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The radiation detector research group in KAERI has developed two types of gas-filled
radiation detectors, a Gas Electron Multiplier (GEM) and an ion chamber. The double GEM
and triple GEM were fabricated and operated in several gas mixtures to obtain large gains
of about 500% and 600%, respectively, in the Ar/Isobutane mixture. For the application to
GEM Photo Multiplier (GPM), the ion feedback dependency of the double GEM was
carefully measured according to the drift electric field, the transfer field, the asymmetry
of the GEM voltage, and the effective gain in various gas mixtures. The ion feedback
depends significantly on the drift field and the effective gain, however it is almost
independent of the gas mixture. A model of ion feedback in a double GEM structure was
derived, and its prediction was compared with the experiment. The optimum value of the
transfer field and the dependency of the collection current with respect to the drift, transfer,
and collection field strengths for the GEM voltage sharing in the double GEM were measured.
An air-filled ion chamber was designed and fabricated as a prototype of the beam loss monitor
for the high power accelerator. The collection efficiency and stability of the ion chamber with
respect to the different radii of anode electrode were measured.

UccnemoBatenbckoii rpynmoit KAERI mo pagumanuoHHBIM AeTeKTopaM paspaboTaHbl ABa
TUIIa T'a30HAIIOJIHEHHBIX DPaAUAIlMOHHBIX NETEKTOPOB — ra30131>1171 BHeKTpOHHBIﬁ VYMHOMXHUTEJb
(GEM) u nonusanuonas xKamepa. Farorosiensl nBoiiHoit GEM u Tpoiinoit GEM u mcmbsITaHbl
C IMPHMMEHEHHNEM PAa3JIUYHBIX TIa30BBIX CMeCBﬁ; BBICOKUE ICOS(I)(I)I/IHI/IGHTBI VYMHOMXEeHUA (COOT—
BercrBerHo 510% u 610°) monyuensr B cmecu aprona ¢ uso6yraHoM. C IEIbI0 IPHMEHEHUS
GEM Oblya TIiaTeJIbHO M3MepeHa 3aBUCHUMOCTb MOHHOII 00paTHOM cBA3UW Iysa aBoitHoro GEM
OT APeii(PoBOro 3JIEKTPUUECKOrO IOJSA, TPAHCIOPTHOrO IOJSA, ACHMMETPUU HAIPAMKEHUSI Ha
GEM u s¢dexTuBHOTO KO9(PUIMEHTA YMHOKEHUS B PA3JUUYHBIX Ta30BBIX cMecsax. MoHHasa
o0paTHas CBS3b CYII[ECTBEHHO 3aBHCHUT OT Apeii)oBOro moiid u 3PPHeKTUBHOTO Koadduiirmenra
YMHOMKEHUs, OJHAKO IIOUTHM HEe B3aBUCUT OT WCIIOJb3yeMoil rasoBoii cmecu. Paspaborana
MOJieJIb MOHHOII o0paTHOIi cBsA3u Aas aBoiitHoro GEM, u chesaHHble Ha €e OCHOBE ITPOTHO3BI
COIIOCTABJIEHLI C 9SKCIEPUMEHTAJbHBIMM pe3yJbTaTaMu. VI3MepeHO OINTHMAJbHOE 3HAUCHUE
TPAHCIIOPTHOTO IIOJIA U 3aBUCHMOCTY JJIA KOJIJIEKTOPHOIO TOKA OT HANIPAMKEHHOCTH ApeiidoBoro,
TPAHCIIOPTHOTO M KOJIJIEKTOPHOTO MOJEeH 1A pacIipeneeHUsA HanpsKeHus B gBoiHom GEM.
Paspaborana u M3roToB/ieHA BO3NYIIHAS MOHM3AIMOHHAS KaMepa B KAueCTBe IIPOTOTHUIIA MOHU-
TOpa IIOTEPM IIYYKA B YCKOPUTEJIE BBICOKOI MoIHOCTU. M3MepeHBI 3(h(deKTUBHOCTH cOopa u
CTabMJIBHOCTh PA0OTHI MOHMB3AIMOHHON KaMephl IIPU PAa3JINYHBIX Paguycax aHOMTHOTO 9JIEKTPOIA.
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All single stage micro-pattern gas detec-
tors suffer from discharge and fatal spark-
ing damage as the result of the huge
amount of primary electrons that are gener -
ated by the heavily ionizing particles pass-
ing the detector [1]. A new concept of a gas
avalanche detector was introduced by Sauli
[2] with a Gas Electron Multiplier (GEM) in
1997. Considerable progress has been made
motivated by the growing interest in the
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application of GEM. GEM is superior to
other gas detectors in the respect of a high
counting rate, excellent spatial resolution,
good imaging capability, operative in a
magnetic field, large sensitive area, flexible
geometry, and low cost [3]. In KAERI, GEM
was operated coupled with MWPC and
MSGC, and the charge sharing and electron
transfer process were examined [4, 5].
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Another interesting application of GEM
is the GEM based photo multiplier. The
broader use of a gas photon detector, espe-
cially in a commercial system, has been hin -
dered by the necessity of permanent gas
flushing. Sealed gas detectors usually age
very fast in standard gas mixtures, and the
operation in a noble gas can prevent the
problem. However, the gain in a noble gas
filled detector is usually very low due to
the photon and ion mediated secondary
process [6]. Since the electron avalanche in
GEM is confined to the hole, GEM has then
advantage of being operated with a high
gain in pure noble gas [7].

