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Abstract
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been demonstrated. Devices are based on a design of a vertical Hall

ic sensitivities in the x-, y- and z-directions and small cross sensitivity has

using the sur ding trench and sy ic design to

the cross sensitivity. The fabrication process is simple and can be used as a part of a standard integrated circuit process. The results show that
almost equal sensitivities in all three components of magnetic field can be obtained by coating Ni/Co thin films on the backside of the

substrates. The cross sensitivity is only 1.3% of the sensitivity.

Keywords: M i ; Silicon; S;

1. Introduction

Development of fully integrated magnetic-field transduc-
ers which are able to measure simultaneously more than two
components of the magnetic field B has attracted much atten-

tion. Possible applications of such three-d I (3-D)

T

g gnetic vector
measurement of the earth’s magnetic field for navigational or
geological purposes, proximity switches and contactless

position ders, etc. [1-3]. R ly, 3-D mag-
netic-field d were designed employing various
structural confi ions [1-13]. H , these 3-D mag-

netic-field transducers either utilize a more complex structure
[1,3,6] or exhibit an unsymmetric sensitivity [ 1-6]. Almost
all published papers focus on improvements in sensitivity,
resolution and device structure, etc. In this work, our focus
is on the improvement of the sensitivity symmetry and sim-
plifying the structure. The device structure shown in this
paper is simple and similar to the structure proposed by Par-
anjape et al. 8], but with some modification to improve the
symmetry of the sensitivity and reduce the cross sensitivity.

2. The 3-D vertical Hall magnetic-field transducer
design

The basic structure of the Hall device for detecting 3-D
magnetic field is shown in Fig. 1. The contact Cg is used as

0924-4247/96/$15.00 © 1996 Elsevier Science S.A. All rights reserved
PI1S0924-4247(96)01323-4

C3 ".
B
[}

H3:
n+
B Trench

A-A' cross section

B-B' cross section

®) ©
Fig. 1. (a) Plan view of the 3-D Hall device; (b) cross-sectional view of
the device without Ni/Co coating; (c) cross-sectional view of the device
with Ni/Co coating.

the central current contact and C,, C,, Cj, C, are connected
and serve as the outside current contacts. The four pairs of
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Hall probe contacts, H,~H,, (n=1, 2, 3 or 4) are placed
symmetrically with respect to the central contact and facilitate
the measurement of the generated Hall potential. The Hall
potential is measured from the Hall probe contact. The central
contact has the dimensions 200 jm X200 pm, the outside

have the di 200 pm X 100 pum, and the Hall
probe have the di ions 60 wm X 60 wm. In this
structure, the trench around the central contact has a width of
100 pm and a depth of 2 wm, which could suppress the lateral
current flow and focus the current flow toward the substrate
(perpendicular to the surface) . More detailed dimensions are
labelled in Fig. 1.

The device operates when a constant current / is supplied
to the central current contact C, while the outside contacts,
C, to C,, are grounded. When the ic field is absent,
the current dencities through the four outside contacts are
equal, thus the Hall voltage between each Hall probe is zero.
When an in-plane magnetic field (x- or y-component) is
applied, the action of the Lorentz force is dominated by the
lateral current flow deflected in an upward or downward ( ver-
tical) direction. However, if a magnetic field is applied per-
pendicular to the device surface (z-component), the action
of the Lorentz force is dominated by the in-plane current-
flow deflection. This matter is developed in detail in Refs.
[11-13]. The Ni/Co films deposited on the backside of the
substrate are used to induce a denser magnetic flux through
the device.

3. The fabrication process

The details of the fabrication processes are as follows. First,
about a 1 pm thick photoresist layer was spin-coated on a 75
mm n-type silicon (100) wafer. The thickness of the wafer
is about 400 pm. This film serves as the mask for trench
etching. The trench region was plasma etched to a depth of 2
wm. After stripping the photoresist, a 300 nm thick oxide
layer was deposited by pl hanced ch I-vapcur

deposition (PECVD). The second photomask was used to
define the central contact, outside contact and Hall probe
contact regions. These regions were etched by dipping in
BOE. POCI; diffusion was performed at 900°C to form the
n* region for contacts. Again a 300 nm thick oxide was
deposited by PECVD. The contact areas were defined by the
third photomask. Finally, a 500 nm thick Al film was depos-
ited by thermal evaporation and patterned. The device was
subsequently sintered at 400°C in an N, ambient for 30 min
to obtain good contact characteristics. Another device with
the same structure described above was made with addition
of 300 nm PECVD oxide/ 100 nm Ni/ 100 nm Co films depos-
ited on the backside of the devices. The cross-sectional views
are shown in Fig. 1(b) and (¢). Then these completed Hall
devices were cut and wire-bonded for measurement.

