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ABSTRACT 

The invention of the Radio Frequency Identification (RFID) has introduced many 
advantages in the product tagging, object tracking and supply chain management 

comparing with the barcode system. Allocation of the UWB frequency range has 
given the RFID researchers another edge to include more bits for the inscription due to 

the wideness of the band and nowadays research on RFID is at the forefront to replace 
the barcode system. Often, it has been seen from literature that in the RFID system, 
the main focus is on the tag and how it can be read. Many researchers tried to read the 

backscattered data from the passive UWB tag with highly sophisticated test 
instrumentations such as, vector network analyzers (VNA), spectrum analyzers etc. In 

the UWB RFID readers, that can successfully read the microstrip resonator type tag, 
the generation of the chirp signal (and also in the tag space) limits the inclusion of 
more bits to the system. Inclusion of more bits needs more bandwidth which leads to 

the difficulties to design large bandwidth chirp signal. In literature it is also found that 
there are very little emphasis given on the development on the reader while 

developing a RFID system and how to make it simple and energy efficient. UWB 
RFID system is totally dependent on the constant chirp generation from the UWB 
RFID reader. With respect to the design of the tag, the bits can be spread over the 

entire bandwidth (BW) which goes up to 5 GHz. To detect the bits, the entire 
bandwidth needs to be swept while the only concerning frequencies are needed for 
detection and rest of the BW will be idle. From the theory of the mixer topology it is 

well known that with the fundamental frequency, two different main tones can be 
generated. These two tones are totally separate frequencies and can operate 

individually by separating them with narrow band pass filters. With this idea, by 
cascading as many mixer-filter configurations eight different frequencies are 
generated from 5 to 7 GHz.  The generation is only limited on those concerning 

frequencies which the bits are allocated on a microstrip resonator type tag. A duty 
cycle of 50% is kept while switching different frequencies. Since the generated 

interrogation signal is a „chirp and hold‟ signal, in this process the entire BW sweep is 
not necessary. Due to 50% on time, the EIRP of the reader is doubled and 
consequently the reading range is increased. The reader is also made less complex and 

easy to design. A new type of linear resonator for the UWB passive tag also designed 
and developed to fit with the designed reader front-end. The result shows the 8-bit 

tag‟s resonator section occupies 19.22 mm2/bit. The new design has reduced the 
area/bit upto 20% from the recent research. 
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 خلاصة البحث

 ٔظغ فً انًضاٌا يٍ انؼذٌذ( RFID) انشادٌٕ يٕخاخ تاسرخذاو انٌٕٓح ذمٍُح ذحذٌذ اخرشاع لذو
 انشفشج انخٍطٍح. أػطى تُظاو يماسَح الإيذاد سهسهح ٔإداسج انكائٍ ٔذرثغ انًُرح ػهى انؼلاياخ

لإدخال  انثد يٍ انًضٌذ نٍشًم RFIDفً  آخش نهثاحثٍٍ حذا   UWBانرشدداخ  َطاق ذٕصٌغ
 يحم نرحم انحاظش انٕلد انطهٍؼح فً فً RFID ػهى ٔانثحٕز انُطاق، اذساع تسثة انثٍاَاخ

 ْٕ RFIDانشئٍسً فً َظاو  انرشكٍض أٌ انثحٕز انساتمح انشفشج انخٍطٍح. نمذ نٕحِعَ يٍ َظاو
 ػلايح يٍ انًشررح انثٍاَاخ لشاءج انثاحثٍٍ يٍ انؼذٌذ لشاءذٓا. حأل ًٌكٍ ٔكٍف انؼلايح ػهى

UWB انًردٓح  انشثكاخ ذحهٍم أخٓضج نهغاٌح يثم يرطٕسج اخرثاس تأدٔاخ(VNA)ذحهٍم ، 
سَاٌ ششٌػ انُمم  َٕع ػلايح تُداذ ٌمشأ أٌ ًٌكٍ انزي UWB RFIDلاسا  فً .إنخ انطٍف،

 .نهُظاو انثد يٍ انًضٌذ إدساج يٍ( انؼلايح حٍضّ فً ٔأٌعا) chirpإشاسج  ٌحذّ ذٕنٍذ انكٓشتائً،

 فً صؼٕتاخ إنى ٌؤدي يًا انرشددي انُطاق ػشض يٍ انًضٌذ إنى انثد يٍ انًضٌذ ٌحراج إدساج
خذ .chirpلِ  كثٍش ذشددي َطاق إشاسج ذصًٍى  يٍ انمهٍم ُْان أٌ أٌعا  فً انثحٕز انساتمح ُٔ

