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Abstract: This paper presents a new analytical geometry optimization model to depict the optimal
current sensitivity and signal-to-noise ratio (SNR) for the current-mode Hall devices. The conformal
mapping calculation is performed to study the influence of device geometry on the current sensitivity
and SNR of the current-mode cross-like Hall plates. The analytical model indicates that a current-mode
cross-like Hall plate can achieve optimal current sensitivity and SNR in the device length-to-width
ratio (L/W) range of 0.4-0.5 when the thermal noise is taken into account. Three-dimensional (3D)
technology computer aided design (TCAD) simulation validates the accuracy of the analytical model.
The proposed analytical model provides a geometry design rule to achieve optimal sensitivity and
SNR at the same time for the current-mode cross-like Hall plates.

Keywords: current-mode Hall device; length-to-width ratio (L/W); current sensitivity; signal-to-noise
ratio (SNR)

1. Introduction

Silicon-based Hall sensors have been widely applied in many fields such as control systems,
consumer electronics, and automobiles due to its low cost, high integration and high reliability [1-3].
Generally, the Hall devices are biased by a constant voltage source or a current source and sensed by
the Hall voltage signal. However, this traditional output-voltage working mode suffers low magnetic
sensitivity and high noise [4]. A Hall device under current mode that can achieve a twice-higher
magnetic sensitivity than that working in voltage mode has been introduced to obtain a better
signal-to-noise ratio (SNR) [5-7]. In order to further enhance the performance of the current-mode
Hall devices, it is essential to study the influence of device geometric parameters, including the length
and width of the active area and the bias electrodes on the sensitivity and noise of the Hall devices.

Recently, a great deal of research work was carried out to optimize the geometry of the voltage-mode
Hall device for better performance in magnetic field detection. Lyu et al. analyzed the magnetic
sensitivity and offset characteristics dependence of different covering layers for cross-like Hall plates [8].
Crescentini et al. focused on the effects of the contact positions of the square Hall plate on the sensitivity,
power consumption, and bandwidth [9]. Zhang et al. proposed a geometry optimization method to
improve the sensitivity of the planar Hall devices by means of the conformal mapping technique [10].
However, although all of them have taken into account the effect of different structures on sensitivity,
the device geometry optimization for the maximum SNR was not studied. It is worth noting that
the signal processing circuits in Hall sensors are highly limited by offset and noise but not by small
Hall signals, therefore the maximum SNR should be achieved through device geometry optimization
design. To this end, Zhang et al. investigated the low-frequency 1/f noise regarding the different device
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dimensions and doping levels for the cross-like Hall plates. It is found that a larger active area with an
optimal cross length-to-width ratio (L/W) is beneficial for a higher SNR [11]. In fact, the 1/f noise can
be chopped out by the spinning current scheme in the switched Hall sensors, therefore, the thermal
noise of a cross-like Hall plate should be considered first. Aiming at the thermal noise of Hall devices,
Ausserlechner derived an expression for the optimal SNR, which allows for an analytical optimization
of device geometry. It is suggested that the Hall plates with maximum SNR should have symmetrical
characteristics with equal input and output resistances [12]. However, the above-mentioned sensitivity
and SNR optimization methods are all proposed for the voltage-mode Hall devices, and the geometry
optimization strategy for current-mode devices has not been reported yet.

In this paper, an analytical geometry optimization model is established to predict the optimal
performance for the current-mode cross-like Hall plates by using the conformal mapping method.
The geometry optimization of the cross-like Hall plate operating at current mode is proposed to attain
the optimal sensitivity and SNR at the same time. The manuscript is organized as follows: Section 2
introduces the basic theory of the current-mode Hall plate. In Section 3, the geometry optimization
model is presented based on the conformal mapping technique. In Section 4, the proposed model was
verified by three-dimensional (3D) technology computer aided design (TCAD) simulation. Section 5
summarizes all of the work.

