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Abstract

A compact cesium deposition system was used for directdeposition of cesium atoms and ions onto the inner
surface of the 1/3 scale Hydrogen Negative lon Source for the LHD-NBI system. A small, well defined amount of
cesium deposition in the range of 3-200 mg was tested. Negative ion extraction andacceleration werecarnied out both
in the pure hydrogen operation modeandin the cesium mode. Singte Cs deposition of 3-30mg to the plasma chamber
have produced temporary 2-5 times increases of H- yield, but the yield was decreased within several discharge pulses
to the previous steady-state value. Two consecutive 30 mg depositions done within a 3-5 hours/ 60 shot interval,
produced a similar temporary increase of H- beam, but reached a larger H- yield steady-state value. Deposition of larger
0.1-0.2 g Cs portions witha 20-120 hours/ 150-270shot interval improved the H- yield fora long (2-5 days) period
of operation. Directed depositions of Cs to the various walls of the plasma chamber showed approximately the same
H- increase. Deposition of 0.13 g Cswo asurface polluted by a water leak, produced a temporary increase, and an H-
steady-state level similar to that from asingle 30 mg cesium deposition. Depositionof 0.1 g with a cesium plasma
produced one half the H- yvield obtained by depositionof the same amount of cesium atoms. A higher steady-state H-
current value anda smaller rate of H- yield decrease was recorded during the 8 filaments discharge operation, as compared
to the 12 filaments operation at the same discharge power.
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Cesium seeding of the hydrogen discharge of a
Muiticusp Sources (MS) of Negative lons (NI)
remarkably improves the source parameters and permits
development of MS based neutral injectors for fusion
devices'®. Experimental evidence indicates*® that cesium
deposition to the Plasma Grid (PG) is responsible for H-
yvield improvement. The stly of NI production with
direct deposition of cesium onto MS intemal walls was
done recently at the National Institute for Fusion Study.
These experimental data and the experimuents on cesium
recovery from polluted layers in the internal walls®
confinn the suiface origin of NI yield improvement in
the MS'" and show that a dynamic cesium-tungsten
coverage of the PG surface supports the enhanced H-
production. The resuits of a NI production study with
direct deposition of well-defined cesium amounts are
described below.

A. Experimental Setup

In the cesium deposition experiments, an
extemal-filter-type 1/3 scale large NI soure was used,
which has been developed for high-energy and high-
current beam prodiction. The detailed source and test
stand structure are described in Ref.3. Fig.1 shows a
schematic diagram of the 1/3 scale ion source withaone
stage accelerator and with the cesium oven introduced
into the source volume. The plasma source dmensions
are 35%x 69" x 20" am® Directly heated tungsten
filaments (12,10 or 8) are used for electron emission to
form a discharge. There arethree grids used for H- beam
extraction andacceleration - plasma grid (PG), extraction
grid, and grounded grid The PG has 270 apertures of 9
mm in diameter, with a total grid areaof 25%26 cm. The
ion source is aitached to the negative-ion-based NBI test
stand. The test stand has two large vacuum chambers: the
ion source chamber and the beam dump chamber,
connected to each other via a 5-m-long neutralizer. Two
multichannel calorimeter arrays, located 5 m (#1) and
11.2 m (#2) downstream from the ion source, are
employed for total H- ion current measurement, using
the horizontal and vertical profites obtainedin one shot.
H beam acceleration up to 90 keV with beam pulse
duration 0.6-1.3 s was used The optimal matio of the
extracted and accelerated voltages was 1:12. About2.5A
H- current produced with the 1/6 scale extraction areaof
25x26 cm’ from the 1/3 scale source at 50 kW arc power
corresponds to 40 A H- yield for the full-scale source®.

The cesium deposition system consisted of a
small detachable oven'! mounted on a feedthrough with a
double-valve vacuum lock device. [t permited the oven to
be placedinto or removed from the vacuum box without
introdicing air into the source, as well as rotation and
movement of the oven along the length of the discharge
chamber. Special pellets containing a mixture of cesium
chromate (30 %) and titaniam (70 %) were used for
cesium release. The pelleis have a low sensitivity to
contamination by air, and can be rloaded under
atmospheric pressitre. A cesivm stream, ejected from the

oven outlet with a total divergence of about 90° is
produced at the oven temperature 1000-1100 K. No
accompanying "poisoning” impurities release (oxygen,
water) was observed diring oven heating for cesium
release.

