2129 021 -1- SPUTTERI NG APPARATUS Background of the Invention: The present
invention retates to a sputtering apparatus. 5 More particularly, the
ﬁnvenLlon rel at.es to a magnetron type sputtering apparatus. Wth /fr®
»énhahcenment s* i n the performances of sem conductor 10 devices, P- tions
£have beconme shal | oner and patterns have becone finer. As electro ri.ng
materials suited thereto, it has becone necessary to adopt alqﬂlqgngngy
:materials (such as Al-Si and Al -Si-Cu) and high-nelting netal [

(such as Mpb, Wand Pt), which are difficutl-15 to be treated with
conventional vacuum evaporators. Sputtering apparatuses, which have .
heretofore been principally utilized for thin-filmICs, are difficult of
application to the formation of Lhe &le oges, ofm m conduct or devi ces on
account of such drawbacks that t XLTN ' eis low that rise in
the substrate tenperature is incurred and that device characteristics are
damaged. Since, however, the nmagnetron type sputtering nmethod which
exploits an ortgae hnalg@ttaaagﬂeénsléngld has been devel oped in recent
years, the aforenentioned.problens 25 have been solved, and it has cone

into practical use The present invention relates to a sPuttering apparatus.

5 More particularly, the invehtion_relates to a magnetron

type Sputtering apparatus,

- With enhancements in the performances of semlconductor
10 devices, P-N junctions have become shallower and patterns
have beceme finer. As electrode wiring materlals suited
thereto, it has .become necessary to adopt aluminum alloy
materials (such as Al-si and Al-Si-Gu)'and high-melting
metal materials (such as Mo, W and Pt), which are difficult
15 to be treated with eonventional vacuumgevaporaﬁors. Sputtering
apparatuses, which have heretofore been principally'
, utilized for thin-film ICs, are difficult of application
to the formation of the electrodes of semiconductor '
| devices on account of such drawbacks.that the deposition
zo'rate is low, that rise in the substrate temperature
| is incurred and that device characteristics are damaged.
Since, however, the magnetron type sputtering method
which exploits an orthogonal electromagnetic field has
been developed in recent years, the aforementioned problems

25 have been solved, and it has come into practical use



~-2- to introduce magnetron type sputtering apparatuses into the el ectrode
Wi ring steps of sem conductor devices. Magnetron type sputtering = . .
"apparatuses are classified into various sorts, dependi ng upon -t he = e
" arrangenents 5 of magnets and the shapes of targets. Al of theni howewet,
are bgsey on the principle that a plasma noving in conformity with the ™
Lor ent quation is confined into a local space in the vicinity of the
target by utilizing the orthogonal el ectromagnetic field. In particular,
el ectrons conduct 10 a cycloid mot#on on the target and collide agai nst gas
nol ecul es, with the result that a plasma of high density is generated.
Since the electrons are constrained by the nagnetic field, it is possible
to prevent the tenperature rise and the device damage due to the
bonbatdnimtrodud® hignevedertypd hspuiet extiang rapmarathiseds dmeot he :
di sadvant ages of the conventi-onal sputtering nethods. Varian Inc. in U S
manuf bize ue bectSpde twkrByg t 248 B3 25 senddagrduct agx idmvdicoesl.y used in the
world. The principles and operation of this apparatus are as stated 20
bel ow. As thé ¥ASHRYTAR BIPERAYEI§TE ARRATHAESS ar® Cddseddiedt o t he
apparatus after it _has been evacuated. -The argon is ionized, and a target
(fil n*'hﬁ? e‘ﬁ%&‘j“ﬁ S T @R & {9 iste Errx%‘?&emfé‘ﬁé:‘t ron, SSGUN is used

fos ToPigifiedd 4fie AHIURANL AFAKALT Wi 3 Tn ek nSwEWd! Or s
are based on the brinciple that a plasma moving in conforﬁity
with the Lorentz equation is confined into a local space Qb
in the vicinity of the target by utilizing the Qrthogonal'
eleétromagnetic field. In parfidular, électrons conduct

10 a cycloid mdtion_on the térget and collide against gés
molecules, with the result that a plasma of ﬁigh density
is geﬁe;éﬁéd. Sihce_th? electrons are-cpnstraiped by
the magnetic field, it is possible to prevent fhe-temperature
rise and the device damage ~ due to the Bombardment of

15 the wafer with the electrons, which are the disadvgntagés
of the conventional sputtering methcds.

Varian Inc. in U. S. manufactures "Spu}ter.System
3125H", which is extensively used in the wérld.' The
principles and operation of tHis apparatus are as stated

20 below. - | )

Aé the prinéiple df.sputtering, afgcn'gas is introduced
into the appératus after it has been evaéuated. -The argon
is ionized, and a target (film material) is sﬁruck out by
the ions. A ring maénetron, S-GUN is used for ionizing

25 the argon and aécelerating the ions. The S-GUN forms



-3- a. pl asma di scharge in the shape of a doughnut. The plasma giScharge is

established By an electric field and a magnetic field. Argon lldeul es are

Jipnized and the-target is bonbarded with the ions by t he pl as

dlsqha;ge Since the plasma is forned in the doughnut shape just on the

target nost - of  the secondary electrons are confined within the plasma. The
main part of the system conprises the S-GUN which is incorporated in a

chanber and a substrate jig and 10 rotat+Xg nechanismwhich is
planetary". Further constituents are a liquid nitrogen cold trap, a

di ffusion punp, an ion gauge, a main valve, a variable orifice (for

regul ating the argon gas) and a substrate heater. First, a substrate is set
on a planet. Up to three 15 planets can be put _in the chanber. A door is
shut, and prefi R-ASR$ @%ﬁ%%m%nlm sthe Fhare i 1B éi%%-carfhﬁunp