2. Basic Theory of Current-Mode Hall Plate

In the current-mode operation, the two biasing terminals of Hall devices are input by a current
source and a current sink with the same value, respectively, which maintains the equal potential at the
two sensing terminals. As a result, a differential Hall current appears on the two sensing terminals
when an external magnetic field is applied. The applied magnetic field changes the current flow in
the Hall devices, leading to a variation of the sheet resistances by AR;. Similarly, in the voltage-mode
Hall devices, the applied magnetic field alters the value of sheet resistances by ARy. A four-resistance
Wheatstone bridge model is used to describe the DC electrical relationship between the biasing and
sensing terminals, as shown in Figure 1.

Figure 1. Wheatstone bridge model of the cross-like Hall plate. (a) voltage-mode; (b) current-mode.

In the voltage-mode operation shown in Figure 1a, if the Hall plate is biased with a voltage source
Viiss under an external vertical magnetic field B, the output voltage at two sensing terminals can be
calculated respectively by

Vbius
Vo = —2%(R-AR 1
ol R ( V) ( )
V .
Voo = —(R+ ARy) k)
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Then, the differential Hall voltage is given by

AR
V=V —Vp = VbiasTV 3)

Hence, the voltage-mode sensitivity at magnetic flux density B =1 T can be expressed by

VH ARV —1
= ==Vr @)
B 'Vhias R

Svy

As for the current-mode operation illustrated in Figure 1b, a bias current source I;; is input into
node Cq, and a bias current sink Ij;,s with the same value is drawn from node Cz. Nodes C, and C4
have the same ground-to-ground common-mode voltage. Accordingly, the differential output currents

are respectively given by
ARy

Ior = == Ihias ©)
AR
Ip = _T'Ibias (6)
Then, the Hall current is equal to
ARy
In=Io1 — o= 2lpias—~ @)

If we suppose the same resistance change ARy = AR; for simple approximation, the sensitivity in
the current mode is twice larger than that in the voltage mode. Finally, the current-mode sensitivity
can be approximately expressed as

I
S === 2Syy 8
On the other hand, the voltage-mode sensitivity is given by [13]

G
quuare

Sv,y = pH ©)

Here, uy is the Hall mobility and G is the geometrical correction factor of the Hall plate and Nsguare
is the number of squares of sheet resistivity. The sheet resistivity, also called square resistance, is equal
to quum = W, with p the carrier mobility and N the doping level and ¢ the thickness of Hall plate.

Therefore, the current-mode sensitivity can be written by

S =2uy (10)

quuare
3. Geometry Optimization Model

3.1. Conformal Mapping Calculation of Geometrical Correction Factor

The conformal mapping method was used to derive the analytical expression of the geometrical
correction factor G. Figure 2 illustrates the schematic of the calculation procedure of G. First, we
mapped the cross-like device structure in the s-plane onto the unit disk in the z-plane. For a given
device geometry with vertices Sy, ... , Sg the transformation between the s-plane and the z-plane is

performed by [14]
-1/2

s=g(z) = Cfoz (1+ 84)1/2[68 —2¢* cos(46) + 1] de (11)

where the angle 0 represents half of the unit disk contact, as shown in Figure 2. Parameter C is a
function of 6, which can be calculated numerically. The boundary points Zy, ... , Zg of the unit disk
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correspond to the vertices Sy, ... , Sg of the cross-like shape. Furthermore, the relationship between the
two geometries satisfies the following equation [15]

0 :2\/§exp[—n(‘11+%)] (12)

Secondly, the unit disk of the z-plane is mapped to the polygon area of the w-plane by
Schwarz—Christoffel transformation (SCT):

zZ 8 Ji
w-f@=c [ [Ja-5" (-ga- e+ 13)
i=1 !

where the parameters C; and C, denote the expansion coefficient and transformation center, respectively.
The boundary points Zj, ... , Zg of the unit disk correspond to the vertices Wi, ... , Wg of the rhombus.
The parameters of a1, ... , agm are the interior angles of the polygon. M; and M, represent the points
at which the current flows in and out, respectively. If we label Wy = f(Zx) and My’ = f(My), the edge
length of the polygon WWj. can be calculated by

Wi = Wi | = [£(Zk) = f(Zgsr)] (14)

in which, Z; = €%k, a; and @k are summarized in Table 1.

s-plane A\Y z-plane
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Figure 2. Schematic of the calculation procedure of G.

