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An Optimization of Tungsten Plug Chemical Mechanical Polishing (CMP)
using the Different Sets of Slurry and Pad
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Abstract

We have been optimized tungsten(W) plug CMP(chemical mechanical polishing) characteristics using
two different kinds of component of slurry and two different kinds of pad which have different
hardness. The comparison of oxide film roughness on around W plug after polishing has been carried
out. And W plug recess for consumable sets and dishing effect at dense area according to the rate of
over-polishing has been investigated. Also, the analysis of residue on surface after cleaning have been
performed. As a experimental result, we have concluded that the consumable set of slurry A and hard
pad was good for W plug CMP process. After decreasing the rate of chemical reaction of silica slurry
and adding two step buffering we could reduce the expanding of W plug void, however we are still
recognizing to need a more development for those kinds of CMP consumables.
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Table 1. Polishing selectivity of tungsten o BPSG
film
Test 1} Test 2 | Test 3| Average

a) Slurry A +
(@ v 37 :1|140:1]40:1| 39 -1
Hard pad
(b) Slurry A +

: v 25 :1|123:1(|22:1| 23:1
Soft pad

c) Slurry B +
(© v 19:1|21:1(20: 1] 20:1
Hard pad

d) Slurry B +
@ v 12:1]18:1[19:1} 16 : 1
Soft pad

E 2. CMP 33 % BPSG oM
Table 2. Surface roughness on BPSG after .CMP

process.

20 AH7)

Consumable Z range | RMS Area
(A) (A)
a) Slurry A +
(a) v 17.7 2.8
Hard pad
b} Slurry A +
(®) v 127 1.9
Soft pad ' 10pm X 10
Slurry B + m
(c) Slurry 826 8.6 “
Hard pad
d) Slu B +
(d) Sturry 64.5 5.9
Soft pad
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Table 3. Components of slurry A and slurry B.

Component | Slurry A [ppm] | Slurry B [ppm]
Ca 0.044 3.80
cr 0.15 < 0.10
Co < 0.025 0.17
Cu < 0.025 0.27
Mg 0.46 3.33
Ni 0.14 0.10
Na < 0.25 2.20

Fig. 1. Surface Roughness on around
Tungsten Plug
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Fig. 2. Comparison of W-plug recess vs

over polishing rate.
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Fig. 3. Dishing depth vs. over polishing

rate on dense plug area.
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Fig. 4. Cross sectional SEM view of

tungsten plug.
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Digital Instruments Nanoscope

Scan size 5,000 yu
Scan rate 0.5549 Hz
Humber of sanples 812

Ivage Data Height
Data scale 100.00 nw

X 1,000 pw/div
L 2 100,000 nw/div

istep normal polishing edge
wistepe.000

(a)

Digital Instrusents Nanoscope

Scan size 5,000 pu
Scan rate 0,5549 Hz
Hunber of sawples 512
Inage Data Height

Data scale 100.00 nn

X 1,000 pu/div

- 2 100,000 nn/div
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(a) &22 A
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Fig. 6. SEM comparison of tungsten plug after

adding additive to slurry A.

(a) slurry A only

(b) slurry A + additive to reduce W void
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Fig. 5. AFM comparison of tungsten plug after
two step polishing. (a) 1st step (b) 2nd step
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Fig. 7. in-line SEM view of alumina residue after
tungsten plug CMP process.
(a) slurry A (b) slurry B
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