Sub tly, t tarted t.h f .
TﬁeSS?EﬁQtsyrgiaﬁﬁae%f%%%@a%é’% J‘ssscssff‘%ﬁzﬁ@%emeﬁ‘ﬁ? T e A1aide Vnon o

degree of vacgﬂg1;0mé€% fff att -Hg%e%ﬁino CIN E@g&%ﬁehabﬁe heat er

in the chanbef I's tur eratur er ma

equ"'br'U”1'§hée€&P§9t f§:ﬁ%ﬁ%ﬁfﬁkd5%i¥HfﬂHé“%$néT@% heat bigsaad et ching
processes are optional. Thereafter, the argon gas is introduced. The argon
gas is contsai @gfcharge. Since the plasma is formed in the doughnut
shape just on the target, most of the seéondary electrons
U _ are confined within the plasma.
The main part of the system comprises the S-GUN which
. is incorporated in a chémber, and a substrate jig and
10 rotating mechaniém which is "planetary". Furfher-constituents
are a‘liquid nitrogen cold Erap, a dif;usion pump, an
ion gauge, a main valve, a variable orifice (for regulating
ithe‘argon gas) and a subétrate heater.
First, a substrate is set on a planet. Up to three
15‘planets can be put in the chamber. A door is shut, and
preliminary evacuation is started with a meéhanicai pump.
N\ ' Subsequ?ntly, main evacuatidn is started by the use of
the diffusion pump. The planets revolve round the S-GUN
while reﬁolving on their axes. When a degree of vacuun
20 in the order of lO_'6 Torr has been reached, the heater
in the chamber is turned "on" to attain a set temperature.
When thermal equilibrium is reached, RF etching is performed.
The heating and etching processes are optional.. Theréafter,
'the argon gas is introduced. The argon gas ié contained

25 up to the order of 1072 Torr, whereupon the sputtering



.25 up to the order of 10-3 Torr, whereupon the sputtering -4- starts.
- The distance fromthe S-GUN to the substrate is about 50 cm OmM hg t0 this
di stance, the influence of the secondary electrons is substantﬂally '?“’
“avoi ded..<5 I n addition, favorable unifornty and step coverage aré attapﬁed
by a go ngl e of |nC|dence at which the target nol ecul es- are deposited on
the subskfgte. Further, because the jig of the substrates revolves on its
axis and 3 so round the S-GUN, the uniformty and step coverage are 10
i nproved nore. Wien the deposition has ended; dry nitrogen is introduced to
restore the interior of the chanber to the atnDspherlc pressure. This
term nates one cycle of operation. The magnetron type sputtering apparatus
is constructed 15 as follows. In the vicinity of a target (cathode)
di spoged it .opposition to an anode, magnets (such as permanent magnets or
el ectromagnets) are disposed to forman electro- nmagnetic field near the
target. A [Thesdasitancenfroadths BhaUNatgethéysudbstrategid he cycloid notion
of electrons, 20 to render the sputtering rate high. Figure 1 shows the
appar about BepgmterOsysgehﬂBEESBrdmahenaetutbd byf Laencs Inc in U S An
annul ar. target 2 made of Al _

of the secondary electrons is substantially av01ded

5 In addition, favorable uniformity and step coverage

are attained by a good angle of incidence at which the

target molecules are deposited on the substrate. Further, ' W

because the jig of the substrates revolves on its axis and

also réund the S-GUﬁ, the uniformity and stép coverage are

10 improved more. '

When the deposition has énded; dry nitrogen is introduced
to restore the interior of the chamber to the atmospheric
pressure. This terminates one cycle of operation.

The magnetron typé sputtering apparatus is constructed

'15 as follows. In the vicinity of a target (cathode) disposed
in opposition to an anode, magnets (such as permanent
magnets or electromagnefs) are disposed to form an electro-
magnetic field near the target. A plasma is confined
on the target by utilizing the cycloid motion c¢f electrons,

20 to render the sputtering rate high. Figure 1 shows
the apparatus, "Sputter System 3125H" manufactured by
Varian Inc. in U. S. An annular target 2 made of Al
as shovm in Figure 2 is installed around an anode 1

which is centrally located. This target is supplied

25 with =500 - 600 V with respect to an applied voltage +24 V



as -shown in Figure 2 is installed around an anode 1 which is centrally

| ocated. . s-This target is supplied 25 with -500 - 600 V with respect to an
appl i &d voltage +24 V -5- of the anode 1, so as to act as a cat &)

; Per mglent, magnets or el ectromagnets 3 are di sposed around the targ SO
"as to forman orthogonal electromagnetic field on the target 2. On- :
. other hand, a shield 5 ring 4 which is grounded is interposed between the
magnets 3 and t he target 2. Thus, - in this=-8puttering apparatus, electrons

i emitted by a glow discharge arising between the anode 10 | and the target 2
" perform cycloid notion owing to the orthogonal el ectromagnetic field,
and a plasma generated by raising the density of collisions thereof is
confined on the target 2. In this way, Al atons generated (sputtered) by

. the collisionsfothposhddyel 15sd i 4o dde 48 askathgdenst the target 2 are
" rendered fast, so that enhancenent in the deposition rate of Al on a wafer
i (Substrate) aRdreahemtemzsmets dieslruotitomddrrien(3 gare lidspealedzedouhd this
" sputtering apparatus, the Al atons sputtered 20 fromthe target 2 are
deposited on the parget Acsost@WN Lok @re Qrttdwgonatl eleg trowagdethe
magnets 3 ar.ound_the
field on the target 2. On the other hand, a shield
5 ring 4 which is grounded is interposed between the magnets

3 and the target 2.