The oven was placed into the source through a
small port in the anode bottom with the help of a long
feedthrough stick. The cesium deposition was usually
produced with the oven’s cesium outlet oriented towards
the Plasma Chamber (PC) back or side walls to prevent
directinjection of the cesium into extraction-acceleration
channels. The cesium transport to the PG surface
occurred due to cesium thermal desorptionand sputtering
by discharge particles. Localized cesium deposition to
the small area (about 10 cm in diameter) of the back wail
was obtained with the oven outlet oriented towards the

PC back. About 0,1 m? area of the back wall was
deposited with cesium when the oven was tumed at an
angle of +30° with respect to back wall. Oven tuming
and a 50 cm shift along the vertical axis permited cesium
deposition to most parnts of the PC side and back
surfaces.

The Cs deposition was usually done under
vacuum conditions during a 30-50 minute injection
pause between the discharge pulses. Conditioning of
source surfaces by hydrogen discharges was usually done
before cesium deposition. The amount of deposited
cesium was vared according to the number of pellets
loaded, oven temperature, and heating interval change.
Total cesium yield from the oven was limited by the
amonnt of pellets loaded to the oven: this was varied in
the range 3 mg - 0.2 g. A pellet with 2,4 mm damcter
and 0.8 mm thickness providesabout 0.7 mg of cesium
reiease. An atmosphere of gaseous argon was introduced
into the source volume duringa pause in the operation or
before PC evacuation to air.

Cesium deposition with a cesium plasma gun
was also tested A special cesium ionizing unit was
capped to the oven for production of the cesium plasma.
The cesium atom flux from the oven eniered the unit
volume and was ionized by adc arcignited with the help
of an intemnal electrode having an anode potential. The
directed flux of cesium plasma (witha total divergence of
about 60°) was injected from a side wall gun nozzie
having a cathode potential. No biasing of the unit body
with respect to PC walls was applied in these first
experiments. Total cesium flux from the gun was
controlled by the oven temperature. The cesium
ionization rate was controlled by the discharge power
supply. The arc current/ voltage of the unit was varied
from 10-50 mAf3040 V at cesium fluxes 0.01-0.1
mg/min up to values 1-1.3 A/ 7-8 V with cesium flux
growth to 1-3 mg/min. 100 mg Cs deposition was
produced dusing about 1 hour of arc unit operation with
a gradual increase of oven temperature to allow for
complete cestum release. Most of the cesium was
deposited in a low voltage arc mode, with a low energy
flux of cesium ions.
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B. EXPERIMENTAL RESULTS

H- production with 3-30 mg Cesium
Depositions

1. The H- beam production witha 3 mg cesium
deposition to PG top and bottom parts having no
emission apertures was tested first. Only 5 cesium
pellets were loaded into the oven in this case. The oven
nozzle was positioned 21 cm above the central axis of the
source andit was oriented towards the PG. About half of
the cesium amount was deposited to the PG upper side
with the oven tuming around its axis for cesium
spreading within an angle +45° with respect to the PG
normal. Then the oven was positioned 21 cm below the
oentral axis, and the rest of the cesium was deposited to
the PG. Then the oven was removed from the MS
volume, and the source was switched on into the H-
beam production regime. Fig.2 shows the evolution of
accelerated H- beam cument, measured by calorimeter i,
as a function of shot number after the cesium deposition
for three cases of small cesium deposition. Data for the
first 3 mg deposition areshown in Fig.2 by circles. The
H- extraction/ acceleration voltage was applied starting
the 9 shot after cesium deposition. Inthe 9% -12% shots
the H- yield had a value similar to that of the pure
hydrogen mode (discharge powerin the 9 -12® shots had
a lower value of 30-39 kW). The effect of cesium on H-
production staried to appear at the 13™ shot after cestum
deposition, when the H- yield increased to the value of
about 0.8 A ata PG temperature of 180 °C, measured by
the thermocouple on the PG periphery. Then H- current
decreased quickly to the previous (pure hydrogen) level of
about 0.6 A (at a hydrogen filling pressure of about 0.4
Pa and at a discharge power of 50 kW) with forther
operation.

The other 3 mg cesium deposition was doneto
the west and east long side walls of the PC after 270
shots, on the nextiday, with the oven nozzleat positions
10 cm higher and 10 cm below the central axis. The
extractionfacceleration veitage was applied starting the
11" shot after this deposition. H- beam cument had a
maximal value in this 11® shot, and it again decreased
quickly with the shot number increase(this deposition is
not shown in Fig.2).

After producing 170 shots the next3 mg cesium
deposition to the west and east side parts of the PC was
done. The dataon H- production in this case areshown in
Fig.2 by crosses, and the correspondng values of PG
temperatuse, are shown by triangles. The initiat level of
H- current at a discharge power of 50 kW was about 0.7
A due to higher discharge hydrogen filling pressure of 0.7
Pa The beam extraction/acceleration voltage was
switched on, starting the first discharge shot after the
cesium deposition. As is shown in Fig.2, the effect of
cesium on H- production ephancement appeared in the
first shots after the cesium deposition. H- beam current
had a maximal value of about 1.25 A in the 3™ shot after
cesium deposition, at PG temperature of about 150 °C,

and it decreased gradually to the H- «pure hydrogens level
0.7 A dunng a few tens of shots.

