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The micro-sputtering apparatus, developed by the authers and based on the discharge sputtering
with Penning ionization gauge type electrode arrangement, can form a minuate thin film and can etch
locally a substrate with any arca in pm-to-mm square range. In a former apparatus of outer-magnet
type developed by the authors, a substrate must be sei in a vacuum chamber. Recently some new
applications required to make deposition or etching on an arbitrary position of a large substrate or
on a2 curved surfaces of fishes and shells.

In this study, an inner-magnet type apparatus is developed anew in response to such requests.
Design procedure of magnetic circuits is given. A newly designed apparatus is equipped with a
discharge space surrounded by a soft iron envelope so as to form a magnetic circuit of 64 mm in
outer diameter, 80 mm in inner diameter and 31 mm in height, in which an anode, target cathodes
and magnets are installed. With the apparatus, the deposition or etching beam is drawn out from
the discharge space through a hole of 8 mm diameter. When the hole is applied to a substrate zided
by a sealing material, a thin film can be formed on the subsirate or the substrate surface can be
etched locally.

The deposition rates of thin films on a glass substrate were 15 nm/min for Au and 22 nm/min for
Ag, while the etching rates were 65nm/min for a synthetic dismond and much greater for semi-
conducting materials, for example, 340 am/min for a Si wafer and 1000 nm/min for a GaAs wafer.
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Fig. 1 (a)Electrode arrangement of a micro-
sputtering apparatus, (b )Schematic diagram
of an inner-magnet type micro-sputtering ap-
paratus,

A anode, H: hole, $: substrate, mi,mz: per-
manent magnets, I insulator, Ci, Cs: cathodes,
D duet, B: magnetic field, W : vacuum cham-
ber, P vacuum seal,

Position (@ depcsition mode.

Position @ : etching mode.
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Fig. 2 Basic form of a magnetic circuit,
B magnetic flux density, S.: area of a magnet,
Do magnetic flux, Br: saturated magnetic flux
density in an iron sheet, Sr: cross sectional
area of an iron sheet, @r: saturated magnetic
flux in an iron sheet.
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Fig. 3(a) Magnetic circuit of an inner-magnet
type micro-sputiering apparatus.
mi, mz: permanent magnets, #: diameter of
magnet, ¢ : thickness of magnet, L : distance of
magnets, B: magnetic fleld, D, : outer diameter
of soft iron chamber, Di: inner diameter of
the chamber, A: height of the chamber, d:
thickness of chamber wall.
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Fig. 3(b) Magnetic flux in a magnetic circuit.
1 thickness of cicrular sheets, 4 : thickness of
chamber wall, 4: diameter of magnet, Ba:
magnetic flux density, Sa: area of magnet,
@, : magnetic flux, Br: saturated magnetic flux
density in iron, Sr: cross sectional area of
cylinder.

mERE £15% B1E (1994)

Line, ANSACKEEN % D, #i L) 0O
WHEE D Be ThH 5o W Sn OXARA ma 005
TOWHE Pu i3,

é

2 Eﬁz
D =B X Su= B 7:(5) mf?Bm (2

TH D, O Pu it Fig. 3 {(b) @53 UEERED
TR (B 4) KADRS, BEICEECEST
&7, ko7, BRSSO TEROES &1,

ﬁszm<ﬁﬁi13F (3}

PHEoNE,
S F T L OERE S HIVRT Oa 1, NEERAE
HWARICA S, COAEEREDHENEE S- .,

_ /D, 5 DA
soer2 +{2)

_w(DA=D4
B 4
RrERmMO A LRl AR d={D.—D)/2) i,
@B"(Mﬂ& (4)
4 4
THALGND,

ST, COMNESEEE L On i, 5K LHEEO
gk (EE ) mfiiidd, £ LTHEE m it b
&G CHEG my A5 IT IR, HUEZERIE AT B
7 ome RS, BOE m ORI AR 2r OALASRR
FTELH, MILOEES S. il Tz b hanh
B, LR A AR R IR B LB A
Lits.