Table 1. Mapping parameters from the unit disk to thomboidal region.

(435 Px
12 + B/m 0
1/2 — B/ T2 — 0
12 + B/= /2 + 0
12 - B/ m—0

ag Pk

1/2 + B/m T+ 0
12 - B/m 3m/2 -6
12 + B/m 3m/2+6
1/2 — B/m 2 -0

=N~
o IEN Be NG, I I

Based on such conformal mapping, the Hall voltage can be calculated through changing the real
device geometry into simple edge length ratios of a polygonal region [16]. In the polygonal region,
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the electric field ]_5) and current density 7 are uniform, and ]_5) is perpendicular to W1 Wyg, but 7 is
parallel to W1 W,. In this case, the Hall voltage can be calculated by
Vi = (IW7Ws| - [W1 Wa]) cos B (15)
On the other hand, one finds [17]
TyiasRo = W1 Wyl cos® B (16)
Together with Equations (15) and (16), we can obtain

Vg W7 Wsg| - [W1W,| Rsquare

= 17
Ipias [W1 W4 cos B 17

As is well known, the Hall voltage is expressed by
Vg = Gquuare,UHBIbias (18)

Substituting Equation (18) into Equation (17) and using the equation uyB = tanp, the geometrical
correction factor can be written as follows:

C_ (W7 Wg| — W1 W,| 1
|W1W4| sinﬁ

(19)

According to Equations (12), (13), (14) and (19), the geometrical correction factor G as a function of
the L/W ratio at different Hall angles were calculated and the G-L/W curves are displayed in Figure 3.
It is found that the geometrical correction factor is increased from 0 to 1 with the L/W increasing.
We further notice that the geometrical correction factor becomes almost unrelated to small Hall angles,
namely, low magnetic field. As shown in the inset of Figure 3, it is obvious that the differences between
the G values can be negligible when the Hall angle 8 is changed between 0.1° and 2°. For a low doped
silicon Hall device, ug = 1000 cm?/V-s and a low magnetic field B = 0.4 T, the Hall angle is less than
2°. Consequently, an analytical expression of the geometrical correction factor independence of Hall
angle can be extracted for a cross-like Hall plate operating at low magnetic field less than 0.4 T. Using
MATLAB, we fit the model calculation curves under low magnetic field with an exponential function
as follows:
G=1-1.044 exp(—3.142%) (20)
If 0 < L/W < 3.5, the relative deviation between the G model and the fitted Equation (20) is less
than 0.1%.
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Figure 3. Geometrical correction factor G for the cross-like Hall plate versus L/W ratio at different Hall
angles f.
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3.2. Optimal Sensitivity

For a cross-like Hall plate, the number of squares of input resistance is approximately equal to [13]:

L 2
N, = 22—+ = 21
square W + 3 (21)

Substituting Equation (21) into Equation (10), we have

Si1 = %[JH (22)
w 3

For example, a typical 0.18 um standard Complementary Metal Oxide Semiconductor (CMOS)
technology, the doping concentration in the N-well active area is about 2 x 10”7 cm™3. Under this
doping level, the electron Hall mobility is nearly 700 cm?/V-s and the Hall scattering factor for electrons
is about 1.1 [18]. In term of Equations (20) and (22), the current-mode sensitivity as a function of L/W
ratio was calculated and the model calculated results are shown in Figure 4. It is seen that when the
value of L/W ratio increases from 0 to 3.5, the current-mode sensitivity rises sharply and it reaches
a maximum value of about 6.8%/T at L/W = 0.37. After that, the current-mode sensitivity shows a
relatively slow downward trend. Apparently, the current-mode sensitivity can always keep the optimal

value as the L/W ratio is within 0.3-0.5.