Thus, in thid sputtering apparatus, electrons
emitted by a glow.dfscharge arising between the anode
10 1 and the target 2 perform - cycloid motion owing
to the orthogonal electromagnetic field, and a plasma
generated by.raising the density of cbllisions_thereof
is coﬁfined on the target 2. 1In thie wey, Al atoms
generated.(sputtered) by the collisions of positive
15 ions in the plasma against the térget 2 are rendered
fan, s0O that enhancement in the deposition rate of
Al on a wafer (substrate) ahd enhencement in the purity
thereof can be_realized; _
In this sputtering apparatus, the Al atoms sputtered
20 f:om the target 2 are deposited on the wafer, not shown,
and are also scattered toward the magnets 3 around the
ﬁarget, tending to adhere thereto. The shield ring

-

L is therefore disposed between the target 2 and the

magnets 3 so as to nrevent the deposition of the Al

25 atoms on the magnets 3, Ccnversely, however, the Al



L

. target, tending to adhere thereto. The shield ring 4 is therefore disposed
between the target 2 and the magnets 3 so as to prevent the deposi ti on_gf
"the Al 25 atonms on the magnets 3. Conversely, however, the Al -, atomﬁg,_ﬁ-
deposit on the surface of the shield ring 4 and in-the mnute gaps bhegé@f.

When Al thus deposited becones large in quantity, it affects the
orthoggﬁgg el ectromagnetic field fornmed by the nmagnets 3. . Meanwhile, 5
t he or onal electronmagnetic field beconmes incapable of holding its '
initial state due to the deteriorLgtion of the pernmanent magnets attri buted
to secul ar changes. For such reasons, the cycloid notion stated above _
fluctuates, and an end part of the target 2 close to the outer periphery 10

ther eohtoaseacoslE SRULhE! slredbienos e LAl GNP larf adual Iy get s
roughened as the sputtering proceeds. |In particular, a marginal.lip 2a of

the taigethbasinutargepsutibereof. r oed ey tEL fnruedepoditteasur f ace.
Therefore, 15 electric field concentration is liable to arise at the
mar gi nBeceBes ohargedis pavast hte, phoraf far i drdthegomatlhi s regi on and t he
shield ring 4 which.is close thereto and which is held at the ground
pot ent PAPC tpRRASRekle| £Ee1d forned bl maanead® Seceleanyhile,t, the spark

20 gar i Ehe ’o?@ﬁoé’#n”&’i neqlécS tlJJ:('jcgjrx(la.e{]gnbeoi'i.:il.ci nfgl)e]:[da l%%_scopx)nleascgnfcra%gbtlge
of holding its initial state due to the deterioration
of the permanent magnets attributed to secular changes. W,
For such reasons, the éycloid motion stated above fluctuates,
and an end part of the-target 2’clbse to the outer periphery
10 thereof comes to be sputtered.
Then, the target end part gradually gets.roughened as
the sputtering proceeds. 1In particular, a marginél lip 2a
of the target.hés a'large number of rggged.parts formed
oi its surface. Therefore,
15 electric field concentration is liable to arise at the
‘marginal régiqn, and sparks are prone to appear between this
region and the shield ring.u which is close_theréto \§J
and which is held at the ground potential. When the
electric field concentration exceeds a limit, the sﬁark | ¢
20 arises, and buﬁping (éudden boilingl tékes place frsm the
target marginal region due to the impact of the spark. When
the bumped Al adheres to the wéferiSﬁfféce, Al bulges
(splatters) which can cause wiring short-circuits develop.
With the prior art, 'theref.ore, targets whose marginal regions

25 have becomg roughened must be exchanged somewhat early. The



target marginal region due to the inpact of the spark. Wen the bunped Al
adheres to the wafer surface, Al bulges (splatters) which can cause wring
short~circuits - develop. Wth the prior art, therefore, targets whose

nargqnal regi ons 25 have hecone roughened nust be exchanged so Ay early.
The - -7- short lifetime of the target leads to the problems ¢fi2tow
percentage yield of sem conductor devices and a high cost of th ar get .
According to a first aspect of the present_invention 5 there is provided a
sputtering apparatus having: a target form ng a cathode which has, prior to
sputt- ering, a target surface and a second surface at or adjacent the

i ph f h d f h d
the target %&E%eéaiiﬁtatbé?ﬁa CERE AR AE fe V'rec%m%n% tefie” BEcandoH |
surface pefpeg@g%ﬂh@& 8'? Csddl Jﬁﬂ)&é’! tdbd % d Angeh i‘ihkafig £ Bf
second surfac elng at an o use angle (neasured Wt R&

target) to thghgagggg §grface, an anode in opposition to the cathode; and
15 magnets and a shield ring spaced fromthe target with the shield