2L, MERESHOETE S (a) ERE
dy #(3)7, (ONXEBLTIHCBETILT,
BRI 0. ORESLOHBEERESELT L
WTE D,

2.3 #®iEL-HEEHE ST ORBESORME

MHESAERA RFTUIE LI, ZO¥ A XF2EDEE
nThi,

A (Do)=84mm EE (m)=2mm

A% (D=60mm | BB (D=2mm

H

#mE (W=3%mm | AL (Z2r)=6mm
KAREGH, MEBE B.=0.2T ¢ NEOMAX R
(ERERER M) @A L, £ 4 XK
HiE (£)=55mm,
THh,
T, W GITARHRE, (234D
@%;()-_f*)zx 0.

$.=Tp,— 2
1

=4.7Tx107* [Wb]

— 5 —



B R — BI —

ThB,
wﬁ,Eﬁﬁ%@TEE%KOmfm(wﬁwﬁﬂ%
AT L,
m?tpr=7r><(55><10'3)><(2><10"3)><2.1
=7.8x107 [Wb]
LIS Bo CLTHRED MFRERE Br Ol & LT,
21T 2BiiD, NS0 TERTH,
Pn=4.7Tx107* [WB]<7. 31074 [Wh]
LD, (3 ROTRERO MR LT 5,
WEHCDOT, @it (4)RoENEHET2 &,

2__ . -2 _ Ry
r,,ru:)ﬂ4 Dif) o m{(64x10 )24 (603107},

=8.2x10"1 [Wh]
LB, Lo, RIFEET 4
Pn=4.7x10"* [WbI<8. 2% 104 [Wh]
Cwh, ()ROREZEBELTH 5,

oE. FEHTE, B B N NLO IR RER ©
RO L 2% BETH L, k- TLEHTS, TGS
éﬁﬁm(%ﬂmxﬁﬁﬁﬂtﬁééﬁien%o

COXIE, BHE m: POFELTOERIE 0, O3 &
AL, C OREH ORREE A FN TR w1053
L, &2, ﬁi{‘%”:‘”iqa‘imcE-iii‘f%#OJmi%ibf—“fiBﬁf,
B m: WR-TWEEDEEL LR,

TLT, TOBRRMEBICE S RMBITEREL, ADS
LA R A — & T L, CO#HE Fig, 4 103
To L, TERES 121 25 mm BN R IT
W LIRG 00T BETH -, Bl kT,
Z.5mm OFEHOE AT 0.0085 T Th-to, 1k,
HELEARRET 0.20T, 2245 15mm e fr

(1)

r0.0067
r0.0050

-0.0037

0.0132 5.0mn
0.0110
0.0093
0.0070
{n

Fig. 4 Distribution of measured magnetic
field strength in an inner-magnet type
micro-sputtering apparatus.
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Fig. 8 Deposition rates of gold and silver
filrn on a glass substrate.
(Anode voltage 2.5kV, discharge current
3. 2mA, Argon pressure 0. 1 Pa)

Fig. 6 Photographic view of the gold film
deposited surface of an oval cut ruby.
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Fig. 7 Etching rate of glass substrate surface.
(Anode voltage 2.5kV, discharge current 1.8
mA, Argon pressure 0, I Pa)
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Fig. 8{a) Photograph of spot-etching on
a synthetic diamond “Sumicrystal”.
(Anode voltage 2.5kV, discharge current
2, 1mA, etching time 20min, Argon pres-
sure 0.1 Pa)

Fig. 8(b) Recording chart of surface
prefiler for spot-etching on synthetic
diamond “Sumicrystal” surface.

Fig. 9 Photograph of spot-etching on a
silicon wafer.
(Anode voltage 2.5kV, discharge cur-
rent 2. 1mA, etching time 30sec, Argon
pressure 0.1Pa)
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