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NANG CAO PO BAM DINH CUA MANG Cu TREN PE Al BANG

PHUONG PHAP PHUN XA - MA ION
(SPUTTER - ION - PLATING)

Nguyé&n Hitu Chi - Trin Thanh Giang - H Viin Binh.
Trudng Pai hoc Khoa hoc Ty nhién
(Bai nhdn ngay 11/08/2000)

TOM TAT: Céng trinh nay nghién citu nhiing hié¢u vng cua qud trinh xit 1y bé mdt dé Al trudc
khi phit mang va dnh hudng cila diéu kién phii mang ién cdc tinh chdt ciia mang Cu, dugc ché
tao bdng thiét bj phin xg magnetron. Xit Iy bé mdt dé bdng phdng dién dn la rdt cdn thiét dé
ndng cao d¢ bdam dinh ciia mang bdng ma- ion. Piéu dé dat dugc do su thanh ldp ving trén
lén trén mién tiép gidp (Cu-Al).

1. MODPAU

Nhu da biét, kim loai Al c6 wu diém nhu khéi lugng riéng bé, do din nhiét va dan
dién cao. P6 din dién riéng ciia Al trong mot don vi khdi lugng 16n hon cia Cu khodng 2
ldn. Mang oxide bén chic nhanh chéng thanh Iap trén bé mat Al vira mdi cit ngay cé ¢
nhiét do phong, bdo ddm do bén cao chdng an mon trong moi trudng khi quyén. Tuy
nhién, khi ti€p xiic véi da s8 kim loai va hdp kim c6 th€ dién hod cao hon thi Al s& déng
vai trd andt, do dé sy 4n mon nd trong chat dién phén s& dudc gia tdng lam gidm d6 bén cd
va s& phé hiy cdc ti€p diém din dién. D€ tranh sy thanh 1dp cdp di€n phan trong khi 4m
ngudi ta thudng bit kin mat ti€p xic gilta ching bing 16p son hay 16p vazdlin. Tuy nhién,
phudng phap d6 kém an toan khi ting nhiét do va khong phai bao gid cling thuc hién dudc,
vi du khi ghép tru sit cdch dién c6 vong lién két bing 16p ma Cu'" vdi tu bu trung, cao thé
¢6 v biing Al. § day bt budc phai ding tim ludng kim (Cu-Al).

P& ché tao tim ludng kim (Cu-Al), ngudi ta dd dang phuong phdp cd nhiét. Phudng
phép nay ddi hdi thi€t bi va qui trinh cdng nghé phic tap, va co 1€ vi th€ ma nganh Pién
Luc hién nay vin phai nhép vat liéu nay tif nudc ngoai. Bdi vay, muc dich cla cOng trinh
nay thit dua ra mdt phuong phdp mdi: tao ludng kim (Cu-Al) biing ky thudt PVD (Physical
Vapor Deposition). P& c6 dd bam dinh Idn gitta Cu va Al ching t6i dd dung phudng phdp
phiin xa-ma ion (SIP), ddng thdi s dung plasma phéng di€n khi dé 1am sach bé mat d&€ Al
true khi phi mang Cu. : Y

II. THUC NGHIEM. _

P& 1a tAm kim loai Al c6 kich thude 5x7x0,12 cm’, bé mit clia né duge xu 1y trude
khi phti mang béng plasma phéng dién trong khi Ar. Trong cdng trinh nay da dung sd )
phéng dién 4n v6i dong khong ddi, & d6 katdt 1a d€ Al, con andt 12 budng chan khdng ndi
dit. Mang Cu dudc phi bing hé phin xa magnetron DC v6i bia Cu c6 kich thudc
20x10x0,4 cm®. Cu va Al 1 cdc tAim kim loai c6 do sach cong nghi€p. K&t qud phén tich
bing quang phd phét xa cho thay do tinh khi€t cia Al la 99,92%, con Cu 1a 99,98%.
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Mang dudc phi & 4p suat t6i vu vé van tc 1dng dong'":

A
Bj, ==L {i]
§ d6, d(cm) - khodng céch gifta bia va d&; A;(cm) — khodng duding tu do trung binh
clia nguyén ti Cu trong khi Ar vdi dp sudtp = 1 torr. Ti Iy thuy€t dong hoc chat khi c6 thé
tinh A = 5,26.107 cm.

