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Abstract

In this article, Very Crucial subject discussed in Semi-Passive RFID TAGs system stability. Semi-Passive TAGs with
double loop antennas arranged as a shifted gate system stability optimization under delayed electromagnetic
interferences. The double loop antenna is employed due to the fact that this antenna consists of two parallel loops; i.e.,
primary and secondary loops. We define V() and Vj,(t) as the voltages in time on double loop antennas. Vj(t) is the
voltage in time on the primary loop and Vi,(t) is the voltage in time on the secondary loop. The index (i) stand for the
first gate (i=1) and second gate (i=2). Due to electromagnetic interferences there are different in time delays respect to
gate antenna’s first and second loop voltages and voltages derivatives. The delayed voltages are Vj;(t-t;) and Viy(t-t,)
respectively (117 12) and delayed voltages derivatives are dVi(t-A)/dt, dVi(t-Ay)/dt  respectively
(A=A, ;71,20 7,20;A,A,20).

Keywords:Double loop antenna, Shifted Gate antennas, Delay Differential Equations (DDESs), Bifurcation, Stability

1. Introduction

In this article, Very Critical and useful subject is discussed: Semi-Passive RFID TAGs system stability.A semi-passive
tags operate similarly to passive RFID tags. However, they contain a battery that enables longer reading distance and also
enables the tag to operate independently of the reader.Semi-Passive TAGs with double loop antennas arranged as a shifted
gate system influence by electromagnetic interferences which effect there stability behavior. The below figure describes
the double loop antennas as a shifted gate in x-direction.

—

Figure 1. Double loop antennas arranged as a shifted gate in x-direction.

The Semi-Passive RFID TAG with double loop antennas equivalent circuit can be represent as a delayed differential
equations which depending on variable parameters and delays.

2. Semi-passive RFID Tag with Double Loop Gate Antenna Equivalent Circuit and Represent Delay Differential
Equations

Semi-Passive RFID TAG with double loop antenna can be representing as a two inductors in series (L;; and L, for the
first double loop gate antenna) with parasitic resistance rp;. The double loop antennas in series are connected in parallel to
Semi-Passive RFID TAG. The Equivalent Circuit of Semi-Passive RFID TAG is Capacitor (C;) and Resistor (R;) in
parallel with voltage generator V(t) and parasitic resistance rg; In case we have Passive RFID TAG switch S; is OFF
otherwise is ON (Reader/Active RFID system) and long distance is achievable. The second double loop gate antenna is
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defined as two inductors in series L,; and L, with series parasitic resistor rp,. Vg(t) and parasitic resistance rg, are belong
to the second gate antenna system with another Semi-Passive RFID TAG (Supakit, et al.) .
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Figure 2.Double loop antennas in series with parasitic resistance and Semi-Passive RFID TAG.
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Figure 3. Equivalent circuit of Double loop antennas in series with Semi-Passive RFID TAG.
Li; and Ly, are mostly formed by traces on planar PCB. 2-L, element represents the mutual inductance between L,; and
L1,. We consider that the double loop antennas parameters values (La;, Lao, Lpi, Lpo, @1, @) are the same in the first and
second gates. Since two inductors (L4, Ly,) are in series and there is a mutual inductance between Ly; and L,,, the total

antennainductance Ly: Ly=Ly+L+2-Lnand L, =K /Lﬂ -Ly, - Lm is the mutual inductance between L;; and Lyp. K is

the coupling coefficient of two inductors 0 < K <1. We start with the case of passive RFID TAG which switch S1 is
OFF. I(t) is the current that flow through double loop antenna. V1, and V,, are the voltages on L; and L, respectively. Vy,
is the voltage on double loop antenna mutual inductance element.

dl dl dl av
VM:LM.E ;V12:L12'E ;VCD=|-I’p1 ;Vm:2'|-m'a ;VAB :VR1:VC1:V11+V12+VCD +Vm ; |c1: 1'# 1)
dv,, V av,, dv, dv,, dv, dv, . 1 1
I+l +1=0=C,- dﬁ+€+l=0;Ln¢Lu; dt“:ﬁqtd—tl%r d§D+ m 'Izg'jvll'dtzg'jvu'dt 2

r r
%:%JF%JF%Jr%;|:i.'|'\/u.dt:i.‘|'vu.dt;VCD:|.rplzil.jvu.dt:ﬂ.]'vu.dt (3)
dt  dt  dt  dt o dt L, L, L, L,
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dv, 1 d 1 1
dt = Lill Vi + Li Vi i Vi = t: Vi iV, = ti Vsl = .[Vll dt = Z'J.Vlz'dtza:g'vnzg'vlz )
=2-L, Ao k. L, L, —V,=2-K- L12 vn;dvmzz.K. L Ay ()
dt Ln [T T

We get the following differential equation respect to V,(t) variable, 77,,77,,77, are global parameters.

dzvnl dV L12 L12 ﬂ i 2 K. 2 (6)
pre o+ it +V,n,=0;nm=C,- (1+|—11+2 K- I_11) L +R1 (1+L11+2 K I_11)

Cry w @

tom., 1
L, RGC' 3Ln &

7,

dv,, . dv, d¥,

m=m(Cp, Ly, Ly, K) 5 17, =1,(Cy 1 Ly, Ly KR 5 s =1 (L, 1, R) ;V1I1 = at | dt | dt? (8)
dvi, _ =V, I -\, - ey : dvy, =V, o)

dt Th oo dt

In the same manner we find our Vg, differential equation. We get the following differential equation respect to V,(t)

variable, &,&,,&, are global parameters.

dV,, dV12 Ly Ly G Y Ly Ly _ M (10)
o1 Vi & =01 4 2-K- 2-K- - 14+
GG 60 oG P £ R PP = )

gzzcl'r"l 14 'Vlz—dV” : dvi, _ d*V, 1)
L, R C dt * dt dt?

12§:l 1251’ dt

£ =ECo L LK) & =5 Ly L KU R) § & =& (L T R) 5 O %y, s My (12)

Summary: We get our RFID double loop antennas system's four differential equations.

dVll V &_V 773 . dVll —\/ - dVlZ :_V' é_v é . dle :V' (13)
avy
dt v
dv,, r r 1
14
. : et T v Las v Lag Lo 43
dvp, Vi, m m & &
T r 41 r 44
dt Vi,
dv,
dt
L=l =Ty =Typ=ly=ly=Iy=I=l,=I,= 0 (15)

The RFID double loop antennas system's primary and secondary loops are composed of a thin wire or a thin plate element
(Figure 2). Units are all in cm, and a;, a, are radiuses of the primary and secondary wires in cm. There inductances can be
calculated by the following formulas:
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At o —2A 1 e 2A o _ (16)
Ly =Ll s Lol S 2 - (L LD

2R e 2R T AL L T ALl (D)
L=l T L P 2 Gt Ll =B B A =Ll =t A = b

Due to electromagnetic interferences we get a shifted gate RFID system's primary and secondary antennas loops voltages
with delays 7, and 7. respectively. Additionally we get antennas loops voltages derivatives with delays A; and A,
respectively.

