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The general problem of scattering on a system of frequency-detuned coupled Dielectric Resonators (DRs)
located in one or several transmission lines is considered. The field describing the natural oscillations of
the system of detuned DRs is decomposed over the field of partial resonators. A system of equations is
derived, the solution of which allows one to determine the frequencies and amplitudes of the system’s natural
oscillations. It is shown that the resulting system of equations, by means of algebraic transformations, can be
reduced to the problem of determining the eigenfunctions and eigenvalues of a finite-dimensional operator,
determined through the elements of the coupling operator of frequency-detuned DRs. The limitations of
the proposed calculation method are noted. The solution to the scattering problem is expanded in terms of
the natural oscillation field of the system of detuned DRs. A system of linear equations for the amplitudes
of forced oscillations is obtained. It is shown that in the particular case of identical resonator frequencies,
the found system exactly coincides with the equations obtained previously for various types of DR. General
solutions are found for the scattered field on frequency-detuned resonators located in different transmission
lines. Several examples are given of calculating the frequency dependences of the scattering matrix for
the most interesting structures consisting of coupled dielectric resonators detuned in natural oscillation
frequencies. The frequency characteristics of the scattering of two bandstop filters with different stop bands,
made on detuned DRs in the same transmission line, are calculated. The frequency dependences of the
scattering matrix on two bandpass filters located parallel between regular lines are calculated. The scattering
characteristics of bandpass filters of complex designs containing various DRs are calculated: a bandpass filter
built on a system of coupled DRs in a transmission line break and several DRs in a regular line, as well
as an elliptical bandpass filter. The capabilities of the proposed method are demonstrated by the example
of optimizing the scattering characteristics of a demultiplexer built on the basis of two bandpass filters
with different passband frequencies. The proposed method also makes it possible to calculate the scattering
characteristics of bandpass and bandstop filters with several operating frequency bands used in modern
communication systems.
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Introduction

Today, systems of coupled dielectric resonators
(DRs) are used in a variety of devices — filters,
antennas, multiplexers from the microwave to visible
wavelength ranges [1-31]. As a rule, such devices are
made of DRs of the equal size, consisting of the same
material. At once, when designing filters with more
complex frequency responses [8], as well as when opti-
mizing multiplexers [13,23, 24], multi-band filters [15-
22]; multi-band [25-28] and fractal antennas [29-31],
there is a need to describe the frequency characteri-
stics of the scattering of electromagnetic waves in the
transmission line on systems contained various coupled

resonators with different natural frequencies. A correct
analytical solution of this problem has not been found.

1 Statement of the problem

The purpose of this article is to construct an
electromagnetic theory of scattering on systems of
coupled dielectric resonators with different natural
frequencies, located in the transmission line. The
proposed solution is based on the consequent applicati-
on of perturbation theory for describing the coupled
oscillations of various DRs with use of obtained
eigenfunctions to solving the scattering problem. The
correctness of the constructed theory is confirmed by
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numerical calculations of scattering characteristics on
complex systems of bandpass and bandstop filters, as
well as multiplexers with different frequency characteri-
stics. In the case of identical resonant frequencies of
partial resonators, the constructed theory coincides
with those constructed earlier [32,33].

2 Main proposition of scattering
theory on detuned DRs

To construct the scattering theory, we use field
expansions in terms of coupled oscillations of the DR
system [32], so we will first consider the natural osci-
llations of a system consisting of different DR (Fig. 1).
Let us assume that we know the field of natural osci-
llations of each of the resonators (es, h), as well as
the frequency of its natural oscillations in the line: @5 =
ws~+iw, . Let us also assume that each of the resonators
is made of a lossless dielectric, i.e. its dielectric constant
is purely real: £, = s; =es (s=1,2,...,N).

Fig. 1. The system of the coupling DRs

Let us further denote by (e,h) — the field, and
by @ = w + iw"” — the complex frequency of coupled
oscillations of the resonator system.

We make assumption that all DR field amplitudes
are vary with frequency by known to us law a,(w):

es(w,r) N e;s(r)
pen) o o). )
At that we supposed w; realized maximum o (w)

in which:

lim
|w—wgs|—00

as(ws) =1; and as(w)=0. (2)

The solution of eigenoscillation problem of the N-
DR system (e(w,r),h(w,r)) also can be represented
as a superposition of fields of the isolated resonators

(es(w,r),hs(w,r)), (s=1,2,...,N):

Here bs(w) is the unknown complex amplitude of
the s-th resonator mode.