Vién tdc ldng dong clia mang duge xac dinh bing mdy dao dong tinh thé thach anh
XTC/2,

D§ bdm dinh clia mang Cu trén d& Al dudc x4c dinh bing phuong phép tich mang
béng luc co hoc, nhu chiing té trén hinh 1. ¥ Thanh Cu dugc gin vdi bé mit mang bing
chdt han mém (59%Sn + 31%Pb). Gid tri dic trung F kéo biit mang clia mdy do 1A N
(Newton). Nhu vdy d bdm dinh bing:

P06 bdm dinh = N 5—(MPa)
S(mm*©)
ANF
|
.................................... Thanh Cu
Mang Cu
.\ e  rHE
Hinh 1

3 dé6, S — dién tich cia mang bi 16c. Thit nghiém nay sé& bi gidi han bdi d6 bén cia
chat han trén (50 + 70 MPa)!”).

1L KET QUA VA BAN LUAN.

Higu ting x{f 1y bé mit d€ biing plasma phéng dién va didu kién phtin xa- ma ion 1a
hai qud trinh ¢6 tinh quy&t dinh d6 bam dinh cia mang Cu trén d€ Al. Hay khao st chi ti&t
hai qua trinh nay.

3.1. Higu ving xi Iy bé mdt bang plasma phéng dién.

Nhu da n6i & trén, bé mat Al ludn nhanh chéng dugc thanh 1ap 16p oxide Al;03 bén
chdc vdi do day vai chuc A° & diéu ki€n nhi€t do phong. Ldp oxide c6 thé dat t6i 90A° khi
bé mit Al ¢6 c4u triic x&p. N&u khong tdy sach 16p oxide d6 thi nguyén ti Cu khong thé
khu&ch tdn vao d& Al d€ lam day mién ti€p gidp cla mang va d&€ — mdt y&u 8 ¢6 tinh
quyét dinh dé nang cao d6 bam dinh gilfa hai kim loai c6 thé hda tan rin vao nhau nhu
(Cu-Al). D€ tdy sach mang ALOs trén d€ Al c6 thé ding phuong phdp phtin xa trong khi
Ar. Tuy nhién, ndng suft phin xa Al,Os rat thdp - cd 0,04 hatfion véi th& phiin xa
Va=103voltm. V1 vdy, cin diing phéng dién 4n véi mat do dong 16n. Ngoai ra, mit do dong
16n s& tao thém hai hiéu wng khdc : d6t néng d&€ va tao nhiéu sai hong trén bé mat dé.
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Hinh 2 trinh bay dudng cong phu thudc clia nhiét do d€ T; theo thdi gian trong phong dién
&n bat thudng vdi V,=500volt; J, = 5mA/cm?; d = 1,5cm va Po=2. 10 'torr.
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Hinh 2

V6i T, = 200°C, thi hdi nudc trén bé mat d€ sé& bi hoa tan va bay hdi hoan toan."Vai
mat do dong J, va thé V, trén, bé mat Al sé thanh 14p nhiéu sai hong, ma hiéu dung ctia
chiing ciing tudng tu nhu qud trinh ma ion — s& dudc trinh bay & phin ti€p sau.

3.2. Piéu ki¢n phiin xq-mq ion.

Sau khi xif Iy bé mit Al bing piasma phéng dién, 1ap tifc ti€n hanh phin xa-ma ion
Cu trén né. Mudn tim diéu kién t8i wu cho qué trinh nay, hdy xudt phdt tir ba tinh chat

quan trong cua phu’dng phép ma-ion"":

1.Qué trinh tdy tap chat trén d€ bing sy bdn ph4 ion dugc thuc hién lién tuc, ngay ca
trong qui trinh phi — diéu ma cédc phudng phap khic khong thé cé dudc. Tuy nhién diéu
kién phi mang thuc sy trong trudng hgp nay chi khi van tdc 1dng dong v, cia nguyén tf
phiin xa phai 16n hon van t8c tdi phin xa v, clia chiing tir dé€.

2. B& mit d&€ bi bién thé biing su thanh 14p sai hdng véi ndng do 16n. Su sdn sinh sai
héng d6 s& lam nhoe mién ti€p gidp, tuong ty hiéu tng dudc sin sinh bing khuéch tdn thé
rin, nhung & ddy khong cin nhiét d6 d€ phai cac

3. Qué trinh nay cho phép tiéu tdn ning lugng tir ion bdn phd vao bén trong viing bé
mit, diéu cin thi€t dé€ gia ting sy khuéch tdn, gid khuéch tan va phdn ing héa hoc & trang
thdi “lanh™.

Nhu vy, qué trinh tao mang Cu trén d&€ Al cin ti€n hanh theo hai giai doan : ma ion
va phun xa.