The GEM photomultiplier has been inves-
tigated intensively at present [3], however
the ion feedback has to be reduced to pre-
vent photocathode degradation from the ion
impact. Ion feedback was measured pre-
viously in single and multiple GEM struc-
tures [8, 9]. One of the interesting features
in the previous studies was that the ion
feedback ratio (the ratio of the cathode-to-
anode current) was independent of the gas
and pressure for a given gain even though
the applied voltages across the GEM in the
various gas conditions were not the same. It
means that the charged particle diffusion,
which is the function of pressure, gas, and
electric field, does not affect the ion feed-
back. However, only a few kinds of gas
mixtures were used in the previous experi-
ment [8], it is necessary to confirm the gas
effect on the ion feedback. Also, it would be
helpful to understand the ion feedback ef-
fect systematically for the gas detector de-
velopment with GEM.

In our experiment, the ion feedback ef-
fect in a multi-GEM structure was studied
extensively in various gas conditions using
a double GEM structure. And the anode sig -
nal was recorded directly through the bot-
tom of the second GEM. It helps to under-
stand the ion feedback phenomena using a
small number of parameters. An ion feed-
back model was made for our GEM struc-
ture. The effects of the drift field, the
asymmetry of the applied voltage across the
GEM, and the gain on the ion feedback can
be explained with the charge transfer pa-
rameters of a single GEM.

Fig. 1 shows the experimental setup of a
double GEM detector. The physics of a
multi GEM structure can be described with
a few parameters [8], which are from the
charge transfer mechanism in single GEM.
In a single GEM foil, collection efficiency,
gain, and extraction efficiency will deter-

Functional materials, 11, 1, 2004

@ X-ray

Drift Plate - Vp,irt (Cathode)
=)
dcy 1 _Varr
GEM1 DD@DDC‘D@DD@D@DD’\
061 ‘ i1 - VGIB
E;
e tf, _Vaor

GEM2 ©00000000000000.
- Signal (Anode)
Fig. 1. Schematics of a double GEM detector.
Collection efficiencies and extraction efficien-
cies of electrons (c; and e;) and ions (i; and f;)
are also noted, which are for model calculations.

mine the charge transfer. The collection ef -
ficiency is the probability of a charged par-
ticle in the drift region between the drift
plate and GEM1 to be transferred into a
GEM hole. The gain is the factor by which
the number of electrons is multiplied by a
gas avalanche inside the GEM hole. The ex-
traction efficiency is the fraction of
charged particles to be extracted from the
GEM holes into the transfer volume be-
tween the GEM1 and GEM2.

Previous measurements and numerical
simulations on the charge transfer in the
single GEM were performed to understand
the charge transfer parameters [10]. The
gain is determined by the mean electric
field inside the GEM hole, E,,,. That is,
the E;,,, of GEM1 in Fig. 1 is a linear com -
bination of Ep, Eq, and AVgpys:

Epore = abVepy + b(Ep + Eq), (1)

where a and b depend on the GEM geome-
try. The collection efficiency is a function
of the field ratio Ep/Ej,,. The collection
efficiency decreases in a high drift field due
to the defocusing of the field lines above
the GEM. The collection efficiency of the
electron and ion shows a sharp decrease
when the Ep/E,,, approaches zero. It is
due to the recombination of charge pairs at
a very low drift velocity. The extraction
efficiency is a function of Ep/E; . The ex-
traction efficiency increases with Ep/E},,,
because more charged particles can be ex-
tracted from the lower side of the GEM foil
in larger Eq/E} ..