Let us show that despite the fact that the field
of each of the partial resonators (1) is a function of

frequency, the natural frequencies and distributions
of the fields of coupled oscillations of the resonator
system, as one would expect, remain constant.

We defined the expansion coefficients of the DR
field (1) on the propagation wave field of the line
(EE,H7) via the DR surface integrals:

¢t (w)=-1 %{[e; (<)) () . )] () s,

SR
(4)
And for the non propagating waves:

— (;)%]{{ [el(w).ng] (HF)" +[ng,h! (W)](Ef)*}ds'

" 5)

Here, ng — normal to the s-th resonator surface;
(el,hl) — field of s-th resonator in the dielectric. For
compactness, the dependence on spatial coordinates r
were omitted.

Then, using (1), we obtained:

s+,

(W) = as(W)ef™; d7F (W) = as(W)diT,

(6)
where cfi; dfi are known expansion coeflicients at the
resonance frequency wg for the propagating and non
propagating waveguide waves, respectively.

Here we neglected the dependence of the longitudi-
nal wave number of the transmission line on frequency
I’ = I'(w). For simplicity, we will assume that the set
of natural oscillation frequencies of partial resonators
occupies a not too wide band relative to the average
frequency wp: |w — wp| < wp then we can put:

I =T(w)=T(wo)+T(wo) (w—wp) + ... = T(wp).

The energy, stored inside s-th DR at frequency w
we define as:

ws(w) = 1/4/ [Es‘ei(w)‘z —i—,uo|hi(w)’2} dv,

Vs

(s=1,2,...,N). From (1) also obtained:

ws(w) = Jas (w)Pws,

(7)
where wy is the energy, stored s-th DR at frequency ws.

Mutual coupling coefficients of the s-th and the ¢-th
DRs on the damped and expanding waves at frequency
w are defined as:

-1



Scattering of Electromagnetic Waves by Frequency-Detuned Systems of Dielectric Resonators 7

From (6), (7) obtained:

ifst (w) = ) ];33,5,

(9)

where, similarly kg ; kgt is coupling coeflicients, defined
formally through fields of the s-th and ¢-th DR.

Let us consider sequentially bilinear combinations
that include the desired field of the system of coupled
resonators (e, h) (3), as well as the fields of partial DR

(en,hy) (1):
div {[hy, e]+[h, e;]} =i(w—wo) [e1e - ey +poh - hy]—
— (W' +w,") [e1e - eg+poh - by,
(10)
and in addition, the fields of each of the partial
resonators:

div {[;, €] + [, €]} = ~20n” [21]en ] +pt0 B

(1)

Substituting (3) into (10) and subtracting from it

(11), multiplied by b,(w), after integration over the

volume V,, of the n-th partial resonator, we find taking
into account:

2
/(e%,eg(w)*) dv <</’e%| dv;
Vi Vi

(12)

2
/(h},hg(w)*) dv <</|h3;| dv.

\43 Vi

N
Zas(w)fistbs(w)—&—at(w)(iict—)\t)bt(w):O, (13)
s#t

where

LLN) (19)

Kot = kgt +il~€st; wy’ is the real part of frequency of ¢-th
DR mode.

Main proposition. Effective amplitudes b; and
frequencies @ of coupled oscillations do not depend on
frequency functions o (w).

Equating the determinant of the system of equati-
ons (13) to zero, we find that the functions og(w)
are not included in the characteristic equation at all.
In addition, by replacing the variables, as(w)bs(w) = bs
we come to the conclusion that the new amplitudes by
are also independent of frequency, since they satisfy a
system of frequency-independent equations:

N
Zﬁstbs"i‘(“;t_/\t)bt = O, (t: 172,...
s#t

N). (15)

System of equations (15) allows one to calculate
the frequencies and fields of coupled oscillations of

asystem of detuned DRs. It differs from the system
of equations [33] found earlier for resonators with the
same frequencies of natural oscillations, values of the
functions A\; (14). At that, coupling coefficients in (9)
are formally defined for different natural frequencies of
partial resonators.