ring being adjacent hbeos@tadtsd fBDEst Aladt ME tthed piesend aapeatien the
present invention there is provided a sputtering process conpri sing:
S there is provided a sputtering apparatus having:
a target forming a cathode which has, prior to sputt-
ering, a target surface and a second surface at or adjacent
\v; the perlphery of the target, the second surface hav1ng an
edge in common with the target surface, and being uncurved
10 in directions in the seqond surface perpendicular to the
| edge.in common with the target surface, the second surface
being inclined at an obtuse adgle_(measured within the
target) to the target surface; |
an anode in opposition to the cathode; and
15 | magnets and a shield ring spaced from the target with
the shield ring being ad jacent the,second.surface.
Accordiné to a second aspect of the present invention
there is provided a sputtering process éomprising:
applying a voltage between a target forming a cathode
20 and an anode in opposition to the target, thereby to gen-
erate a glow discharge of free ions, the target having,
'prior_to sputtering, a target surface and a second surface
at or adjacent the periphery of the target, the second sur--
face having an edge in common with the target surface, and
25 being uncurved in directions_in the second surface perpen-
dicular to the edge in common with the'target surface, the

second surface being inclined at an obtuse angle (measured



applying a voltage between a target formng a cathode 20 and an anode in
opposition to the target, thereby to gen- erate a gl ow di scharge of {ree
ions, the target having, prior to sputtering, a target surface-and a seeend |,
surface at or adjacent the periphery of the target, the second sur- face.” - -
havi ng ge in common with the target surface, and 25 bei ng uncurved*™
directi .\g n the second surface perpen- dicular to the edge in conmon with
the target /surface, the second surfggce being inclined at an obtuse angle
(measur ed -7a- within the target) to the target surface; guiding the

free ions onto the target by neans. of a magnetic field applied by magnets,
thereby to generate free atons, the free atons travelling to a substrate; 5
wher ei nwitkir the atatget d to ntheéhatarmgat tdur fmwgnet s and the target, the

shield ring being spaced fromthe target "with the shield ring being

adj acent the sgebding fhacres e nteeithentarger by peapenpfdascharge

between margi pal _parts of the shield ring and the target. 10
Enbodin@ﬂ?%g5¥ct$1 *qnﬂﬁﬂ#iﬁgxﬁﬂlmQQﬂEQi! e do FEBELAER, TE§eway of -

SXAP S 1, E68 SEFE it AR K (1 GRAGS, L1 VLT Fraure 1

s a set VT ew er gun a part of a prior art
sputd ering app&fdfn AHLNRSis a shield ring between the magnets

and the target, Ehe shield ring being spaéed from the target
with the shield ring being adjacent the second surface of
the target, whereby to pfevent discharge between marginal
parts of the shield ring and the target.

10 Embodiments of the invention will now be described in
detail, by'way of example, with reference to the accompanf-'
ing dréwings, in which: ' o _ |

Figure 1 is a sectional view of a'sputter gun portion ‘
which is a part of a prior art sputtering apparatus and has

15 already been described; o

Figure 2 is a sectional view, partially broken away,
showing a target in the prior art apparatus and has already
been described;

Pigure 3 is a view of the whole set-up of a first

20 embodiment of a sputﬁering'apparatus according to the
present invention;

Figure 4 is a sectional view of a spdtter gun in the
apparatus of Figure 3;
| Figure 5 is a sectional view, partially broken away;'

25 shéwing a target in this apparatusf'and

Figure 6 is a aiagram of the typical sectional set-

up of another embodiment of a sputteting appafétus according



15 already been described; Figure 2 is a sectional view, partially broken
away, showing’a target in the prior -art apparatus and has al ready been
descri’bed; Figure 3 is a viewof the whole set-up of a first 20 enbodi nment
~of a ®uttering apparatus according to the present invention; Figure 4+s a
~sectional view of a sputter gun in the apparatus of Figure 3; Figuré-5
' sectional.view, partially broken away, 25 showing a target in this
apparatus; and Figure 6 is a diagram of tﬁ@'typical sectional -set-
. anot her enbodi ment of a sputtering apparatus according -8- to the

I present invention. Referring first to Figure 3, there is shown a general

i set-up view of a sputtering apparatus according to the present invention. A
| vacuum chanmber 22 thf BFeSenkedpr§nbiolpherical is placed on a chiller 11

- over a base 10.  The %g%%QE?EQOEi}Qg ¥8CH¥S&re §?_there is shown a general

 set-up view of a sputtering apparatus according to the
present invention. A vacuum chamber 12 which is nearly
5 spherical is placed on a chiller 11 over a base 10. The

interior of the vacuum



chanber 12 can be set at a condltlon of hlgh vacuum (about 10 7 Torr) by a
di ffusi on punp (not shown) disposed within the base 10 and a rotary: -
nechani cal punp 14 communicating thereto through a pipe 13. An argon gas L
- (Ar) source -5 100 is connected to. the chanber 12 through a tube 15,. £
7argon gas (Ar) can be introduced into the chanmber. In the flgure