Vu(t) _’Vn(t _T1) ;V12 (t) _>V12 (t - Tz) ; Vlll(t) _)Vlll(t _A1) ; Vl'Z (t) _)Vllz (t _Az) (18)

Vi, (t) =V, (t-A,) . We consider no delay effect on dVu . dVp . dVyy . 0V;, (19)
dt ' odt odt Codt
The RFID shifted gate system differential equations under electromagnetic interferences (delays terms) influence only

RFID double loop voltages Vii(t), Vio(t) and voltages derivatives Vv, (t) and Vl'2 (t) respect to time, there is no

influence on
dt V(A
t—
, , My or, T ut=4) ) (20)
dVi,(t) | dVi,(t) . dVvi, (1) . dV,,(t) .| dt | c Viu(t-1)
dt dt dt dt av,, r, oo T, V,(t—A,)
dt Vip(t-1,)
[/
dt
To find equilibrium points (fixed points) of the RFID shifted gate system is by
!i_)n;]vn (t—7)=Vu(1), !i_[gvlz (t—7) =V, (1), !i_)rgvlll(t —-A) =V1‘1 (t). (21)

limV,,(t—A,) =V, (t) - Vi ® _g : dVip () _g ; v ® : Mo vt 7t ts A t>A,(22)
o0 dt dt dt dt

3 (t-r)~t; (t-7,)=t; (t-A)~t; (t-A,) =t t > (23)

We get four equations and the only fixed point is E® (V,,”,V,,”,V,,,V,,©) =(0,0,0,0) since (24)

7, #0& n, #0=>T,#0; & #0& &£ #0=T,, #0. Stability analysis: The standard local stability analysis about

any one of the equilibrium points of RFID shifted gate system consists in adding to coordinates [V,, V,, Vi, V,,]

arbitrarily small increments of exponential form [Vi1 Vi, Viz Vlz]-e/l't , and retaining the first order terms in

V,, V,; V,, V,,. The system of four homogeneous equations leads to a polynomial characteristics equation in the

eigenvalues A . The polynomial characteristics equations accept by set the below voltages and voltages derivative respect
to time into two RFID shifted gate system equations.

RFID shifted gate system fixed values with arbitrarily small increments of exponential form [Vi1 Vi, Viz Vi, ] e™ are:

i=0 (first fixed point), i=1 (second fixed point), i=2 (third fixed point), etc.,
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Vi (1) =V +vy, eV () =V +vy e 5 VL (1) =V vy, eV, (1) =V +y, e (25)

We choose the above expressions for ourV,, (t), V,,(t) andV,, (t), V,,(t) as small displacement [Vil Vi, Viz V,,] from the

system fixed points at time t=0.

Vlll(t = 0) :Vlgi) +Vil , Vll(t = 0) :Vl(li) +Vi s Vlé (t = O) :Vllg) +Vi2 , V12 (t = 0) :Vl(Zi) +Vi, (26)

For A <0, t>0 the selected fixed point is stable otherwise A >0, t>0 is Unstable. Our system tends to the

selected fixed point exponentially for 4 <0, t> 0 otherwise go away from the selected fixed point exponentially. A

is the eigenvalue parameter which establish if the fixed point is stable or Unstable, additionally his absolute value (| 2 |

)establish the speed of flow toward or away from the selected fixed point (Yuri&Jack).

Table 1. Semi-passive RFID TAGs with double loop antennas, variables function of A eigenvalue and time.

A<0

>0

t=0 . o
Vll(t = 0) =V1i) +Vy,

Vll(t = 0) :V1(1i) +Vy

V,(t=0)=V" +v,
V12 (t = O) =V1(zi) +Vy,

V111 (t = 0) =V1}i) + Vil
Vll(t = 0) :V1(1i) +Vy,

V,(t=0)=V" +v,
V12 (t = 0) =V1(zi) +Vy,

>0  Vy(t)=V," +v, et .

V11 (t) = V1(1i) +Vyy - e
Vi, (1) = Vg’ +vy, -
V12 (t) :V1(zi) +Vi, et

V1I1 ®= Vllii) + Vil e
V,, (t) =V, +v,, e
V,, (1) =V, +v,, -
V, (1) =V, +v, e

>0  V,(t—>0)=V"
t—wo  V,(t—0o)=V?
Vi, (t —>0) =V, 9
V,, (t — ) =V,

V,,(t — o0, 4> 0) = v,, -
V,,(t — o0, 4> 0) = v,, -
WV, (t— 0,4 >0) = v, e

Vi, (t = 0,4 > 0) ~ v, -

The speeds of flow toward or away from the selected fixed point for RFID shifted gate system voltages and voltages

derivatives respect to time are

dvl‘l(t) =lim Vlll(t +At) _Vlll(t) =lim Véi) +Vi1 L _[le +Vi1 'eM] =lim Vi1 ¢ '[eMt _1] M4 7 AL
dt A0 At A0 At A0 At
dvélt(t) =/1‘V11 'ei-t : dvézt(t) _ /1'V12 'ei-t , dvézt(t) _ /IViz 'ei-t , dvll((tjt_Al) :ﬂ,-vil ~eM .e,;L,Al )
dV,, (t- . dV,(t-A .
125jt Tz) =4V, A : 12(dt z) :/l-vu-e“ et

YRR (27)

=1V,

M (28)

(29)
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First we take the RFID shifted gate's voltages Vi1, Vi, differential equations: d;/ﬂ =\ %:Vllz and adding
t

1 dt

coordinates [V,, V,, V,, V,,] arbitrarily small increments of exponential terms [Vi1 Vi, Viz Vlz]-el't and retaining the
first order terms in Vil vV, Viz V.

o ‘i v, W iz v,
At _\'(0) At .y (i=0) Y . At _y\ (i) Aty (i=0) _ — 2
Ay et =V gy etV —0:>21——v ~150; A-v, e =V 4y, et VY _O:ﬂz_v ~1>0 (30)
11 12

Second we take the RFID shifted gate's voltages derivatives Vlll, Vl'2 differential equations:

dv,,
dt

- dv,. .
=0y Vi, +10, Vo 5 d_tlz =gV, +15, -V, 31)

and adding coordinates [\/1'l vV, Vl'2 V,,] arbitrarily small increments of exponential terms [Vi1 Vi, Viz Vlz]-e’l't and

retaining the first order terms in Vil Vi, V1'2 Vi,.

