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Abstract—This work presents an approach for the measurement The voltage increase is due to increase causelebyuality
of mutual inductance on near field inductive congliThe mutual factor Q of the series resonant circuit, which iplitts the

inductance between inductive circuits allows tmewation of energy voltage generator ¥ The reader circuit alone can be modeled
transfer from reader to tag, that can be used ilDR#ad powerless

implantable devices. It also allows one to predf@® maximum as (1).
voltage in the tag of the radio-frequency system. . .1
Z=Ry+(joly = j—=) (1)
Keywords—RFID, Inductive Coupling, Energy Transfer, 1
Implantable Device At the resonant frequency:
|. INTRODUCTION . = 1 @)
. L . 17 '
HE demand for Radiofrequency — RF applications is aC,
constantly increasing. Particularly, Radio-Freqyenc
Identification — RFID systems finds applications safety,  Therefore the impedance Z becomes resistive anal®tp

transportation and most recently in health, amahgroareas. R, which represents the inductor series resistandis way,
Therefore the Near-Field Communication is becomindely  the current at the reader circuit presented in Eiguill be

used, thus demanding full knowledge of the beha@nd dependent on resistance R1, and the voltage ainthetor
interactions of tuned circuits. As a result, thisrkypresents an wjill be given by (3).

approach to measure the mutual inductance betwhen t
magnetically coupled circuits. Based on the muitvgilictance E =jlaL = J% = jQV,.
of near inductors it is possible to obtain the agé at the
passive tag and to predict the range of the radiguency
system. Fig. 1 presents the simplified couplingMeen reader
and tag [3] [7] [8] [10] [11] [12] [15] and [16], kere the
power is sent by the reader to the tag by RF cogplihis
configuration was chosen to raise the voltage adpto the
inductor, since its voltage is higher than the getoe voltage
V4, at the resonant frequency.

The voltage increase is due to increase causelkbyuality ‘El ‘ :| Vi |Q (4)
factor Q of the series resonant circuit, which iplits the
voltage generator ) The reader circuit alone can be modeled
as (1).

®3)

At this point it is important to define the qualifactor
Q=wL,/R; of resonant circuit, which represents the ratio
between the stored and dissipated energy at arctmdihis
result shows that the reader efficiency is incrddsg the
primary series resonance. Consequently, the resffleiency
is optimized by using series resonance.

Il. MUTUAL INDUCTANCE MEASUREMENTMETHOD

. According to [1] and [2], the mutual inductance vibetn

W 1 two inductors can be measured as presented nexsidao

Ry Cy R, two circuits linked by inductork; andL, as shown in Fig. 2.
@ \ L L.T C, The inductance seen on the generator is given as:

Li'= L+ M+ My 5)

Fig. 1 Simplified coupling between reader and tag
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A b

Thus the total inductance seen at the generatmirtals is v
the inductance df, plus the mutual inductance of the inductor N )
1 on inductor 2 plus the mutual inductance of tituttor 2 on Rs |
inductor 1. Gy == Y EEE
Now, considering the series association presemtédg. 3, | . l |
the inductance is given by (6).
Fig. 5 Capacitive equivalent circuit

Li=L + L+ My + My, (6) ) . .

In order to find equivalence between the seriespardllel
representation, the real and the imaginary parteaah one
must be the same [4] [5]. Therefore:

P - Yp =Gp +jaCy (11)
Fig. 3 Series inductors .
z,=op 1% 12
Therefore, according to [1] and [2], if the induatasl; ° sz +(con)2 (12)

and L, are placed in series as shown in Fig. 3, the tiagul

inductance is the sum of the individual inductanpks the Frpm (12), the real part is;Rind the imaginary part is,C

mutual inductances. If the measurement is perforazeshown thus
in Fig. 4, where one inductor inverted, the sefgBictance R Gp
will be given as. s~ 2 2 (13)
G," +(aCy)
I And
-—
MI_ _\I_ sz +(C(Cp)2
cC,=—— (14)
s 2
w°C,
Fig. 4. Series inductors with inverted terminals
Li=L+L,-Mpp-My (7 P Rp

That approach allows taking the tag load gs dtice the
quality factor of the capacitor is very high. Oh&erlso that
the capacitor value is frequency dependent. Basedhis
L+l +Mp+ My —L L+ M+ My =L-Ls (8)  approach, the obtained equivalent circuit is showFig. 6.

By subtracting-s fromLs " one can obtain:

By consideringvl;,=M»=M, then:

K _-"'.I‘.."". 1{""1( | | S— -"'.k_-"\_ ."Inl'\" M ,."n"\-"-"-;_
NS LY . ;
M=t hs ) (:“u; Fe €1 (C Rsrz Rsca 1
4 iy |'/ f“ { Ls, Csz ;
By obtaining M and knowing the values of L1 and blge L, = j; |
can calculate the coupling factor as L ‘~| ‘~|
K= M
- \/E (10) Fig. 6 Equivalent circuit modified to inductive tea-tag coupling
1. TAG VOLTAGE SIMULATION The circuit presented in Fig. 6 can be equated §$3]
Once the mutual inductance M is known, the readdrthe Ry'= Ry, + Ry (16)
tag equivalent circuit can be evaluated, as indatan Fig. 1. L2
Observe that the tag circuit is formed by the peral Lo = Lo (7)
connection of L2, C2 and R2. Nevertheless the aimaban be c.=C (18)
s2 T ¥2

greatly simplified by using the series equivaleintwit. Thus
. . . i 1 X
.the qqallty factor'of. the inductor can b.e gxpresgetdarms of V= L(Ry + jady +———) =1, jaM 19)
inductive and resistive parameters, as indicatddgn5.
Therefore, the transformation of a parallel circimto a

series is indicated in Fig. 5. 0=-ljaM +1,(Ry, +jal, + 1 )
[29

(20)

