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TOM TAT: Mang Titanium nitride (TiN) diroc ché tao bang phirong phép phin xa phan
#ng magnetron DC trén @ thuy tinh. Trong cdng trinh ndy, chdng tdi nghién citu s anh
huong cia nhigt do dé, thé phan xa nguéng theo ti 1¢ khi N,/ Ar , &p sudt phin xa va khsang
céch bia - dé 1én tinh chadt cdu tric, dién va quang cza mang. CAc tinh chdt ciia mang duwoc
nghién cizu bang cach sik dung phirong phap do nhiéu xa tia X, phurong phép bon mii do, pho
truyen qua quang hoc.

Két qua cho thdy, nhiét dé dé, thé phln xg nguéng theo ti 1é No/ Ar, &p suat phin xa va
khéang céch bia-dé anh huéng dén cau tric, tinh chdt dién va quang cia mang. Mang ¢ dién
trg sudt thap nhat 35 m.cm, chiét sudt va hé ss tat cia mang ¢ burdc sdng 550 nm lan lurot 12
1.14 va 2.13, duwoc ché tqo ¢ nhiét d@é dé¢ 200°C, khoang céch bia-dé 4.5cm, &p sudt phin xa 3
mtorr, thé phdn xa nguong 550 V o ti 1¢ N, / Ar =0.1

1.GIOI THIEU

Ngdy nay, mang mong cd nhiéu tng dung trong nhiéu linh vuc nhu: co, nhiét, dién
Jtir...Dic biét trong Iinh vic quang hoc, mang méng duoc wng dung rat da dang nhu: mang
khtr phan xa don |6p va dalép, mang dan dién trong sudt, mang quang tich hop, guong lanh,
guong néng ™%, Trong nhitng nam gan day nhiéu tac gia trong vangoai nuéc da va dang tap
trung nghién ciru vé mang guong néng truyen qua — mang c6 do truyen qua cao ¢ ving kha
kién va phan xa cao ¢ ving hong ngoai. Mang guong néng truyen quaco thé dugc tao ra bang
nhiéu hudng nhu: Mang dalép dién mdi-kim loai-dién méi, mang din dién nhu: Bac, vang va
ddng c6 do phan xa cao & ving hong ngoai, hp thy it & viing kha kién, mang ban din c6 do
phan xa cao & viing hong ngoai nhu: MgO, ZnO, NiO, SiO, SnO, , Bi,Os, PO va In,Os; Béan
dan phatap SnO,:F, Sn0,:Sb, ZnO:Al, ZnO:Ga, ITO®

Trong d6, mot b loai mang da 16p dién méi-kim loai-dién méi, da duoc nhiéu téc gia
nghién ciru nhu : SIO/AI/SIO,, Al,Os /MO/ALLOs, TIOJ/AQTIO,, Al,O/CUAILQO; 234 ndi
troi nhit |ahé mang dalép TiOL/AQ/TiO,, vi TiO, o chiét suit cao nén khur phan xa tét vané
lamang c6 do bén co hoc cao. Tuy nhién, I6p kim loai Ag & giita khéng bén vé co hoc, hoa
hoc 13n nhiét hoc theo thoi gian **#. Do d6, chling t6i nghién ciru vat liéu thay thé mang Ag
nhu mang TiN - mang ndy c6 do bén co hoc, hda hoc 1an nhiét hoc rat cao va co tinh chét
quang dién gidng mang kim loai Aut*"®

Mang TiN la vat liéu c6 mau caa kim loal vang, d6 ciing cao (21 - 24 GPa), chiu nhiét
(nhiét néng chay 1a 2950°C), chng an mon, va ¢ dién trg suat kha nho (20 - 30 mA.cm) 483
. Hon nita, mang mong TiN cd d6 phan xa cao trong viing hdng ngoai, chiét suit thip va hé sb
tat cao nhu mang Au, rat thich hop 1am 16p giira trong hé théng mang da l6p. Tuy nhién, tiy
v muc dich sir dung khéc nhau ma nhiéu tac gia da sir dung cac phuong phép ché tao mang
khéc nhau trén céc loai dé khéc nhau. Véi muc dich ding mang TiN 1am hang rao khuyéch tan
trong cong nghé 1C, mot sb téc gia da ché tao mang TiN trén dé S8 cho dién tro sut co
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25 mN.cm . Mot sb tac gia khéc iing dung tich chat co hoc cia mang va tng dung cho muc
dich trang tri, ho da sir dung dé thép (304) hoic dé MgO(001), két qua cho mang TiN c6 dién
tré sudt co 13mM.cm - 192mMV.cm, mot sb cdng trinh khéc, téc gia ché tao mang TiN trén dé
thay tinh!*2*34153 thj |4i cho két qua dién tro sudt tir 50-200mMW.cm. Trong cdng trinh ndy,
chung toi 1ing dong mang TiN trén dé thay tinh kiém véi muc dich nghién tau tich chat quang
vadién ciamang dé ung dung |am mang phan xa trong hé mang da 16p.

