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Abstract— This paper is the study of the influence of
parameter of p-type diamond Hall sensors, which were
synthesized by HFCVD. In this study concentrate on influence

of thickness and impurity concentration of response sensitivity
to magnetic field. Boron was added in ethyl alcohol as the

reactant to obtain p-type diamond film at B,C ratio of 10,000
ppm. The synthesis durations of 6, 12 and 36 hours at the

substrate temperature of 750°C were selected to achieve the
required diamond film thicknesses of 50, 100 and 150 pm,
respectively. The synthetic diamond films were confirmed to be

diamond using Raman spectroscopy and the cross sections
were analyzed using SEM (Scanning Electron Microscopy).

Then, simple p-type diamond Hall sensors were fabricated
using four silver electrodes adhered on the diamond film. The

ohmic of the electrodes were confirmed by the measurement of
electrical properties of electrodes and magnetic field response
at three different diamond thicknesses. The response sensitivity

to magnetic field were 12, 9 and 6 pV/Gauss, respectively. When
the thickness of the p-type diamond Hall sensor increased, the
response sensitivity to magnetic field decreased. The thickness
50 pm were selected, Boron was added in ethyl alcohol as the
reactant to obtain p-type diamond film at B/C ratio of 15,000,
20,000 and 25,000 ppm. The response sensitivity to magnetic
field were 9, 7 and 5 pV/Gauss, respectively.

Index Terms— HFCVD, p-type Diamond, Hall Sensor

I. INTRODUCTION

owadays, the diamond had classified as semiconductor
because it can be applied in electronics. In addition,
diamond has greater properties than  other
semiconductors such as has a wide band gap of 5.5 eV,

which is 5 times more than the silicon. Moreover,
semiconductor that is made from diamond can be used in
high temperature conditions, which silicon semiconductor
cannot be applied.

Nevertheless, the cost to use the diamond semiconductor
is more expensive compared to silicon semiconductor.

Moreover, it is hard to use because of impurities in the
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crystal structure of the natural diamond itself, which cannot
be controlled, and difficulty to cut to usable shape.

The purpose of this research is to study the step of
diamond film synthesis by HFCVD method (1) to be applied
as a Hall sensor
Various test data is used to analyze the behavior of Hall
Effect and related phenomena, and calculate to find
parameters that can explain the type of carrier in
semiconductor such as carrier density and carrier mobility.

Il. METHODOLOGY

The diamond synthesis (2] by HFCVD method is a non-
complexity method because it simply applies the principle
of the disintegration of carbon atoms by using the thermal
energy from a tungsten solenoid chot filament). Hydrogen gas
is used to carry carbon atoms in the test tube. When that
carbon atoms reached on the heated substrate, the diamond
is formed. Factors influence the carbon atom reaction is the

hot filament temperature as it activates the carbon atom
disintegration, and the substrate temperature that affect the
crystal orientation of diamond on the substrate. The setting

of substrate preparation is shown in Fig. 1.
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Fig. 1. HFCVD synthesis method.

The Hall's phenomena test (31 can be evaluated by

measuring the parameter of semiconductor such as type of
majority carrier, density of carrier and mobility of carrier.

The density of carrier can be calculated from Eq. 1) and
mobility of carrier can be estimated from Eq. (3). Phenomena
of Lorentz force (41 and Hall testing in semiconductor is
shown in Fig. 2.
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ethyl alcohol (61 as the reactant to obtain p-type diamond
film at B/C ratio of 15,000, 20,000 and 25,000 ppm.

The Raman spectroscopy technique was applied to
confirm the diamond characteristic from peak position
obtained from Raman graph and interpret using information
in Table 1.

Fig. 2. Hall Effect and other phenomenon in p-type diamond
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Fig.3 Raman spectrum of p-type diamond films.
@ P-type diamond film synthesized by HFCVD for 6 hrs. at the substrate
temperature of 750 °C.
(b) P-type diamond film synthesized by HFCVD for 12 hrs. at the substrate
temperature of 750 °C.
(©) P-type diamond film synthesized by HFCVD for 36 hrs. at the substrate
temperature of 750 °C.