0.07

0.06

1 1 1

00 05 10 15 20 25 30 35

0.00 . .

L/'W

Figure 4. Current-mode sensitivity as a function with L/W ratio.

3.3. Optimal Signal-to-Noise Ratio (SNR)

Besides the Hall sensing performance, the noise of a Hall device is also an important issue of
concern. Severe noise will overwhelm the weak Hall signal, making the Hall device inoperable.
The noise in Hall devices mainly includes low-frequency 1/f noise and thermal noise. It is worth
noting that the offset and low-frequency 1/f noise of Hall devices can be effectively eliminated by the
spinning current circuit. As the Hall device is chopping at high frequency, the thermal noise becomes
the determinant of SNR. Therefore, we just need to take into account the thermal noise in the switched
Hall sensors. The thermal noise voltage between two sensing terminals is characterized by

Vnoise: V4kB TRoutAf~ (23)
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with kp the Boltzmann constant, T the absolute temperature, Ry, the output resistance, and Af the
effective noise bandwidth. Therefore, the SNR of the current-mode cross-like Hall plate can be
calculated using Equations (22) and (23):

I Ipias'S11°B
SNR= M _ wOUZ g G (24)
Lnoise V4kpTRout A f (2L+g)§
Rout w 3

square

where Ry, 1= (2% + %)quum and K = 2Ip;,sBlp A / 4I;<BT NG which can be regarded as a constant.

Figure 5 shows the trend of the calculated SNR varying with L/W ratio. It is found that the
current-mode SNR is proportional to the bias current. However, a large bias current can cause a large
offset current, thus the value of the bias current should be limited in the practical applications. At a
fixed bias current, the maximum value of SNR is achieved at L/W = 0.6. Furthermore, an optimal SNR
of the cross-like Hall plate can be acquired when the L/W ratio is in a relatively wide range from 0.4
to 0.8.

5.0
A45 - Ibias: I mA
= 40l 1,;,=0.75 mA
?335 Ibias Ibias: 0.5 mA
> 3'0 ——1,,=0.25 mA
wn DVl
525t

220f |
EI.S' \
e
=
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Figure 5. SNR as a function with L/W ration when a cross-like Hall plate is operating in the current mode.

When the influence of the cross shape of Hall plate on the current sensitivity and SNR are considered
concurrently, it is suggested that the L/W ratio of 0.4-0.5 is a beneficial geometry parameter to achieve
the optimal current-mode sensitivity and SNR at the same time. Using the proposed analytical model,
the optimal performance of the current-mode Hall plate can be expected by geometry optimization.

4. TCAD Simulation Verification

To verify the accuracy of the analytical geometry optimization model, three-dimensional (3D)
TCAD simulation was carried out using Silvaco Atlas tool. First of all, based on a standard 0.18 um
process, a 3D device simulation structure was established according to the process and geometric
parameters such as the distribution of N-well doping concentration, N-well depth, contact size, N-well
size, etc. Secondly, the device DC simulation was carried out where the two bias currents of the
same size are applied to the input terminals, and the output Hall signal and noise are measured
between the sensing terminals. Finally, the current sensitivity and signal-to-noise ratio (SNR) was
calculated according to the simulation data. In the current-mode simulation, appropriate models,
such as Shockley-Read-Hall recombination, low-field mobility, magnetic, etc., were used. Based on
SMIC 0.18-um standard CMOS technology, the Hall current and thermal noise variations with the
cross shape of Hall plate were studied. The simulated 3D schematic of the cross-like Hall plate is
illustrated in Figure 6a. A cross-shaped N-well active area is formed on the P-type silicon substrate.
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Four N+ contacts are located at the four cross regions with 90° symmetrical structure and each of them
is extended to the boundary of the N-well to reduce the offset of the device. The simulated net dopant
profile as a function of depth in the active layer is shown in Figure 6b. It can be seen that the doping
level of N-well is about 2 x 10'” cm =2 and the depth of Nwell is about 3 um, which well accords with
the distribution of doping concentrations in the actual process.