Vi vay, trong cong trinh ndy ching téi nghién ciru, tim nhirng diéu kién ti uu dé ché tao
mang TiN c6 chiét suat thap, hé sb tit k I6n, nghia la mang co dién tro suat thap hay do phan
Xa cao & viing hong ngoai. Do d6, mang TiN phai ¢ ciu trdc dic, tic lamat do khdi 16n. Dién
tré sudt cia mang TiN phu thudc vao ndng do hat tai va do linh dong caa dién tir din. Mang
TiN c6 lién két hoa hoc twong tu kim loai, nén ndng do hat tai cao (co 102 hat/cm®)®"8. vay
yéu t6 dé 1am giam dién tro suat caa mang TiN cha yéu la do do linh dong caa dién tir dan
quyét dinh. Vi thé, dé tao duoc mang cé dién trg suat thap, can tranh tao mang cd cau tric xop
viing | (md hinh Thornton). Nghia la tranh tao mang c6 nhiéu bién hat trong. Mudn vay, ta can
phai tao mang theo co ché nhiét dong hoc vadong hoc.

Theo co ché nhiét dong hoc, ta can cip nhiét do dé du 16n dé 1am tang do linh dong caa
céc nguyén tir téi dé valam ching dé dang khuyéch tan vao nhiing vi tri bén trong mang tinh
thé, 1am cho Titan va Nito d& hop thuc hon. Véi nhiét do dé I6n sao cho T¢>0,3T,, (I6n hon
500°C), mang s& ¢6 ciu triic cot dac trong md hinh Thornton 789 Tuy nhién, nhiét do dé
trong dé tai ndy chi thay déi tir 150°C dén 400°C, khong dép tng duoc mé hinh Thornton.
Hon nira, nhiét d6 qua cao dé gy ra cho thanh budng chan khong gid hip nhirng tap chit va
géy tap trong mang.

Vay dé giam dién tro suat cua mang, ta can 8p dung co ché thi hai 1a co ché dong hoc.
Nghia la ting cuong mat do ion nang lugng cao dén mang nhu céc ion Ar*, N,*, N*. Vi vay,
chung tdi sir dung hé magnetron gan can bang. Muc dich |a dé ting cudng su truyén xung
luong gitra ion niang luong cao cho nguyén tir hap thy nhu Ti va N, trén bé mat mang, 1am
tang do linh dong cia nhitng nguyén tir hip thu va dan dén tang sy khuéch tan caa ching vao
mang tinh thé ¢ nhitng vi tri bén. Bong thoi ting kha nang hop thic giira Titan va Nito lam
cho mang ¢ cau trdc dic.

2 THUC NGHIEM

Mang TiN duoc ché tao bang phuong phédp phiin xa phan ting Magnetron dc trén dé thay
tinh, hé chan khéng |am viéc cd p suét t6i han 10 torr v6i bialam bang vat liéu Titanium, do
tinh khiét 99.6%, kich thuéc bia 100 x 100 x 6 (mm). Khi 1am viéc 1a khi Argon (99.99%) va
khi hoat tinh la khi Nito (99.99%), chiing dugc tron lan theo ti 1¢ cho truéc va duoc dua vao
budng chan khéng bang hé van kim. Hé magnatron dugc ding cd kich thuéc 119 x 119 x 51
(mm), tir truong trén bé mat bia duoc tao bang loai nam cham vinh ciru Ferit, cuong do tir
truong khoang 350 Gauss. Qua trinh tao mang duoc tién hanh voi &p suat 3.10° torr dén 6.10°
torr, khoang céch giira bia va dé thay doi duoc, thé phin xa thay doi tir 350 V dén 650 V, ti 1¢
khi N, so véi Ar thay doi tr 5% tir 15%. Bé day mang duoc xéc dinh bang phuong phép
Stylus, dién tré mat caa mang dugc xé&c dinh bing phuong phép bén mii do*. Cau tric tinh
thé va kich thudc hat caa mang dugc xéac dinh dwa vao pho nhidu xa tia X. Chiét suat n va hé
sb tit k ciamang dugc xéc dinh bang phuong phép Ellipsometry
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3.KET QUA VA BAN LUAN
3.1.Tinh chat dién

3.1.1.Khdo sét dénh hwgng ciia thé phin xg theo ti |¢ khi Nito' va Argon.

