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Abstract 

The importance of micro biomedical instrument has been grown in 

high rate and faster than in previous decades. This acceleration was primary 

due to, the increase and demand for high quality medical care in the 

developed countries, and also due expansion in Microelectromechanical 

System (MEMS) technologies. The Measurement of glucose is the great and 

important in diagnosis, especially in the essential of continuous monitoring 

for patients are suffering from diabetes mellitus which is caused by the 

frequencies levels of glucose in human physiological fluid.This research 

focuses on the design , simulation and analysis for a Piezoresistive 

Microcantilever of Glucose Sensing.The adsorption of glucose in the surface 

of the cantilever will cause a surface stress and consequently the cantilever 

bending,and bending analysis is performed, that the microcantilever tip 

deflection could be predicted.This model simulated with a finite element 

analysis tool designed specifically for (MEMS) applications. The Design 

used different materials and analyzed the main characteristics with the 

package (ANSYS).The Structural variation of the piezoresistor design’s on 

microcantilever is also considered to increase the sensitivity of the 

microcantilevers sensor since the forces involved is very small. 
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 صلخستم

 

تزايذث في العقذ الاخيز أهويت الوعذاث الطبيت الحيويت الصغيزة بوعذل اسزع هوا كاى              

عليه في العقود السابقت ، وكاى هذا التسارع نتيجت للطلب الوتزايذ علي الزعايت الطبيت الحذيثت عاليت 

           .      (MEMSالجودة في البلذاى الوتقذهت جذا ، وايضا التوسع في تقنيت ال)

 للمشاقثح خاطح ضشوسٌ أمش وهزا التشخُض، فٍ كثُشج أهمُح رو الجلىكىص قُاط          

 الغائل فٍ الجلىكىص مغتىَاخ تزتزب هعن َنجم الزٌ الغكشٌ داء من َعانٍ لمشَض المغتمشج 

 . الثششٌ  الفُضَىلىجٍ

عاسضح كاتىلُح دقُقح تُضوسصَغتف  و محاكاج تحلُل علً تظمُم ، الثحث هزا سكض وقذ          

 عاسضح كاتىلُح دقُقح عطح علً الجلىكىصِ امتظاص  المثذأ، حُث من . الجىلىكىص لتحغظ

 َمكن تحُث الذقُقح العاسضح الكاتىلُح انحناء تحلُل وَتمَنحْنٍ ،  ناء علُهوت عطحٍ إجهاد  عُُغثّةُ

ئيسيتَ تحليّلَ الخصائصَ الز وتن نِ باستخذام هوادَ هختلفتَ صو . شأطفٍ ال طغُش انحشاف تىقع

 .(ANSYS)وحاكاة البزناهج ستعوال با

 الثنُىٌ الاختلاف وَعتثش ، (MEMS) لتطثُقاخ خظُظا المظممح نمىرج محاكاج تم             

 أجهضج حغاعُح صَادجمما ادٌ الٍ  العاسضح الكاتىلُح الذقُقح فٍ تظمُم الثُضوسصَغتف لتظامُم

 .جذا طغُشج المشاسكح القىي حُث ؛العاسضح الكاتىلُح الذقُقح  اعتشعاس

 

 

 

       

 

 

 

 

 



VI 
 

 

 

TABLE OF CONTENTS 

 

TITLE                   PAGE 

Declartion…………….……………………………………….…….….…... I 

Dedication…………………………………………………….………….... II 

Acknowledment………………..…………...…………………………….. III 

Abstract………………………..………………………………………..... IV 

Abstract in Arabic….……………………………………………………... V 

Table of contents….….….……..………….…………………….…...……VI 

List of tables…...………...………………...……………...………….....….IX 

List of figures…………..………………….…….……………….…...…….X 

List of abbreviations….…….………….……....…………………........….XII 

List of symbols………...……………………………………………........XIII 

Chapter One: Introduction 

1.1 Preface ………….......………....….………..…………..…………….…1 

1.2 Literature review..........……….…………..…………..………….…..…1 

1.3 Problem statement.......……….….………..…………..……………...…3 

1.4 Research objectives.....……….….………..…………..……………...…3 

1.5 Research methodology….….……..…...…..…………..……………..…3 

1.6 Research Outlines…...…..……………..………...……..…………….…4 

Chapter Two: Theoretical Background  

2.1Preface……................................................................................................5 

2.2Micro-electromechanical systems(MEMS)....................................…..….7 

2.3  Design of Electromechanical Systems……...………............…….…... 7 

2.4 mechatronics system  ………………………………………………….10 



VII 
 

 