21
20
19
18
17
16

15

Net Doping Concentration (cm™)

1 4 1 1 1 1 1 1
1 2 3 4 5 6 7
Depth (um)
(b)

Figure 6. Technology Computer Aided Design (TCAD) simulation model using Silvaco Atlas tool.
(a) 3D device simulation structure of the cross-like Hall plate; (b) 1D net doping profile in the device
active region.

Figure 7a shows the simulated current-mode sensitivity versus different L/W ratios at Ipj,s = 1
mA and B = 5 mT. TCAD simulation results show that the current-mode sensitivity increases and
then decreases as the L/W ratio is increased. A maximum current-mode sensitivity of about 6.7%/T
appears when the ratio of L/W is nearly 0.4 under the low magnetic field, which is in agreement
with the model calculation results. Compared with the finite element modeling (FEM) simulation
presented in the literature for cross-like Hall sensors [4], the obtained magnetic sensitivity from TCAD
simulation shows higher accuracy. This is due to the fact that the key model parameters used in TCAD
simulation, such as N-well conductivity, electrons concentration, or Hall coefficient, can be accurately
calculated according to the distribution of impurity concentration and device material characteristics.
We further find that when the L/W is in the range of 0.3-0.5, the cross-like Hall plate can obtain the
optimal current-mode sensitivity. Additionally, it is shown that the current-mode sensitivity is about
twice greater than the voltage-mode sensitivity (see Figure 7b), which validates the correctness of the
model analysis.

The SNR characteristic of the current-mode cross-like Hall plate was analyzed using the simulated
current-mode sensitivity and thermal noise data. Figure 8 illustrates the simulated SNR with respect
to the different L/W ratios. It is found that the cross-like Hall plate achieves a maximum SNR when
the L/W ratio is around 0.6, meanwhile, the SNR can keep an optimal value as the ratio of L/W is
ranged from 0.5 to 1. The TCAD simulation results show the same tendency with the theoretical model
calculation, proving the accuracy of the proposed analytical optimization model.
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Figure 7. Simulated sensitivity versus different L/W ratios of the cross-like Hall plate. (a) current-mode,
(b) voltage-mode.
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Figure 8. Simulated current-mode SNR varies with L/W ratio for different bias current condition under
low magnetic field.

The current-mode sensitivity is highly affected by the geometrical correction factor, the Hall
mobility and the square number of input resistance, but is less affected by the bias current. The Hall
mobility depends on the concentration of impurities for a given semiconductor material, while the
geometrical correction factor and the input resistance square number are directly related to the L/W
ratio, therefore, the current-mode sensitivity is dominated by the geometry parameter of L/W for
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cross-like Hall plate. Both the model calculation results and the TCAD simulation data indicate that
the optimal current-mode sensitivity can be acquired when the L/W of a cross-like Hall plate is in the
range of 0.3-0.5. On the other hand, the analytical model suggests that the SNR depends not only on
the geometrical correction factor and input resistance but also on the bias current. It means that the L/W
ratio has a dominated influence on the SNR at the fixed current bias. The model calculation indicates
the optimal SNR can be achieved in the L/W range of 0.4-0.8, which is confirmed by the 3D TCAD
simulation. The optimum L/W point in the range of 0.4-0.5 is suggested for the symmetrical cross-like
Hall plate, which allows for layout optimization to attain the optimum device performance in the
practical applications. For example in standard 0.18-um CMOS process, the current-mode cross-like
Hall plates can achieve the maximum sensitivity of about 6.7%/T when the L/W ratio is designed to
0.4-0.5. Meanwhile, in the crucial point of L/W = 0.5, the optimal SNR can also be achieved where the
current-spinning technique is used to remove the device offset and 1/f noise. Therefore, the geometry
optimization model proposed in this paper can provide us guidance for the optimal geometry design
of the current-mode cross-like Hall sensors.