International Scholarly and Scientific Research & Innovation 6(4) 2012 440 scholar.waset.org/1307-6892/6480


http://waset.org/publication/Evaluation-of-Coupling-Factor-in-RF-Inductively-Coupled-Systems/6480
http://scholar.waset.org/1307-6892/6480

International Science Index, Electronics and Communication Engineering Vol:6, No:4, 2012 waset.org/Publication/6480

World Academy of Science, Engineering and Technology
International Journal of Electronics and Communication Engineering
Vol:6, No:4, 2012

From (20): It was used a network analyzer along with the il
) support shown in Fig. 7 to conduct the measuremériie
l, = l1jaM (21)  series resistance was measured by the network zemalgs
Ry, +jad, +— 1 R=1.140 and R=2.2Q at 13.56 MHz.
2 TABLE |

. SIMULATION MEASUREMENTS
Voltage over capacitor Gs:

Measurement Distance betweeniand L, M
_ 1 (22) Le=10.0 pH
V, =1, aC, L.=6.33 iH 5mm 0.917 puH
_ _ _ Ls=9.48 uH 10mm 0.692 pH
By replacing (21) into (19), results in: Ls=6.71 uH
Ls=9-13 A 15mm 0,532 pH
Vs (R, + jal, + Ly - la(ieM)® e
=h(Rg + jaly JaCl) . 1 (23) s=e./a i 20mm 0.370 puH
(R52 +jal, +— ) Ls=7.26 uH
jaC, Le=8.55 uH 0.287 uH
Le-=7.40 pH 25mm
Vl
= 1 (aM)?
(Ra+jaly + ja(:l)+ (24)
(Ro'+jauly +———-)
jaC,

Thus the voltage over capacitop €an be obtained from
(22) and (24) as:

1 jeM

V, =
2 . (25)
(R +jadl, +

1 ..
aC
jaCz)J 2

Now, by replacing (24) into (25) results in:

V= M

LM Rttt Rt ok
[(aM)” +(Ro+] 2+j@)®1+1@+j@)102 (26)

—

It can be observed from (26) that once the mutual Fig. 7 Mutual inductance measurement
inductance M between reader and tag and the qdattgr of
L1 and L2 are known, the voltage on the tag caobiained. The former results were obtained by MATLAB simubati

Once the load resistance ® known, the equivalent loss of equations (13), (14) and (26). The simulatiosutes are
resistance of capacitor,@an be found by replacings=Rvith ~ shown in Fig. 8.

R., and by using the relatio®,=1/R,. Therefore, by using
(13), the equivalent loss resistance can be found.

Thus, by considering only the resonance frequenty
13.56 MHz [14] [17], then total series equivaleasistance
will be the loss of €and the series resistance of inducter L
Therefore, it is taken, as a first approximatidmttthe loss
resistance of capacitor,@ constant with frequency. Observe
also that the value of capacitos @ill be modified as given by &
(14), thus the equivalent capacitance will vary hwithe
frequency. Consequently, the simulation will coesidhis
frequency variation in £
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IV. COMPARISON OF SIMULATION AND MEASUREMENT

It was used the measurement method shown in Seltfion & E i - 5 W 7

with inductors L1=1.77 pH and L2 =5.4 pH, and tesults Fig. 8 Simulation in MATLAB
are summarized in Table I.
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It can be observed that the voltage at the tag is
approximately 1V. Nevertheless, the resonating freguency
varies along with the mutual inductance. Therefore, for each
mutual inductance, capacitors C; and C, can be adjusted for
the maximum voltage at the tag.

As can be observed from Table II, the maximum error
decreases to 4.5% for distances smaller than 15 mm. The error
also increases as the distance increases, since the magnetic
field at the inductor scatters.

TABLEII
COMPARISON RESULTS OF SIMULATION AND MEASUREMENT
Distance M easured Simulated M
25mm 769mV 1001mV 0.287pH
20mm 943mV 1061mV 0.370 pH
15mm 1038mV 1063mV 0.532 pH
10mm 1026mV 1055mV 0.692 pH
5mm 1007mV 1052mV 0.917 pH

The inductor assembly may present small result deviations
since the cables are subject to tiny influence through the
magnetic field. Another factor is the inductor series resistance.
This resistance varies with the frequency, and it is not taken
account in the MATLAB simulation. The measurement set up
isshowninFig. 9.

Fig. 9 View of measurement set up

V.CONCLUSIONS

By using the proposed method to measure the mutual
inductance between reader and tag, it is possible to calculate
the maximum voltage at the tag of an RFID system. That
information is useful to evaluate the need of high voltage
protection or to evaluate the maximum distance between tag
and reader. The maximum error is a 4.5 % on the tag voltage
for distances of up to 15mm. For 20mm, the total error

International Scholarly and Scientific Research & Innovation 6(4) 2012

increases to approximately 30%. Therefore, the method does
not work properly for large distances and it is not possible to
determine precisely the maximum voltage in the tag, but it may
provide arough estimate.

It is very important to know the maximum voltage in the tag,
mainly for implantable devices, so that the designer can take
the proper precautions. We are now conducting a research on
the influence of scattered magnetic field and the series
resistance variations in the inductors.
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