bt (i LAt i At . \/ (=0 . \/(i=0 Vip . V.
AV -e :Fn'[vlil)‘i'vn'e ]+F12-[\/1(1')+V11-e ]vvliI ):O’Vl(ll ):Ojﬂazru"'r‘lf#’%zj'j/%:rﬂ"'ru (32)
11 11
V'(i:U)_O.V(i=0)_O _ Vig o Vi _ . ’ At _ (i) : At (i) At (33)
n VY Vn = :>23_Fu+1"12-—.,—,zl:ﬂg_rlﬁru,/vvl,e —raa'[vu +V, € ]+r34'[v12 +V, € ]
11 11
(i i V, vV,
(i=0) _ ) «\/(i=0) _ — . ~ -
VIO =0,V _o:/l_r33+r34-£,7?~1314_r33+r34 (34)
12 12

If 23>0 and A,>0 then our fixed point is unstable node. If (A3>0 and 24<0) or (A3<0 and 24,>0) or (A3<0 and A,<0)
Then our fixed point is saddle point. We define
V1I1(t _A1) :Vlii) +Vi1 et ; Vn(t - 2'1) :V1(1i) +Vy, - et (35)

V1l2 (t-4,) :Vlgi) +Viz et Vip(t—7,) :Vl(Zi) +Vip et (36)
Then we get four delayed differential equations respect to coordinates [V,, V,, V,, V,,] arbitrarily small increments of
exponential

A(t=4

' : At At )\ A(t-11)
[V11 Vi Vip V12]'e A-e “Viu _rn'e Vi +F12 ‘€ " Vi (37)

At O AAtA) L, At A(t=Ay) |, A-(t-7,)
A-e7 v, =e vevy, s A-e ey, =T, -e v, +10,,-e 2V, (38)

A-e* v, =617 v i the equilibrium fixed point V,,*™® =0, V,,"” =0 (39)

V, = =0, V,,*® = 0. The small increments Jacobian of our RFID shifted gate system is as bellow:

T, :_/1+1“11.e*M1 =T e Y,=0;Y,=0;7, =e Yy =-A;Y;5=0;0,=0;Y;=0;Y,=0 (40)
Yy
T, .. Yy v
Yo =-A+Tg € Yy =Ty Y, =0, Y,=0;] i " & || H]=0;Tg=e"";Y,=-2 (41)
V
Ty Ty .
Vi
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Y, ... Y,
A-A-1=| : . |;det]A-4-1|=0 (42)
Y41 Y44
7/1‘[22:1#22%]] *}v'[Terzz:Aj] f}v[rﬁzz:Aj]

DA, 7,7, AL A=A+, Ty, = 7 +4{0,-T,,-e 7 +I,T,e 7} 43)

YA )
+1* '{_F34 bt Flz RS Fn ’ Fss e " }_ X ’{Fss e Fn ’ e_Ml}
We have three stability cases:

,=7,=7&A =A,=0 Or 7,=7,=0&A,=A,=A0r;,=7,=A, =A, =7,  (44)
Otherwise 7, #7, & A, # A, and they are positive parameters. There are other possible simple stability cases:

5=71;7,=0;A=A,=0 or 7,=0;7,=7;A,=A,=0;7,=7,=0;A,=A;A,=0 or 7,=7,=0;A,=0;A,=A (45)
We need to get characteristics equations for all above stability analysis cases. We study the occurrence of any possible

stability switching resulting from the increase of value of the time delays 7, A, 7, for the general characteristic equation

D(A,7/Alz,). If we choose 7 parameter then p(4,7)= pn(,”)JrQ (4,7)-e . The expression for P.(4,7):

P.hD) =X P A" = P+ P04+ P @) A+ Poe) A+ (46)
The expression for

Q47" Q19=20,0 2 =4+ QO 2+0, @) A"+ o “n)

3. RFID Shifted Gate System Fourth Order Characteristic Equationz, =7,=7 &A, =A, =0

The second case we analyze is when there is delay in RFID gate's primary and secondary loop antennas voltages (
7,=7,=7)and no delay inin gate's primary and secondary loop antennas voltages derivatives (Kuang, 1993; Beretta,

etal., 2002). The general characteristic equation D(A, 1) is ad follow:
D(A,7) =2 =A% (T +T,) + A% Ty Ty {0y, Ty € 4+ A (Tyy - Ty + T, - Tog) = A2 (Ty +T,) €747 (48)

. . . . . . . . —2
Under Taylor series approximation: g zl_,l.ﬂ,;.;}.f. The Maclaurin series is a Taylor series expansion of a € "
2

function about zero (0). We get the following general characteristic equation D(A, t) under Taylor series approximation:

e-“zl—/l-H%-/lz-rz- (49)
1
D(A,7) = A" = 2° [Ty + Ty ]+ A% Ty - Ty +H{ly, - Ty + A- [T Ty + Ty - Ty =T, - Ty 7]+ 47 '[E'rlz Ty 7’ =Ty =T, 1€ (50)
D(4,7)=P, (4, r)+Q (A, 7)-€% ;n=4;m=2;n>m. The expression for P (4,7) Is
m n

P (47)= Z P.(0): 1" = Py(0)+ Py2)- A+ P,(0)- 2+ Py(0)- A2+ P (1) A* = A4* = 2° [+ Tp,]+ 4% T, - T, GO
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PO(T) =0; Pl(T) =0; PZ(T) =0Ty P3(T) = _[rss +F11] ; P4(T) =1 (52)

The expression for

Qm(/z, 7) ist(/m) :qu(r)-/lk =(,()+q(2)-2+0,(2)-2° (53)
k=0
Qm(/l’ z‘):qu(r)%k =Dy Ty + A [[y Ty +10, Ty Ty, 'FBA'T]+/12 '[%‘Fu‘ru'rz_rs‘t_ru] ; qO(T):Flz'FM (54)

1
ql(T) =0y T+, Ty =Ty Ty o7 qz(f) :E'Fu Tyt =Ty =T
The homogeneous system for V1'1 vV, Vl'2 V,, leads to a characteristic equation for the eigenvalue A having the form
4 . 2 . L.
P(4,7)+Q(A 7)€" =0; P(2)=Ya, -4 ; Qi) = e, -4and the coefficients {a;(G;, G 7), C;(G;, G, 7)}e R
j=0 j=0

Dependon @, (q, anddelay 7. (;, 0, are any two shifted gate system’s parameters, other parameters keep as a constant

a,=0;8=0;a,=0, Ty ;a=-"Iy+I,];8,=1 (55)

Co=Tp Ty C =0y Ty+ly, Ty-Ty, Ty 7:C, =§-F12 Ly -7" =Ty =Ty, (56)