5. Conclusions

The influence of device geometry on the current sensitivity and SNR of the cross-like Hall plate
working in the current mode has been investigated. Based on the conformal mapping calculation,
a new analytical geometry optimization model is presented to analyze the current sensitivity and SNR
dependence of L/W ratio and further to predict the optimal device geometry of the current-mode Hall
plate. To verify the accuracy of the analytical model, 3D TCAD simulation was performed to study the
effect of different L/W ratio on the current sensitivity and SNR. Theoretical model calculation agrees
well with TCAD simulation results. It is revealed that an L/W ratio around 0.4-0.5 is beneficial for
the optimal sensitivity and SNR for a current-mode cross-like Hall plate. The results show that in the
0.18-um CMOS process, the cross-like Hall plate can obtain the maximum current-mode sensitivity of
about 6.7%/T in the L/W ratio range of 0.4-0.5. In the same L/W ratio range, the current-mode Hall plate
can also get the optimal SNR. Thus, the proposed analytical geometry optimization model provides an
optimum geometry design rule for the current-mode cross-like Hall plates in the practical applications.

Author Contributions: Y.X. established the geometry optimization model of Hall plate and wrote and revised the
manuscript. X.H. carried out the TACD device simulation and validated the model. L]J. calculated the geometrical
correction factor of Hall plate by conformal mapping.

Funding: This research was funded by the National Natural Science Foundation of China, grant number 61871231,
61571235 and Natural Science Foundation of China Jiangsu Province, grant number BK20181390 and Postgraduate
Research & Practice Innovation Program of China Jiangsu Province, grant number KYCX18_0878.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Schott, C.; Racz, R.; Manco, A.; Simonne, N. CMOS single-chip electronic compass with microcontroller.
IEEE ]. Solid State Circuits 2007, 42, 2923-2933. [CrossRef]

2. Jiang, J.; Makinwa, K. Multipath wide-bandwidth CMOS magnetic sensors. IEEE |. Solid State Circuits 2017,
52,198-209. [CrossRef]

3.  Weiss, R;; Itzke, A.; Reitenspief;, J.; Hoffmann, I.; Weigel, R. A novel closed loop current sensor based on a
circular array of magnetic field sensors. IEEE Sens. |. 2019, 19, 2517-2524. [CrossRef]

4. Heidari, H.; Gatti, U.; Maloberti, F. Sensitivity characteristics of horizontal and vertical hall sensors in the
voltage- and current-mode. In Proceedings of the IEEE Conference on Ph.D. Research Microelectronics and
Electronics (PRIME 2015), Glasgow, UK, 29 June-2 July 2015; pp. 330-333.

5. Heidari, H.; Gatti, U.; Bonizzoni, E.; Maloberti, F. Low-noise low-offset current-mode hall sensors.
In Proceedings of the IEEE Conference on Ph.D. Research Microelectronics and Electronics (PRIME 2013),
Villach, Austria, 24-27 June 2013; pp. 325-328.


http://dx.doi.org/10.1109/JSSC.2007.908694
http://dx.doi.org/10.1109/JSSC.2016.2619711
http://dx.doi.org/10.1109/JSEN.2018.2887302

Sensors 2019, 19, 2490 11 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

Heidari, H.; Bonizzoni, E.; Gatti, U.; Maloberti, F; Dahiya, R. Optimal geometry of CMOS voltage-mode and
current-mode vertical magnetic hall sensors. In Proceedings of the IEEE Sensors Conference, Busan, Korea,
1-4 November 2015; pp. 1-4.