 تسٍطا   خؼهّ ٔكٍفٍح RFID َظاو ذطٌٕش فً انٕلد انزي ٌرى فٍّ تانماسا انرطٌٕش ػهى انرشكٍض
 لاسا يٍ انثاتد chirp خٍم ػهى كهٍّا   UWB RFID انطالح. ٌؼرًذ َظاو فً ذٕفٍش ٔراخ كفاءج

UWB RFIDانرشددي انُطاق ػشض ػهى انثراّخ ذٕصٌغ ًٌكٍ انؼلايح، ترصًٍى ٌرؼهك . ٔفًٍا 
 فحص ػشض ٌرى أٌ ٌدة انثراّخ، ػٍ غٍغاْشذض. نهكشف 5إنى  ٌصم ٔانزي( BW) تأكًهّ

 ٔسٍكٌٕ تمٍح نؼًهٍح انكشف انلاصيح نهرشدداخ فمػ حاخح ُْان أٌ حٍٍ فً تأكًهّ انرشددي انُطاق
BW   انرشدداخ يٍ اثٍٍُ ذٕنٍذ ًٌكٍ أَّ انخلاغ غٕتٕنٕخٍا َظشٌح خٍذا  يٍ انًؼشٔف يٍ .خايلا 

 ذًايا  ًٌٔكًُٓا يُفصهح ًْا ذشدداخ الإشاسذاٌ الأساسً. ْاذاٌ انرشدد انًخرهفح يغ انشئٍسٍح
 إَشاء ٌرى انفكشج، ظٍك. تٓزِ َطاق ذًشٌش تًششحاخ فصهًٓا غشٌك ػٍ فشدي تشكم انؼًم

 .mixer-filter ذكٌُٕاخ يٍ ذرانً انؼذٌذ خلال غٍغاْشذض يٍ 7 إنى 5 يٍ يخرهفح ذشدداخ ثًاٍَح
 انُمم ششٌػ سَاٌ َٕع ػلايح ػهى انثراّخ ذخصّصٓا انرً انرشدداخ ػهى فمػ اندٍم ٌمرصش

 تًا أٌ إشاسج. انًخرهفح انرشدداخ ذثذٌم أثُاء٪ 50 تُسثح انؼًم تذٔسج الاحرفاظ انكٓشتائً. ٌرى

نذج ٕابالاسرد ّٕ ظشٔسٌا   انكايم نٍس BWفئٌ فحص  ،" chirp and hold"‘ ًْ إشاسج انً
 ٌرى ٔتانرانً يٍ انماسا، EIRPيعاػفح  ٌرى انًحذد، انٕلد فً٪ 50 َظشا  إنى .انؼًهٍح ْزِ فً

ى ٔسٓم ذؼمٍذا   ألم أٌعا   خُؼِم انماسا .انمشاءج َطاق صٌادج ًّ س انرصًٍى. صُ ّٕ  يٍ خذٌذ َٕع ٔغُ
ى. ذظٓش انُرٍدح أٌ انماسا يغ نٍرُاسة UWB انسهثٍح نهؼلايح انخطً انشَاٌ ًّ ًُص  لسى الأيايً ان

 نرصم يٍ انًساحح نكم تد اندذٌذ انرصًٍى تد. خَفّط/2يى 19.22 ذشغم تد-8انؼلايح  سَاٌ
  الأخٍشج. انثحٕز يٍ٪ 20 إنى
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND 

RFID (Radio frequency identification) is mainly a technique of transmitting and 

receiving necessary data between an RFID tag and reader which uses radio frequency 

for detection. It comes from one of the branches of the term called „Automatic 

Identification (Auto-ID)‟ named by the organization called Automatic Identification 

and Data Capture (Su, Chu, Prabhu, & Gadh, 2007). Auto-ID system has several 

branches such as optical barcode, biometric, smart card, RFID and other systems. 

Commonly, the barcode and RFID system are involved in tagging of the object or 

product. The optical barcode is comparatively cheaper and can be labelled on any of 

the products to be identified. Though the optical bar code system is cheaper, it has 

several disadvantages. It needs a line of sight in communication. It malfunctions due 

to dirt, damp, wear and tear. It has always risk of tempering. Moreover, it cannot be 

fully automated and needs manual operation for its function. On the other hand, the 

RFID depends on data transmission by means of radio frequency signals, and 

subsequently, the whole operation is line-of-sight (LOS) and weather independent. A 

full automatic system can be possible to be developed by using RFID. As a result, 

RFID is a potential and better candidate compared to the barcode for its object tagging 

and tracking abilities (McFarlane & Sheffi, 2003).  

 Since silicon chips are fabricated on a wafer-by-wafer basis, there is a fixed cost 

per wafer that is independent of the integrated-circuit (IC) design thus the cost of the 

RFID chip can be estimated based on the required silicon area for the RFID chip. 