2. The similar temporary increase of H- beam
current is displayed after the next three 10-30 mg cesium
depositions, done with the intervals 3-16 hours between
the consecutive depositions (Fig.3, 50 kW, 0.7 Pa
shots). The case of 10 mg deposition 10 PC west/east
sides, made with the interval 4 hours /100 shots after the
described 3 mg deposition, is shown in Fig.3 by crosses.
The residual value of H- beam current before deposition
was about 0.7 A, H- yield had a maximal value of about
2.1 A in the 56™ shots at PG optimal temperature of
about 150 °C. Circles in Fig.3 illustrate the case of the
30 mg deposition 1o the same PC side, made with the
interval 3 hours/40) shots after the former 10 mg case.
The msidual value of H- beam current before deposition
was about 0.8 A, and H- vield bad a maximal value of
about 2-2.1 Ain the 48" shots at the same PG optimal
temperamure 150 °C. The second 30 mg portion was
deposited to the PC back side with 16 hours/ 110 shots
interval, and the third 30 mg portion was deposited to
plasma chamber back side with 3 hours/ 60 shots interval
after the second one. Tnangles in Fig.3 show the data
after the third 30 mg cesium deposition (the second one
not shown in Fig.3).The maximal H- beam cument of
about 2.1 A was achieved in the 710" shots after
deposition, at a PG optimal temperature of 170 °C, and
the residual value of H- current (after the 57 pulses,
before the next(. g deposition) was about 1 A. Cesium
depositions to the PG top/down ares, to the PC west/east
sides and to the PC back side show approximately the
same H- temporary increase and the same H- current
steady-state value.

3. Twoelectrostatic probes which weresituated
at the various distance from the cesium deposition places
were used for the control of discharge parametess in the
source driver region before and after cesium directed
depositions. Small increases of the plasma potential
from S5to6 V with respect to anode was recorded by both
probes aftera 3 -30 mg cesium deposition. No changeof
electron temperature and plasma density was recorded in
the source driver region in these cases. There was no
difference in data for both probes.

0.1-0.15 g cesium depositions

1. Deposition of larger 0.1-0.2 g Cs portions
with 20-120 hours/ 150-270 shots intervals between the
depositions have demonstrated more stable enbancement
of H- vield for a fonger {2-5 days) period of opemation
{Fig.4). Thefirst0.1 g cesium deposition to the PC back
{before the shot #1 in Fig.4), resulted in a temporary
increase of H- beam current to 2 A value at the PG
optimal temperature 200 °C, and were decreased to a
tesidual value about 1.5 A in 10 shots with the PG
further heating. This residual value was degradedio 1.2 A
during 150 shots operation. The second deposition of 0.1
£ cesium portion to PC back (produced before shot #170,
with about 0.3 g total amount of deposited cesium in the
3 last days), resulted in a H- beam currentincrease to the
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value of about 2.2 A at PG optimal temperature 200°C,
and to H- current temporal drop with PG temperature
increase to 220 °C. After that, H- beam current recovered
to a steady-state value of about 2.2 A. The H-steady-state
value gradually decreased to 2 A after about 100 shots/2
days operation, and to 1.6 A - after 200 shots/3 days
operation. Additional 0.2 g cesium deposition to the PC
back {produced before shot #430 in Fig 4, with cesium
total amount 0.5 g} resulted in H- beam curmrent jump to
2.5 A atPG optimal temperature 200°C, andthen to H-
current temporal dop down 0 2.2 A with PG
temperature increase to 220 °C. After the temporal drop,
H- beam current recovered io a steady-state valueof 2.6 A
and gradually decreasedto 2.3 A level in 2 days/140shots
of operation.

A similar jump of H- current up to 3.1 A was
recorded after the next 0. 1 g cesium deposition to the PC
back (total deposited cesium amount 0.6 g during 6
days/900 shots operation). No steady-state H- carrent
valte was attzined in this run because of an occasional
water leak to the vacuum chamber. H- beam current
decreased to a «pure hydrogen» value of 0.7 A after the
poliution of deposited cestum by the water leak.

2. The values of the H- beam current temporary
maximum at the S0 and the 100%™ shot after cesium
depositions versus total deposited cesium amount are
shown in Fig.5. The initial H- maximum sharply
increased with total deposited cesium amount in the
range 3-20 mg, and did not further change with cesium
amount addingup 1090.3 g. The residual H- current value
after 50 and 100 shots increased with the total deposited
cesium amount first, and then saturated at a cesium
deposit of about 0.6 g.