Heidari, H.; Bonizzoni, E.; Gatti, U.; Maloberti, F. A CMOS current-mode magnetic hall sensor with integrated
front-end. IEEE Trans. Circuits Syst. I Regul. Pap. 2015, 62, 1270-1278. [CrossRef]

Lyu, F; Zhang, Z.; Toh, E.H.; Liu, X;; Ding, Y.; Pan, Y.; Pan, H. Performance comparison of cross-like hall
plates with different covering layers. Sensors 2014, 15, 672-686. [CrossRef] [PubMed]

Crescentini, M.; Biondi, M.; Romani, A.; Tartagni, M.; Sangiorgi, E. Optimum design rules for CMOS hall
sensors. Sensors 2017, 17, 765. [CrossRef] [PubMed]

Zhang, G.; Zhang, |.; Liu, Z.; Wu, P.; Wu, H.; Qian, H.; Wang, Y.; Zhang, Z.; Yu, Z. Geometry optimization of
planar hall devices under voltage biasing. IEEE Trans. Electron Devices 2014, 61, 4216-4223. [CrossRef]
Zhang, D.; Wang, M.; Sun, K. Low-frequency noise characterization and signal-to-noise ratio optimization
for silicon hall cross sensors. IEEE |. Electron Devices Soc. 2015, 3, 365-370. [CrossRef]

Ausserlechner, U. The signal-to-noise ratio and a hidden symmetry of hall plates. Solid State Electron. 2017,
135, 14-23. [CrossRef]

Xu, Y,; Pan, H. An improved equivalent simulation model for CMOS integrated hall plates. Sensors 2012, 11,
6284-6296. [CrossRef] [PubMed]

Versnel, W. Analysis of the Greek cross, a Van der Pauw structure with finite contacts. Solid State Electron.
1979, 22, 911-914. [CrossRef]

Versnel, W. Analysis of symmetrical hall plates with finite contacts. ]. Appl. Phys. 1981, 52, 4659—-4666.
[CrossRef]

Huang, Y,; Xu, Y.; Guo, Y. Performance prediction of four-contact vertical hall-devices using a conformal
mapping technique. J. Semicond. 2015, 36, 124006. [CrossRef]

Versnel, W. Analysis of a circular hall plate with equal finite contacts. Solid State Electron. 1981, 24, 63—68.
[CrossRef]

Riccobene, C.; Wachutka, G.; Burgler, J.; Baltes, H. Operating principle of dual collector magnetotransistors
studied by two-dimensional simulation. IEEE Trans. Electron Devices 1994, 41, 1136-1148. [CrossRef]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1109/TCSI.2015.2415173
http://dx.doi.org/10.3390/s150100672
http://www.ncbi.nlm.nih.gov/pubmed/25559001
http://dx.doi.org/10.3390/s17040765
http://www.ncbi.nlm.nih.gov/pubmed/28375191
http://dx.doi.org/10.1109/TED.2014.2361686
http://dx.doi.org/10.1109/JEDS.2015.2418794
http://dx.doi.org/10.1016/j.sse.2017.06.007
http://dx.doi.org/10.3390/s110606284
http://www.ncbi.nlm.nih.gov/pubmed/22163955
http://dx.doi.org/10.1016/0038-1101(79)90061-3
http://dx.doi.org/10.1063/1.329347
http://dx.doi.org/10.1088/1674-4926/36/12/124006
http://dx.doi.org/10.1016/0038-1101(81)90213-6
http://dx.doi.org/10.1109/16.293341
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Basic Theory of Current-Mode Hall Plate 
	Geometry Optimization Model 
	Conformal Mapping Calculation of Geometrical Correction Factor 
	Optimal Sensitivity 
	Optimal Signal-to-Noise Ratio (SNR) 

	TCAD Simulation Verification 
	Conclusions 
	References