Our measurement of the ion feedback ef -
fect in the multi GEM can be explained
from the charge transfer parameters in a
single GEM. Let us say that the electron
collection efficiency into the GEM hole c;,
the real gain of a GEM g;, electron extrac-
tion efficiency from the GEM hole e;. The
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ion extraction efficiency from the GEM hole
is f;, and the ion collection efficiency into
the GEM hole is i;. Each parameter is shown
in Fig. 1.

Then the effective gain, G, in our double
GEM structure is

G = c18161C989- (2

The ion feedback fraction to the cathode,
Ip, is

Ip =c181f1 + c181€1¢28af i111- (3)

The first term is from the ions generated
in GEM1, and the second term is from the
ions generated in GEM2. Then the ion feed -
back ratio (Ip/G) can be expressed as

ID/G = fl(ilfz + 1/6’102g2) = (4)

The experimental setup shown in Fig. 1
was similar to that used in [4, 5]. Two GEM
foils (Kapton thickness 50 pm, hole diame-
ter 60 pm the metal side, and hole pitch
100 pm) of a 10x10 cm?2 active area each,
were mounted in a cascade inside a stain-
less-steel chamber. The GEM foils were
made at CERN. The drift plate, which was
made of aluminized Mylar, was placed above
GEM1. The drift gap between the drift
plate and GEM1, and the transfer gap be-
tween GEM1 and GEM2 were 3 mm and
2 mm, respectively. The 5.9 keV X-rays
from 9°Fe were irradiated through a
0.5 mm thick Be window, and the anode
signal was measured directly through the
bottom electrode of GEM2. The anode and
cathode signals were measured in a current
mode. Each electrode (Vgips Vi, Vaors
and Vp,p) was connected to an individual
channel of a power supply, allowing the flex -
ible setting of the electric fields in the two
gaps and voltages across the GEM surfaces.

Effective gain of the detector was de-
fined as the anode current divided by the
primary ionization current, which was
measured when the drift gap was operated
in an ionization mode with AVgpar = 0. The
ion feedback ratio was defined as the cath-
ode current divided by the anode current.
Highly pure (99.999 %) Ar + CO, or Ar+
N, flew through the chamber, and the gas
mixing ratio was changed to get the influ-
ence of gas on the ion feedback. In the case
of the triple GEM, the drift electric field
Ep was fixed at 2 kV/cm, the transfer elec-
tric field Ep was varied to 1, 3, and
5 kV/cm. A large gain of about 610° was
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Fig. 2. Effective gain as a function of voltage

across the GEM. E;, was kept constant.

obtained for the Ar/Isobutane mixture. For
the double GEM, Ep and Ep were fixed at
2 kV/em and 3 kV/cm, respectively. We bi-
ased the same AVgpyrs in GEM1 and GEM2.
The effective gain follows the exponential
behavior up to a high AVgg,,. Fig. 2 shows
the voltage-effective gain characteristics in
various gas mixtures, where the lines are
the exponential function of the voltage
across the GEM (AVgpa)-

The effects of the effective gain and gas
mixing ratio of the various gases on the ion
feedback ratio are shown in Fig. 3. The ion
feedback ratio for a given effective gain
was measured with the various gas mix-
tures of Ar/CO, or Ar/N,. The ion feedback
ratio decreased with the effective gain, and it
was almost independent of the gas mixing
ratio, which was consistent with the previous
result [8]. It means the diffusion of charged
particles does not affect the ion feedback.

Fig. 4 shows the effect of Ep on the ion
feedback. The same voltages were biased
across GEM1 and GEM2. Er = 3 kV/cm and
AVggy in each gas mixture was kept con-
stant to make the effective gain 103. The
ion feedback ratio increased almost linearly
with Ep. But the effective gain was not so
sensitive to Ep,.

