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Abstract: One of the obstacles to wide adapt passive RFID systems is the 

limited read distance or relatively high error rate due to radio interferences in 

the passive backscatter RFID systems. The most important tag performance 

characteristic is read distance at which RFID reader can detect the 

backscattered signal from the tag. The read distance in passive backscatter 

RFID systems depends on many factors; this paper presented an overview of 

passive backscatter RFID systems and the transmission model of these 

systems. We focus on presenting an overview of several antenna parameters 

impacting on read distance in the passive backscatter RFID system and 

obtaining the calculation formula of the read distance. The experimental 

verification shows the validity of the formula in the end.  
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1. Introduction 

Radio Frequency Identification (RFID) is a kind of the contact-less automatic 

identification technology via radio frequency signal，which is one of the most 

developed rapidly technologies in automatic identification technology field. It 

uses radio frequency to identify the target and acquire data via non-contact radio 

communication. In recent years，with the growing application requirements for 

RFID, RFID technology，in particular，working at UHF and microwave bands 

develops very quickly. Meanwhile，with the operating frequency of RFID 

system increasing ， for passive RFID systems working at the UHF and 

microwave bands and on the basis of backscattering modulation principle to 

work, it becomes very important to research on response model of 

electromagnetic field and calculation of the read distance. 
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Passive RFID systems and their communication have been researched in 

several publications [1]. These researches give more in-depth analysis towards 

the tags’ performance. There also have been numerous publications on antennas 

for RFID tags. At the same time, there exist some papers on RCS of linear and 

non-linear laden antenna. However, very few papers provided an overview of 

response model of passive RFID systems [2-9]. This paper provides a 

calculation method for RCS which is very complex [7]. These investigations 

give academic analysis and measure on RCS of antenna for RFID tags with 

different load [2, 6]. But there exist no specific RCS calculation method for 

different laden antenna [2], meanwhile, there also have no simulation results [6]. 

In this paper, we attempted to fill existing gap. We reviewed passive RFID 

technology and the principle of the backscatter RFID system. The response 

model of passive backscatter RFID systems and the calculation of the read 

distance are analyzed and discussed. 

2. Backscatter RFID System 

The operation of a typical passive backscatter RFID system includes an RFID 

reader and a passive RFID tag，shown as Fig.1. A passive tag consists of an 

antenna and an application specific integrated circuit chip, both with complex 

impedance (Zin and ZL). The chip obtains power and data from the radio 

frequency (RF) signal transmitted by the RFID reader. The tag sends data back 

by switching its input impedance between two states (Zc1 and Zc2) and thus 

modulating the backscattered signal. At each impedance state, the tag presents a 

certain radar cross-section (RCS). One of the impedance states is generally high 

(RCS1) and another is low (RCS2) to provide a significant difference in the 

backscattered signal.  

The variation of the chip impedance with power and frequency can drastically 

affect the performance of the tag. Thus, proper impedance match between the 

antenna and the chip is very important in passive RFID systems. It directly 

influences RFID system performance characteristics such as the reading ability. 

Usually, in order to maximize the reading ability, the antenna impedance is 

matched to the chip impedance at the minimum power level required for the 

chip to work. 

Data exchange between reader and tag can employ various modulation and 

coding schemes. The signal transmitted on the uplink (reader to the tag) 

contains both continuous wave (CW) and modulated commands as shown in 

Fig.1. On the downlink (tag to the reader), the data is sent back during one of 

CW periods when the tag impedance modulates the backscattered signal [6]. A 
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passive backscatter RFID system can be produced at a favorable price, but the 

read ability is strongly limited by the overall efficiency of the system. The 

antenna characteristics have a radical effect on the read ability of RFID systems. 

In the following paragraphs, we study the response model of passive backscatter 

RFID systems and the calculation of the read distance. 
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Fig.1 Passive backscatter RFID system 

3. Analysis and Calculation  

In passive backscatter RFID systems, the operational power required by the tag 

is transmitted from the reader. This calls attention to the total performance of 

the radio link between the reader and the tag.  

The properties of the reader or the tag, such as transmitting power, antenna 

gain, operating frequency, radar cross-section, quality factor, effective aperture 

or scatter aperture, polarization, and receiver sensitivity, are considered as some 

primary factors affecting read distance. 