Hence, with highly optimized low transistor count application-specific integrated 
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circuits (ASICs), implemented assembly processes and extremely large quantities 

(over 1 billion) of RFID chips sold per annum, a minimum cost of 5 cents is a 

reasonable estimate for chipped RFID tags (Ahsan, Shah, & Kingston, 2010). 

 The major application of RFID technology including manufacturing processes, 

supply chain management, inventory control in warehouse, counterfeit prevention in 

bank notes and secured documentation are established. Scientists and researchers 

throughout the world have been trying to resolve some current issues involved in the 

RFID system such as costing, reliability, security, and standardizing before being 

implemented in the relevant sectors. Therefore, there is a lot of scope to do research in 

this field of RFID. 

 Item tracking and identification is one of the major challenges of RFID because 

this market represents 10 trillions of units sold each year. Competing with the optical 

barcode technology is a hard task for classical RFID tag having an antenna and a chip, 

whereas chipless RFID tag has a key role to reach this goal. Indeed, this emerging 

technology is under growing interest and many research projects are under 

development.  

 RFID systems can be classified in many ways. On the basis of its frequency of 

operation it is low frequency (125 KHz), high frequency (13.56MHz), ultra high 

frequency (860 to 930 MHz), microwave (2.45 GHz) and ultra wide band (UWB) that 

working between 3.1 to 10.7 GHz. In each working band of frequencies different 

detection techniques and topologies are adopted while designing the system. 

Moreover, the dimensions of the tag are also a function of the operating frequency 

(Butters & Consultant, 2006). 

 Similarly, on the basis of on board tag power supply it is classified as: active type 

tag realises of its transmission, reception and other functions on the battery on-board, 



 

3 

semi-active type tag that also has battery on board only to keep the digital circuitry 

alive but needs the assistance of reader interrogation signal power to send and receive 

the information and passive type tag which comprises no battery on board and totally 

dependent on the interrogation signal power to perform all necessary operations. The 

chipless tags don‟t carry any silicon chip on-board so, it is inherently passive in 

nature. Since there is no inclusion of chip on board the chipless is the main competitor 

to replace the conventional barcode system.   

 Nowadays, a number of active and passive RFID systems in different frequencies 

are available in the market. Hence, a wide range of RFID tag and their corresponding 

reader are available in the commercial market. At present, chipless RFID technology 

opens a new research area in RFID due to its simplicity and low cost since a chipless 

tag doesn‟t hold any silicon chip and no classical RF modulation schemes are required 

for communication (Garfinkel, Juels, & Pappu, 2005). The UWB enables a wide 

frequency range for the researchers to design different chipless RFID systems and 

UWB RFID systems are now at the forefront of the research. However, the UWB 

RFID technology is not omnipresent and yet to be fully deployed commercially.  

 There are mainly two significant parts of the RFID system, tag and reader. Basic 

mechanism of the RFID, the reader or interrogator sends the RF interrogation signal 

and in response, the tag transmits the data stored in it. The architecture of an RFID 

reader absolutely depends on the type of tag used. However, the main components of 

RFID reader are antenna(s), analogue section that consist of transmitter and a receiver, 

and the digital section. Usually the analogue section is called the front-end of the 

reader. Figure 1.1 shows the basic block diagram of an RFID system. 
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Figure 1.1: The basic block diagram of an RFID system 

 
 

 The front-end is connected with the transmitting and receiving antenna(s) as the 

gateway of the reader. Mainly, the construction of the reader front-end is based on the 

type of the tag and also the frequency of the operation. For the chipless type resonator 

tag, the reader transmitter consists of VCO (voltage controlled oscillator), band pass 

filter (BPF) and a power amplifier (PA). The VCO generates a linear chirp (swept) 

frequency interrogation signal. The reader, which is a coherent frequency-modulated 

continuous-wave device, interrogates a tag and decodes the tag‟s identification data 

from its both amplitude and phase information (Preradovic, Karmakar, & Zenere, 

2010). The tag and reader are integrated part in an RFID research and there is no 

scope to consider them separately.  

 Chipless tag is inherently passive and attractive to the end users since they do not 

have an on-board power supply and therefore rely only on the power emitted from the 

reader. Passive tags may or may not contain an integrated circuit, memory block, or 

application specific integrated circuit.  

 Chipless tags are usually in the form of electronic article surveillance (EAS) or 

surface acoustic wave (SAW). It can be used in retail shops for auto inventory 

management and security purposes. Basically the chipless RFID tags are exploiting 
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the physical effects of the tag‟s design. All chipless RFID tags differ fundamentally 

from tags which contain an IC, in terms of operational principles and power 

consumption. The tag itself generates data due to its physical architecture and design, 

and therefore, it represents a unique ID device. 