Fig. 5 shows the effect of Ep in various
gas mixtures. The voltage across GEM1 was
also equal to the voltage across GEM2. The
data was obtained with a fixed Ejp
(2 kV/cm) and AVgpys. Effective gain in-
creased with Ep, and the ion feedback ratio
decreased slowly with E; in the high Ep
region. Fig. 6 shows the effect of Ep in
various gas mixtures. The voltage across
GEM1 was also equal to the voltage across
GEM2. The data was obtained with a fixed
Ep (2 kV/em) and AVggy,. Effective gain in-
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Fig. 3. Ion feedback ratio as a function of
effective gain. E and E; were kept constant.

creased with Ep, and the ion feedback ratio
decreased slowly in the high Ep region.

The effect of the asymmetry of AVgpurs
on the ion feedback ratio was also meas-
ured, which is shown in Fig. 6. Only the
voltages across GEM1 and GEM2 were
changed. We increased AVg;gp, of GEM1 and

AVapy of GEM2 was decreased to keep the
same effective gain of 103. As the voltage
across GEM1 became higher, the ion feed-
back ratio increased.

Since G is almost independent of Ep in
our measurement, it is assumed that b of
Eq.1 can be negligible. Then Ep and Ep do
not affect g;. The effect of Ep on the ion
feedback ratio can be understood from Eq.4.
Ep can affect f, and f; increases with Ep
[10], which is consistent with Fig. 4.

The effect of the asymmetry in AVggars
on the ion feedback ratio follows from the
model. Eq.4 predicts that if the effective gain
(&) remains the same, the ion feedback ratio
will increase with g;, which is consistent with
Fig. 6. The discrepancies of the ion feedback
ratio with respect to the gas mixture in Fig.
6 comes from the fact that g;’s are different
in various gas mixtures even if the same
AVaga is applied, which is shown in Fig. 2.

The effective gain dependency on the ion
feedback ratio is also from Eq.4. AVggys can
affect all the parameters in Eq.4. However,
the effect of AVgpp, on g; is much larger
than the effect on the other parameters.
Therefore, one can assume all the parame-
ters are constant except g; if only AV, is
varied. Since g; is equal to g9 in our meas-
urement, one can get

I,/G=a+b/G",
D (5)

where a is f1iif9, and b is fi(cq/eqc9)l/2.
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We can make a fit to the measurement
using Eq.5, which is shown in Fig. 7. The
lines are from the least square fitting, and
the circles are from the measurement. The
model can explain the effective gain de-
pendency of the ion feedback ratio except in
the higher gain region. That is, the meas-
ured data is smaller than the model predic-
tion. As pointed out by Bondar [8], it could
be related to the avalanche extension effect
in the GEM. Since the positive ions are pro-
duced outside the GEM hole in a higher gain,
it has more chance to drift to the bottom of
the GEM rather than entering the hole.

We made a model prediction for our
measurement, and the ion feedback ratio
can be explained by the collection effi-
ciency, gain, and extraction efficiency in a
single GEM. The effective gain dependency
was well reproduced by the model prediction
except in a higher gain, which could be un-
derstood by the avalanche extension. Also
the model can explain the ion feedback ef-
fect of the asymmetry of AVgpy,. With our
study, one can predict the ion feedback ef -
fect in a multi GEM structure from the
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Fig. 6. Effect of asymmetry of AV p,, on the
ion feedback ratio. Effective gain was set
constant at 103 during the measurement.
AV gy means the voltage across GEMI.

charge transfer parameters in a single GEM,
which could be helpful for further research
on a GEM photomultiplier and TPC.

The PEFT (Proton Engineering Frontier
Project) is to build an 100 MeV, 20 mA
proton linear accelerator in Korea. An ac-
celerator facility with such an high inten-
sity beam needs the BLM system for the
primary diagnostic tool for tuning and pre-
venting excess activation and equipment
damage. The detector of BLM has to satisfy
many requirements. The gain of the detec-
tor has to be stable with time. The compo-
nents of it should be tolerant to the radia-
tion. If the detector is replaced with new
one, the gain of it can be recalibrated eas-
ily. Ion chamber can satisfy such require-
ments, and a number of accelerator facili-
ties select the ion chamber as the BLM de-
tector [11]. We designed an ion chamber for
BLM. The ion chamber is cylindrical shape,
and argon is filled inside the chamber. Be-
fore the parameters of the ion chamber are
determined, we fabricated a prototype ion
chamber. Air was filled inside the chamber,
and the response of the ion chamber was
measured. With these data, we can design
the BLM ion chamber specifically.