Véi mdi ti 1& % cua Nito va Argon, ching t6i khao s&t dién tré suit caa mang theo thé
phin xa nhu d6 thi (hinh 1) vatim dugc di¢n tro suit thap &g véi thé phun xa ngudng ). Két
qua nhan duoc cho thay dién tré suat giam theo thé phin xa, 1a do sy truyén xung lugng gitta
ion va nguyén tar Titan tang, 1am tang do linh dong cua nguyén tir hap thy Titan trén bé mat,
dan dén phan ng gitra Titan va Nito ting cho mang hop thuc tét. Diéu ndy dugc thé hign ré &
phd nhidu xa tiaX.

Tir phd nhiéu xa tia X (hinh 2) cho thy dinh phd tuong trng mit (111) giam khi ting thé
phin xa |ado co sy giai phéng nang lwong, 1am giam nang luong bé mit, tirc 1&1am tang nang
luong bién dang, bac tinh thé tang. Khi thé phin xa dat gia tri ngudng thi mat (200) va (311)
xuit hién déng thoi mang co dién trg suat thap nhat. Sy xuat hién caa dinh phd (200) va (311)
giai thich cho mau Q54 c6 dién tro suat nho 3.5.10° ( Wem). Dién trg suit ciia cc mau ting
hay giam thé hién qua sir thay ddi ti 18 cuong d6 ciamit (200) va (311)

Tir két qua khao st trén, tathdy ung véi mdi &p suét riéng phan caa Nito, ta tim duoc thé
phin xa ngudng dé cé thé thing duoc s Nitride héa trén bia vatao hop thuc tét trén mang va
nhu thé c6 thé cho dién tré suat thip. Vi vay tacan thay déi ti 1é khi gitta Nito va Argon. Bong
thoi thay ddi thé phin xa tai tirng &p suét riéng phan caa Nito. Két qua cho thiy véi ti [é % caa
Nito va Ar 1410 thi thé phtn xa nguang 12550 V, khi ¢6 mang c6 dién tré suat thap nhat (mau
Q54)

Ngoai co ché truyén xung lugng gitta ion vanguyén tu Titan, khi tang thé phin xa dat dén
gia tri ngudng, co ché trung hoa Auger xay ra cd nghia la dién tir dan dién the nhat tu Ti
chuyén quatrang tha co ban caaion N, bang hiéu tng duong him, trung hda né va dong thoi
trao niang luong thira cho dién tir thir hai trong ving dan dién, kich thich né [én mién ning
luong lién tuc. Vay, khi tang thé phin xa, Nguyén tu trung hoa N, gidi phong tur bé mat bia Ti
vaduoc cip nang luong co thé &p vao bia. Do vay, N, dén dé, 1am tang niang lugng truyén cho
dé, vano lién két vao trong mang nhiéu hon, dan dén dién tre sut cia mang thap.
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Hinh 1. Biéu dién sy anh huang ciia dién tré suat theo thé phin xa, wng véi tirng ti 1& phan trim caa
Nito vaArgon
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Hinh 2.Pho nhidu xa cua cac mang TiN duoc tao theo thé phtin xa khéc nhau va cac thong sb: ti 18
No/Ar 12 10%; &p suat lam viéc p=3mtorr

3.1.2. Khdo st sw anh hwéng cia dién tré sudt theo khodng cach bia dé

K hoang céch gitra biava dé ciing lavan dé quan trong can phai khao sét. Néu khoang cach
qua xa thi niang luong toi truyén cho mang khéng da 1on va vi thé mang c6 ciu tric tinh thé
chuatét , néu khoang cach gan thi dong ion bén pha s 1am ting sai hong. O mot khoang céch
t6i uu, sy truyén xung lugng gitraion vamang sé cho hop thirc tét va nang luong bin pha cia
ion chua vuot qua ngudng dé gay ra sai hong trong mang. Cong trinh ndy tim duoc khoang
céch t6i wu la4.5cm (mau Q54) thi mang cd dién tro suat thap nhat
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Hinh 3.Biéu di&n sy anh heong cua dién tré theo khoang céch bia— dé
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Hinh 4. Pho nhiu xa cua cac mang TiN duoc tao véi céc thong so: Up=550 V; ti 1& No/Ar 1a10%; &p
suat lam viéc p=3mtorr, nhiét do 1a 200°C. khoang céch biava d@é thay dugc : h=3,5cm; h=4,5cm;
h=5,5cm

3.1.3. Khdo st sw anh hwéng cia dién tré sudt theo nhiét dé

Ngoai céc thong sd nhu crong do dong phun xa ngudng, khoang cach giita biavadé, nhiét
d6 ciing lathdng s6 quan trong, anh hudng dén qua trinh hinh thanh tinh thé cia mang. (Hinh

5) cho thay & 300°C, bac tinh thé ciia mang 16n nhét, thé hién ¢ théng sb law lén, 1am tang
T

do linh dong cua dién tir, khi d6 mang co dién tre suat thip co 3.5.10° Wem (mau T71) nhu