Unless strictly necessary, the designation of the variation arguments (qi ) qk) will subsequently be omitted from P, Q, &;,
¢j. The coefficients a;, c; are continuous, and differentiable functions of their arguments, and direct substitution shows that

ag+Co20 for V 0,0, € R, i.e. A=0 is not a of P(1,7)+Q(A,7)-e** =0. We assume that P,(4,7)and Q. (4,7)

can't have common imaginary roots. That is for any real number @ :

p,(A=i-0,7)+Q,(A=i-0,7)%0;p,(A=i-0,7) =0 +i-&° ([ +T,)—0* T, -T,, (57)
. . 1
Qud=i-o,7)=T, Ty +i-@ [y Ty+Ty, Tyu-T, Ty, 7]-o '[ETH Ty 7 -y —T,] (58)
. . 1 .
p(A=i-07)+Q,(A=i-071) =o' -’ ’[E'Fu Ty 7t Ty =T+ Ty Tg]+ T, Ty + o’ (Cy+lyy) (59)
He@- [y Ty 4T, Ty =T, Ty 7] %0
[P(i-0,7) =0 +@° {(Ty+Ty,)" —2-T, T }+0" T7 T (60)
. 1
1Q(i-0,7) |2:rfz.r§4+w2.{[rn.r34+r12.ras—ru.r34.r]2—2.r12.r34.[5.r12.r34.12—r34—r12]} 6D
1
+a)4~[E'F12~F34-12—F34—r12]2
We need to find the expression for
F(w,7) = P@i-o,7) -|Q(i-w,7) (62)
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F(o.7) = P(i-o,7)[ =|Q(i-@,7) =’ +&° {(Ty +T};)* =2-Ty; - T}

1 (63)
+o' {rlzl 'F§3 _[E'rlz Ty, -7 ! _1—12]2}_602 S 1 LITE) BV IR Ve PR PV 1']2

1
—2:T, Ty, '[E'rlz Ty, -7? -y _rlz]}_rlzz 'r§,4

We define the following parameters for simplicity:

[1]

_ 1
0 =_F122 'F§4 1By =y Ty +Ty, Ty =Ty, 'Fsa'f]z +2:T, 'F34‘[E'r12 '1—‘34'7'2 -y -] (64)

[1]

1 - .=
4 :r121'r§3_[§'r12 '1“34'2'2 —F34—F12]2 O :(F33+F11)2—2-F11-F33 By =1

F(o,7) = P(i-0,7) —|Q(i-0,7) [=E,+ 2, -0’ +E, &'+, -0’ +E, -0’ = » =, - 0" (65)

4
k=0

4
Hence F(w,7)=0 implies ZEZK " =0 and its roots are given by solving the above polynomial. Furthermore
k=0

P.(ir07)=0" - Ty, Ty ;P(i-0,7) =@ (T4 +T,) (66)
. 1 .
Q-0 7)=T, Ty, -0’ '[E'FH '1—‘34'2'2 Ty -Ty,]5;Qror)=w [ Ty +T, Ty =T, Ty, 7] (67)
sin6(r) = P (i-»,7)-Q, (i-a),-f)+P,(iz«a),r)-QR(iw,r) ; COSQ(T):_PR(i~a),2')-QR(i-a),r_)+P,(iz-a),z')QI (i-o,7) (68)
|Q(i-o,7)| |Q(i-o,7)|
_{0)4_wz’ru'ras}‘a)‘[rn‘razt"'ru'Fsa_rlz'F34‘T]+w3‘(raa+r11)‘{rlz‘r34_w2‘[1'F1z'r34’72_r34_r1z]} (69)
sind(z) = 2

1 1
rfz ’r§4 +o' ATy Ty + Ty, Ty =Ty Ty 7] —2:T), Ty ‘[E'ru -F34~72 Ty -TplH+ o' ‘[E‘Flz Ty 7t -Ty, _Fu]z

1
{w4 - wz 'Fn 'Fss}'{ru 'r34 - a)z [E : Flz 'r34 'TZ - F34 _Flz] }+ [04 : (Fsa + Fll) ! [Fll ! 1H34 +r12 'FSB _rlz 'F34 : T] (70)

1

cos6(r) =~ 2 2, 2 2 2 4 1 2 2
[ Tyt [Ty Ty + Ty, Ty =Ty, [y, 7] —2-1"12~1"34-[§-1"12-1"34-z' Ty -Tpllte '[E’Flz'rszl'f -Iy -]

That are continuous and differentiable in 7 based on Lema 1.1 (see Appendix A). Hence we use theorem 1.2(see
Appendix B). This prove the theorem 1.3 (see Appendix C).

4. RFID shifted gate system stability analysis under delayed variables in time
Our RFID shifted gate homogeneous system for Vil Vip Viz Vi, leads to a characteristic equation for the eigenvalue A
having the form P(1) +Q(1)-e*"=0 ; Second case 7, =7, =7 ; A =A,=0.

DAz, =7, =1,A, = A, =0) = A* = A% (Tyy + T, )+ A2 Ty Ty +{ ), Ty € 4 A+ (T Ty 4T, - Tyg) = A2+ (T, +T,) 674 (71)

Under Taylor series approximation: g :1_,1.,%.,12‘,2 . The Maclaurin series is a Taylor series expansion of a e’
function about zero (0). We get the following general characteristic equation D(A, t) under Taylor series approximation:
e’“zl—}wr+l'ﬂz~rz- (72)
2
D(A,7) = A4~ A3 [Ty + T+ A2 Ty Ty 4+ Ty 4+ ATy Ty + Ty Ty Ty Ty - 714+ 42 -[%-r12 T, -7* T, T ]} (73)
We use different parameters terminology from our last characteristics parameters definition:
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k—j;p()—>a;;q.()>c;;n=4;m=2;n>m.Additionally p (1,7)—>P(4); Qm(ﬂ,r)—)Q(;{)

Then
4 . 2 .
P(A)=>3a;-2;Q)=Dc; A ; P,=4"-2° [Ty +I ]+ A>T, - Ty (74)
=0 =0
1
Q}':ru'ru‘*‘l'[ru'rszt+r12‘r33_r12'r34'T]*'/lz'[E'ru‘ru'rz_ru_ru] (75)

nmeNg, n>manda,,c, :R,,—R are continuous and differentiable function of 7 such that a;,+c,=#0. In the

following "—"denotes complex and conjugate. p(1),Q(1) Are analytic functions in A and differentiable in 7 . The

coefficients {a, (C,, R, gate antenna parametrs) and ¢, (C,, R, z,gate antenna parametrs)} e R de pend on RFID
shifted gate system's C;, Ry, T values and antenna parameters.

a0=0;a1=0;a2=1“11-1“33;a3:—[1"33+1“11];a4=1 (76)
1
Gy :rlz -F34 ' G :rll'r34+r12 'F33_F12 'F34'T » Gy :E'rlz'r34'fz_r34_r12 (77)

Unless strictly necessary, the designation of the variation arguments (R;,C,, 7, gate antenna parametrs) will
subsequently be omitted from P, Q, a;, ¢;. The coefficients a;, c; are continuous, and differentiable functions of their

arguments, and direct substitution shows thata, +c, =0 ; I}, -I';, #0.

