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Abstract

Optical instruments (confocal or interference microscopes), atomic force microscopes
or automated stylus instruments can characterize an areal surface texture producing a
set of x-, y- and z-coordinates. From this set suitable software can extract a large
number of roughness parameters such as S,, Sq, S, and others. Depending on the pro-
perties of the optical or mechanical instruments (max. period limit or scan range,
sampling intervals, tip shape or focus dimensions and other probing characteristics
affecting the instrument transfer function) the resulting roughness parameters can
differ considerably. In contrast to the roughness characterization by 2D-profiles mate-
rial calibration measures for 3D-surface texture are only few available e.g. [1].

We have developed according to ISO/DIS 25178-70 [2] a set of roughness standards
prepared from silicon chips by a lapping process. The resulting roughness mainly
depends on the size of the used grains and is intended to be uniform and independent
on the direction at the surface. The size of the chips is 10 mm x 10 mm and the thick-
ness is ~525 pm. Standards with 5 different nominal values of S, have been devel-
oped: 50 nm, 100 nm, 250 nm, 500 nm, 1000 nm. Markers defining the measuring
fields are realized by scratched grooves. The poster contribution describes the surface
texture of these silicon chips by measured roughness parameters.

1 Manufacturing procedure and markers

Starting with a polished surface of an (100)-silicon wafer, a rough surface is produced
by lapping with aqueous or oily suspensions containing grains of SiC or diamond on
a plane support plate of glass or silicon. The rolling grains break off particles from
the silicon surface and produce pits which are randomly distributed. Consequently the

roughness should be uniform and independent of the direction at the surface (see, for
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example, SEM image in figure 1). The sizes of the used grains (1, 3 polycrystalline,
4.5, 12 and 23 pm) dominate the parameters of the resulting roughness.
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Figure 1: Left: SEM-micrograph of a lapped Si-surface (diamond, grain size 3 um).
Middle and right: sketch of two different marker systems based on horizontal (denot-
ed h;) and vertical (v;) scratched grooves. Middle: Ac = 0.8 mm (broken lines: 2x6

traces for the 2D profile measurement), right: Ac = 0.25 mm.

A pattern of markers consisting of perpendicular grooves ensures the definition of a
certain surface region as area of calibration. Depending on the L nesting index (cut
off Ac = 0.8 resp. 0.25 mm) the distance between the grooves is 7 x Ac. Two kinds of
marker systems are used to define measurement fields, figure 1 middle and right . The
orientation of the quadratic chip is marked by a bevel at one of the corners allowing
the assignment of the fields.

2 Characterization of the roughness

The measurements of roughness presented in this paper are performed with the
Olympus confocal microscope LEXT 4000, obj. 50x on the five fields (256x256 pm?,
1024x1024 pixels) inside the crossing points of the outer markerlines and in the
centre of the chip. For the roughness analysis a long pass filter of 80 um is applied.
Other confocal microscopes yielded similar results. Supplementing measurements are
made with the SIS Nanostation Il non-contact AFM at PTB. These results verified the
optically measured values. The roughness measured with stylus profilers (EN 1SO
3274, EN SO 4288 [3]) turned out to be smaller.
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The height parameters S, and S, are suited for a quantitative characterization of the
roughness. Figure 2 reveals a nearly linear dependence of S, and S, on the size of the
lapping grains used; the small roughness in the case of the 3 um grains results from
the polycrystalline structure (more edges). Based on the Sj-values, 5 roughness
standards (RnS) of different nominal roughness (in nm) can be defined: RnS 50, RnS
100, RnS 250, RnS 500, RnS 1000. On the chip the mean variation of S, is smaller
then 5 %. For small roughnesses the distribution of measured height values is much
wider than Gaussian (S, = 3) and dominated by valleys, and approaches a symmetric
distribution of Gaussian shape (S = 0) for larger roughnesses (figure 2 right).
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Figure 2: Left: the height parameters S, and S, depending on the size of the chosen
lapping grains. Right: the distribution parameters S,, and S changing with S,.

Functional related parameters: The areal material ratio curves show the linear
dependence of the charateristic parameters Sy, Sy and S, on S, (figure 3 left) with the
ratios Spi/Sy, Su/Sk remaining nearly constant (0.3 resp. 0.7). The material ratios Sy,
and Sy, have values in the near of 7.4 resp. 86 %. These results are indications of a

geometrical similarity of the surface topographies with different roughness.
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Figure 3: Dependence of the parameters Sy, Sy, Su (left) and Sy1, Swrz (right) on S,.
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Volume and spatial parameters: The pit volume V,, is several times larger than the
peak volume V,, in all cases, figure 4, left. With increasing S, the ratio V,,/Vy,
decreases from 6 to 3.4 (mean value: 4.7). The auto-correlation length S, represents
the typical lateral dimension of the elements of the surface topography and shows
clearly a dependence on the roughness, figure 4, right. The texture aspect ratio S, is
slightly diminishing from ~1 to 0.84 with increasing roughness indicating a good
isotropy. The sum Sy + Sy + Sy is used here as areal replacement for missing Rz.
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Figure 4: Both the volume parameters V,, and Vp, (left) as well as the lateral
parameter auto-correlation length S, and the core-peak-valley amplitude sum
Sk + Spi+ Suk (right) scale nearly proportionally with the average roughness S,.

3 Conclusions

- By means of lapping of silicon chips with grains of suitable size, a set of
roughness standards with S, between 50 nm and 1000 nm is produced.

- The standards represent homogeneous and isotropic areal roughness; amplitude as
well as lateral topography parameter values scale proportionally with the chosen
grain size.
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