Functions A; are no longer eigenvalues of the coupl-
ing operator K= ||rg||. However, we can algebraically
transform the system of equations (15) so that it again
formally becomes an eigenvalue problem for the new

coupling operator K = ||EStH, where

— wt’

Rst = Rsts
wo

_ wy - wo — wy’
Ki = i—ky — 22—
wo wo

A:2-(“~’_“’°).
wo

Here wy is an arbitrary frequency, the value of which
we will take as the average of the frequencies of partial
resonators.

Thus, to determine the amplitudes and frequencies
of coupled oscillations of frequency detuned DRs, we
need to solve the problem of eigenvalues of the new

(16)

operator K:

N
D Ratbe + (Re = Nby =0, (t=1,2,...
s#t

where for each eigenvalue A = ! the field of coupled

oscillations takes the simple form:

N), (1)

N N
ef(r) =) btlesr); h'(r)=) blhy(r). (18)

The real field of the resonator system, of course,
has the form (3).

3 System of equations for the
amplitudes of forced oscillati-
ons of the detuned DRs

Let us construct a solution to the problem of
the wave scattering on a system of coupled detuned
DRs, based on the perturbation theory of Maxwell’s
equations, using expansions (3), and the conclusions
of the previous section. Let us assume that a wave
(Ef,H;") falls on a system of different frequency
detuned resonators located in a transmission line. Now
we will assume that each of the resonators is made of
a lossy dielectric: &, = 5’ —ies” (s = 1,2,...,N),
wherein e, << g/.

We present the solution to the scattering problem
in the form:

N
E(w)~E; + Z a’e’(w);
s=1

N (19)

H(w) ~ Hf + ) a*h*(w),

s=1



Tpy6iu O. O.

where (e°(w), h®(w)) — field of coupled oscillations of
a resonator system.
From (3):

N
e’ (w) =Y bi(w)es(w);
=1 (20)

N
h*(w) = Z b; (w)hy(w).
t=1

Using expressions similar to (10), (11) written for the
scattered field, transmission line field, and also the
fields of partial resonators, we arrive at the equation
for amplitudes:

N
Zasat(w)bf(w)Qst(w) = _Qf) (Cj)*/wtwm

where
Qst(w) = w/w + QiQ?(w/wt—l—/\sﬂ);

QP = wyw; /PP — loss quality factor in the dielectric

of the t-th DR; PP = “te,” [ le¢|*dv ) determines the
Vi
dielectric power loss of the ¢-th resonator.

(21)

[51Qu1(w)  bQa (W)

BE(w) = det hQ12(w)  b3Qa22(w)
A Qun() B Qan(w)

[ 51Qu(w)  bQa(w)

B(w) = det b3Qu12(w)  B3Qa2(w)
by Qin(w) bR Qon(w)

for bandstop filters and

b%Qzl(W)
b3Q22(w)

[ b%Qll(w)

Bl (w) = det byQrz(w)

S

DL Qun(w) B3Qan(w)

[ b%Qu(w) b%le(w)
b%ng(w) ngm(M)

DA Qun(w) B2Qan(w)

B (w) = det

S

for the band pass filters. Here
]%:_n—i_ = (cjc’l’t*>/(wnwn) = (I’%Sn)oe_ir(z‘q_z");

];;S—n-l- — (Cs_c:;*)/(wnwn) _ (]%S”)Oe—if‘(zs-‘mn)'

In this case, frequencies and amplitudes of coupled
oscillations are also found from (3), (17).

Taking into account the previously found relations
as(w)bs(w) = bs, we come to the conclusion that the
found equation exactly coincides with [33] in which wy
it is replaced by w;

N
Zasbest(w) =-QP (c?')*/wtwt. (22)
s=1

The transmission T and the reflection coefficient R
of the detuned DR system in the transmission line can
be also obtained in the form:

N /N | XN
T:To—i—z (Z b?cj)au:To—Bw) ZB:(UJ);

u=1 \s=1 s=1
N N 1 N
u=1 \s=1 s=1
(23)

Here Ty, Ry are the transmission and reflection coeffi-
cients of the transmission line without DRs;

QP Yo bikit bl Qi (w)
QF T bikis™ o BQna(w) |
QR Yl bk WNQNN(w)
(24)
b{VQNl(W)
bévQNz(W)
N Q@)
PoskiT 0 N Qai(w)
0 . béVQ]\Q(w)
0 YO ()
3 25
Qf)bfkﬁ+ . bjvaNl(w) ( )
0 . béVQNQ (w)
0 ... WNONn(W)

4 Solution of the problem of
scattering by an detuned DR
system in a transmission line

Let us consider several special cases of scattering by
systems of detuned DRs in various transmission lines
that are of theoretical and practical interest.
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Let wus first consider two frequency-detuned
bandstop filters made on different DRs (Fig. 2, a).