. 3 é} 16, 17 and 18 indicate val ves, respectively. A plurality of (in

t hi s\&xanpl e, three) sputter 10 guns 19 are di sposed within the vacuum
chamber 12, and wafers 20 or other_gbjects to be processed are supported at
t he upper part of the chanber by a planetary nmechanism 21. In addition,
heaters 22 are arranged near the sputter guns 19. The planetary nechanlsm
21 is such that, at the peri phery 150f a rotary plate 23 which revol ves on
its ax pl yr I|t I e al Yn &P 4 nmounted so as to
revol véaﬂﬁgfhy?g eg® ie é%n {ﬁtﬁ/e %’/at(‘aﬁe'."té'1 %’(?ﬁgt[rugn supported on the
surfa eagh a o) qéyg ) & tive rotary.
pl at eggsgat géar ??@fgtﬁe% %n& %lilér)i%e& a resmrht t anetary
rotaryiphshetrd bLx&li o tand é%&?&fﬁ%éﬂkﬁéﬁ@éﬂ iy an, Idbmmt%ﬂlh-
revolves on its axis while revolving round the plate 23. As exaggeratedly

showntheré&tgutierdugh he sipé tE3. guin lordws gasli($o) idoursld el d base 26 which
is cantil evered 25in the chanber 12 by an arm 25, and over which a base
pl &t elQQ is connected to the chamber 12 through a tube 15,

so that argon gas (Ar) can be introduce@ into the chamber. :fw
In the figure, numerals 16, 17 and 18 indicate valves, NNQ.
respectively.- '
A plurality of (in this example, three) sputter
10 guns 19 are disposed within the vacuum chamber 12, and wafers

20 or other bbjects to be processed are supported at the upper

part of the chamber by a;.pianetary mechanism 21. 1In
addition, heaters 22 are arranged near the sputter guns 19.
The planetary mechanism 21 is-such that, at the periphery

15 of a rotary plate 23 which revolves on its axis, é plurality
of planetary rotary plates 24 are mounted so as to revolve i;;
on their axes. A pluraiity of the wafers 20 are supported
on the surface of each planetary rotary plate 24, whereupon
the respective rotary plates 23, 24 are rotated on their

20 axes. As a result, the planetary rotary plate
24 exhibits so-called planetary'motion in which it
revolves on its axis while revolving.round the vplate 23.

As exaggeratedly showm in Figure 4, the sputtef

gun 19 has a disc-like shield base 26 which is cantilevered

25in the chamber 12 by an arm ZS, and over which a base plate 27



-10- is supported in an insulated manner. An anode 28 penetrates the shield
base 26 and base plate 27 in a central position and is insulated therefrom
An anode disc 29 is secured te the upper end of the anode 28, and a-¢eoling
wat enpi pe 130 5 to the hollow | ower. part thereof. Electric connegtl’ Vi s
made so as to apply about +24 V to the anode 28. On the other han _
‘annul ar target 30 illustrated in detail in Figure 5 is disposed on the base
pl ate 27 surrounding the anode 28, and oggpets (for exanple, permanent
magnets) 32 10 are di sposed around the target by the use of a bracket 31.
The target 30 is nmade of a silicon material containing 2% of alum num (Al).
As shown in Figure 5, its sectional shape is that of a r

i.gh | ed
ériangle zro?bsgﬁ??Fﬁﬁ$?qrﬂPi%?ft?ﬁﬂ%?qﬁdtwa£n§Fep,A&nﬁ“?%ghggaggngﬁf§?%%_
I amet er 0 . 0, 5 an i qht. B_qf . 22. Th f.
Lar%et 30a adféﬁeﬁ?lgg‘; tjlhaesﬁ)éqapﬁf’gr a5t Fﬁ'«?t‘tearzz:?etrp,1111 at cgﬁgggéigg%é{]g%nd
t t . . ol : _
SurTecs Bob 1h0E L2 FRaRiddid Shba . | an" FhoRe B BT 200, NGe B0 Ll UG L O

the uncurved gHif@55e80n@bd SielanaeC 28,2 ad a0 coolihg Wataddpipenisehis
target 30 is made 1 nto a cathode by applying a voltage of -500 - 600 V

thereto thriough the heFEow! Bdwer bartha hwagadt.s Fleareisucbnhbatianpliaral ity
of magnets are circunferentially arrayed in each of two, upper and | ower
stages. They haden so 25 o tapponabaiteciddoVadoetthe anode 28. On the
other hand, an anhular target 30 illustrated in detail in
K*j Figure 5 is disposed on the base plate 27 surrounding the
anode 28, and magnets (for example, permanent magnets) 32
10 are disposed around the target by the,use.of a bracket 31.
The target 30 is made of a silicon material containing 2% of
aluminum (Al). As shown in Figure 5, its sectional shape is
that.of a right angled triangle whose oblique line is formed
with a step, and it has an outside diametef A of 131.0 mm
15 and a height B of 22.4 mm. That part of the target 30a
adjacent to the periphery of the target, at the outermost
and highest position is constructed so that it has a margin
having an uncurved surface 30b forming the "second surfaée“
of the invention. The width C of the uncurved surface 30b
20 js gset at C = 2.0 + 0.5 mm. In addition, this target 30 is
made into a cathode by applying a voltage of -500 - 600 V
thereto through the base plate 27. The magnets 32 are such
that a plurality of magnets are circumferentially arrayed in
each of two, upper and lower stages.. They form an

25 orthogonal electromaghetic



"-11- field on the target 30 (on the vicinity of the-inner slant sUrface),

along with an electric field established by the voltage of the target 30. A

. cooling water pipe 33 is connected in the bracket 31 which supports the5
: On the other hand, a shield wall 34 having an L-shaped sect poft -
on the outer periphery of the shield base 26 so"as to surrouf
32, and a sputter shield ring 35 is fixed to the inner edge of
10 wal | 34, facing dovkwar ds. Further, a shield ring 36 is

t he shi ¥+
unitarily mounted on the | ower surface of the sputter shield ring 35 so as

L&

to intervene between the target 30 and the nagnets 32. The shield ring 36, .
are -grounded through the shield wall 34 and the 15 shield base 26, and

etc.

t hus heblUdadnt bge gt Qrgsit pBd e(dh athé M inNg ho 8 hshealdammerconst ructi on
sputtering is performed as stated below. .First, the wafers 20 are set on

t he pkaaetasyrfiecéhni shong lyitinide ¢bectmigeticdl ofs ttdbd inshteat i al

t-o-be-sputtered 20 (in this exanple, Al containing 2 %of Si) is set on
each basthel woktage ahdbhettarget a3@. thequiina satar pipee operated to
bring_the interior of the vacuun1ch§£Per 12 to a-vqguqﬁlpressure of about
[err]B}O;g_cgkgggg%q in the bracket he

5 .

