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A differential mechanical profilometer for thickness measurement
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A low cost differential profilometer based on standard commercial displacement transducers is fully
described. Unlike most common profilometers this device can be used to measure the thickness
profile of samples having both surfaces irregular. A sensitivity of abouph2independent of the
sample thickness is achieved. 2004 American Institute of PhysicEDOIl: 10.1063/1.1821627

Common mechanical profilometry is not a good tech-
nique for thickness measurement unless one of the sample
surfaces is fairly flat and thus can act as a reference pline.
this is not the case, as usually happens with silicon ribbons
for solar applications, the measurement of a thickness profile
is virtually impossible to make. Alternative techniques, such
as interferometry, ellipsometry, or laser-ultrasound spectros-
copy, are best suited for thickness measurement of thin films,
and often require the use of expensive equiprfieht.

We describe a simple and low cost differential mechani-
cal profilometer with a resolution of about Quan that can
be used to overcome this difficulty. The system uses two
Sangamo NER/2.5 mm/STA displacement transducers with
a sensitivity close to 80 mV V¥ mm L. Both transducers are _ ,
fixed to a U-shaped aluminum support as shown in Fig. 1zilli6r]1“ri\bﬁ:g\rl1 ?Sf #};ﬁfgfﬂ;&%’g{zgﬁzdﬁgrgi?pssducers' A 250 thick
The magnitude of the force applied by transducer’s tips on '
the sample can simply be adjusted by locking both transduc: A
ers in the support, more or less closer to each other.

As shown in Fig. 2, the output signgl¥1 andX2) from
both transducers are electronically added and this sum is theX A
amplified. Variable resistoRg is adjusted to correct for dif- &
ferent sensitivities of the transducers so that the thicknes:
measurement is independent of the sample position relative
to the U-shaped support. Variable resisRyis used to set
the desired sensitivity of the system. For each position of the
sensors, the variable resistBy (a ten turn potentiometer
installed in the front panel of the upits used to adjust the
zero before inserting the sample between the tips.

The good linearity of the system can be seen in Fig. 3
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where we represent the measured thickness of different stan- FIG. 2. Signal conditioner schematics.
dards. In Fig. 4 we show that, after the adjustmenRgfs 1000
made, the thickness measurement is essentially independent R? =0.99997

of the sample position within a region of about 2 mm around
the center of the suppofpositionZ=0). The nonlinearity of
the transducers clearly shows up beyond that interval, when
the sample is forced into a position corresponding to
1 mm<|Z|<1.5 mm. If the sample is further pushed away
from the center, one of the sensors reaches its maximum
extension, corresponding to the vertical lines in the grdiph
should be noticed that conventional profilometer operation
can be achieved with our system by fixing one of tips
Finally, in Fig. 5, we compare our thickness measure-
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ment with a profile measured by a commercial profilometer 0 250 500 750 1000

Standard [um}
¥Electronic mail: jma@fc.ul.pt FIG. 3. Measured thickness of different standards.
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FIG. 4. Measured thickness dependence on the sample position. Position 0 T T 1001
z=0 corresponds to the center of the U-shaped support. 0 1 2 3

Position {mm ]

(DEKTAK 1A ') for a sample with one flat surface. The FIG. 5. Step profile comparison as measured with our systiatied ling
sample was moved using afY translation scanning system and with a commercial profilometgsolid line).

with a maximum resolution of 28 25 um?. The measured

step height is of the order of Am, corresponding to about

1072 of the sample thickness. From this figure we can estiexpected valué0.13 mm) considering the used tip@ mm
mate the system resolution in thickness measurement to Riameter tungsten carbide baland the step height. Of
about 0.2um, a limit imposed by the noise that can be seencoyrse this can be improved, if necessary, using different
in the flat regions of the sample. This value is close to thgjpg1°

limit of 0.15 um in measurement repeatability that can be

achieved with the transducers, as specified by the fabricant.j. w. wood and R. D. Redin, Rev. Sci. Instruiéd, 2405(1993.

Since this resolution is far beyond our needs, this point was’D. A. Walsh, G. U. Pukite, and J. R. Fenter, Rev. Sci. Instru, 932
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R. J. Dewhurst, L. Noui, and Q. Shan, Rev. Sci. Instri@t, 1736(1990.

resolution can still be improved simply by signal integration, 4K. Hirvi, T. Makela, J. Pekola, and M. Paalanen, Rev. Sci. Instrés.
for instance, by the introduction of a capacitor in parallel t0 57351994, ’ ’ '
the serieRs, Ry (with loss of response time °G. Jin, R. Jansson, and H. Arwin, Rev. Sci. Instrué, 2930(1996.

The lateral spatial resolution of the system can also bejA- Shiratori and M. Obara, Rev. Sci. Instrur69, 3741(1998.
estimated from this figure by comparing the fallifg ris- 8:- ggg&gﬁﬁ% iJe- Ahﬁgt'éf*gsgrg’cﬁgﬁ 2‘;252%%1999-
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Downloaded 03 Dec 2004 to 194.117.18.76. Redistribution subject to AIP license or copyright, see http://rsi.aip.org/rsi/copyright.jsp