Here and below, circles of different sizes indicate
detuned resonators; solid lines indicate the mutual
coupling between the resonators ks, and wavy lines
indicate the coupling between the resonators along
propagating waves l%st, as well as the possible coupling
of the resonator with a regular transmission line k;.

Let us assume that the natural frequency of the
partial resonators of the first filter is f; = 6,5 GHz; and
the second filter fo = 7,5 GHz. The quality factor of
the dielectric of all resonators is the same: QP = 2-103.
The coupling coefficients of the resonators with the
line k; = k; and the coefficients of mutual coupling
between adjacent filter resonators are also the same:
kst = k1.

A<

ANOANA O OO AN

Sy
dB
-20+
—40+
. L
6 7
Sy? '
dB
-10+
-20+
130 L 1
6 7

Fig. 2. 242 different DR system in a transmission line (a). Scattering characteristics of two different bandstop

filters in the transmission line (f; = 6,5GHz; f, = 7,5 GHz; QP = 2-103; TAzp = 7/2; distance between

extreme filter resonators 'Azrp = 27; coupling coefficients of resonators with the line k;, = 0,015; mutual
coupling coefficients of adjacent resonators k15 = 0,005)

On Fig. 2, b—e shown the frequency characteristics
of the scattering matrix on two bandstop filters made of
two resonators, where Sy; = 201g|T'|; S11 = 201g|R|;
Go1 = arg(T); G11 = arg(R) (23).

An proposed scattering model allows us to si-
multaneously tune the characteristics of several
bandstop and bandpass filters, controlling the transmi-
ssion and reflection characteristics of the resonator
system in the line.

On Fig. 3 shown an example of calculating the
scattering characteristics of two bandpass filters placed
parallel in a break of one line (a). Within the framework
of the constructed scattering model, the coupling that
occurs between the resonators of the input 1 — 1 and
output N1— N, transmission lines is taken into account.

The constructed model makes it possible to
calculate and optimize the characteristics of scattering
and more complex structures of detuned resonators.
Consider, for example, a bandpass filter connected to
regular transmission lines, at the input and output of
which there are one or several resonators detuned in
frequency (Fig. 4,a). Let’s pretend that the distance
between the outside filter resonators and the resonators
in a regular line TAz1o = TAzn_1 n ~ /2.

The coupling parameters and natural frequencies
of partial resonators 1, N, were selected in this way,
to ensure the maximum steepness of the side slopes
of the amplitude-frequency response of the bandpass
filter (Fig. 4,b), while maintaining the linearity of the
phase-frequency response (Fig. 4, c) in the passband.
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Fig. 3. 2+2 different DR system in a transmission line break (a). Scattering characteristics of two parallel

bandpass filters (f; = 6,85 GHz; fo = 7,15 GHz; QP = 2-10?; coupling coefficients of resonators with the line:

kr, = 0,006; mutual coupling coefficients of adjacent filter resonators: k1o = 0,006; mutual coupling coefficients
of input (output) resonators: k" = —0,025)

S e
2 . N-1
a
Sy f
dB
~20
—40
6.6 o5 7
b
S“El I
dB
—10f
~20
~30 !
66 68 7
d e

Fig. 4. 4+141 different DR system in a transmission line and transmission line break (a). Scattering characteri-

stics of detuned in frequency bandpass and 2 bandstop filters (f; = 6,83 GHz; fo = 7 GHz; f3 = 7,17 GHz;

QP = 2-10%; coupling coefficients of resonators with the line: k;, = 0,015; mutual coupling coefficients of

adjacent filter resonators: k12 = 0,002; mutual coupling coefficients of resonators in the line and outside filter
resonators: kX" = 0,0092)
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On Fig. 5 the scattering characteristics of a
frequency-optimized elliptical bandpass filter are
presented. In this case, the place where the Ny + 1;
Ny + 2 resonators are “connected” to s,t resonators
(a), as well as frequencies and mutual coupling coeffi-

1 S|
N, +1
Saff '
dB
—20f
—a0f
66 P 7
b
Sy ?
Z10f
—20f
—3af
—40 L
6.6 6.8 7
d

cients were selected from the condition of ensuring
maximum values of the steepness of the amplitude-
frequency characteristic of the scattering matrix and
minimizing attenuation (Fig. 5,b).