1 -(1+£)2
/R _ L,-L, R, 20 (78)
n-& Clz.(1+g+2,K, Q).(leﬁJrz.K. ﬁ)
L11 Lll 2 L12

Vv C,, gate antenna parameterse R, i.e A =0 is not a root of characteristic equation. Furthermore P(1), Q(1) are

analytic function of A for which the following requirements of the analysis (see kuang, 1993, section 3.4) can also be
verified in the present case (Kuang, 1993; Beretta et al., 2002).

@@ If A=1-@ , w€Rthen P(i-w)+Q(i-®)=0, ie P and Q have no common imaginary roots. This
condition was verified numerically in the entire (R;, C,, antenna parametrs) domain of interest.
(b) |Q(A)/P(A)|isbounded for | A |—> o0, ReA>0. No roots bifurcation from % . Indeed, in the limit

1
|Q(ﬂ) | {T Ty + ATy Ty +Ty, -F33—F12-F34~T]+12-[§-1"12-F34-12—F34—F12]}

4_ .3 2 | (79)
P(l) A =4 '[r33+1—‘11]+l 'r11'r33

(© F(@)=IP( o)l -|QG- @) (80)
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. . 1
F(o,7)=|P(i-0,7)[ -|Q(i-0,7) = 0’ + 0 {(T5+T,)* - 2-Ty; - T }+ o' -{1"121~1"§3—[§T12T34~T w T’} (81)

1
-0 ATy Ty +Tp, Ty =1y, Ty 'T]2 —2:T, Ty '[E'ru Ty e Ly T} rz rz

Has at most a finite number of zeros. Indeed, this is a polynomial in @ (degree in o” ).

(d) Each positive root @(R,,C,, 7, gate antenna parametrs) of F(w)=0 is continuous and differentiable with
respectto R, C,, 7, gate antenna parametrs . This condition can only be assessed numerically.

In addition, since the coefficients in P and Q are real, we have P(-i-w)=P(i-®) , andQ(=i-@) = Q(i-w) thus A=1-@ ,

@ >0 may be on eigenvalue of characteristic equation. The analysis consists in identifying the roots of characteristic
equation situated on the imaginary axis of the complex A — plane, where by increasing the parameters

R,,C,, 7,gate antenna parametrs, Rel may, at the crossing ,Change its sign from (-) to (+), i.e. from a stable focus

EQOV, 9V, 2V, V,?)=(0,0,0,0) to an unstable one, or vice versa. This feature may be further assessed by

examining the sign of the partial derivatives with respectto C,, R,z and gate antenna parameters.

ANC) = (6 RM) 1w » Ry, 7, 0ate antenna parametrs = const ; A™ (R,) = (6 I:QM) 4o » C1, 7, 0ate antenna parametrs = const (82)
1 1
AR = (aRM) i » C,,7,0ate antenna parametrs = const ; A (L) = (a;:l) iw » CL Ry, 7 =cONSE (83)
1
- OReA _ OReA
A L) = () CuRy T =const ; A7 (L) =(2-5) ., + i, Ry, 7 =const (84)
oby oby,
AML,) = (afﬂ)l o CuR, T=const ; A (1) = (aRM), ..o » Ci R, gate antenna parametrs = const, where o e R,. (85)
2
A (7)= (7) 1-ie » Ci R, 0ate antenna parametrs = const, where @ e R .

For the case 7,=7,=7r &A,=A,=0 we get the following results:

P.(i-@,7) =a)4—a)2-F11-F33 : F’l(i~a),r)=a)3-(1“33+1"n) (87)

. 1 .

QR("w77):r12'r34_w2'[E'FIZ'FM'TZ_FM_FH] Qror)=0- [T Ty +T, Ty-Ty, Ty, 7] (88)
Eo=-T5 T3 By =Ty Ty + Ty, Tgg =Ty Ty 7] +2:T, Ty, - [ Ty, T2’ —I'p,] (89)
5= rn ng [ T Ty 7 12] '56:(r33+r11)2_2'rll'r33 1 Eg=1

4
F(o,7) = P(i-0,7) —|Q(i-@,7) =2, + 2, &* +E, - 0" +E, - 0° + Z, - & ZE (90)
k=
Hence
4
F(w,7) =0implies ZEZK .0 =0 (91)
k=0
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When writing P(1) =P, (4)+i-P(A)and Q(A) =Qg(A)+i-Q, (1), and inserting A = i-w

Into RFID Gate system's characteristic equation , @ must satisfy the following :

—R(i-0)-Q(i-0)+R(i-0) Q(i-0)
1Q(-@)

_R(i-0)-Qi(i-0) + P (i-0)-Q, (i- w) (92)
1Q(i-@)

sinw-7=g(w)= ; cosw-7 =h(w) =

Where |Q(i-w) =0 in view of requirement (a) above, and (g, h) € R . Furthermore, it follows above SIN®-7 and
COSw-t equations that, by squaring and adding the sides, @ must be a positive root of

F(w) < P(i-0)[ -|Q(i-)=0. Note that F () is dependent of 7 . Now it is important to notice thatif 7 & | (assume
that | € R, isthe setwhere @(7) isa positive rootof F(w)andfor 7 &l ,@(7) s not define. Then forall tin I
(1) is satisfies that F (@, 7) =0). Then there are no positive @(7) solutions for F(w,z) =0, and we cannot have
stability switches. For any 7€l where @(7) is a positive solution of F(@,7)=0, we can define the angle

6(7) €[0,2- ] as the solution of

cing(e) - ~Pel-@)Qi-0)+R (-)-Qy(i-w) P-0)-Q-0) - 0)Ql0) (g
QG-o)f QG-0)f

And the relation between the argument 8(7) and @(7)-7for €l mustbe w(z7)-7=6(r)+n-2-7 V neN,

; cosf(r)=—

. Hence we can define the maps 7, : | = R, given by

_O(r)+n-2-7
- (1)

Tn (T)

;neN,,7el. Letusintroduce the functions | =R ; S (r)=7-7,(7), rel, neN,

That are continuous and differentiable in 7 . In the following, the subscripts A, @, R, C and RFID Gate antenna
parameters (L,,;, L., L;, L ,,8,,8,) indicate the corresponding partial derivatives. Let us first concentrate on  A(X)

sremember in A(L,,L,,, L, L,.8,8,) and o(L,,L,,, L, L, &,8,), and keeping all parameters except one (x)
and 7 . The derivation closely follows that in reference [BK]. Differentiating RFID characteristic equation

