4p sudt
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Hinh 8. Phé nhiéu xa ctia cac mang TiN dugc tao theo dp sudt
phiin xa va cic thong sb: Up= 550 V; ti 1& NZ/Ar 1a 10%,khoang
cach bia d& h =4,5cm; nhiét d6 200°C

Ap sudt ciing 1a mt thong s0 quan trong lam anh hudng dén tinh chit cia mang. Thuc
vdy, & &p sudt cao, céc ion Nz , N" va cic nguyén tir Ti bi tan xa boi cdc phén tir khi, va vi thé
xung lugng cua ching truyen cho dé giam. Diéu nay lam cho d$ linh dong cla nguyen tir hip
thy trén bé mat giam. Néu giam 4p suét thi sy truyen xung luong giita ion Nz , N* va nguyén
tir Ti tdng, lam tang do linh dong cta nguyén tir hip thu Ti trén bé mat, dan dén phan (mg
Titan va Nito tang, giai phong nang luong, lam giam nang lugng bé mit, tic 1a lam tang nang
luong bién dang, nén cuong do mat (111) giam. dién tré suat cua mang glam Dleu nay do co
ché tan xa cua hat tai béi miat phan cuc (111). Tuy nhién néu tlep tuc giam ap suat lam viéc thi
luong Nito s& qua it dé c6 thé tao duoc mang TiN. Néu 4p suét thip hon 3 mtorr thi thanh phan
Titan trong mang s& ting, mang s& cé mau tring ctia kim loai Titan.

3.2.Tinh chit quang

Chiét suiit n va hé sé tit k ciia mang mong TiN

Chidt sudt n, b of' 1 &
»

o

o 400 600 800 1000 1200 1400

Hinh 9. Chiét suit n va hé sé tit k ciia mau L1 theo buéc séng

Trang 57



Science & Technology Development, Vol 11, No.10 - 2008

f: o
=K
LR -
.s -
2 "
- o
CERE
3
a //'" ........... —assl
2 e, ) ” T
°2| o 400 600 800 1000 1200 1400
A ()
Hinh 10. Chiét sudt n va hé s6 titk cia miu L4 theo budc séng
ez E—:LB_
: -
. 78
=
T o
‘
= s
T2
al— —— e — e — S v -r
o 8000 10000 15000 20000 23000
il sdng (nm)
Hinh 11.Phd phan xa ctia mau L1 theo budc séng.
and =3
v
i IR SR
E 7"} &/—‘/\ —
=
o
g
= 74
72
70
e o 5000 10000 15000 20000 25000
butde séng (nm)

Hinh 12. Phd phan xa ciia mau L4 theo buéc séng
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Trong phin 3.1), ching t6i da tim dugc mang c6 dién trd sut thap ¢ 35 pQ.cm & nhiét o
200°C va 300°C. Tir cong thire thuc nghiém ') R = (1+2¢,c,R, )™, v6i R, 1a dién tr& mét
ctia mang ,1/&, ¢, =376Q2 . ta nhén thdy giita tinh chat dién va tinh chét quang clia mang c6
mbi lién hé sau: khi mang cé Rs nho thi hé s6 phan xa R 16n, do d6 ching t6i chi khao sét tinh
chat quang cia mang 6 dién tr& suat thap nhu da dé cap. O nhiét do 300°C, mang L4 vdi bé
day 33nm c6 chiet suat va hé so tat & budc séng 550nm la 1.35 va 3.49 (hinh 10) trong 9). Hai
loai mang nay ¢ cung bé day va dién tré suat. Mac du ching c6 cung dién trd suat, do phan xa
trong ving hong ngoai cua mang L1 (hinh 11) 12 cao hon so véi mang L4 (hinh 12). Vi vay
ching t6i chon nhiét do dé t6i uu dé tao mang 1a 200°C.

4. KET LUAN

Mang TiN tao dugc cé cAu tric tinh thé cao, ton tai di cdc mit mang (111), (200) va
(311). Mang ¢6 dién tr& sudt thip p=35uQ.cm (ng véi céc thong s6 tao mang t6i wu: Thé
phin xa ngudng U,=550 V, ti 18 No/Ar = 10%, khoang céch giita bia dé h = 4,5cm, dp sudt
phtn xa tdan phan P = 3.10° torr, nhiét do dé 200°C. Chiét suat va hé s tit cia mang & bude
song 550nm 1a 1,14 va 2,13.

STUDYING AND PREPARING TiN FILMS BY D.C REACTIVE
MAGNETRON SPUTTERING METHOD

Le Tran"”,Tran Van Phuong @ Tran Tuan”, Nguyen Huu Chi o
(1) University of Natural Sciences, VNU-HCM
(2)Ly Tu Trong College

'ABSTRACT: TiN thin films have been deposited by DC reactive magnetron sputtering
method on glass substrates. This report, we study the effects of substrate temperature,
threshold sputtering voltage versus gas ratio Ny/Ar, sputtering pressure and target-substrate
distance on structure, electrical and optical properties. Thin film properties studied by using
X rays diffraction, Four probes resistivity and optical tranmission measurements.

The results showed that substrate temperature, threshold sputtering voltage versus gas
- ratio No/Ar , sputtering presure and target-substrate distance effect on structure, electrical
and optical properties of thon films. Films having low electrical resistivity of 35 uQcm,
refractive and extinct index of 1.35 and 3.49 at 550 nm wave length, are prepared at substrate
temperature of 300°C , target-substrate distance of 4.5 cm, sputtering presure of 3 mtorr,

threshold sputtering voltage of 550 V at gas ratio N, [Arof 0.1.
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