4. Results and discussion

To detect a 3-D magnetic field, characterization is per-
formed by measuring the potential difference between appro-
priate Hall probe contacts. The spatial coordinate is defined
in Fig. 1. The devices with and without Ni/Co coating have
been characterized by measuring Hall voltages versus mag-
netic field for different input currents. Fig. 2 illustrates the
Hall voltage measured between Hall probes H, and H,, (or
H; and Hs,) with respect to the x-directional magnetic field,
B,. Fig. 3 illustrates the Hall voltage measured between Hall
probes H, and H,, (or H, and H,,) with respect to the y-
directional magnetic field, B,. Fig. 4(a) illustrates the Hall
voltage measured between Hall probes H, and H,, (n=1, 2,
3 or 4) with respect to the z-directional magnetic field, B,.
Because of the symmetric design, the response to B, and B,
is symmetric. Also, the response is linear in the measurement
region. Finally, we find that the response to B, in the device
without Ni/Co coating is about one order of magnitude lower
than that to the in-plane (x- or y-direction) magnetic field.

The idea of coating Ni/Co films on the backside of the
device is used to induce more megnetic flux through the
device for improving the response to B,. The results in Fig. 2
and Fig. 3 show that the response to B, and B, of the device
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Fig. 2. The Hall voltage V;, measured from the Hall probe pair H,~H;, (or
Hj-H,,) as a function of in-plane magnetic field, B,, for varying biasing
current, /, for devices without and with Ni/Co coating.
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Fig. 3. The Hall voltage V, measured from the Hall probe pair H, -H,, (or
H,-H,,) as a function of in-plane magnetic field, B,, for varying biasing
current, I, for devices without and with Ni/Co coating.
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Fig. 4. (a) The Hall voltage V}; measured from the Hall probe pair H,-H,,,
(n=1, 2, 3 or4) as a function of vertical magnetic field, B,, for varying
biasing current, /, for devices without and with Ni/Co coating. (b) The Hall
voltage Vi, measured from the Hall probe pair H,-H,, (n=1,2, 3 0r4) as
a function of vertical magnetic field, B, (B, =0 to 600 mT to 0 mT to — 600
mT to 0 mT) to check whether hysteresis exists.

with Ni/Co coating is almost the same as that of the device
without Ni/Co coating. Fig. 4(a) shows that the response to
B, of the device with Ni/Co coating is about 10 times larger
than that of the device without Ni/Co coating. This is due to
the high permeability in ferromagnetic materials (such as Fe,
Co, Ni, etc.) The ferromagnetic materials induce a denser
magnetic flux around them and also increase the local mag-
netic flux through the device. From our measurement (see
Fig. 4(b)), hysteresis was not found. This may be because
the Ni/Co films are veiy thin. But the real mechanism is
unclear and there is probably another reason.

The cross-sensitivity effect is an important issue related to
3-D magnetic-field transducers. This value should ideally be
zero or much smaller than the diagonal (x-, y- and z-direc-
tion) sensitivity. However, therc are cross-component terms
from the in-plane current flow. Thus, the relative cross sen-
sitivity [4], S,,, is defined by

Sy =2

Y 1B,
Sexy is defined for an applied B, on the x-component of a
dominantly y-direction velocity vector [4]. A similar defi-
nition holds true for the S,,,. Fig. 5(a) shows the relative
sensitivity, S,, versus biasing current / at a magnetic field of
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Fig. 5. (a) The relative sensitivity and (b) relative cross sensitivity as a
function of biasing current, /, for devices without and with Ni/Co coating.

0.5 T for devices with and without Ni/Co coating. Fig. 5(b)
shows the relative cross sensitivity, S, (or 5,,,) versus bias-
ing current / at a magnetic field of 0.5 T for devices with and
without Ni/Co coating. The cross sensitivity, which is only
about 1.3% of the sensitivities in the x-, y- and z-direstions
for devices with Ni/Co coating, is very small and can be
neglected. The low cross sensitivity is due to the symmetry
of the device in suppressing the ron-diagonal current flow.

§. Conclusions

A 3-D silicon magnetic transducer based on a vertical Hall
structure has been fabricated and characterized. The trans-
ducer exhibits linear responses in all three components of a
magnetic field (0-600 mT). A Ni/Co thin film deposited on
the backside of the sub cand ically improve the z-
directional sensitivity. No hysteresis was found in this work.
Symmetric sensitivity can be obtained with this device. The
cross sensitivity is small in this structure with or without Ni/
Co coating on the device backside. The cross sensitivity is
only 1.3% of the sensitivities in the x-, y- and z-directions.
These results indicate that the structure can be further
improved in order to obtain a 3-D magnetic transducer with
higher sensitivity and lower cross sensitivity.
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