








ACKNOWLEDGEMENT

This thesis represents the culmination of years of dedicated work, perseverance, and in-

valuable support from numerous individuals, without whom this journey would not have

been possible. I am deeply grateful to each and every one who contributed to my academic

and personal growth.

First and foremost, I extend my profound and heartfelt gratitude to my esteemed su-

pervisor, Dr. A. K. Singh. His insightful guidance, patient mentorship, and unwavering

encouragement have been instrumental in the successful completion of this thesis. Dr.

Singh’s expertise and keen attention to detail have not only enhanced the quality of my re-

search but also molded me into a more capable and disciplined researcher. I am sincerely

grateful for the opportunity to learn under his supervision.

I am also indebted to Dr. Sudhir Bhaskar for his technical support throughout this re-

search. His assistance, particularly in the critical technical aspects, provided much-needed

clarity and direction. Dr. Bhaskar’s timely advice and expertise were invaluable, espe-

cially during challenging stages of the project, and his support played a vital role in refining

the technical quality of this work.

My deepest appreciation goes to my family, whose unwavering love, patience, and sup-

port have beenmy greatest source of strength. Their belief inmy potential, alongwith their

sacrifices and encouragement, has kept me motivated through both triumphs and trials. To

my parents, siblings and wife, thank you for your enduring faith and understanding, even

when my academic commitments seemed all-consuming. This achievement is as much

theirs as it is mine.

I am also grateful to my all hosteler friends, Azharuddin Khan, Amit Kumar, and Rahul

Dubey for their companionship and constant support. They have beenmy sounding boards,



my confidants, and my sources of laughter and relief. Their friendship made this journey

more manageable and rewarding, helping me maintain balance and perspective during

stressful times. I would like to extend thanks to Mr. Sateesh Kumar Upadhyay for his

support during times of need. His timely assistance and encouragement have meant a

great deal to me, reinforcing my determination to persevere in challenging moments.

Finally, with deep reverence, I offer my sincerest gratitude to Lord Baba Vishwanath,

whose divine blessings have been a guiding light throughout this journey. His grace and

strength have given me the courage and conviction to stay true to my goals, and I dedicate

this accomplishment to His divine blessings.

To all those mentioned and to many others who contributed in countless ways, I extend

my heartfelt thanks. This thesis would not have been possible without your unwavering

support and belief in me.

vi Amit Kumar Singh



List of Figures

1.1 Different AIDC Techniques . . . . . . . . . . . . . . . . . . . . . . . . . 2

1.2 Diagram of RFID system . . . . . . . . . . . . . . . . . . . . . . . . . . 4

1.3 Thesis outline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2.1 RFID system components . . . . . . . . . . . . . . . . . . . . . . . . . . 16

2.2 Antenna impedance measurement with mirror image method . . . . . . . 25

2.3 Measurement schematic setup with differential probe . . . . . . . . . . . 26

2.4 A differential probe test fixture for impedance measurement . . . . . . . 27

3.1 Schematic of the tendered antenna . . . . . . . . . . . . . . . . . . . . . 42

3.2 Transformation steps of proposed antenna, (a) UHF Tag with Nested slot,

(b) UHF tag with sigle sided T-match network inside Nested slot, (c) UHF

tag with double-sided symmetric T-match network inside Nested slot. . . 44

3.3 Simulated impedance matching and reflection coefficient of every step.

Ra and Xa are resistance and inductive reactance of tag antenna respec-

tively. Rc and |Xc| represents resistance and absolute value of capacitive

reactance of microchip respectively. . . . . . . . . . . . . . . . . . . . . 44

3.4 Inductively coupled T-match loop equivalent circuit . . . . . . . . . . . . 46

3.5 (a) Simulated input impedance and (b) Reflection Coefficient for different

values of wt. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

3.6 (a) Simulated input Impedance and (b) Reflection Coefficient for different

values of lt. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48



LIST OF FIGURES

3.7 (a) Simulated input impedance and (b) Reflection Coefficient for different

values of wf . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

3.8 Fabricated prototype of proposed RFID tag antenna . . . . . . . . . . . . 49

3.9 Semi-rigid differential probe used for impedance measurement . . . . . . 49

3.10 Measurement schematic setup with differential probe . . . . . . . . . . . 50

3.11 Impedance measurement of tag antenna . . . . . . . . . . . . . . . . . . 50

3.12 Measured and simulated input impedance of proposed antenna . . . . . . 50

3.13 Measured and simulated reflection coefficient of RFID tag antenna. . . . 50

3.14 Simulated gain of the tag antenna at the boresight. . . . . . . . . . . . . . 51

3.15 Measured Read range obtained of the proposed tag antenna. . . . . . . . 51

4.1 Schematic of the proposed antenna . . . . . . . . . . . . . . . . . . . . . 56

4.2 ALLIEN Higgs-4 IC application diagram . . . . . . . . . . . . . . . . . 57

4.3 Spiral-ending meandered line with Meandered Inductive Coupled loop

equivalent circuit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

4.4 Equivalent circuit prototype of the proposed tag structure . . . . . . . . . 60

4.5 Reflection Coefficient of the UHF RFID tag antenna . . . . . . . . . . . 61

4.6 Evolution steps of this presented tag . . . . . . . . . . . . . . . . . . . . 61

4.7 Input Impedances of every steps;(a) Antenna I-Complex Impedance(b)

Antenna II-Complex Impedance,(c) Antenna III-Complex Impedance,(d)