3.1   Uplink Transmission Model  

According to Friis transmission equations in free space, the received power at 

the read distance R can be calculated by formula as 
2
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Where  is the wavelength, tP
is the power transmitted by the transmitter, 

( , )t t tG  
is the gain of the transmitting antenna, ( , )r r rG   is the gain of receiving 

antenna, Pr(R) is the receiving power of the receiver antenna, R is the distance 

between the receiver and transmitter, L is the system loss factor without the 

spread, when L = 1, it indicates that there is no loss in the system hardware. 

In passive backscatter RFID systems, the uplink is the transmission from reader 

to the tag. The reader is transmitter, the tag is receiver. It supposes that the tag is 

on the direction of the maximum gain ( tG  ) of reader antenna gain and the 
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direction of the maximum gain ( rG ) of tag is same as reader antenna, at the same 

time, the polarization direction of reader antenna is same as the tag antenna, 

thus formula (1) can be showed 
2
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The energy of the passive tag is completely provided by the reader antenna . 

3.2   Downlink Transmission Model 

According to radar transmission equations in free space, the intercepted power 

of the target is proportional to scattering area 

i iP S                                                (3) 

Where Pi is the intercepted power of the target, σ is the Scattering area, Si  is 

the incident power density of target. 

When the incident power is uniformly diffused, thus 
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i
s

P
S

R
                                                (4) 

Where sS is the power density of receiving antenna of radar from scattering. 

From (3) and (4) 
2
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Where iE
is the incident electric field intensity of target, sE

is scattering 

electric field intensity of radar antenna from target, and is the measure that 

target scatters electromagnetic-field at the direction of radar receiving antenna. 

Thus received power of radar can be expressed as 
2
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Where 1R
is the distance between transmission antenna and target, 2R

is the 

distance between receiving antenna and target (bistatic radar). 
( , )t t tG  

is the 

gain of transmission radar, 
( , )t t tG  

is the gain of receiving radar. 

For monostatic radar, 
( , )t t tG  

, rP can be defined as 
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In passive backscatter RFID systems, the reader generally only has a antenna, 

which equate to monostatic radar, and the electric field polarization of reader is 

the same as tag, so the intercepted power of the RFID reader is obtained as 

2 2

3 4(4 )

t t
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
                                               (8) 

Equation (8) is defined as RCS (radar cross-section) model. 

3.3 Calculation of the read distance 

According to uplink transmission model, the received power of tag can be taken 

into account by equation (2). Assuming that they started power of tag circuit 

is minP , when minrP P , the tag can be started. According to downlink 

transmission model, the receiving power of the reader antenna from the 

backscattering tag can be obtained, when min'( ') 'rP R P
, where '( ')rP R is the 

minimum received power requirement of the reader, min'P is the started power of 

the reader, the reader can be started. 

When                                           minrP P                                                    (9) 

Then                                          
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The maximum read distance can be obtained as 
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In free place   
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When 

min'( ') 'rP R P                                            (14) 

Then 
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The maximum read distance can be expressed as 
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Considering downlink model in free place 
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When the passive backscatter RFID system works, the maximum read 

distance of the system can be obtain as 

 '' '

max max maxmin ,R R R                                            (18) 

4. Experimental Verification  

In order to verify the calculation formula of read distance in backscatter systems, 

an experimental system is designed. 

4.1   Experimental System 

The experimental system is shown in Fig.2. 

 
Fig.2    Experimental system based on RFID 

The experimental system includes pallet with passive tag、pallet and forklift 

with RFID reader. 

4.2   Verification 

According to the parameters from manufacture, the maximum read distance can 

be calculated   
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''

max 3.65R m  

   The read times in 1 second are recorded when the read distance is different. 

The experimental results are shown in Table.1. 

TABLE .1     READ DISTANCE EXPERIMENT 

Read distance(m) Time(s) Times 

1.2 1 12 

2.2 1 10 

3.5 1 2 

4 1 0 

When the read distance is 3.5 meter, the RFID reader can read the tag 2 times 

in 1 second, while the read times is 0 when read distance is 4 meter. 

The experimental results show that the theory result accords with experimental 

results. 

5. Conclusion 

This paper presented an overview of passive backscatter RFID systems and the 

transmission model of passive backscatter RFID systems. Then the calculation 

formula of the read distance was obtained and discussed in the passive 

backscatter RFID system, and the experiment results showed the validity of the 

formula. The analysis of the read distance shows that antenna parameters affect 

read distance directly. Furthermore, the performance of a passive backscatter 

RFID system is highly depended on the antennae. Choosing the right antenna 

for the passive backscatter RFID system can increase the identifying reliability. 
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