Muc dich ciia giai doan ma ion 12 tao mién ti€p gidp c6 di ba tinh chdt trén. Mudn
viy cin bdo ddm niing lugng va dong hat dd 16n cda ion bdn phd ciing nhu clia hat phin
xa tir bia. Piéu d6 dat dugc khi th€ dich 4m V4 trén d€ va cong suit W dit 1én bia di 16n,
con 4p suit khi Ar va khodng cdch d phai thda biéu thiic (1). Céng trinh ndy da chon V4 =-
500volt; W = 600Watt; Pa, = 1 + 1,5 107torr; va d = 3,5cm.
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Véi céc thong s6 ndy, nguyén t& Cu s& ling dong va tdi phin xa x4y ra dong thdi
trén d&. P6 12 giai doan thuc sy ma ion v d€ mang ting trudng dan dén, thi v, phdi 16n
hon mét it v,. Piéu d6 d& dang dat duge néu ting dan cong sudt phin xa W tif bia. Ma ion
dude ti€n hanh lién tuc cho d&n khi mang Cu ¢6 do day cd 100nm, sau d6 s& chuyén sang
giai doan 2:phiin xa. Mudn vdy chi cdn gidm th& dich V<-100volt. Van t8c phii mang
trong trudng hop nay cd 60 A°/s. Vi dd bam dinh clia mang dugc xdc dinh bing nhiing
nguyén t trong mién ti€p gidp, nén né hoan toan khong bi dnh hudng khi ding qui trinh
phin xa ti€p theo nay.
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Hinh 3. e - Mang dugc tao bang Magnetron cdn bang.
x - Mang dugc tao bing Magnetron khéng cén bang.

Hinh 3 trinh bay duding cong phu thudc ciia dd bdm dinh P cia mang Cu trén dé Al
theo mét dé dong phéng dién &n J, vdi thdi gian phéng dién t = 6 phiit, — ma ion :4 phit, —
phiin xa : 15 phit. Khi J, =5 mA/em? thi P = 34 +43 MPa, va d&€ Al bi tréc. Pidu d6 ¢c6
nghia riing, su phd vd lién két ciia pha (Cu-Al) khong x4y ra trén mit ti€p gidp cla ching,
ma chi xdy ra ngay bén trong ban than cdc lién k&t cia Al. :

Hinh 4 trinh bay dudng cong nhiét d6 d& T, theo thdi gian trong sudt ba giai doan:
X 1¥ bé mit d€ biing plasma phong dién (6 phuit) véi mat do dong J, = 5mA/cm’; ma ion
(4 phtit) va phin xa (15 phat).

Tit hinh 4 thdy riing, nhiét do T trong qud trinh ma ion khodng 300°C, va chi gidm
chit it (274°C) & cudi giai doan phdn xa. Nhiét d6 dé rit I6n hon nhiét do (gia nhiét) bt
dAu héa mém clia Al (125°C), ctia Cu (190°C) va nhiét do (lam ngudi) bit diu héa cing
do két tia CuAl, (175°C) 161 Pudng cong nhiét do T, trén ching to ring, phudng
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Hinh 4

phép phiin xa-ma ion k&t hop vdi phuong phap xit 1y bé mat bing plasma phdng dién hoan
toan c6 dit tinh chat 1am bi&n thé b& mit kim loai nhu phudng phdp ma ion - phéng dién
hd quang (arc — discharge ion plating) sau khi da x{ ly bé mit dé bing ngudn nhiét dot
néng 200°C, déng thisi bin pha d& bing ion Ar'*.

G day c6 van dé cin gidi thich : tai sao sy phd v3 lién két khong xay ra trén mat
ti€p gidp (Cu-Al) ma xdy ra bén trong Al.

Nhit di biét, d6 bén cd ciia Cu rit 16n hon ciia Al. Sau nhiét luyén, do bén cd tuy
giam manh (do hat tinh thé tang trong qud trinh tdi k&t tinh) nhung van con 16n hdn Al
nhiéu 1in 7. Nhu véy, véi phuong phdp SIP, d§ bén cd cla mién ti€p gidp (Cu-Al) 16n hon
Al

Tir 1y thuy&t héa bén hgp kim ta thiy, c6 hai hudng néng cao dd bén tinh thé : tao
c&u triic mang hoan chinh khong chia léch, va tao cau tric mang chita nhiéu sai 1éch,
nhidu y&u 8 can trd chuyén dong cia léch. Phudng phédp SIP da tao mién ti€p gidp (Cu-
Al) theo hudng thit hai, trong d6 it nhat cing ¢ hai hi¢u Ung x4y ra : hoa tan rin hitu han
gitta cap kim loai (Cu-Al) va thanh ldp pha mdi.

Th nhét, ting ndng do sai héng do cdc hat bin phd s& lam ting van toc khuéch tdn
tudng hd giita Cu va Al. P§ bam dinh, bén canh su phu thude vao cudng do lién két riéng
1&, s6 lién k&t trén m3i nguyén ti, con phy thudc tryc ti€p vao s nguyén ti d6 trong 16p
ti€p gidp.

