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Abstract Grazing Angle Neutron Reflectometry, Optical and Mechanical Roughness Profilometry
techniques have been used to study the effects of the polishing operations on the surface of Borkron
Schott glass (special borosilicate glass for neutron optics applications) as the polishing tool pressure
P and the mean grain size of the polishing powder <I>.

The neutron reflectivity investigations have shown that there is formation of a layer at the
surface glass substrate. This layer is less dense than the bulk substrate and its thickness is around ;
60À.

The optical and mechanical profilometry measurements have shown that both roughness and
waviness decrease with P and <I>.

All the experimental results show a good correlation between the neutron refractive index, the
thickness and the roughness of the surface layer and the waviness of the glass surface with the two
mechanical polishing parameters.

The previous techniques have been completed by Secondary Ion Mass Spectroscopy and
Atomic Force Microscopy measurements.

I. Introduction

Surface microroughness is becoming more important in optical polishing for high power laser, X-
rays and neutron optics. Moreover, it is recognized that the roughness of the glass substrate
contributes significantly to the degradation of multilayers reflectivity. In order to improve the
performance of the neutron supermirror (multilayer neutron reflectors) [1], there has been increasing
interest in the characterization and the reduction of the substrate roughness and the chemical alteration
of the surface substrate.

It is also known that the physical and chemical changes at the surface of a glass sample caused
by polishing operations induce automatically the formation of a surface layer [2-3]. This surface layer
is characterized by a refractive undex and a thickness and also a roughness.

The purpose of this study was to gain insight into effects resulting at Borkron glass (Schott
borosilicate glass) surface from polishing operations. Especially, two aspects were studied: the
evolution of the characteristics of the superficial layer firstly in relation to the polishing tool pressure
P which was varied from 0.5 bar to 1.5 bar and secondly to the mean size of polishing powder $
which was varied from 0.30 urn to 1.04 |im.

For the geometrical defects, Optical Roughness Profilometry (O.R.P.), Mechanical Roughness
Profilomerry (M.R.P.) and Atomic Force Microscopy (A.F.M.) had been used while Secondary Ion
Mass Spectroscopy (S.I.M.S.) has been only used to obtain the chemical profile of the surface
glasses. The Grazing Angle Neutron Reflectometry (G.A.N.R.) informs about the two effects. One
can note that the major used techniques are non destructive.
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These tests have been intented to evaluate the possible connections existing between the surface
roughness and the waviness and also hydration capabilities with both the polishing tool pressure P
and the polishing powder granulometry O on the surface of Borkron glasses

2. General experimental procedures

2.1. Surface technique investigation

In the GANR technique, the wave nature of the neutron particle is considered. Neglecting the Jj
absorption effect, the optical neutron-matter interaction is described by a refractive index which is .'
related to the composition of the glass and defined as [4]:

nne - 1 - ^(Z^bi)/2ji (1)

where X is de Broglie associated neutron wavelength, ̂  is the number of scatterer atoms per unit
volume of species i, bj which characterizes the interaction is the coherent nuclear scattering length.

We measure the term 9VJs=(L^bJ) which is called the nuclear coherent scattering length density.
Currently, in this technique, the time of flight (T.O.F) is applied. The neutron reflectometer

DESIR (Léon Brillouin Laboratory, C.E.N.Saclay,France) was used. It was described in reference
[5]. The glancing angle wass kept constant (6Q=I.5°) and the neutron wavelength is varied from 3À
to 30Â. The specular neutron reflectivity will be plotted versus the normal neutron wave vector
component Q=2jrsin0oA..

For simulating the experimental neutron reflectivity curves, one has to consider an
homogeneous thin layer at the top of the bulk glass. From neutron optical point of view, this surface
layer is characterized by a refractive index nsj (or neutron scattering length density ^bsi) and a
thickness dsj which is deposited on the bulk substrate whose refractive index is ns (or a neutron
scattering length density 5^b5). The neutron reflectivity profile for this model structure may be
calculated exactly using the optical matrix method for the reflection of light polarized perpendicular to
the reflection plane [6]. In conclusion, two parameters were then deduced from the GANR
measurements: the neutron scattering length density 3£>sj of the surface layer and its thickness dsj.

In the ORP measurements, the surface profile is point by point displayed of the relative height
of the surface being examined.The vertical resolution wass of order of IA and the lateral resolution is
0.79 (irn. The tested profile length is 333 (J.m. Two geometrical parameters were deduced from these
measurements: the rms roughness OnJ1S and the Peak-to-Valley roughness op.y- They represent the
average root-mean-square deviation of the profile and the profile irregularity height respectively.