 Nowadays, the chipless RFID reader approaches are complex, bulky, expensive 

and commercially inadequate in the market. Their existences are still in the incubation 

stages inside the research lab. Though the chipless tag price is going lower, however 

the price of the reader is still very high and the dimension of reader is also bulky. As a 

result, these are the big issues at present to the RFID end users. An UWB RFID reader 

is an RF transceiver. Refers to Figure 1.1, the circuitry of the RFID reader is complex 

in design. This actually makes the system bulky, costly and complex. One of the 

solutions is to use the RF switch but, in this case implementation of the switch cannot 

be feasible because the reader keeps sending the CW signal while receiving the 

backscatter signal from the tag. Also because of the large bandwidth of the UWB 

system the generation of the constant analogue chip signal is very difficult and 

difficult to find in the existing market. This makes a conclusion that one reader can be 

made in such a way that there is no constant chirp but only the corresponding signals 

related to the tag.     

1.2 PROBLEM STATEMENT 

The authors in Jalaly et al., (2005) presented a tag that encodes 5 bits with 5 

microstrip dipole resonators. The data was encoded by controlling the 

presence/absence of resonance (based on the resonator) at a known frequency. Using 

the same coding technique, Preradovic et al, (2009), has proposed a tag based on 

multiple spiral resonators and was able to encode 35 bits. This design is efficient in 
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terms of coding capacity but needs a large size (7 cm 15 cm) since one bit is equal to 

one resonator. The phase can also be used to encode data and several techniques have 

been experimented. Mukherjee et al., (2011) uses a wideband antenna as a reflector 

connected to a complex load that can produce different phase profiles.  

 For each phase profile an identifier is associated. The authors in Balbin & 

Karmakar, (2009), used multiple patch antennas connected to a stub of variable length 

and encodes data by varying the phase of each antenna independently. However, at the 

present time, coding capacity is not significant (few bits) and it is still a big challenge 

to embed a large number of data into a tag of size similar to that of a credit card (5 cm 

8 cm). Despite many proposals are made, due to the space dependency, the UWB 

passive RFID tag dimension is still relatively large to fully replace the conventional 

barcode. 

 In classical RFID, anti-collision management is a part of the protocol but in case 

of the chipless tag that cannot be implemented. However some techniques based on 

time or spatial separation of tags can be used. An antenna with narrow beam width can 

be designed for this purpose, but the main weaknesses of chipless technology concerns 

their non-rewritable capability and their data capacity limited to a few tens of bits. 

This last characteristic could be a limiting factor for many applications, and this is 

why work has to be done to increase the data capacity of chipless tags. 

 In the reader front-end topologies, there are two configurations omnipresent i.e. 

two antenna (bi-static) and single antenna (mono-static) configuration. In most of the 

lower frequencies (until UHF band) the mono-static antenna is established. In UWB 

still the bi-static configuration is not replaced by the mono-static only because of the 

separation of the transmitted and received signal. However, bi-static antenna based 

front-end configurations for the RFID reader, imposes few problems such as 
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Bi-static antenna system makes the system bulky. Use of two separate antennas for 

transmission and reception makes the system almost double costly. Implementation of 

the bi-static antenna system is sophisticated, so, the design becomes complex. Two 

antennas always make crosstalk/isolation problem.  

 There are a few drawbacks, which are significant, associated with chipless RFIDs. 

No protocol is followed with this type of RFID; therefore, collision is a major 

challenge. The required reader would need more sophisticated architecture and will be 

more expensive than existing commercial readers. The reader‟s transmitted power is 

limited by the Federal Communications Commission, FCC, Section 15.247 to an 

effective isotropic radiated power (EIRP) of 1 Watt. At practical operating distances, 

the chipless RFID has a clear advantage, requiring less radiated power. 

 Often, it has been seen from literature that in the RFID system, the main focus is 

on the tag and how it can be read. Many researchers tried to read the backscattered 

data from the passive UWB tag with highly sophisticated test instrumentations such 

as, VNA (vector network analysers), spectrum analysers etc. In different literatures, 

the authors tried to propose the UWB RFID readers that can successfully read the 

microstrip resonator type tag. Where, the generation of the chirp signal (and also in 

the tag space) limits the inclusion of more bits to the system. Inclusion of more bits 

needs more bandwidth which leads to the difficulties to design large bandwidth chirp 

signal. In our knowledge there are very little emphasis given on the development on 

the reader while developing a RFID system. Moreover, due to the large bandwidth of 

the system, to generate the constant amplitude chirp signal, the design of the VCO is 

very difficult to implement for the reader front end of UWB passive RFID tag.  