Antenna IV-Complex Impedance,(e) Antenna V-Complex Impedance,(f)

Antenna VI-Complex Impedance . . . . . . . . . . . . . . . . . . . . . . 62

4.8 (a) Simulated input impedance and (b) Reflection Coefficient after varia-

tion of h. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

4.9 (a) Simulated input impedance and (b) Reflection Coefficient after varia-

tion of d. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

4.10 Fabricated proposed RFID tag antenna with differential-probe . . . . . . 65

4.11 Measurement of UHF Tag . . . . . . . . . . . . . . . . . . . . . . . . . 65

4.12 Measured amd simulated input impedance of tag antenna . . . . . . . . . 66

4.13 Measured and simulated reflection coefficient of RFID tag . . . . . . . . 66

xiv Amit Kumar Singh



LIST OF FIGURES

4.14 Far-field radiation pattern for E-plane and H-plane at 866 MHz . . . . . . 66

4.15 maximum separation between reader and tag . . . . . . . . . . . . . . . . 66

5.1 Tag design and simulated results. (a) Schematics of proposed tag antenna,

(b) Impedance variation of proposed tag, (c) Simulated return loss of tag

antenna. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

5.2 (a) Antenna I, (b) Antenna II, (c) Antenna III . . . . . . . . . . . . . . . 75

5.3 (a) Impedance and (b) Return loss obtained at each step . . . . . . . . . . 76

5.4 Parametric analysis (a) Input impedance of planar tag antenna after vari-

ation in ht (b) Return loss attained after variation in ht . . . . . . . . . . 77

5.5 Fabricated antenna and Measurement setup with Anritsu VNA . . . . . . 78

5.6 Fabricated tag antenna results. (a) Input impedance of tag antenna (mea-

sured and simulated), (b) Return loss of tag antenna (measured and simu-

lated). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

5.7 Simulated realized gain and radiation efficiency of planar tag antenna . . 80

5.8 Read range of tag antenna (measured and simulated) . . . . . . . . . . . 81

5.9 Radiation Patterns of tag antenna for E and H plane. . . . . . . . . . . . . 81

6.1 Structure of proposed circular RFID tag antenna. (a)Dimensional geom-

etry. (b) 3-D view. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

6.2 Simulated results of circular antenna (a) Input impedance, (b) Reflection

coefficient and Axial ratio, (c) Radiation pattern for xz-plane, (d) Radia-

tion pattern for yz-plane . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

6.3 surface current density of circular tag antenna at 915 MHz at different

phases. (a)ωt = 0o, (b) ωt = 90o, (c) ωt = 180o, (d) ωt = 270o . . . . . . 89

6.4 Circuit representation of proposed Circular RFID tag antenna. (a)General

circuit version. (b) Equivalent circuit diagram. . . . . . . . . . . . . . . . 90

6.5 Evolution steps (a) pair of slot and patch with equal area,(b) V-shaped

slot,(c) L-shaped patch,(d) shorting pin in L-patch. . . . . . . . . . . . . 91

Amit Kumar Singh xv



LIST OF FIGURES

6.6 Simulated results of Circular tag antennas: (a) Input impedance variation,

(b) Reflection Coefficient and axial ratio. . . . . . . . . . . . . . . . . . 93

6.7 Self resonating frequency of circular tag with different amount of pair of

via. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94

6.8 Effect of distance between L-bars in circular tag. . . . . . . . . . . . . . 94

6.9 Effect of gap between V-slots in circular tag. . . . . . . . . . . . . . . . . 95

6.10 Effect of shorting pin position on axial ratio. . . . . . . . . . . . . . . . . 96

6.11 circular tag antenna measurement setup (a) without metal plate and (b)

with metal plate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

6.12 Simulated and measured impedance of circular tag antenna in UHF RFID

band. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

6.13 Reflection coefficient of circular tag antenna with and without metal plate. 98

6.14 Maximum detection range of proposed circular tag CP antenna. . . . . . . 98

xvi Amit Kumar Singh



List of Tables

1.1 Comparison of different features of AIDC techniques . . . . . . . . . . . 4

2.1 Region-wise UHF band frequency allocation . . . . . . . . . . . . . . . . 20

2.2 Different ASIC specification . . . . . . . . . . . . . . . . . . . . . . . . 21

3.1 Optimized Values Of Geometrical Parameters Of The Tag Antenna . . . . 43

3.2 Various parameters comparison of the tendered antenna with few previous

reported antenna . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

4.1 Numerical Values Of optimized Parameters Of Tag Antenna . . . . . . . 57

4.2 Distinct parameters correlation of the tendered antennawith few preceding

communicated antennas . . . . . . . . . . . . . . . . . . . . . . . . . . 67

5.1 Arithmetic Values Of optimized Variables Of Planar Antenna . . . . . . 72

5.2 Comparison of proposed antenna with few formerly described tag anten-

nas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

6.1 Geometrical parameters of circular tag antenna . . . . . . . . . . . . . . 86

6.2 Read Range Comparison in Different Conditions . . . . . . . . . . . . . 99

6.3 Comparison of different CP tag RFID antenna . . . . . . . . . . . . . . 100