P(1)+Q(A)-e*"=0 with respect to specific parameter (x), and inverting the derivative, for convenience, one

calculates: Remark: X=R,,C,,L,,L,,, L, L, a,a,,¢€tc,

%),1 _ —P, (4,%)-Q(4,X) +Q, (4, X)- P(4,X) =7 - P(4,X) -Q(4, X) (94)

(5X P.(4,%)-Q(4,x) -Q,(4,X) - P(4,X)

Wherepi:g_z,,,_etc.,Substituting A=i-® ,and bearingiP(-i-w)=P(i-0), Q(-i-w)=Q(i-w)
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Then i-P,(i-@)=P,(i-®) and i-Q,(i-®)=Q, (i-®)and that on the surface| P(i - @) [’=| Q(i - @) |*, one obtains

i-P(i-o0,X)-P(i-o,x)+i-Q,(i-@,X)-Q(A,x) — 7| P(i- @, X) |2) (95)
P(i-@,X)-P(i-o,x)-Q,(i-»,Xx)-Q(i -, X)

Upon separating into real and imaginary parts, with

0,
) o= (

P=P,+i-P;Q=0Q:+i-Q; P, =P, +i-R, (96)
Qa) :QRw+i.Qla) ’ Px :PRx+i'PI><; Qx:QRx—i_i'le ;PZZPR2+F’I2 (97)

When (x) can be any RFID Gate parameters Ry, C;, And time delay 7 etc,.Where for convenience, we have dropped the

arguments (i - @, X) , and where
Fto:2'[(PRa)‘PR+Pla).PI)_(QRw.QR+Q|(U'Q|)] (98)
F,=2[(Py-P+P, P)—(Qa Q+Q,-Q)]; ® =—F, /F, . Wedefine Uand V:

u :(PR 'Pla)_Pl 'PRw)_(QR 'Q|(U_Q| 'QRw) Vv :(PR‘P|X_P| 'PRx)_(QR ’Q|x_Q| ’QRx) (99)

We choose our specific parameter as time delay

X=1 B, :2~(o~[2-a)2—1“11~1“33] P :3~w2-(F33+F11) (100)

P.=0;P. =0;Q, =—a)2-F12~F34'T Q. =-wT, T, P, P =2~a)3~[2~a)“—3-a)2~F11~F33+F121T§3] (101)

P.-R :B'ws'(r33+r11)2 v, =-F IF,;Q, :_z'a)'[%'rm'r34'72_r34_r12] Q=T Ty +1, Ty =T, Ty 7 (102)
1

Qe =_2'(0'[ET12 Ty, 7 Ty -Tp]5Q, =Ty Ty 4T, Ty =Ty, Tyt (103)

1 2 2 (L 2 104

Qr, " Qr :_Z'W'[E'FM‘FM'T Ly —TL] M, Ty~ ‘(E'Flz'rm'f Iy =Tl (104)

Qlw'Ql :a)'[rll'ra4+r12'r33_r12'r34'7]2 ; Fr :2'[(PRr'PR+P|T'P|)_(QRT'QR+Q|T'Q| )l (105)

Fo=2[(F -F+P,-R)—(Qs-Q: +Q;.- Q)] (106)

F =20 T, T, [, T+, -F33—r-a)2-(%-1“12 Ty t? =Ty —T)] (107)
P,-P,=30" (& -T,, Ty) (T +Ty) ;P Py, =20" ([ +T,) - (2-0° -T,-Ty;)  (108)
Q.-Q, =, I'y—-a -(% T, Tyt =Ty =T ) [Ty Ty 4T, Ty =Ty, Ty - 7] (109)
Q Qu, =20 (T, Ty+, Ty—T, Ty 1) (%-r12 Ty -t2 =T, -T,) (110)

\4 :(PR'Plr_Pl 'PRT)_(QR'Q”_Q| 'QRr) ; PR'Plr =0; R 'PRr =0 (111)

1
QR 'Qn =-w-I, Ty '[Flz Ty —a)Z-(E-FlZ Ty ~TZ—F34—F12)] ; Q| 'QRz :_ws'Flz'F34'T'[Fu'rszt"'rlz'rss_rlz Ty, 7] (112)
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F(w,7)=0. Differentiating with respectto 7 and we get

F% F 0ra12-_F g
or or F,
4, OReA TR -2-[U+7|P[]+i-F, _ :_5 114
M= e s A B =R 2W+w|P|]} 3 ()
R —2:U+z|PP]+i-F a)_ _ 4 OReA (115)
A (T)—Re{[:+I . [\/+a)|P|]} =0, = Fw sign{a” (@)} = sign{(— )i}
ow U.a—“’+v
sign{~*(z)}=sign{F, }- sign{r-a— +o+ ﬁ:’—rf} (116)
T

We shall presently examine the possibility of stability transitions (bifurcations) in a shifted gate double loop RFID

system, about the equilibrium point E® (v, @V, V,®) as a result of a variation of delay parameter 1. The

analysis consists in identifying the roots of our system characteristic equation situated on the imaginary axis of the
complex A-plane Where by increasing the delay parameter t, Re A may at the crossing, change its sign from —to +, i.e.
from a stable focus E® to an unstable one, or vice versa. This feature may be further assessed by examining the sign of the

partial derivatives with respect to T,

N0 =D, (117)

aRe/l) s » Ci, R, gate antenna parametrs = const ; where o e R . (118)

A (@) =(
For our stability switching analysis we choose typical RFID shifted gate parameters values: Li;=4.5mH, L;,=2.5mH,

C1=23pF, R;=100kOhm=10°, r, =1000hm , K=0.6, 2:L;=0.004 (2.1, =2-K-[L,-L, )-

=56.22-107% ; n,= 2.49.107 ; 1, =22242; & =101.2-10™"%; &, =4.492-10"° (119)
=249.107° ; n,=22242; & =101.2-107% ; &, =4.492.10°; £ =4004;T, = - -442.10° ;T = -3.95-10% (120)
h uA
1-33 {7&2 =-4.43. 105 ? =-3.95.10" ;1"21=1“43:1;1“13=1“14=1‘22 :r23:r2420;rslzrsz:r41:r42:r44:0(121)
1 1

Then we get the expression for F(w, ) for typical RFID shifted gate parameters values.