In the MRP measurements, the scanned length was 200|j.m, the scan speed was 2jim/s. The
vertical resolution is around 1 A, though the lateral resolution is in order of l|im. The parameters
deduced from the Tencor P-I measurements are the rms and Peak-to-Valley waviness of the surface
wrms 8^ WP-V and also rms and Peak-to-Valley roughnesses respectively. From the integrated
signal, the roughness and the waviness are separated using selectable cutoff filters.

Atomic force microscopy measurements were realized on a Nanoscope Atomic Force
Microscope n on Borkron glass samples. This last technique permits to perform nanometer profiles.
The AFM imagings were done at room temperature and atmospheric pressure.



2.2. Sample preparation

The mechanically polished Borkron glasses (200x90x15 mm^) which have been tested are comonly
used as substrates for neutron mirrors [7-9]. This type of glasses are of particular interest because
they contain boron atoms (=13% oxide in weight] having a strong absorption cross section. They
permit to reduce the background around the neutron guides and the spectrometers. They also play a
role of biological shielding. Their surface state depends strongly on the polishing method.

The Borkron substrates were prepared using a similar procedure. After grinding with free
abrasive (Silicium carbide, the mean grain diameter was O = 14nm), the Borkron samples were first
polished on a felt polisher during 2 hours with cerium oxide suspension. The initial pH value was r
around 6.5. After this first polishing operation, Borkron samples were cleaned by R.B.S. solution at
5O0C , H2Û at 250C and ethylic alcohol respectively. After this first approach, the samples were ;
superpolished with a polytron pad covering about 33% of a 30 shares perbunan sheet glued onto a ̂
flat tool. This polishing tool was continuously feed by a deionized water (pH= 6.5) containing 30% •
(in volume) of Cerium oxide in aqueous suspension. Its temperature was held around 3O0C during the
whole polishing operation. After the superpolishing, the Borkron samples were rinsed by ethylic
alcohol and conserved in a special paper for avoiding a new atmospheric alteration.

The Borkron mechanically polished glasses were performed in two series.At first, the polishing
pressure was varied and the grain size of the polishing powder is kept constant (<& = 0.75 p.m) for 3
samples (Table l).In the second case, we have proceeded inversely, the polishing pressure (P= 0.5
bars) was kept constant and the granulometry was varied for the 3 latter samples.

Table 1: Wyko profilometry, Tencor profilometry and neutron reflectivity experimental
parameters of Borkron glasses

Samples

Pression [bars]

Grain size [pm]

Thichness of surface

layer [A]

Neutron density 3Vb

of surface layer [10'6 A'2l

Optical Peak-to- Valley

roughness [A]

OpticaLrms roughness [Al

Mechanical Peak-to-Valley

roughness [A]

Mechanical rms roughness

[Al
Mechanical Peak-to- Valley

waveness [A]

Mechanical rms waviness

[A]

BK12

0.5

0.75

50

1.1

25.2

4.09

52

5.9

59

12.9

BK14

1.0

0.75

50

0.7

26.7

5.09

79

5.9

70

14.9

BK16

1.5

0.75

70

0.5

33.3

6.72

45

5.9

212

46

BK38

0.5

0.30

40

2.2

31.4

4.78

47

5.9

49

10.9

BKlS

0.5

0.75

63

2.8

29.1

5.17

48

5.9

90

16.9

BK30

0.5
1.04

85

3.0

45.9

8.84

87

6.9

102

23.8



3. Experimental results

GANR, ORP and MRP experimental results are summarized in tablet. According to this table, it
suggests that there is a correlation between the characteristics of the glass surface with the polishing
parameters P and O.

3.1. GANR data

Typical experimental GANR curves of polished Borkron samples are shown in figures 1 and 2 which f

represent a decimal logarithmic plot versus normal neutron wave vector component Q=2:rsin00A..
We discern two region: the total reflection plateau (Q<Qc=27tsin9oAc)

 an<* the Fresnel region -
(Q^Qc)- In this last region, the experimental reflectivity is always less than the theoretical one which
corresponds to the bulk substrate. We conclude the existence of antireflection surface layer whose
characteristics (^b5J and dsi) were deduced by simulation and are given in Tablel. One can note that
the Debye-Waller model is not sensitive in this Q range.

According to this table, the surface layer neutron scattering length density 5Vbsj is always less
than the bulk one in all the cases (the theoretical value of the neutron scattering length density of bulk
substrate was extrapolated from its chemical composition SVbbullr'4-2 10"° A-2). It appears s that
5VPS1 increases with the inverse of the polishing pressure at constant granulometry (<I>=0.75u,m) and

with the granulometry O at constant polishing tool pressure (P=0.5 bars). The reason for this will be
discussed later in connection with the chemical surface changes. Accurately, the variation of the
surface layer scattering length density ?vbsi is less important at variable granulometry. The ratio
(TVbsl/^bulk) varies between 12%-26% at varied pressure and 52%-72% at varied granulometry.