A prototype ion chamber for the BLM
was fabricated, and the saturation curve of
the ion chambers was measured. The proto -
type ion chamber was constructed of two
concentric cylinders filled with air as shown
in Fig. 1. The cylinders were 210 mm long
and made of 2-mm thick aluminum. The
diameter of outer electrode was 38 mm, and
three different diameter inner electrodes
were made (Type l:diameter of 6 mm, Type
2:16 mm, and Type 3:25 mm). The inner
electrode was hollow and filled with air in-
side. Guard electrode, which could reduce
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Fig. 7. The phenomenological formula about
the effective gain dependency on the ion feed-
back was fitted to the measurement. The
lines are the fitting result, and the circles are
the data.

the leakage current of the collecting elec-
trode, was made of copper, and it was
placed in the middle of the inner electrode
and the outer electrode. Teflon insulators
were placed between electrodes. The ion
chamber was housed inside the 2-mm thick
aluminum cylinder. Two MHV connectors
were mounted for signal collection and high
voltage biasing. These connector structure
could help the easy daisy chaining. Fig. 8
shows the prototype ion chamber.

The saturation curve of the ion chamber
was measured. 60 keV y-rays from 24'Am
were incident perpendicular to the cylinder
surface, which make the dose rate of
2 mSv/h inside the ion chamber. High volt-
age was biased on one connector with
ORTEC high voltage supplier Model 660,
and the collecting signal was recorded from
the other connector with Keithley Elec-
trometer Model 6517A. The high voltage
was biased on the outer electrode, and the
signal was measured on the inner electrode.
After that the high voltage was biased on the
inner electrode and the signal was recorded
on the outer electrode. The polarity of the
bias was also reversed. It could give the in-
fluence of the bias polarity on the ion cham -
ber operation. Since we measured the satura-
tion curve with three different types of inner
electrodes, we could also determine the ade-
quate diameter of the inner electrode.

The collection efficiency f of an ion
chamber at a given bias voltage V can be
defined as the ratio of the measured current
to the ideal saturation current. The equa-
tions for describing f have been known
since Thomson described them in 1899 [12].
However, they have not been solved in
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Fig. 8. The prototype ion chamber.

closed form. Approximated result, which
gives a good fit for f 0.7, is [13]

F=1/(1+&2), (6)

where

.0 2% ™
6ek ko V2 vol’

Here, e is the electron charge, k; the
electron mobility, k5 the ion mobility, d the
equivalent gap, Qoo the saturation charge at infi-
nite applied voltage, vol the collecting volume of the
ion chamber, and o is the first Townsend recombina-
tion coefficient. d for the cylindrical ion chamber can
be expressed as

w+b Ina/b)d ®)
% -b 2 E ’

where a is the radius of outer electrode, and
b is the radius of inner electrode. From
above equations, we can see that the signal
can be saturated easily in lower bias voltage
as the distance between the outer electrode
and the inner electrode gets closer.

The saturation curve of Type II ion
chamber is shown in Fig. 9. The curve
reaches a flat zone, and the charge multipli -
cation occurs when the voltage is higher
than 2000 V. We use three different meth -
ods, the inverse voltage method, the two
voltage method, and fitting to Eq.6, to ob-
tain the voltage, where f reaches 0.999, for
each saturation curve [13]. The line in Fig.
9 is from Eq.6, in which the parameters of
Qo and a/6¢k1k2 are taken from the fitting
result.

The biased voltages f= 0.999, where
f =0.999, are obtained from the above three
methods. Fig. 10 shows Vy=10.999 in the
case of the negative voltage biased on the
outer electrode. As one can expect, the
measured current can be saturated in lower
voltage if the distance between the outer
electrode and the inner electrode gets

d=(a-b)
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Fig. 9. The saturation curve of the ion cham-
ber type II. The negative voltage was biased
on the outer electrode, and the signal was
recorded on the inner electrode. The line is
from the fitting with the theoretical line.

closer. Three methods give the similar re-
sult except the case of b = 5 mm. Since the
inverse voltage method assumes that the re-
combination takes place within the track of
single particle ionization, it can not give a
reliable result.

