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Abstract: Up to now, most studies about Pt-etching have been focused on physical sputtering
mechanism with Cl-based plasma, while only a limited results are available for etching characteristics with
fluorine-based plasma. In this study, etch characteristics of Pt thin film with Cl,/Ar and SF¢/Ar gas
chemistries have been studied with ECR plasma etching system. It is confirmed that SF¢/Ar plasma
chemistry could make volatile etch-products through the reaction with Pt thin film. Also the improvement
in etch rate, etch profile and surface roughness is obtained due to the formation of volatile platinum
fluoride compounds.
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2. Experimental
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Fig. 1, Etch rate of Pt film as a function of (a) Cl,/Ar and
(b) SFo/Ar plasma gas composition.
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Fig. 3. AFM scans of surface roughness of Pt thin films as
a function of (a) Cl/Ar and (b) SF¢/Ar plasma gas

composition.

pressure 5°| =H] & 2]z} A] 28 o) A= RF powerS
150 W o] 717F ol el 9] =8l 3 4z &35 SE3]
< 4 Ut
Fig. 29|~ OES (optical emission spectroscopy) +-21-2
E35}a] SFy/Ar 7k 2239l whE Arion} F radical®]
intensity ¥ 3}5 UEM AT}, SF, 7k27} 571gtel] ule}

F radical intensity= 5715t 2 Arion®] intensity= ‘&

a5y 71677106

74.92

Intensity (A.U.)

T T g T T

B0 78 76 74 72 70 68
Binding Energy (eV)

(a) before Pt etch

71.06

Intensity (A.U.)

T T T

80 78 76 74 72 70 68
Binding Energy (eV)

(b) etched with Cl/Ar gas
71.06

Intensity (A.U.)

T T

8o 78 76 74 72 70 68
Binding Energy (eV)
(c) etched with SF¢/Ar gas
Fig. 4. XPS spectrum of the Pt 4f peak : (a) before Pt etch,
(b) etched with Cl/Ar gas, (c) etched with SF¢/Ar
gas.
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Fig. 5. Mass analysis by SIMS for Pt surface etched with SF¢/Ar gas.

(a) Cly/Ar
Fig. 6. SEM micrographs of patterned Pt thin film with (a) C

nlo]Z2Ax} L #7145 2] A|8A 335 (2001)

HYOSED 15 BkY BBrm W1 S
(b) SF¢/Ar
l/Ar plasma, (b) SF¢/Ar plasma.



Pt #2] SF/Ar ClyAr Eat=v} 7kxgte] Frukgo 28 | 67

platinum chloride 7+ A4 € Ao g B},

SIMS mass analysis& F3}¢ Pt Bt=h3} SF, /Ar 7}
o] 518k 9h3-A o -5 ARSI T Fig. 59141 & 4
A%0l, PtFs, PF, PtF, 5] 3}3H&0] A== AL o
2 A2 ptateko] SF, gas} ¥HE-3le] PiF, 3}
e HETE AMLE ER1EY 99 ARz Ry
Pt ¥F=}e] SFq gasll o]t 31814 2|7k 7HeA & E91E
3L FESEM B4 58l SHY S A2l

Fig. 6& SFs/Ars} ClyAr 7} 2 2)2Hg) pt ubate] )
7} ZHY S Ve AT SFo/Ar 7142 2] 7HE pr g}
w2 RS A7 TS JER A Cl/Ar 7R 4
7} Pt tapered € 217} SHHAL-E YERNSITE SF,/
Ar®] 73-%-, #1244 platinum fluoride 31HE B AJol] )3
ARG Az} dio] dojzl o2 A7ZHE A, ClyAre)
tapered ¥ 2|2} - 42 1] 3243 platinum chloride
s}etEol vt S o At go e fulE Aos
B4k

4. Conclusion

Pt utete) 79 chlorine A€} 7kl 91 212 A7
7k o] o] oA 01} SF 7hAE o] 83 47t A7
FiA ez vjH) e et & AP A e SFe/Ar 7haE
=5t Pkt 2 zk Ao Cly/Ar 7h29k vl @ £-413}
AL, SFe/Ar 7k28 AHg-ale} A AR 7)9 A2HE, 2
2R AL 7HA A =S ol2i e AFAE T
Al 8 QA2 Cly/Ar 7127} Proh whg-slo] 1]3) 24
B & 7= W, SF/Ar 7k Peo} whg-dle] §
24 E4L e RO 2 o457 )32 XS} SIMS
mass analysis, FESEM& 53} E1& 4= QIich.

References

1. 8.0. Park, C.S. Hwang, H. Cho, C.S. Kang, H. Kang,

S. I. Lee and M.Y. Lee, “Fabrication and Electrical
Characterization of PYBST/Pt capacitors for Ultralarge-
Scale Integrated Dynamic Random Access Memory
Application”, Jpn. J. Appl. Phys., Part 1 35, 1548,
(1996).

2. T. Shibano, K. Nakamura, T. Takenaga and K. Ono,
“Platinum etching in Ar/Cl, plasmas with a photoresist
mask”, J. Vac. Sci. Technol. A 17, 799, (1999).

3. W. Pan, C.L. Thio and S.B. Desu, “Relative ion
etchng damage to the electrical properties of ferroelec-
tric thin films”, J. Mater. Res., 13, 362, (1998).

4. HW. Kim, B.S. Ju, B.Y. Nam, WJ. Yoo, CJ. Kang,
TH. Ahn, J.T. Moon and M.Y. Lee, “High Tempera-
ture platinum etching using Ti mask layer”, J. Vac. Sci.
Technol. A 17(4), (1999).

5. M. Chiang, F. Pan, H. Cheng, J. Liu, S. Chan and T.
Wei, “Dry etching of platinum films with TiN mask in
an Ar/O, helicon wave plasma”, J. Vac. Sci. Technol.
A 18(1), 181, (1999).

6. C.W. Chung and H.G. Song, “Study on Fence-free
Platinum Etching Using Chlorine-based Gases in In—
ductively Coupled Plasma”, J. Electrochem. Soc., Vol.
144, No. 11, 294, (1997).

7. T. Yunogami and T. Kumihashi, “Sub-Quarter-Micron
Pt Etching Technology Using Electron Beam Resist
with Round-Head”, Jpn. J. Appl. Phys., Vol.37, No.
12B, 6934, (1998).

8. J.H. Kim, S.I. Woo, B.Y. Nam and W.J. Yoo, “Aniso-
tropic Etching Charateristics of Platinum Electrode for
Ferroelectric Capacitor”, IEEE Transaction on Elec-
tron Devices, Vol. 46, No. 5, 1999

9. R.C. Weast, CRC Handbook of Chemistry and Phys-
ics, 64nd ed. (CRC Press, Boca Rotan, (1983).

10. A. Nefedov, S. Fanchenko, S. Sbitnev and M. Heyde,
K. Rademann, L. Bartholomaus, U. Roth and W.
Moritz, “Direct Observation of Platinum Etching dur-
ing the Fluorination of a Pt/LaFs/Si Structure”, Phys.
Stat. Sol. (a) 176, 943, (1999).

Microelectronics & Packaging Society Vol. 8, No. 3 (2001)