F(o,7)=|P(i-0,7)} —-|Q(i-@,7) = 0® + ©°*-39.16-10" + »* - {383.17-10%* —[7.8-10* - 7* + 7.9-10%]*} (122)
—? {[34.94-10" —15.6-10%* - 7]* —31.2-10% -[7.8-10% - 7% + 7.9-10%]} — 243.39-10*
We find those @, 7 values which fulfill F(w,7)=0. We ignore negative, complex, and imaginary values of @ for

specific 7 values. 7 €[0.001..10]and we can be express by 3D function F(w,7)=0. Since it is a very complex

function, we recommend to solve it numerically rather than analytic. We plot the stability switch diagram based on
different delay values of our RFID double gate system. Since it is a very complex function we recommend to solve it
numerically rather than analytic.

o ORedy o 2 n PRI, o ORed  _24F,-(V+o-P)-F-U+rP)} (123
() ( )i-w Re{F1+|2[V+CU|P|2]}' () ( )Alw F12+4'(V+6()'P2)2
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The stability switch occurs only on those delay values (7 ) which fit the equation: , — 9+_(T) and @ (r) isthe solution of
,(7)

sinf(r)=...; cosO(r) =... when w=w,(7)if only @, is feasible. Additionally when all RFID double gate

system's parameters are known and the stability switch due to various time delay values 7 is describe in the following
expression:

Sigh{n (0)} = SIgF, (@(0), 7)}-Sign{z o, ((r)) + (z) + XD (@) +V (@(2)y (124)

| P(e(2))

Remark: we know F(o,r)=0 implies it roots ,(z)and finding those delays values 7 which , is feasible. There are

7 values which @, is complex or imaginary number, then unable to analyse stability (Kuang, 1993; Beretta, et al. 2002).

5. Results of RFID Shifted Gate System Stability Switching under Delayed Variables in Time

We find those w, T values which fulfil F(w®, 1)=0. We ignore negative, complex, and imaginary values of o for specific t

values. 7 €[0.001..10] and we can express by 3D function F(w, 1)=0. We define new MATLAB script parameters:

1—Tau, Gj(i=1,..,10): G1=39.16e10; G2=383.17e20; G3=7.8e24; G4=7.9el2; G5=34.94el7; G6=15.6e24;
G7=31.2e24;G8=7.8e24;G9=7.9¢12;G10=243.39¢48, Z;—Phj; ; j=8, 6, 4, 2, 0, Running MATLAB script for t values

7 €[0.001..10] gives the following results:

MATLAB script:

Tau=10;G1=39.16e10;G2=383.17€20,G3=7.8e24;G4=7.9e12,G5=34.94e17,G6=15.6e24,G7=31.2e24;G8=7.8e24,G9=
7.9e12;G10=243.39e48;Phi8=1;Phi6=G1;Phi4d=G2-(G3*Tau*Tau+G4)."2;
Phi2=-((G5-G6*Tau)."2-G7*(G8*Tau*Tau+G9)); Phi0=-G10;p=[Phi8 0 Phi6 0 Phi4 0 Phi2 0 Phi0];r=roots(p)

Results: We plot 3D function F(w, 1)=0. 1:0—10; ®:0—1¢13. We define additional MATLAB script parameters: o—w,
T—t. We get some possible real values for @ which fulfil  F(w, t)=0, F(0=0 or ©®=2.1437, ®=2.7928, ®=1.0e+006,
©=1.0e+009, ®=1.0e+010, ©=1.0e+011, ®=1.0e+012, ©=1.0e+013, 1)=0; 7 €[0.001..10]. Next is to find those , T
values which fulfil

sinb(D=.... sin(w-7) = — & A "Qr and cost(o)-.. (125)
|QF*
wsfor)=- %P 0=+ (126)
Table 2a. Semi-passive RFID TAGs with double loop antennas, ®;(t).

o 1=0 7=0.001 7=0.01
®; 1.0e+006 1.0e+009 1.0e+010
o, -0.0000+3.105i -2.7928 -2.7928
o3 -0.0000-3.105i  -0.0000+2.792i  -0.0000+2.7928i
0, -2.1437 -0.0000-2.792i  -0.0000-2.7928i
os -1.528+0.0823i  2.7928 2.7928
ws -1.528-0.0823i  0.0000+0.0000i  -0.0000+0.0000i
o7 2.1437 0.0000-0.0000i  -0.0000-0.0000i

wg 1.528+0.0823i -0.0000+0.0000i  0.0000+0.0000i
®y 1.528-0.0823i -0.0000-0.0000i  0.0000-0.0000i
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Table 2b. Semi-passive RFID TAGs with double loop antennas, wi(t).

o; 71=0.1 =1 =10
®; 1.0e+011 1.0e+012 1.0e+013
o, -2.7928 -2.7928 -2.7928

o3 0.0000+2.7928i 0.0000+2.7928i  0.0000+2.7928i
o, 0.0000-2.7928i 0.0000-2.7928i  0.0000-2.7928i
ws 2.7928 2.7928 2.7928

s -0.0000+0.0000i  -0.0000+0.0000i -0.0000+0.0000i
®; -0.0000-0.0000i -0.0000-0.0000i  -0.0000-0.0000i
g 0.0000+0.0000i 0.0000+0.0000i  0.0000+0.0000i
g 0.0000-0.0000i 0.0000-0.0000i  0.0000-0.0000i

Case I: =0 then P, =0;P, =0,Q; ="}, -T"5,;Q, =0typical RFID shifted gate parameters values: L;;=4.5mH,
L1p=2.5mH, C;=23pF, R;=100kOhm=10°, r | =1000hm , K=0.6, 2-L;=0.004 (2.1, =2-K-\[L,-L,,).

Qu#0;Q,>0;T,=—"=-395.10° ; T, :—%:—3.95-1012 ; Qu =TI, Ty, =15.6-10" (127)

i 1

sin(w-7)=... fulfil and cos(w-1)=... can't fulfil since COS(@-7) |m:0¢ 0.
Case Il: ©#0 ; ®>0 ; ©®=2.1437,2.7928, 1.0e+006, 1.0e+009, 1.0e+010, 1.0e+011, 1.0e+012, 1.0e+013 which can fulfil

expressions sinf(t)=... and cos(®-t)=... Finally we plot the stability switch diagram based on different delay values of our
RFID shifted gate system.

P, = @' —®?-19.58-10" ; R =-8.85-0°-10° ; Qr =15.6-10* — @® -[7.8-1024-12 +7.9~1012]. (128)
P =-885-0°-10° ; Q, =15.6-10% — o -[7.8-10% -2 +7.9-10%] ; Q, = 0-[34.95-10" ~15.6-10% - 7] ; Q,, = —-15.6-10%* (129)
Q. =-»"-156-10" 7 ;V =—(Q;-Q,,-Q, Q) ; @:-Q,, =—»-15.6-10* -{15.6-10* — »* -[7.8-10* - * + 7.9-10°]} (130)
Q, -Qy, =—°-15.6-10* -7-[34.95-10 —15.6-10* - 7] ; P,, =—26.55- *-10° ; P, :2'a)~(2-a)2719.58~101°) (131)
Qu, =—2--(7.8:10%.7% +7.9-10) ; Q,, =34.94-10" -15.6-10% .7 ; U =(P;-P,, —P. - P,,) —(Qx - Q,,, —Q, - Qs,.) (132)
We plot the function:
; oRel ) OReA 24F,-(V+@-P?)—F -(U +7-P%)}
)=~z cg(0)=AHr L= = £ (133)
g(@)=~"(7)= ( )ﬁ.w g(@)=n"(r)= ( )ﬂ.w F724.-( 10-PY)

. L . 0Rel . 2AF, - +a)PF+P

sglg(e) =Sl () =g, | =sign” e e PF G Py (134)
or F?+4.(V +0-P?)