10

15

20

25

which supports
magnets 32.

On the other hand, a shield wall 34 having an L-shaped
section is mounted on the outer periphery of the shield
base 26 so as to surround the magnets 32, and a sputter
shield ring 35 is fixed to the inner edge of the shield
wall 34, facing downwards. Further, a shield
ring 36 is unitarily mounted on the lower surface of
the sputter'#hield ring 35 éo as to intervene between
the target 30 and the magnets 32. The shield ring 36,
etc. are grounded through the shield wallqu énd the

shield base 26, and thus held at the ground potential (0O V).

With the above construction, sputtering is pérformed
as stated bélow.
_First, the wafers 20 are set on the planetary mechanisﬁ
21, while the target 30 of the material to-be-sputtered
(in this example, Al containing 2 % of Si) is set on
each base plate 27. Under this state, the pump 14, etc.
are operated to bring the interibr'of the vacuum chamber

12 to a vacuum pressure of about 1077 Torr. Besides,

“the required voltages are applied to the anode 28 and

the target 30. When argon gas (Ar) is introduced into



the required voltages are applied to the anode 28 and 25 the target 30.
When argan gas (Ar) is introduced into -12- the chanber 12 to set the
intericor thereof at [err] Torr, a plasma is generated in each sputter gun
19, %Eg start t he sputtering. Nbre specifically, when the anode 28 has +24 \Y,
5 applied thereto and the target 30 has -500 - 600 V applied thereto
_gIOM/dlscharge ari ses therebetween. Then, electrons conduct a cyclo'd\\
notion an the target 30 under the acti orla@k t he ort hogonal el ectr of '
field based on the nagnets 32, and the plasnma generated by 10 rai &
density. of collisions thereof is confined on the target. Therefore, the
density at which Ar_ions in the plasma collide agai nst the tar get is al so

LEE&E?ZSdf or o SERBNAL ) L 00F 55%3%3 $1f ot e 3 aBun 19 10
20. The dopodi FIaRIR,Fe PeRgrnEed in ‘GROE %%“’*‘t#‘%ur. yc.e%’ ﬁ%ta%@ he

-sputtered atogpeadh ﬁ%%erﬂg g.only on the wafers, 20 but also on each shleld
ring 36 by being scattere laterally. Wen the intensity of the orthogonal

el ectromagnetic  More specifically, when the anode 28 has +24 V

5 'applied thereto and the target 30 has —500 - 600 V applied
thereto; a glow discharge arises therebetween. Then, |
Ke} electrons conduct a cycloid motion on the target 30
under the action of the orthogonal electromagnetic field
based on the magﬁets 32, and the plasma generated bg
10 raising the density of collisions thereof is eonfined
on the target. Therefore, the den51ty at which Ar*
ions 1n the plasma colllde agalnst the target is also
increased, and alumlnum (Al) atoms snuttered from the
target 30 are rendered fast. Accordlngly, the Al atoms
15 fly from the sputter gun 19 to the upper part in the
| chamber 12 and deposxt on the sunfaces of the wafers
RYAR - 20. The deposition rate is enhanced, and also the purity
is high. '
The sputtered atoms adhere, not only on the wafers,
20 but also on each shield ring 36 by being scattered 1aterally.
When the intensity of the orthogonal electromagnetic
field has been lowered.by such causes ee the adhesion
. of the aluminum (Al)'atome on the shield ring and changes
with time, the cycloid motion somewhat fluctuates, and

25 the argon ions (Ar') collide against the target 30 at the



field has been | owered by such causes as the adhesion of the al um num (Al)
atons on the shield ring and changes with time, the cycloid notion semewhat
fluctuates, and 25 the argon ions (Ar ) collide against the target 30 at ». ¢’

t he - or adjacent to its periphery to sputter it. The target 30, of-4
this ex e, however, has the part 30a formed into an uncurved surface
30b, s t even mhen the part 30a is roughened by sputtering, it is

al ways in a round shape 5 withodB- becon1ng acute. Accordingly,

electric field con- centration does not occur in the part 30a of the target
30, and a spark does not appear between the shield ring 36 and the target.
Thus,. the bunplng of al um num does not ari se, m num bul

(SPIatt%Ffa JWW€E?1?9ukﬁ§\3q41ﬁfgﬂﬁbﬁp qgﬁﬁ?ﬁfuﬁFs 3 en&?‘ﬁﬁbeS? on the

waf er su C a.r t 3 h -

even wH fhé?pﬁﬁ%meﬁé?ﬂﬁ%¥%)%§;ﬁ?aﬁg éﬁ pgg%nﬁ%gn%ﬁgﬂﬁﬁge?tﬁeg%EGIhelPgrget
can be gnﬁfq?ggg ¢ hgﬂgeqﬁp%_ t %Q%np ggsnkggepgkglgogngsreductlon of

t he co {tion o sem conduct or devices can be realized.

