
Maria-Alexandra Paun1,*, Florin Udrea1 
1High Voltage Microelectronics and Sensors (HVMS) Group, Department 

of Engineering, University of Cambridge, United Kingdom  
 

 
*Presenter: Dr. Maria-Alexandra Paun 

 

Visiting Researcher, University of Cambridge, UK 

Vice Chair  & Secretary, IEEE Switzerland 

Chair, IEEE WIE Switzerland 

Corresponding Member, IEEE R8 Professional Activities Subcommittee 

E-mail: map65@cam.ac.uk 

 

 

 

On the performance of Hall cells integrated in a non-fully 

depleted SOI CMOS technological process. An overview 

 

 

 

 

 

MOS-AK Workshop, Graz, Austria, September 18th 2015 



OUTLINE 

 Different Hall cells have been integrated in both regular bulk 
(XFAB CMOS XH 0.35 µm) and SOI CMOS technologies and 
analyzed in terms of their specific parameters. 

 

 This work offers an overview on Hall cells performance integrated 
in SOI technological process, i.e. XFAB SOI XI10 1 µm non-fully 
depleted. 

 

 Geometry plays an important role in Hall cells performance. The 
focus of this study is on the Optimum Hall cell. 

 

 The most important parameters of a specific Hall cell, based on 
SOI structure, are evaluated through three-dimensional physical 
simulations. 

 

 Experimental results are also provided. 
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Hall Effect Sensors 

 low-power applications 

 current sensing 

position detection & contactless switching 
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Different 3D Hall sensors were integrated in both 

regular bulk and SOI CMOS. 

 

They are all symmetrical and orthogonal structures. 

 

The geometry plays an important role in the sensors 

performance. 

 

 

Hall Cells Design Selection 
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Hall Effect Sensors Measurements 

  Measurements results on nine different Hall Effect 

sensors in regular bulk CMOS 

Similar results expected soon for the SOI counterparts 

Objectives: offset @ T=300 K < ±30 T & offset drift < ±0.3 T/°C 
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Single Phase and Residual Offset  
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Regular bulk vs. SOI CMOS technology  

 
The sensors fabricated in SOI (Silicon On Insulator) 

technology have obvious benefits, with respect to 

the bulk Hall sensors.   

 

higher magnetic sensitivity 

 

less noise generation 

 

possibility to use lower biasing voltage  

 

smaller leakage current through the dielectric 

 

enhanced radiation resistance etc.  
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The 3D Simulation of SOI Hall Cells 

Handle  wafer 

p-substrate: Boron doping 

  Uniform profile implantation  

 6.5*10+14 cm-3  

active p-well region: Boron doping  

  Uniform profile implantation  

 2.2*10+17 cm-3  

The 3D model of SOI Optimum Hall cell 

electrical contacts 

The structure follows the SOI XFAB XI10 fabrication process. 
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Parameter Value 

L (µm) 50 

W (µm) 50 

Contacts 

dimension s (µm) 
4.7 

OPTIMUM HALL CELL DESIGN FEATURES 

 

SiO2 
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SOI CMOS technology  

  The stacking of the layers, according to a SOI XFAB XI10 fabrication 

process.  

 

 

 

 

The active silicon layer is found on top of the dielectric buried silicon 

oxide (SiO2) layer, which is in its turn found on the silicon substrate, or 

handle wafer. 
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Layer Type Numerical value 

Wafer (handle) 

substrate 

Si, p-doped 

(Boron) 
6.5 E+14 cm-3 

Dielectric Buried Silicon Oxide, Si02 

p-substrate in 

active Silicon 

layer 

Si, p-doped 

(Boron) 
1E+15 cm-3 

n-well in active 

Silicon layer 

Si, n-doped 

(Arsenic) 
5E+16 cm-3 

DOPING CONCENTRATIONS IN THE SOI HALL CELL FABRICATION 
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3D Simulations results (I) 
I-V characteristics 

VHALL estimation 
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Hall voltage vs. biasing current for the SOI 

Optimum Hall cell 
V-I characteristics of the SOI Optimum 

Hall cell 
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3D Simulations results (II) 
Sensitivity numerical estimation 

Temperature effects 
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3D Simulations results (III) 
Sensitivity numerical estimation 

Temperature effects 

Investigation on the quadratic effect of SA with 

temperature 
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Simulated absolute sensitivity vs. Vbias, for different 

temperatures, for the SOI Optimum Hall cell 

y = 2E-06x2 - 0.0013x + 0.2707 
R² = 0.9992 

0 

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

260 280 300 320 340 360 

S
A
 (

V
/T

) 

T (K) 

SOI Optimum Hall cell 

Bias=5V 

Poly. (Bias=5V) 

© Copyright 2015 Maria-Alexandra Paun 



 
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SOI Optimum Cell, Vbias=5V, B=0.5 T 

Regular bulk Optimum Cell, Vbias=1V, B=0.5 T 

3D Simulations results (IV) 
The simulated Optimum Hall cell (bulk vs. SOI CMOS) 

Electrostatic potential distribution 
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3D Simulations results (V) 

Summary of the SOI Optimum Hall cell performance  

B=0.5 T and T=300 K 

SOI Optimum Hall cell in SOI technology provided for B=0.5 

T, SA=41 mV/T for Vbias= 5 V  
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Parameters Rinput (kΩ) 
VHALL (V), 

Ibias=1 mA 

SA (V/T), 

Vbias=5 V 

Values 6.47 2.8E-2 41E-3 

CMOS SOI OPTIMUM HALL CELL PERFORMANCE SUMMARY 
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Conclusions 
 This work was intended to analyze the behaviour of the 

Optimum Hall cell in SOI CMOS fabrication process.  

 

 A three-dimensional model of the SOI Optimum Hall cell, 

with p-well, was constructed. 

 

 The Hall voltage, sensitivity, input resistance and 

electrostatic potential distribution were extracted through 

simulations.  

 

 The temperature variation of the absolute sensitivity is 

also investigated for the considered Hall cell. 

 

 Experimental results are as well provided. 
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