Since F’+4-(V +w-P?)?>0= sign[r ()] =sigi{F, - (V + @-P?)-F.-(U +7-P?)} (135)

oF [ 0w (136)

Sign[ (0] =Sign{[F 1V +0-P") U+ 7P} 0, === 5 0, = (5 1 == T

2] [

sign[A ()] = Sign{[F,]- IV + @, ‘U + @-P* + o, -7- P} ; sign[A ™ (z)] = S|gn{[Fw][ ][V”" U+a)+a) 7]} (137)

S (] =SgnF T 0]} it 150 st @15 102 o) (139)
Sgnl1> 0= Sgnn (9] = SIF, | E o+ signin(e)] = ignlF, ] signf— U+w+w ] (139)

(Table 3)
F,=2:[(R, B +PR,-P)-(Qs, Q+Q, Q)] (140)
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We check the sign of A™'(r) according the following rule: If sign[A™(1)] > 0 then the crossing proceeds from (-) to (+)

respectively (stable to unstable). If sign[A™(t)] <0 then the crossing proceeds from (+) to (-) respectively (unstable to
stable). Anyway the stability switching can occur only for ©#0; ®>0 ; ©=2.1437, 2.7928, 1.0e+006, 1.0e+009,
1.0e+010, 1.0e+011, 1.0e+012, 1.0e+013 and r €[0.001..10] . Since it is a very complex function we recommend solving
it numerically rather than analytic. We plot the stability switch diagram based on different delay values of our
Semi-passive RFID TAGs with double loop antennas system.

Table 3. Semi-passive RFID TAGs with double loop antennas stability switching criteria.

sign[F, | sign[V+PL2f'U+a)+w,-r] sign[A (2]

+/- +/- +
+/- -1+ -

6. Discussion

In this paper we consider Semi-passive RFID TAGs with double loop antennas. Due to electromagnetic interferences
there are delays in time for voltages and voltages derivatives in the first and second loop. These delays cause to stability
switching for our Semi-passive RFID TAGs with double loop antennas. We draw our Semi-passive RFID TAGs with
double loop antennas circuit and get system differential equations. Our variables are first and second loop antennas
voltages and voltages derivative. Our system dynamic behaviour is dependent on circuit overall parameters and parasitic
delays in time. We keep all circuit parameters fix and change parasitic delays over various values r <[0.001..10]. Our
analysis results extend that of in the way that it deals with stability switching for different delay values. This implies that
our system behaviour of the circuit cannot be inspected by short analysis and we must study the full system. Several very
important issues and possibilities were left out of the present paper. One possibility is the stability switching by circuit
parameters. Every circuit's parameter variation can change our system dynamic and stability behaviour. This case can be
solved by the same methods combined with alternative and more technical hypotheses. Moreover, numerical simulations
for the Semi-passive RFID TAGs with double loop antennas model studied in references suggest that this result can be
extended to enhance models with more general functions.

7. Conclusion

Semi-passive RFID TAGs with double loop antennas environment is characterize by electromagnetic interferences which

can influence shifted gate system stability in time. There are four main RFID double loop antenna variables which are
affected by electromagnetic interferences, v, (t), V,(t) Vi, (t),V,,(t) . Each loop antennas voltages variables under

electromagnetic interferences are characterize by time delay respectively (A, A, ; 7,>0; 7,>0; A, A, >0) . The two time
delays are not the same but can be categorized to some subcases due to interferences behavior. The first case we analyze
is when there is delay in RFID first gate's primary loop antenna voltage and no delay in secondary loop antenna
voltage.The second case we analyze is when there is delay in RFID gate's primary and secondary loop antennas voltages (
r,=1,=7) and no delay in in gate's primary and secondary loop antennas voltages derivatives (Kuang, 1993; Beretta, et
al., 2002).The third case we analyze is when there is delay in RFID gate's primary and secondary loop antennas voltages (
r,=1,=A,=A,=7,) and delay in in gate's primary and secondary loop antennas voltages derivatives (Steven; Kuang, 1993).
For simplicity of our analysis we consider in the third case all delays are the same (there is a difference but it is neglected
in our analysis). In each case we derive the related characteristic equation. The characteristic equation is dependent on
double loop antennas overall parameters and interferences time delay. Upon mathematics manipulation and [BK]
theorems and definitions we derive the expression which gives us clear picture on double loop antennas stability map. The
stability map gives all possible options for stability segments, each segment belong to different time delay values
segment. Double loop antennas arranged as a shifted gate's stability analysis can be influence either by system overall
parameters values. We left this analysis and do not discuss it in the current article.

Appendix A: Lemma 1.1

Assume that  @(7) is a positive and real root of F(w,7)=0
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Defined for 7€l , which is continuous and differentiable. Assume further that if A=i-w, weR , then
P(i-w,7)+Q,(i-®,7) 20, 7 €R hold true. Then the functions S (z), neN,, are continuous and differentiable on I.

Appendix B: Theorem 1.2
Assume that () is a positive real root of F(w,7)=0 defined for rel, 1cR,,andatsome 7" e, s (:)=0. For

some n e N,then a pair of simple conjugate pure imaginary roots

*

2[@)=1-0(), () =-i-0()of (141)

D(4,7)=0existat r =z which crosses the imaginary axis from left to right if §(z") >0and cross the imaginary axis from
right to left if 5(:")<0 where

5(r) =

Appendix C: Theorem 1.3

}= sign{F, ((r"), )} sngn{OIS (T)|

} (142)

A=io(c")

The characteristic equation has a pair of simple and conjugate pure imaginary roots i=+w(s"), w(c’) real at ¢ el if

S,(r)=1-1,(r)=0 for some neN,. If w(c)=w, ("), this pair of simple conjugate pure imaginary roots crosses the

imaginary axis from left to right if § (") >0 and crosses the imaginary axis from right to left if 5 () <0 where

d Re/1 dS (z’)

S8.(c)=sig{——=1 . }=sig{——"—=| .} (143)

=iw, (")
If ()= (z"), this pair of simple conjugate pure imaginary roots cross the imaginary axis from left to right if

& (z") >0and crosses the imaginary axis from right to left If § (") <0 where
d Re/l dS (z')
5.() =sig{ |, . }=—sign{—r

If w(t)=w (r)=w(") then A(r")=0 and s|gn{d Re;L|

-} (144)

}=0, the same is true when S ()=0. The

A=io(r")
following result can be useful in identifying values of 7 where stability switches happened.
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