TITLE                                                                                                     PAGE 

2.4.1 Transducers………………………………..………............…….….. 10 

2.4.2 sensors …………………………………….……...........…...………..12 

2.4.2.1Mechanical Sensors…………………………….…......………..14 

2.4.3 Actuators ………………………….………………............…...….…17 

2.5 Glucose meter ...…...…………………………………............…….… 20 

2.6 MEMS Application……..……………..……..............................…...…22 

2.6.1 medical ……..……………..…….............................................…...…23 

2.6.2 Communications ……...………..……......................................…...…25 

2.6.3 Inertial Sensing .……...………….............................................…...…25 

2.7 Biosensor.…………………..…………..........…………………..…… 26 

2.8 Microcantilever………...…....................................................................28 

2.9 Piezoresistive sensors…........................................................................ 29 

2.10 Material for MEMS …………............................................................ 30 

2.10.1 Silicon(Si) …………………….……………….…............…….…..32 

2.10.2 polysilicon ……………………………..…………................….…..32 

2.10.3 borophosphosilicate glass (BPSG) ……………..................….…….32 

2.10.4 Silicon nitride (Si3 N4) …..…………..…………...............….…….33 

2.11 Design and simulation of MEMS device:….........................................33 

2.11.1 The Finite Element Method ……...………….....................….…….34 

   2.11.1.1 Basic Steps In The Finite Element Method ….................….….35 

2.11.2 ANSYS ..….………..….……………….…….........................…….36 

2.12 Piezoresistive Microcantilever ……………………….………………37 

   2.12.1 Deflection calculations..…...………….…….........................…….38 

Chapter Three: Material and Method 

3.1 Preface …...…………………..…………….......................................... 41 



VIII 
 

TITLE                                                                                                     PAGE 

3.2 Modelling of the cantilever…………..…….......................................... 42 

3.3 Element type………………...………..…….......................................... 42 

3.4 Material properties defining..………..……........................................... 42 

3.5 Mesh….…………………………………...……………………………43 

3.6 Define Loads…...………………………………………………………43 

3.7  Processing ...………..…………………………………………………44 

3.8 Post processing ...……...……………………………………………….44 

CHAPTER FOUR Results and Discussion 

4.1 Results …………………..……………..................................................45 

4.2 Discussion of the results ……………………….....................................48 

CHAPTER FIVE Conclusion And Recommendations 

5.1CONCLUSION ..……………………………………………………….49 

5.2 Recommendations ……..………………………….……………..…….49 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



IX 
 

 

List of Tables 

 

TABLE NO                      TITLE                         PAGE  

 2.1                Classification of design in the technical product  8 

                                                 development process 

2.2             Common Mechanical and Electromechanical Sensors      15 

2.3                           types of Actuators and their Features 19 

2.4                          Key Biosensor Application Domains                    28 

 3.1             Materials properties           42 

 

 

 

 

 

 

 

 

 

 

 

 



X 
 

 

List of Figures 

 

FIGURE NO.                        TITLE                         PAGE  

2.1                             relevant dimensional scale alongside     7 

         biological matter 

2.2                  Design workflow for electromechanical systems             9 

2.3                                 A typical mechatronics system. 10 

2.4                  Evolution of sensors reflecting the integration of  12 

                              ICT capabilities and consumer adoption 

 2.5      The sensing process 13 

2.6                   Foil strain gauge attached to a wheatstone bridge  16 

 2.7                                         A typical actuating unit. 18 

2.8                  Some  glucometer types    21 

2.9                                          A glucose meter with a test strip               21 

2.10                                      The volume of a droplet blood sample       22 

2.11        The biosensing process 27 

2.12      Illustration of a metal foil strain gauge. 30 

2.13                               3D Finite Elements              35 

2.14 Von-Misis  stress distribution   36 

2.15 The microcantilever beam  response  37 

2.16                      Fixed- free end Microcantilever beam 38 

3.1             Piezoresistive microcantilever; (a) PZR10 (b) PZR20  41 

        (c) PZR 30 (d) PZR40 microcantilever design 



XI 
 

3.2         the simple piezoresistive microcantilever  42 

       design use in simulation  

3.3           Mesh of the microcantilever beam   43 

3.4          applying loads on nodes    44 

3.5   Mesh displacement in the microcantilever beam  44 

4.6        Mises Stress of PZR microcantilever with  48 

       different applied force 

 

 

 

 

 

 

 

 

 

 



XII 
 

 

List of abbreviation 

 

            MEMS      Micro ElectroMechanical Systems  

             FEM         Finite Element Method  

            CMOS       Complementary Metal-Oxide Semiconductor 

            BPSG         BoroPhosphoSilicate Glass  

    CVD           Chemical Vapor Deposition 

                CAD Computer Aided Design 

            PZR             Piezoresistive 

            DOF  Degree Of Freedom 

 

 

 

 

 

 



XIII 
 

 

List of Symbols 

 

K =  the gauge factor  of piezoresistor. 

M0=  the applied concentrated moment. 

E =   the  modulus of Elasticity 

I =    the moment of inertia of the beam. 

v  =   the Poisson’s ration . 

h , x = the radius of curvature and thickness of microcantilever      

beam. 

E1 = the Young’s modulus of the polysilicon cantilever beam. 

h1 = thickness of the polysilicon cantilever beam. 

E2 = the Young’s modulus of the piezoresistor. 

H2 = thickness of the piezoresistor. 

ZT = the distance from neutral axis to top of the cantilever 

beam containing piezoresistor. 

𝛥𝛔s = differential surface stresses on the surface of the 

microcantilever 

  