The feaé&l\;a] hendddy PiAdtarhian ! he SRUEIEYRT hedlie ihSal 2b68E, shigeperi od of
time for I ch the target can be consuned’is longer than in the prior art,
and SO i EEiet Gye dm i hugse .0f Howogdlingly,| @lectric field con-

centration does not occur in the part 30a of the ;arget 30,

and a spark does not appear between ﬁhe shield ring 36 and

the target. Thus, the bumping of aluminum does not arise,

and aluminumﬂbulgés (splétters), which cause wiring short-

l0circuits, do not appear on the wafer surface.

As a result, the target 30 can continue the sputter-
ing even when the part 30a has becoﬁe rough, so that the
lifetime of the target can be prolonged and enhancement of
the percentage yield and reduétion of.the cost in the fabri-

15 cation of semiconducto:_devices cén be realized. The reason
is that, even when the sputtering rate is raised, the period
of time for_which the target can be consumed is longer than
in the prior art, and so frequency of'exéhaﬁge of targets is
lower.

20 Needless ig say, when the dimensions of the outside
diaméter and height of the target differ, the width C of the
uncurved surface‘becomes somewhat different accordingly, and
when the target_Material ié any other than Al, the value.
becomes different. |

25 Figure 6 is a diagramlwhere the présent_invention is
aovplied to a plaﬁar type sputtering apparatus.. The appara-

tus has a base plate 40, a planaf target 41 which is



50 Needl ess to say, when the dinensions of the outside dianeter and
hei ght of the target differ, the width C of the uncurved surface |
sonewhat different accordingly, and when the target material i

ot her

thar_Al, the val ue becones different. 25 Figure 6 is af m wher e
t he present invention is applied to a planar type sputtering atus. The
appara- tus has a base plate 40, a planar target 41 which is - 14-

installed on the base plate 40, and an aikdde 42 which is arranged around
and over the target and in proximty thereto. Magnets 43, such as pernanent
magnets or el ectromagnets, are enbedded in the base plate 40 and form an

orthogonal 5 eI gggi?gggngtksp%?eé%%gat% €4 aragneé ééle&,%lds 4§h%mg'gs ;@ shield

ring 44. Accord e par‘at’us, ns "are uddd to

perform a Cycthakgnggé' QPoQRa dt&F&Pttﬁéttﬁ&’ zfé@"&zﬁ S0 r%?uﬁgttgeﬁﬂehgar jon

.anode 42 and et 41, er eupon arget is nbar

ions (Ar+) 'nManle€§rm3?05@§ths Speiithfierdd migHEts IS @13 trbndgheaksdaka
the figure, that part of the target adjacent to the periphery of the target

and pr.oxi mat eetnbefiedabndehdZbass plitam cGrmiffored ano orahwganaldncur ved
surface 4l1la (the "second surface" of the 15 invention). Thus, even when
that part o gﬁgctgpgeqnet1c field on the target 41. Also shown is a
shield ring 44.
According to this sputtering apparatus, electrons are
\*} caused to perform a cycloid motion on the target 41 by glow
discharge between the anode 42 and the target 41, whereupon
10 the target is bombarded with argon ions (Art) in a plasma so
as to sputter Al atoms. Also as illustrated in the figure,
that part of'the target adjacent to the periphery of the
target and proximate to the anode 42, is cut and chamfered
to form an uncurved surface 4la (the "second surface” of the
15 invention). .Thus, even when that part of the target
adjacent to the periphery has been roughened by the'sputt—
ering, electric field concentration_does not arise, and the
appearance.of sparks between it and the shield ring 44 is
prevented effectively to prevent bumping. As a result, the
20 lifetime of the target is prolonged, and enhancement in
percentage yiel& and reduction in cost can be achieved.
Thus with an apparatus according to the present
invention, even when the target is roughened by sputtering,
the occurrence of electric field concentration in that part

25 0f the target forming the second surface can be prevented,

and the appearance of sparks can be prevented, so that



adj acent to the periphery has been roughened by the sputt- ering, electric
field concentrati on does not arise, and the appearance of sparks between it -
and the _shield ring 44 is prevented effectively to prevent bunping., As. a: =
resulu/ e 20 lifetine of the target is prolonged, and enhancenent’ in %Jg
per cent yield and reduction in cost can be achieved. Thus with an

. appar atus/ according to the present invention, even when the target is
roughenéd by sputtering, the occurreh®® of electric field concentration in
that part 25of the target formng the second surface can be prevented, and
t he appearance of sparks can be prevented, so that bunmpi ng and the

attendant spl atter re prevented. Further advantages,are that.fhe lifetine
of the D% 12 e} l%} ?P S bt T s Y e Rﬁ&%@gﬁﬁﬁt'iﬁ Eﬁ%ﬁntage
yield ang; Sgggi éggg t;

Sputtering appa 5?32} aV|ngt%%peggsgtH%B?ﬁ?ﬁgeatgggﬁodeégh %&has prlor to

sputterihg, % ,geéncftl{ﬁaacc%rﬁﬁ‘i‘m%m‘é@z@'lﬁ Peri-aneagk gge%aghgcent the
perlphery of the target, the second surface

reduction in cost can be attained.