Thit hai, thanh 14p pha mdi. T hinh 4 ta thay, tdng hgp mang trong trudng hdp nay
vdi nhiét do d€ T ~ 300°C. Khi mang ngudi, dd hoa tan rin cia Cu trong Al s& gidm, do
d6 s& thira Cu dé€ thanh lap cdc pha mdi CuAl, Al4Cug. pha nay la k&t qua cda su k&l tia,
ring mang s& héa bén. N&u s6 lugng pha thy hai di I6n va phan bd ddng déu trong mang
thi téc dung héa bén dit manh. Diu d6 da duge khing dinh bing phd nhiéu xa tia X.
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* Hinh 5. Phé nhiéu xa tia X

T hinh 5 ta thi'y, vdi miu khong xi 1y bé mit bing plasma phéng dién, khong thuc
hi¢n giai doan ma ion, chi ti€n hanh phin xa magnetron véi nhiét do d€ (tu dot néng) Ty =
130°C thi phd nhi€u xa chi xudt hién c4c vach Cu va Al (hinh 5A) va d6 bam dinh gitia
mang Cu v8i d€ Al rit kém. Mang Cu bi 16¢c. Nguge lai véi miu dugce thuc hién day di ca
ba qud trinh : phéng dién, ma ion va phiin xa véi cdc thong s6 dudc ghi chi d hinh 3, thi
phd nhiu xa da xuat hi€n thém cdc dinh CuAl,, AlsCuo. (hinh 5B), va d6 bam dinh gilia
mang Cu va d&€ Al dat dén gid tri cyc dai (xem hinh 3).

Cong trinh nay ciling da ti€n hanh thi nghi¢m vdi hé magnetron khong cin bing
khdc, véi cdc thong s tudng ty (chi khdc nhiét do d& trong giai doan phin xa 118
~300 + 350°C do th€ “ndi plasma” Vg trén d€ cla hé magnetron nay 16n hon) nhung phd
nhi€u xa tia X (hinh 5C) twong ty phd nhi€u xa trén hinh 5B — ¢6 dii cdc dinh Al, Cu,
CuAl,, Al4Cug, va dd bam dinh gitta mang Cu vdi d&€ Al vin dat dén gia tri 34 +43
MPa. Su thanh ldp pha méi CuAl,, AlyCug thyc chat 1a qué trinh gia két tda trén ving tiép
gidp (Cu-Al), nhung & day thay nhi¢t dg cao (515°C) ™ biing ning lugng bén phé ion trong
qud trinh phti mang,.

IV.KET LUAN

D€ nang cao d6 bam dinh ciia mang Cu trén d& Al qué trinh pht mang cén ti€n
hanh theo ba giai doan :
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1). Xit I§ bé mit d€ bing plasma phéng dién &n trong khi Ar v6i mat dé dong di 16n
(>5mA/cm?), dé€ khit 16p oxide Al,03 va cdc tap chit khéc.

2). Ma-ion bing thé€ dich 4m V4 dugc dp tif bén ngoai(~ -500volt) 1én dé& kim loai, dé
jon Ar va Cu c6 thé dam sdu vao bé mit, tao ving hdn hgp trén mién ti€p gidp (Cu-Al)
bing hda tan rdn giita chiing va thanh 1dp cdc pha mdi CuAl,, AlsCuo.

3). Phiin xa Cu ti€p theo vdi V4< -100 volt d€ mang vira di day, vira c6 ng suat

Thuc nghiém di ti€n hanh vdi hai hé magnetron khdc nhau, nhung két qua dat dugc
hoan toan giong nhau. Piéu dé ching td hai giai doan ddu cla qui trinh tao mang c6 vai
trd quy&t dinh vé& d6 bam dinh cda mang Cu trén d€ Al. :

Cong trinh nay dudc thyc hién trong khudn khd dé tai nghién cifu cd ban cdp nha
nudc thuéc ma so 4.3.6/98.

ENHANCEMENT OF ADHESION OF CU FILM ON THE AL SUBSTRATE BY
SPUTTER - ION - PLATING METHOD.(SIP)

Nguyen Huu Chi - Tran Thanh Giang - Ho Van Binh

ABSTRACT : In this paper we describe the effects of the pretreatment of substrate before the
deposition and the influences of the deposition conditions on the metal film properiies using a
magnetron sputtering apparatus. A glow — discharge is essential pretreament in order to
improve adhesion of ion — plated Cu film. This is caused by the formation of a mixing zone at
the interface between the film and the substrate.
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