L.OLL. O
t‘ Nl
O

N,+2

a

Fig. 5. Elliptical bandpass filter on 34+1+1 different DRs in a transmission line break (a). Scattering characteri-

stics of the filter (f; = 7 GHz; fo = 6,87 GHz; f3 = 7,13 GHz; QP = 2-10?; coupling coefficients of resonators

with the line: &k, = 0,012; mutual coupling coefficients of adjacent filter resonators: k1o = 0,011; mutual coupling
coefficients of line resonators and shunt resonators: k¥ = 0,01; s = 1; t = 3)

On Fig. 6 shows the example of the the scattering
characteristics calculating of a demultiplexer built on
two bandpass filters. Simultaneous optimization of fi-
lters also allows us to control the maximum attenuation
between channels (Fig. 6,b), reflection coefficients (d),
as well as phase-frequency characteristics (c-e).

The proposed theory of scattering by frequency-
detuned DR systems can also be used to analyze the
optimization of many other composite devices built on
their basis.

Discussion and Conclusion

A general theory of scattering of electromagnetic
waves by systems of detuned in frequency dielectric
resonators has been developed. It is shown that the
stray field can be expanded into a system of functions
determined by the natural oscillations of the resonator
system. Using perturbation theory, a system of equati-

ons that determines the frequencies and amplitudes of
coupled oscillations of detuned resonators in a transmi-
ssion line is obtained. A system of equations that
determines the amplitudes of forced oscillations of
resonators when line waves are incident on it has been
found. In special cases of identical natural frequenci-
es of partial resonators, the found equation systems
coincide with obtained earlier.

Shown, that the developed theory makes it possible
to simultaneously calculate and optimize the scattering
characteristics of several bandpass and bandstop filters,
multi-frequency filters, elliptical filters, multiplexers
and other frequency-selective structures of complex
structures containing detuned in frequency dielectric
resonators.

The results of this study can be used in the
design and optimization of various frequency-selective
elements of communication devices in the microwave,
terahertz, infrared and optical ranges.
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=20

6.6 68 7

rad?[

Fig. 6. Demultiplexer built on 3+3 different DR (a). Scattering characteristics of the detuned in frequency
2bandpass filters (f; = 6,9 GHz; f, = 7,1 GHz; QP = 2 - 10%; coupling coefficients of resonators with the line:
kr, = 0,006; mutual coupling coefficients of adjacent filter resonators: k1o = 0,01; mutual coupling coefficients
of input 1-1 resonators (a): k¥'F = 0,005)
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Po3sciroBanus ejgeKTpoMarHiTHUX XBHJIb
HA PO3CTPOEHUX 34 YACTOTAMHU CUCTEMAX
JleJIeKTPUIHUX PE30HATOPIB

Tpybin O. O.