havi ng.an edge in common with the target surface and bei ng uncurved
‘directions ih the second surface perpendicular to the edge in ¢
the target surface, the second surface being inclined at an obt\u
(neaayrad within 10 the target) to the target surface; an anode Tn
oppositfon to the cathode; and magnets and a shield ring spaced fromthe
‘target with the shield ring being adjacgpt the second surface. 2. An
apparatus accpagiMsg to claim1l, wherein the target 15 is annular and has at
| east one inner surface inclined to the |ongitudinal axis of the target,
the at | eastlone inhespstténing bapparathes theavgatg:surface. 3. An
apparatus according to claim2, wherein the inner surface of the target has
first and second undutdeget nfeymbmg mrqathads wideht dasheprdngi tadi nal axi s
of the target, the- first and-second inner‘farts bei ng separated by an

uncurved st efPREFEr LRI 12 FHFESL IHGEAGe apd a segond,SurfpGe aEc8Fding to

laim?2 lal.m 3 in t f ' bt anti al |

er pendi ol APaSBeERE D58 IR SH Gr ety thRgsrcond sdregge

appar at us aCﬁQ&?bggaﬁoe fﬁmbdﬁréﬂfﬁﬂﬁ? %H%Pﬁ rgﬁQ?%ﬁk@aEQeaﬁﬁcﬂ ghgurface
n -17- .

is between the target surface a a cylindrical outer sur?ac of
the target. uncurved in directions in the second surface perpendicular

to the edge in common with the target surface, the second

surface being inclined at an obtuse angle (measured within

&”j 10 the target) to the target surface;
| an anode in opposition to the cathode; and magnets
and a shield ring spaced from the target with the shield
ring being adjacent the second surface.
2. An apparatus according to claim 1, wherein the target
. 15 is annular and has at least oﬁe inner surface inclined to
| the longitudinal axis of the target, the at least one inner
surface being the target surface.
3. An apparatus according to claim 2, wherein the inner
surface of the target has first and second uncurved inner
20 éarts inclined to the longitudinal axis of the target, the:
first and second inner parts being separated by an uncurved
step part of the inner surface. |
4. An apparatus according to claim 2 or claim 3, wherein
“the second surface is subtantially perpendicular to the
25 iongitudinal axis of the target. | |
S. An apparatus accoiding to any one of claims 2 to 4,

wherein the second surface is between the target surface and

AR L



. magnetic

6. An apparatus according to claim1l wherein the target is planar, the
target surface is one of the planar surfaces, and the second surface is

between the target surface and a 5 side surface of the target. 7. , AN T et
appar at us cording to any one of the preceding claims, wherein the nagngLé‘”
and the {shi] d ring extend around the target. 8. A sputtering apparatus
subst anty as herein 10 described with reference to and as illustrated

in Figs. o5 or Fig. 6 of the acconpanying draw ngs. 9. A sputtering
.process conprising: - appl yi ngld-vol tage between a target formng a

cat hode and,an anode in opposition to the target, thereby to 15 generate a
gl ow di scharge of free ions, the target having, prior to sputtering, a '
tar get & @ildadrdedla ovdesnguséaracefather tagpgatent the periphery of the

target, the second sur- face havi,ng an edge ip comop with the target
sur?acé‘and b@PhGPEﬁEﬁFﬁédaFﬁ°5ﬁﬁégtF8n§gghmtﬂew§%5%hﬂ EQﬁfgﬁﬁﬁﬁérgen- 20

di cular, to.the ed I n_commo ] th rg face he sgcond surface
bei g 1o BURRTL, Bt SAFS6 SHOFESEnedstRBaok ERF orReat A URAICaY ¢ he
target. f.ace; el freenl n t g gqﬁgg f a

a%LH’E itg’lcéd'sae%g ?e g%gg(réraegrllgt ?,ée?ﬁg'?e ye_t ggggﬁér%fap ?ee_ é;tprrs, t he
frees atQle lsharalde B¢ tReatawgstrate; wherein there is a shield ring

bet ween the magnets and the target, the shield ring being spaced fromthe
target 7. An apparatus according to any one of the preceding
claims, wherein the magnets and the shield ring extend
around the target.
8. A sputtering apparatus substantially as herein
10 describea with reference to and as illustrated in Figs. 3 to
5 or Fig. 6 of the éccompanying'drawings.
9. - A sputtering process comprising:
aﬁplying a volfage between a target forming a cathode
and an anode in opposition to the térget, thereby to |
15 generate a glow discharge of free ions, the target having,
pfior to sputtering, a.target surface and a second surface
at or adjacent the periphery of the target, the second sur-
face having an edge in common with the target surface_and
" being uncurved in directions in the second surface perpen-
20 dicular to the edge in common with the target surface, the
second surfaée being inclined at an obtuse angle (measured
within the targét) to the target surface;
guiding thé'free ions onto the target by means of a
magnetic field applied by magnets; thereby to generate free
25 atoms, the free atoms travelling to a substrate:;
wherein there is a shield ring between the magnets

and the target, the shield ring being spéced from the target

—
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?18-.With the shield ring being adjacent the second surface of the target,
whereby to prevent discharge between nmarginal parts of the shield ring and

{he target. 10 A sputtering process substantially as any one herei.
desgribed with reference.to Figs. '3 to 6 of the acconmpany- ing draméé%%%

-18-

with the shield ring being adjacent the second surface of

the target, whereby to prevent discharge between maréinal

parts of the shield ring'and the target.

10. A sputtering process substantially as any one herein
5 described with reference to Figs. 3 to 6 of the'accempany-

ing drawings.
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