The cross section of all three diamond films were
analyzed using SEM. To investigate the synthesis duration
on the film thickness, it was found that at the synthesis
duration of 6, 12 and 36 h at the substrate temperature of
750 °C, the diamond film thicknesses of 50, 100 and 150
pum were achieved, respectively, as shown in Figure 4@), 4b)
and 4.

©)
Fig. 4 Cross section analysis of diamond film using SEM.
@ Diamond film thickness of 50 pm.
(b) Diamond film thickness of 100 um.
(c) Diamond film thickness of 150 um.
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The electrical properties of the diamond films at the
thickness of 50, 100 and 150 um were examined. According

to the relationship between current and voltage as shown in
Figure 5, all three relationships are linear. This indicates the

ohmic property of the electrodes. From the linear

relationship, resistance is equal to the inverse of the slope,
which are 21.36, 9.15 and 6.11 k[1, respectively.
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Fig. 5 Analysis results of the electrical properties of p-type diamond film.
@ Diamond film thickness of 50 pm.
(by Diamond film thickness of 100 um.
() Diamond film thickness of 150 pum.

Onward, the response sensitivity to the magnetic field was
analyzed at the diamond film thicknesses of 50, 100 and 150
p m as shown in Figure 7. The magnetic field response

sensitivity measured were 12, 9 and 6 puV,Gauss. From the

analysis, the hole density can be estimated, which were
2.49x10%, 1.48x10% and 1.13x10%cm?, respectively, and the

electrical mobility were 23.65, 45.96 and 60.35 cm? V/-sec,
respectively.
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Fig. 6 Analysis results of magnetic field response sensitivity of p-type
diamond Hall sensor.
@ Diamond film thickness of 50 pm.
(b) Diamond film thickness of 100 um.
(¢ Diamond film thickness of 150 um.

The thickness 50 um were selected, Boron was added in
ethyl alcohol as the reactant to obtain p-type diamond film at
B/C ratio of 15,000, 20,000 and 25,000 ppm respectively.
The synthesis durations of 6 hours the substrate temperature
of 750 °C. According to the relationship between current and

voltage as shown in Figure 7, all three relationships are
linear. This indicates the ohmic property of the electrodes.
From the linear relationship, resistance is equal to the
inverse of the slope, which are 9.15, 7.11 and 494 k[J,
respectively.
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Fig. 7 Analysis results of the electrical properties of p-type diamond film.
@ B/C 15,000 ppm by HFCVD at 6 hrs. Substrate Temperature 750 °C
(b) B/C 20,000 ppm by HFCVD at6 hrs. Substrate Temperature 750 °C
(© B/C 25,000 ppmby HFCVD at6 hrs. Substrate Temperature 750 °C

Further, the response sensitivity to the magnetic field
was analyzed at B/C ratio of 15,000, 20,000 and 25,000 ppm

respectively. The synthesis durations of 6 hours the substrate
temperature of 750 °C. The magnetic field response
sensitivity measured were 9, 7 and 5 pV,/Gauss as shown in
Figure 8. From the analysis, the hole density can be
estimated, which were 1.47x10%, 1.84x10% and 3.46x10%
respectively, and the electrical mobility were 46.30, 4829
and 36.60 cm?V-sec
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Fig. 8 Analysis results of magnetic field response sensitivity of p-type
diamond Hall sensor.
@ B/C 15,000 ppm by HFCVD at 6 hrs. Substrate Temperature 750 °C
(b) B/C 20,000 ppm by HFCVD at6 hrs. Substrate Temperature 750 °C
(© B/C 25,000 ppmby HFCVD at6 hrs. Substrate Temperature 750 °C
IV.CONCLUSION
The influence of parameter of p-type diamond Hall
sensors, which were synthesized by HFCVD is studied. The
diamond film thickness and impurity concentration affected
the magnetic field response sensitivity of Hall sensor. The
results can be conclude that the thickness of the p-type
diamond Hall sensor and impurity concentration increased,
the response sensitivity to magnetic field decreased.
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