(hinh 6). Tuy nhién, khi nhiét d6 ting dén 400°C, vat liéu trong budng chan khéng nha khi,

lam cho mang cd nhiéu tap, dan dén bac tinh thé giam thé hién qua 3L giam. Vi thé d6 linh
T
dong cuadién tir giam dong nghia véi dién tro suat tang.
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Hinh 5. Bidu di&n sir anh hueng ciadién tro sudt theo nhiét do dé
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Hinh 6.Pho nhidu xa cua cac mang TiN dugc tao véi cac thong so: Up = 550 V; ti 18 No/Ar 1a410%; 8p
suit 1am 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 sét sy anh huréng dién tré sudt theo ap sudt phin xg
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Hinh 7. Biéu dién sy anh huong caa dién tré theo p suét
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Hinh 8. Pho nhiéu xa cua cac mang TiN duoc tao theo 4p suit
phtin xa vacac thong so: Up= 550 V; ti 1& No/Ar 1a 10%,khoang
céch biadé h =4,5cm; nhiét do 200°C

Ap suit ciing 1& mot théng sb quan trong 1am anh huédng dén tinh chit caa mang. Thuc
vay, & &p suét cao, ccion No", N" va céc nguyén tir Ti bi tan xa bsi cac phan tur khi, vavi thé
xung lugng cua chung truyen cho dé giam. Diéu nay lam cho do linh dong cua nguyen tur hip
thu trén bé mat giam. Néu giam &p suat thi sy truyen xung lugng gitraion N,*, N* vanguyén
ter Ti tang, lam ting do linh dong cua nguyén tir hip thu Ti trén bé mat, dan dén phan ung
Titan va Nito tang, giai phong nang luong, 1am giam niang luong bé mit, tic 1a1am ting nang
lwong bién dang, nén cudng d6 mat (111) giam. dién tro suit cia mang giam. Diéu ndy do co
ché tén xa cia hat tai boi mat phan cuc (111). Tuy nhién néu tiép tuc giam &p suat lam viéc thi
lwong Nito S8 qua it dé co thé tao dugc mang TiN. Néu &p suat thiap hon 3 mtorr thi thanh phan
Titan trong mang s3 ting, mang s& ¢6 mau trang caa kim loai Titan.

3.2.Tinh chit quang
Chiét sudt n va h¢ s tdt k ciia mang méng TiN

Chit sl b

ECTY A= mon non LT 1700 rann

Hinh 9. Chiét suit n vahé sb tit k ciamau L1 theo budc song
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Hinh 12. Phé phan xa caamau L4 theo buéc song
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Trong phan 3.1), chiing téi da tim duoc mang co dién tro suat thip co 35 mMV.cm & nhiét do
200°C va 300°C. Tir cong thic thue nghiem 1 R = (1+ 2e,c,R.) 2, Vi R la dién tro mat
cuamang ,1/e,c, = 376W. ta nhan thiy giita tinh chit dién vatinh chat quang ciia mang co
méj lién hé sau: khi mang c6 R, nho thi hé sb phan xa R 16n, do d6 chung toi chi khao sét tinh
chat quang caa mang co di¢n tr¢ suat thap nhu da de cap. O nhiét do 300°C, mang L4 véi bé
day 33nm c0 chiet suat vah¢ o tat ¢ bue song 550nm 1a 1.35 va 3.49 (hinh 10) trong 9). Hai
loai mang nay co cling be day vadién trg suat. Méc du chldng cb cung di¢n tro suat, do phan xa
trong ving hong ngoai ciia mang L1 (hinh 11) la cao hon so véi mang L4 (hinh 12). Vi vay
chiing téi chon nhiét d dé toi wu dé tao mang 1a200°C.

4 KET LUAN

Mang TiN tao dugc cd ciu tric tinh thé cao, ton tai du c&c mat mang (111), (200) va
(311). Mang ¢ dién tro suat thap r = 35mAcmting véi céc thong sb tao mang téi uu: Thé
phin xa ngudng U,=550 V, ti 18 No/Ar = 10%, khoang céach giira bia & h = 4,5cm, &p suat
phtin xa toan phin P = 3.10° torr, nhiét do dé 200°C. Chiét suit va h¢ sb tit caa mang &
bugc sdng 550nm 1a 1,14 va 2,13.

STUDYING AND PREPARING TiN FILMSBY D.C REACTIVE
MAGNETRON SPUTTERING METHOD

LeTran®,Tran Van Phuong ®, Tran Tuan®, Nguyen Huu Chi @
(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 No/Ar, sputtering pressure and target-substrate
distance on structure, electrical and optical properties. Thin film properties studied by using
Xrays 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 eectrical resistivity of 35 mi\.cm,
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 gasratio N, / Ar of 0.1.
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