The surface layer thickness dsi does not vary significantly with the polishing pressure P. Its
average value is around 57À. In contrast, it varies proportionally to the granulometry O at fixed
pressure (P=0.5 bars)

3.2. ORP, MRP and AFM data

The ORP measurements indicate that the rms and the Peak-to-Valley ORP roughness increases
rapidly with the pressure P as well as with the grain size O. The ORP rms roughness varies from 4.8
A to 8.9 A (P=constant) against 4.1 À to 6.7 A (C>=constant). The Peak-to-Valley roughness varies
from 31.4 A to 45.9 A (P=constant) against 25.2 A to 33.3 A (O=constant).

The Tencor measurements are more sensitive to the waviness. Accurately, the table 1 shows
that the variation of the waviness is more pronounced at varied polishing pressure P than at varied
granulometry <ï>. The Peak-to-Valley waviness varies from 59À to 212 A at constant P and from 49 A
to 102 A at constant O.

The AFM scanning micrograph showed that the surface was porous; the average value of this
microporosity was found around 150 A. These tests have put also the existence of some cracks
caused during the polishing operations whose average depth is around 20 A.

3.3. SIMS data

A chemical profile measured by SIMS (fig 3) was realized. A gold conductive layer was deposited on
the Borkron glass surface in order to avoid the charging effects. The Secondary Ion Mass
Spectrometry result shows clearly the greater depletion of sodium at the surface and the depth
penetration of hydrogen. The figure also indicates little or no effects on the other oxides at the



surface. Depth scale was calibrated by measuring the crater depth. The depleted sodium region
appears to extend 400Â into the glass. However, the region where the variation of sodium
concentration is the steepest, corresponds to a thickness of 100 A.

4. Conclusion

From the present study, the following conclusions can be drawn:

[a] The Grazing Angle Neutron Reflectometry can be used to characterize accurately the glass
surface structure. It is extremely sensitive and non destructive surface investigation technique. The
minimum probed thickness is around 40 A.
[b] ^A lessTdense thin film was found at the surface of mechanically polished glasses. The altered
thickness at the surface have values falling within the range of previously determined for this type of
glasses by other technique.Its average thickness is 60 A for Borkron glass.
[c] The polished surface presents a depletion on alkaline ions. This effect creates a defect in electric
charges and induces an ionic exhange especially between the alkali ions (Na+, Ca^+) and H+ or/and
H3O

+.
[d] These results show that this hydration rate at the surface increases with both the polishing
pressure tool and the inverse of the grain size. This hydration phenomenon suggests to be more
enhanced by the polishing pressure than the powder grain size at least in this range of values of P and
O.The low neutron scattering length density of the surface layer is possibly evidence for hydronium
ions HjO+ rather than protons ions H+.
[e] The weak values of the surface layer neutron scattering length density suggest that the surface is
porous, results confirmed by AFM measurements.
ffl The surface roughness is mainly influenced by the granulometry of the polishing powder. The
results show that the mechanical polishing of Borkron substrate at an optimal weak value of
granulometry (O=0.3um) and weak tool pressure (P=0.5 bars) allow to obtain a best surface quality
(weak altered thickness of 50 A, rms. roughness of 5 À and a waviness of 59À.
[g] There is an equivalence between the peak-to-Valley measured by both ORP and MRP and the
thickness d$l of the surface layer measured by GANR. It was found that the surface layer thickness
is approximately 2 times higher than the Peak-to-Valley measured by ORP and in order of the Peak-
to-Valley roughness determined by MRP. This is due to the different resolution of the two
techniques.

The results show that the structure (altered thickness, hydration effect, roughness and
waviness) of the glass surface particularly for Borkron glass is correlated to the mechanical polishing
parameters: the polishing tool pressure and the polishing powder grain size. Finally, the optimal
polishing parameters deduced from the present work are P=0.5bars and*= O.SOjim.
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6. Figure captions

Fig 1. Neutron reflectivity profiles of Borkron glass samples (Logarithmic scale) versus normal
neutron wave vector component Q=2nsin60A. at constant granulometry (O = 0.75 (im) and vario'us-
polishing tool pressure P.The models used to simulate the reflectivity profiles are shown in the insert./
Fig 2. Neutron reflectivity profile of Borkron glass samples (Logarithmic scale) versus normal
neutron wave vector component Q = 2jrsin00A.at constant polishing tool pressure (P=0.5 bars) and"
various granulometry O.The models used to simulate the reflectivity profiles are shown in the insert.
Fig 3, Secondary ion mass sprectrometry depth profiles of Borkron glass sample (BK 12). Note
the signifcant depletion of Na at the surface and the improvement on H.
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