Posrisgiaerbea 3arajibHa 3a/ia4a PO3CIIOBAHHSA Ha CH-
CcTeMi pO3CTPOEHWX 33 YACTOTAMHU 3B’SI3QHUX i€JIEKTPU-
anmx pesonaropis (IP), posramosanux B omuiii abo Kijib-
KoX JliHigX mnepenadi. Ilose, mo ommcye BJIacHI KoJIMBa-
HHA cucTeMu po3cTpoeHux JIP, po3K/IamaeThCs IO IOJIIO
napiiaabHUX pe30HaTOpiB. BuBoauThcs crcTreMa piBHSAHD,
pITNIeHHST SIKOI [T03BOJISIE BU3HAYMTH TACTOTH TA AMILIITY-
¥ BJIACHUX KOJIMBAHb cucTeMmu. Ilokazamo, o oTrpmMana
CHCTEMa PiBHAHD, NLIAXOM aJredpalyHuX HepeTBOPEHb, MO-
ke OyTH 3BelleHa 0 3aBJAHHS HA BHU3HAYEHHS BJIACHUX
GyHKIN 1 BJACHUX 3HAYEHb CKIHIEHHOMIDHOIO OII€PATO-
pa, IO BH3HAYAETHCH Uepe3 e/IEMEHTH OIeparopa 3B'fA3KY
po3cTpoenux 3a yacroramu JIP. 3a3Hauar0oThCst 06MeKeHHST
3AIPOIIOHOBAHOIO METOAY PO3paxyHKy. Po3s’s3amms 3amadi
PO3CiIOBaHHS PO3KJIQJIAETHCS II0 IIOJIIO0 BJIACHUX KOJIMBAHD
cuctemu po3sctpoennx /IP. OrTpumano cuctemy JHiHIHHUX
PIBHAHB [JId aMILIITYZ BAMYIIEHHX KOJMBaHL. llokaszaHo,
1m0 B OKPEMOMY BHIIAJKy OJHAKOBUX $YAaCTOT PE30HATO-
piB 3HafifeHa cucTeMa TOYHO 30ira€ThCs 3 PIBHSIHHSMI,
orpumanunMu paxinre s JIP pizuux Buzmis. 3uaiineno 3a-
raJibHi pillleHHs IS HO0Jis PO3CIIOBAHHS Ha PO3CTPOEHUX 32
YAaCTOTAMHU PE30HATOPAX, IO PO3TAMIOBYIOThCS V PI3HUX JIi-
Higx nepenadi. HaBoauThca KisbKa NpHUKJIAIiB PO3PAXyHKY
YACTOTHHUX 3aJIeKHOCTEHl MATPUIl PO3CIIOBAHHS i Haw-
MIKABIMAUX CTPYKTYP, IO CKJIAJAIOTHCS 31 3B’SI3aHUX pPO3-
CTPOEHUX 32 TACTOTAMHU BJIACHUX KOJIMBAHb, T1€IEKTPUTHUIX
pe3onaTopiB. Po3paxoByioThcsi 4acTOTHI XapaKTePUCTUKU
PO3CLIOBAHHS JBOX PEKEKTOPHUX (DiJbTPIB 3 PI3HUMU CMY-
TaMU 3arOpO[KeHHd, BHKOHAHWX Ha po3cTpoeHmx P B
oxuiit simii mepemadgi. PospaxoBani dacToTHI 3a/1€KHOCTI
MaTpHUI[ PO3CIIOBAHHS [IBOX CMYroBHX (DiabTpiB, po3Ta-
IIOBAHUX IMAapaJiejIbHO MiXK peryJdpHAMH JiHigaMH. Po3spa-
XOBaHI XapaKTEPUCTUKNA PO3CIIOBAaHHS CMYyroBux (iibTpiB
CKJIAOHUX KOHCTPYKIH, mo MicTarh pizmi JIP: cMyrosmit
dinpTp, nobymoBanuit Ha cucremi 38’sa3anux P y po3pusi
minil mepemadl Ta kinpkox P y perynspuiit mimil, a Takox
eminTraHnit cMyrosuit GigabTp. MOKINBOCTI 3aIIPOIIOHOBA-
HOTO MeTOAy IEeMOHCTDPYIOTHCS HA HPUKJIAIl ONTUMI3AIl
XapaKTEePUCTUK DPO3CIIOBAHHSA AeMYJIbTUILIEKCEPA, TO0YI0-
BAHOTO HA OCHOBI JBOX CMyroBux (ijbTpiB i3 pi3HHMHK Ta-
CTOTHAMU CMYyTaMU IPOIyCKAHHS. 3allPOIIOHOBAHMN METO,
JI03BOJISIE TAKOXK PO3PAXOBYBATU XaPAKTEPUCTHKH PO3Ciio-
BAHHS CMYTOBHX Ta PEXKEKTOPHUX (iapTpiB 3 KigbKOMa
CMyTaMH POOOYNX YACTOT, IO 3ACTOCOBYIOTHCS ¥ CYTIACHUX
CHUCTEMaX 3B dA3Ky.

K 104061 ca06a: pO3CIIOBAHHS; PO3CTPOEHUM Ti€JI€KTPU-
YHUHN Pe30HATOP; MATPHUIIS PO3CIIOBAHHS; CMYTOBHUil BiIbTD;
pexekTopHu GinbTp; eminrTuaHuil GLIHTD; JeMyIbTimIe-
KCep
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