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Abstract—Adjacent Hall microsensors, comprising a silicon
substrate and four contacts, providing simultaneously two supply
inputs and two differential outputs, are characterized. The voltage
related sensitivity is in the order of 0.11T", and a cancellation
method for offset compensation is used, achieving residual offset in
the micro scale which is also compared to a single Hall plate.
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I. INTRODUCTION

hall element is used for contactless measurement, for

example as linear and angular positions, electrical current
and power, etc. The Hall element, fabricated as specialized
integrated circuits by means of CMOS technology gives a
weak output signal (of the order of few millivolts). This signal
is corrupted of offset and noise [1]. The reasons for these
drawbacks are geometrical errors in mask alignment, crystal
damage, mechanical strain and stress, non-uniform
temperature distribution and heat dissipation in the substrate,
thermoelectric voltage across Hall leads, non-homogeneities,
etc. Different methods for offset compensation are known, as
improvement of the manufacturing technologies, device
symmetry, calibration, mutual compensation, trimming,
spinning current offset reduction, etc [2]. The magnetic
sensitivity or the transduction efficiency is the most important
figure of merit of the magntosensitive devices and all other
types of sensors. This parameter is the ratio of the variation in
the output signal to the variation in the external magnetic field
at a constant temperature, pressure, radiation, etc. It
determines the conversion efficiency of the input quantity (the
magnetic field B) into electric output signal. The options for
enhancing sensitivity S are: 1) optimization of geometrical
sizes of the Hall structures so that the geometrical factor G has
maximum limit value, G = 1; 2) using semiconducting
materials as n-GaAs, n-InSb, n-Si, etc. with low value of the
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electron concentration in the Hall plate substrate n
(accordingly, with high carrier mobility p) or 3) small
thickness t of the sensor [3]. Therefore, the offset and the
voltage related sensitivity are key characteristics for a Hall
effect transducer. They describe its behavior to a degree that
will allow one to design it into a larger system.

II. SENSORS LAYOUT AND OPERATION PRINCIPLE

The investigated sensors are symmetrical with dimensions
20x20pum and placed side by side (Fig. 1) and 40x40um
diagonal (Fig. 2).

Fig. 2 Diagonal Hall plates

The investigated sensors are with higher degree of
symmetry, they are invariant under 90° rotation and the input
and output terminals are interchangeable. The Hall devices
have equivalent contacts and therefore some compensation
methods can be used to suppress the offset.
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The Hall microsensors were manufactured in a standard
planar technology on p-Si wafers, with substrate resistivity
0,01 Qcm and crystallographic direction (100). The heavy
doped n+ regions are with depth of 35nm and STI (shallow
trench isolation) depth is 400nm. The microdevices are
confined in N-well, which serves as an active sensor zone with
depth of 1.5um. The sensors are composed of 3.3V N-well
and n-implantation for the contacts. Fig. 3 illustrates the
measurement principle.

Fig. 3 Four-phase spinning measurement method

The measurements involve forcing a voltage (from 0.5V to
3.0V with step 0.5V) and measuring a voltage (Hall voltage).
The basic idea of the four-phase spinning approach lies in
reconnection of the relevant contact pairs, whereas the bias
contacts become output contacts, and the supply contacts are
used as sense terminals. Due to the fact that the Hall structure
is symmetric with rotation, this technique leaves the output
Hall voltage Vi unchanged in value and sign. The Hall sensor
can be presented as a Wheatstone bridge and the inevitable
ohmic offset can be represented as a small difference AR in
value of some of the four otherwise identical leg resistors, for
example (R;+AR) # Ry, R; = R, = Ry. So, The Hall sensor is
not symmetric with respect to the location of this “leg resistor”
in the Wheatstone bridge. During the terminals’ rotation, this
results in polarity reversion of the offset voltage. The net
effect is “to see” the Hall signal as rotating in the same
direction as the bias voltage, while the ohmic offset rotates in
the opposite direction. If those two periodic measurements of
the output voltage Vi + Vg and Vy — Vopr are averaged, the
true value of the output Hall voltage will be obtained [4]. The
output voltage for semiconductors is typically about mV.

III. EXPERIMENTAL RESULTS

A test chip was designed with Hall sensors on 0.18um
CMOS technology. The purpose of the chip is to test different
Hall structures and to find the optimum one for future projects
in this technology. A four-phase spinning method is used for

offset compensation, which involves a combination of
reversing source voltage polarity and also reversing the input
and output terminals. For this purpose the test equipment

B Test
chip

shown on Fig. 4 was prepared.

Keithley 2602
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Fig. 4 Test equipment

The equipment gives the opportunity four Hall plates to be
tested at once. It is composed of one switch matrix board with
64 relays which switch the Hall plates’ diagonals for offset
compensation. Also for chip measurements a Keithley 2602
was used, which is duo channel source meter with 10 000
readings/s and 5500 source-measure points/s to memory. The
first channel is used to supply the sensors and the second one
is used to measure the output signal. The plates are tested with
six supply voltages (0.5V, 1.0V, 1.5V, 2.0V, 2.5V, 3.0V). A
LabVIEW program was created in order more automated test
process to be achieved. Its functions are to drive the Keithley
and the switch matrix board, so consecutively to supply and
measure all diagonals of the tested four Hall structures.

