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AB STR ACT 

The design of a small complex—type focussed magnetron with a long target，life 

used for excited multi—atoms beam film deposition in hard coatings is described
． The 

magnetron tunnel of the magnetron source was constructed by a planar unbalanced 

magnetic annulus，which comes from the extended CO—axia1 magnetron principle and 

inside cylindrical magnet tunne1．The use efficiency of inside circular cone sputtering 

target area is high up to 62％．The inside—inversion cone sputtering target has a long 

life and results in a higher deposition rate 35 nm／min for Ti at a 2．5 Pa Ar Dressure． 
A better focussing direction of ejecting atom beam has been achieved，and the arc 

power input is 300W  for Ti target． 

Keywords Magnetron sputtering source，Focussed atomic beam
，
Target life．Ti and 

pure graphite targets 

1 INTRoDUCTIoN 

In recent years magnetron sputtering has been developed from balanced magnetron 

sputtering to unbalanced magnetron sputtering．Four different magnet systems have been 

used for the study of basic physics on thin film growing and for the uses of metallurgical 

coatings，miscellaneous other coatings，and in ion mixing of refractory metals[1]
． 

In order to increase the use efficiency of sputtering target area with a long sputtering 

target—life and better direction of the ejected atoms compared with a small circular D1anar 

unbalanced magnetron sputtering sourcet 
． a new small complex—type magnetron has 

been developed and studied． 

2 CoNSTRUCTIoN oF FoCUSSED M AGNETRoN 

SPUTTERING SoURCE 

The CO—axial magnetron principle is extended in the planar annulus magnetic tunnel 

part of this source．The permanent magnets embedded in a mild steel annulus of 26mm 

inside diameter are combined as a planar annulus magnetic tunnel by 8 segments of 

magnets，the S pole—face of the magnets facing the centre of circular planar annulus[a]
， 

see Fig．1． 

The Project Supported by National Natural Science Foundation of China and Committee of Science 

and Technology of Sichuan Province 

M anuscript received date：1993 01 19；Revised manuscript received date：1993—04 25 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


No．2 Zheng Sixiao：A complex-type focussed magnetron for sputtering 117 

The loop magnetic field tunnel on the circular cone target surface is provided by the 

S pole—face of the magnetized mild steel embedded in the centre of the magnets and the 

N pole—face of the cylindrical annulus permanent magnets．The tunnel magnetic strength 

Oil the surface of the target is from 30 mT to 50 mT(3 mm away from the inversion cone 

target surface)． 
The cylindrical body of the focussing 

inagnetron source was made O±alum inium 

with a 64 mm diam eter． The sputtering 

target was combined with a planar circu— 

lar of 35mm diameter，3 min thickness，a 

cylinder of 35 m m outside diameter．2．5ram 

thick 3 mm length，and an inversion cone 

with an inclined angle of 45。and 10 innl 

in length．Sputtering target was pressed 

closely into the inside·-surface of the mag—- 

netron cave formed by the water—cooled 

aluminium body for good cooling． The 

alum inium cylinder also decreases the re— 

manant magnetic field strength to below 

1 2．5 mT on the unwanted glow discharge 

region in order to avoid the unnecessary 

contamination． 

Two copper pipes were used as the 

cooling returning，and also used as a lead— 

in electrode connected with the cathode 

target body． The magnetron sputtering 

source Was  mounted in two insulated lead— 

through electrodes by two water—-cooled cop—- 

per pipes． 

Tbe motion radius of the electron in 

Fig．1 Construction of the focussed 

com plex-type magnetron 

sputtering source 

1 Anode 2 Alunfinium body 3 M ild steel 

4 Ti target 5 Permanent magnet 

6 Copper water return pipe 

a spiral way 7’= ME／eB ．electric field 

strength E= 一v|D V is the cathode potentia1．The distance D between the cathode 

and anode Was selected to be small than D=2r，then D：2(M／2e) ／ ×(一 ) ／／B， 

it could eliminate the unnecessary glow discharge． For a cathode potential =一800V 

fapplied the initial arc potential of discharge for graphite target)，B=1 2．’5 mT we can 
get D ： 6．9 mm ．The 6 mm distance between cathode and anode Was selected． 

3 EXPERIM ENTAL RESULTS 

The small focussed magnetron beam was running in a large discharge current condi— 

tion from 200 m A to 700 mA，the applied anode potential Was from 215V to 240V，at a Ar 

pressure of 2．5 Pa for a Ti target．The discharge began at an anode potential Was  550V 

then the arc potential dropped down to 215V with a discharge current of 200 mA．The 
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discharge curreilt increased froliI 200mA to 700nlA with the increment of the arc power 

input from 215V up to 240V．and the arc power input increasing from 43W (200 mA at 

215V1 to 168W f700 mA at 240V)．the total power input increased from 58．5W (1．3A at 

45V1 to 295．5W (4．2A t 68V)．tlle arc power input was only 300W ． 

A Ti deposition fihn Oll a sh(、et of glass at 250V／500mA discharge condition formed a 

mirr0r iIl ten 1nilllltes．Tile deposition rate of Ti was 35 nm／min at a 2．5Pa Ar pressure． 
The area of the film was 28 nlul diameter．W ifich showed a better tbcussing direction 

of ejecting atom beams and supplied a long life of target,for this thick inversion cone 

target．The deposited rate was higher than the deposition rate of the small unbalanced 

magnetron sputtering source[引
． 

For pure graphite target at a 2．6 Pa Ar pressure discharge began at the anode 

Dotential of 800V，then the arc potential dropped down to 550V with are current of 

200 mA．W hile tile applied anode potential was raised from 550V to 640V，the discharge 

current WaS increased from 200 111A up to 700 n1A with the arc power input increased 

froIn 110W (200 mA at 550V)up to 448w (700 mA at 640V)，meanwhile the total power 

input was increased from 180W f1．5A at 120V)up to 652．5W(4．5A at 145V)．Because 
the heat conductance for graphite was not very good．it can not be running over 300 mA 

discharge condition，otherwise a ：一一oTaphite target body would be heated to red in 

several m iImtes．At a lower arc condition of 150 mA at 400V the deposition rate of pure 

graphite target was 1 2 nm／min．The sputtered graphite atoms transformed directly to a 
hard golden yellow insulated carbon film on a Si sheet substrate． 

The use efficiency of the inside circular cone target area was high up to 62 ． 

R EFER EN CES 

1 Window B．Harding S G L．J Vac Sci Techno1．1990；A8(3)：1277 

2 Zheng Sixiao．Journal of Sichuan University(in Chinese)，Natural Science Edition．1992：29(3)：580 

3 Zheng Sixiao．Journal of Sichuan University(in Chinese)，Natural Science Edition．1991：28(3)：398 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com