Because beam loss monitoring system
will be placed in the high dose environment,
it is better to get the saturation current
with lower biased voltage. The ion transit
time can be expressed as [14]

2
p=— 4 (9)
HoV(Py/ P)

where |, is the ion mobility, V applied volt-
age, P, atmospheric pressure, and P is the
working pressure. If d gets smaller, we can
collect ions in shorter time.

However, the field becomes unstable
when the inner electrode is too close to the
outer electrode. In our measurement with
ion chamber Type III (Inner electrode di-
ameter: 25 mm), the signal shows fluctua-
tion above V = 2000 V. And, as the inner
electrode gets close to the outer electrode,
we will get smaller current. From the above
consideration, we choose 20 mm for the di-
ameter of inner electrode.

The BLM ion chamber parameters are as
follows. The BLM ion chamber will be a
aluminum cylindrical shape of 210 mm
long. The diameter of outer electrode is
38 mm, and the diameter of the inner elec-
trode is 20 mm, which follows from the
measurement with prototype chamber. The
thickness of aluminum electrode will be
2 mm, which was from EGSnrc calculation.
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The net internal volume of the detector is & 1400 . . T . T
103 cm3. The estimated response is & .
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ramic. We are underway to test the prototype g 1000+ = Two ]
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Po3pooka pagiamiitanx nerekropiB y KAERI

Hone Kiyn Kim, Ce Xean Ilakx, Yncanz Xo Xa, By Uxcio Ji,
Ceox Bynz Xone, Yonz Eyn Yymne

Hocaiguunpkoio rpynoo KAERI 3 pagianifinnx meTeKTopiB po3po6J/ieHO ABa TUIIX Ia3oHa-
MOBHEHUX pafialifilHUX JeTeKTOPiB — rasoBuUil aJeKTpoHHUHE moMmHOoKyBadu (GEM) Ta iomisa-
mitina kamepa. Burorosseni moasiiauit GEM ta morpiifinuit GEM Bunpo6GyBaHi 3 3acToCyBaH-
HAM DpISBHHX TrasOBHX CyMimmeil; BHCOKI KoedimieHTm momHOMeHHS (Bizmosimmo 5010% ra
6010°) omep:xano B cymimi apromy 3 isobyramomM. 3 Merom sacrocyBaHHa GEM perenbHO
BUMipeHO 3aJie;KHicTh 10HHOrO 3BOPOTHOTO 3B’A3Ky IJsa moasitimoro GEM sBix mpeiidosoro
€JIEKTPUYHOTO TIO0JIsI, TPAHCIOPTHOTO IOJfA, acuMerpii Hampyru Ha GEM Ta edeKTUBHOTO
KoedillieHTa IIOMHOKEHHS B pPisHHX rasoBux cymimrax. IoHHUII 3BOPOTHUH 3B’A30K iCTOTHO
3aJIeKUTHh BiJ ApeiidoBoro mojsa Ta e(eKTUBHOTO KoedillieHTa IMOMHOKEHHS, OJHAK Maiixke
He 3aJIe’KUTh BiJl BUKopHcTaHOI rasoBoi cywirmri. PospoGiiena Momenb i0HHOTO 3BOPOTHOTO
3B’sA3Ky aaa moasitimoro GEM i mporuosu, 3pob6Jieni Ha ii ocHOBi, 3icTaBieHi 3 eKcmepuMeH-
TAJILHUMH pe3yjbTaTaMu. BUMipaHO omTMMajibHEe 3HAUEHHSA TPAHCIOPTHOTO IOJS Ta 3ajIerK-
HOCTi IJI KOJIEKTOPHOTO CTPYMY Bif Hampy»KeHOCTi ApeiipoBOTro, TPAHCIOPTHOTO Ta KOJIEK-
TOPHOTO IIOJIIB OJA posmonisy Hampyru y moasifinomy GEM. Pospo6GiieHa Ta BUroToBJIeHA
HoBiTpAHA iowWisamiiiHa Kamepa SAK IIPOTOTHUII MOHIiTOpa BTpaTH NOyYKa y IIPHUCKOpIOBada
BHMCOKOI IOTysKHOCTi. BumipsaHo epeKTuBHicTbL 300py Ta crabiibHicTh poboTu ioHisaiiifimoil
KaMepu IPU PiBHUX pajiycax aHOAHOTO eJeKTpPoja.
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