The results for the residual offset, measured using the 4-
phase spinning technique are shown in Table 1.

TABLEI
RESIDUAL OFFSET IN pV
Vo, V 0.5 1.0 1.5 2.0 2.5 3.0
20pm cell -0.72  0.37 0.07 2.17 1.24 -1.04

20umsideby  -1.77 252 0.59 2.14 0.003 -1.72
side cells

40pm cell -1.81  -2.51  -3.46 -1.44 -1.88 -3.06
40pm -1.60  -0.90 -3.10 -3.70 -4.00 -0.70
diagonal cells

In order the mutual interaction to be assessed a single cell
and the adjacent cells were investigated. Fig. 5 and Fig. 6
illustrate a comparison between 20pm single cell and double
20um cells placed side by side, and respectively 40pum single
cell and 40pm double cells placed diagonally.

Residual Offset
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Fig. 5 Comparison of single and double 20um cells

1254



International Journal of Electrical, Electronic and Communication Sciences
ISSN: 2517-9438
Vol:6, No:11, 2012

Residual Offset

—e—d0umcell
—=— 40um diagonal cells

The magnetic field is applied perpendicular to the Hall
plate’s surface. Next, the Hall voltage nonlinearity is
investigated. Measurements are made at constant supply at
magnetic fields -8mT, 0T and 8mT (Fig. 9 for 20um side by
side cells and Fig. 10 for 40um diagonal cells).

Residual offset, uv
o
o
8

vdd, v

Fig. 6 Comparison of single and double 40pum cells

As it can be seen from the table the residual offset variation
is in the order of 2pV at supply voltage 2.5V. This variation
can be due to some equipment inaccuracy, which is not out of
our specification. This proves that the cells placed side by side
and diagonal do not influence each other in a negative way
and the sensors’ characteristics cannot be affected.

Next measurements concern the investigation of the Hall
voltage as a function of the applied voltage supply and the
applied magnetic field. In order the magnetic measurements to
be performed, a circle test board was designed and
implemented, where the necessary leads of the chip are
connected to the switch matrix board (Fig. 7).
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Fig. 7 Circle test board

The higher measured value of the Hall voltage is nearly
2.7mV at Vdd = 3V. Fig. 8 illustrates the output signal as a
function of the increasing supply voltage.
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Fig. 8 Hall voltage as a function of the supply voltage

Hall Voltage Nonlinearity
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Fig. 9 Hall voltage as a function of the applied magnetic field

Hall Voltage Nonlinearity
40um diagonal cells

3.00E03

2.00E-03

——Vdd=0.5V
—8— Vdd=1.0v

1.00E-03

—— —4—Vdd=15V
——Vdd=2.0v
—%—Vdd=2.5V
—e—Vdd=3.0V

0.00E+00

Vh,V

-1.00E-03

-2.00E-03

-3.00E-03

Fig. 10 Hall voltage as a function of the applied magnetic field

In some applications of Hall effect sensors as magnetic
sensors, it is particularly important that the proportionality
relation Vi ~ IppB or Vi ~ VppB holds to a high degree of
accuracy. Here Vy denotes the measured Hall voltage at bias
current Ipp or bias voltage Vpp and at magnetic field B. The
results flatly illustrate that the output voltage of the
investigated microsensors is linear in both directions of the
magnetic field.

Also voltage related sensitivity is measured and investigated
(Table II).

TABLEII
VOLTAGE RELATED SENSITIVITY IN T”!
Vop, V 0.5 1.0 1.5 2.0 2.5 3.0
B, mT 8.0 8.0 8.0 8.0 8.0 8.0
20pm 0.104 0.104 0.104 0.103 0.103 0.102
Zf)lpltm 0.111 0.111 0.111 0.110 0.110 0.110
cell
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Then, the sensitivity is calculated using (1):

s, = Yu_ T, )
Voo B

Sy is the voltage related sensitivity, Vy is the Hall voltage,
Vpp is the supply voltage and B is the applied magnetic field.
Fig. 11 illustrates the results.

Voltage related sensitivity

Sv, VT
o
5

fe— —= —e— 20umcell
—=— 40umcell

05 1 15 2 25 3
vdd, v

Fig. 11 Voltage related sensitivity

The achieved sensitivity is 0.10 T-1 for the 20um cell and
0.11 T for 40um cell. The difference in the sensitivity of the
both cells is due to the fact that they are with different size
(20pum and 40pm). From Fig. 11 the stability of the sensors’
voltage related sensitivity as a function of the increasing
supply voltage is clearly visible. As a comparison, a typical
value for voltage related sensitivity in the literature is 0.05 to
0.08 T"'. We obtained much higher sensitivity which is a key
characteristic for such type magnetic devices.

IV. CoNcLUSION

This paper has reported the design, operation and
characterization of horizontal adjacent silicon Hall
microsensors. The devices are symmetrical and contain four
contacts. The Hall structures for magnetic field, giving a linear
Hall voltage and high sensitive signal are presented and tested.
The Hall elements are ready for a wide range of practical
applications, as metrology, automotive industry, robotics,
remote sensing, etc. The main conclusion is that the class of
0.18um CMOS integrated circuit Hall sensors, with proved
advantages, is promising and can successfully compete with
other horizontal microdevices.
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