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Abstract—The deposition and optical recording characteristics of Bi thin film were investigated using the
DC/RF magnetron sputtering unit and the semiconductor laser. It was found that the deposited film thickness
increased with increasing power density, sputtering time, argon gas flow rate and decreasing distance between
the polycarbonate substrate and Bi target. Before the laser marking, the reflectance of 47% was obtained
for the film thickness ranging from 1000 to 3500 Y Also, in comparison with the standard pit length defined
by the Red Book, it was shown that the measured pit length was somewhat small.
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Fig. 1. Schematic diagram of sputtering process.
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Table 1. Sputtering conditions

Substrate Polycarbonate ¢ 120 mmx1.2
mmt

Discharge condition DC 2 Diode, 60-300 W

Ar pressure 3-8 mTorr

Background pressure <1X107¢ Torr

Ar gas flow rate 25-65 cc/min

Substrate rotation 50 rpm

Target to substrate 3.5-7.5 cm
distance

Target Bi ¢ 4"X1/4" t

Deposition rate 10-30 A/sec

Film thickness 500-3500 &

Pre-sputtering time 20-60 min

Substrate condition Room temperature, No bias

t}7} IR lamp2 A2g o PC 7195} @4 A3}
s}, Turbomolecular pump& AHg-3}e] 2F 30 1078
Torrdl 8] 2338 =41% b whgrl2al o2 7}
28 Z9lald ¢l ATEE 107 Torrdl 2 #3135tz
AFE Ao plasmad §7)X7 AeellA] AGAPL
Fasigich & QoA A2 7] St i sput-
tering ZHE-L Table 1o v}ebfigic)
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Taylor-Hobson Co.8] Tz 54 (Al# % 95%)& AH&
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gtelo] 65mle] UV-resine 2 H3uhg A3 3lg]ch
B39 AyF 23 2kWe UVAS AAA 152
A A3A]7] &, spin-coaterel] A 2417t A= WP A]HA
333 A=A3AG

7124 dhabe-¢ ZA37) $sled CD-players} DS-
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Oscilloscope mode*+2] sweep time(#AH2] ¢]FA17h)

-4 500 ms, input channel voltage sensitivityZ 0.5 VE
AAste] F a3 71EA S FAstgc) o]
o Z2AE 71E- vabE 287} volt 2ejelE R of
2HAE % GHE #AsHACh

3-3. 71% 9 =M &3

CD-player, D-20 Digital Master Recorder, CD-enco-
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F-33ste] B AE0A 715-& AASY 71EF
Oscilloscope® 373}le] eye patterng ZA}sle]en,
OlympusAte] #&&v]7d5} Hitachirle] SEM 2 pit
HAe FFsdc. £ 72 pit] IV EES} 7=
pite] EFA 7o 3 A 7HEAFe] 2 A4l jittergk& Os-
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EAS A £ dFdAe 718 JHEEE
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uluke) AubEA-S Fig 20 £A|8lg ) Fig 2& sput-
tering A17ke] Z7Fg ol we} 7] el AutEe 7] S
A7 QYA FtEe JEgE Bl Wi A
#xE 10459¢ & 4 ALt
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/ming® A A7), sputtering A|7H& 902E 1A
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Fig. 2. Film thickness vs. sputtering time.
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Fig. 3. Deposition rate vs. distance between substrate and
target.
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2E% 7137} AR sputtering yieldE Fol= At
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inggl 7% Ar 43¢l ¥& o film morphologye} W
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Fig. 4. Deposition rate vs. argon gas flow rate.
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Fig. 5. Deposition rate vs. power density.
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Fig. 6. Schematic diagram of ring target.
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Fig. 7. Comparison between calculated and measured film
thickness profiles.
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Fig. 8. Thickness profile of ultra-violet protection layer.
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Fig. 11. Optical microscope pictures at Bi film of (a) 3000 A thickness and (b) 700 A thickness.

(a)

Fig. 12. SEM npictures of the written pits at (a) 2X10~¢ Torr background pressure and (b) 1X 1075 Torr background
pressure.
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Fig. 13. Eye pattern of the readout signals (a) and analog signals (b).

Table 2. Length distribution of readout signals

. Standard pit Bi thin Dye-polymer
Pit . .
size length film thin film

(um) (um) (pm)
3T 0.902 0.846 0.899
4T 1.203 1.193 1.165
5T 1.504 1.502 1515
6T 1.805 1.799 1.806
7T 2.106 2.075 2102
8T 2.406 2.398 2415
9T 2707 2.716 2.715
10T 3.008 2983 3014
11T 3.309 3.259 3.305
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d  :deposition thickness on the substrate [A]

dy :deposition thickness from the substrate center
(A

K :constant correlated with total mass of sputtered
target

h :distance from the target center to the substrate
center [mm]

L4 :analog signal length of recording pit [um]

l
S

10.

11

12.

13.

14.

15.

16.

: distance from the substrate center [mm]
: erosion radius of target [mm]
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