Korean Chem. Eng. Res., Vol. 43, No. 4, August, 2005, pp. 531-536

U SZapEnp AlZiof ofst CoThZl CoZrNb Hiato] Alzt £

lsiehgt sty
402-751 A=A T+ §4E 253
(20051 32 162 A, 2005 62 142 )

Etch Characteristics of CoTb and CoZrNb Thin Films by High Density Plasma Etching
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Abstract — Inductively coupled plasma reactive ion etching of CoTb and CoZrNb magnetic materials with the pho-
toresist mask was performed using Cl,/Ar and C,F¢/Ar gas mixtures and characterized in terms of etch rate and etch pro-
file. As the concentrations of Cl, and C,F, gases increased, the etch rates of magnetic films decreased and the etch
slopes became slanted. The Cl,/Ar gas was more effective in obtaining fast etch rate and steep sidewall slope than the
C,F¢/Ar gas. As the coil rf power and dc bias increased, fast etch rate and steep etch slope were obtained but the rede-
position on the sidewall was observed. This is due to the increase of ion and radical densities in plasma with increasing
the coil rf power and the increase of incident ion energy to the substrate with increasing the dc bias voltage. By applying
high density reactive ion etching to magnetic tunnel junction stack containing various magnetic films and metal oxide,
steep etch slope and clean etch profile without redeposition were obtained.
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Fig. 1. Etch rates of CoTb and CoZrNb thin films as a function of (a)

Cl, concentration and (b) C,F, concentration.(Coil-rf power:
700 W, dc-bias voltage: 300 V, gas pressure: 5 mTorr).
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Table 1. Melting and boiling points of potential etch products of

magnetic materials

Melting points and boiling points of potential etch products

Melting point Boiling point Melting point Boiling point
Product © g)p (‘%)p Product (‘,é;) (‘,%:?
Co 1,495 2,927 Nb 2,477 4,744
CoCl, 740 1,049 NbCl, - -
Cok; 927 - NbCl, - -
CoF, 1,127 1,739 NbCly 204.7 254
Zr 1,855 4,409 NbF; - -
ZxCl, 437 331 NbF,  dec>350 -
ZrF, 932 912 NbF, 80 229
Tb 1,356 3,230
TbCl4 588
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Fig. 2. FESEM photographs of CoZrNb films etched by (a) Ar only,
(b) 20% CL,/Ar, (¢) 40% CL/Ar, (d) 60% Cl,/Ar, and (d) 20%
C,F6/Ar.
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Fig. 4. (a) Etch rates of CoTb and CoZrNb films and (b) FESEM
photographs of CoZrNDb films etched by varying coil-rf power.
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Fig. 5. (a) Etch rates of CoTb and CoZrNb films and (b) FESEM
photographs of CoZrNb films etched by varying dc bias volt-
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