Operation with a decreased number of
filaments

The previously described 3mg - 0.2 g cesinm
deposition was done with the 12 filaments discharge
operation. Operation with 8 filaments (2 top and2 down
filaments were disconnected from the power supply)
produces the similar temporary increase of H- yield in
the case of small (10mg) cesium deposition, but alarger
and longer residua] steady-state H-current for 0.1-0.15g
depositions. Namely, 0.1 g deposition (added to the
previously deposited 10 mg) provides an increase of H-
beam current to 2.8 A value, and then it gradually
decreased toa 2 A level in 500 shots/2 daysof operation.
The next0.15 g deposition produceda 2.8 A steady-state
level of H- current for 300 shots/2 days operation.

H- current  dependence on PG
temperature

The increase of H- current to a maximal value at
the optimal PG temperamre occured every time after the
cesium deposition or after along (several hours) stop in
operation with PG cooling down. No change of H-
current with the change of PG temperature was recorded
during operation while keeping the PG hot, as is shown

in Fig.6. The evolution of H- current was recorded during
the operation at the steady-state 1.2 A beam current value
on the next day after 0.1 g cesium deposition (shots
90-150 of Fig.4). The interval between the shots was
increased to 5 minutes, starting shot #90. It produces a
decrease of PG temperature, but no change of H- current
(Fig.6). The interval between the shots was decreasedto
2 min, starting shot #120, and PG temperature increased
back to the 250 °C level with no change of H- carrent.
Similar insensitivity of H- cumrent to PG temperature
was recorded with the PG temperature increase during the
enlargement of discharge pulse duration®®.

Cs deposition to the source, polluted
by the water leak

The contamination of deposited 0.61 g of
cesium by an occastonal water leak resulted in a decrease
of H- beam current down to about a pure hydrogenlevel
after the test stand vacuum system recovery. Cesium
deposition to the PC polluted suface was tested.
Deposition of 0.13 g of cesium to the PC back polluted
surface resulted in a temporary H-yield increase to 2.8 A,
as measured by the second, distant calorimeter #2. The
residual H- current value after 50 shots of operation was
about 50% higher than that in the water-poHuted source
before the cesium deposition. The H- current evolution
during the operation was similarto that, shownin Fig.3,
for the third 30 mg cesium deposition run.

Cs deposition with the cesium plasma
gun

The effect of cesium plasma deposition to the
PC back on H- beam current is shown in Fig.7. Circles
show the 0.1 g deposition onto the wiped, clean copper
PC surfaces, initially conditioned by the pure hydrogen
discharge. The evolution of H- beam current in this case
was similar to those of the 1030 mg cesium atom
depositions. A temporary maximum of H- beam current
hada vatue of 1.5 A at PG temperature 200 °C and it
gradually decreasedto 1 A valueat the endof the day, and
down to 0.8 A - on the next day. H- yicid was about two
times less as compared with the deposition of the same
amount of cesium atoms. Triangles in Fig.7 show the
case of the 0.1 g deposition with cesium plasma to the
PC back into the previously cesiated (0.4 g) and well
conditioned source. The residual H- beam cument had a
2.3 A value before this addtional deposition by cesium
plasma H- beam current decreased after this deposition
with plasma. it had a temporary maximum of about 1.2
A after the deposition and conditioning by SO discharge
pulses, and then decreased to 0.7 A at the 80-th shot of
operation. Further conditioning by discharges increased
the H- beam cument o the level of about 1.2 A, two
times iower than the H- level before the deposition by
plasma (Fig.7). The steady-state H- beam cimrent has
approximately the same value in both cases of cesium
plasma deposition onto the wipedsuface of PC backor
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over the previously deposited to PC back Cs+W
reservoir, having 0.4 g of cesium.

C. DISCUSSION

The described datz on H- production with the
directed deposition of cesium into the MS andthe daton
cesium recovery from the polluted tayers in the MS®
shows, that a dynamic cesium-tungsten coverage of PG
surface supports the enhanced H- production’®.

The surface NI production is maximal at the
optimal cesium coverage and it needs only a small
amount of cesium on molybdenum {or tungsten} of
about 6~ 0.7 = 2:3-10" an® = 0.50.8 mg/m®. The
binding energy of cesium in this case is high (about 2-
2.5 eV), so a low cesium volume pressure 10%-10° Pais
enough for supporting an optimal cesium coverage on
the PG surface with temperature 200-250 °C.

Deposition of 3-30 mg of cesium into the 1/3
scale source produced a thick 5-50 layer average cesium
coverage on the PC and PG surfaces with a total areaof
0.8 m®. At a water-cooled walls temperature of 18 °C a
thick pure cesium layer supported a volume cesium
pressure of about 10* Pa, andmost of the cesium escaped
in tens of minuies from the thick layer o the extractor
through the emission apertures (pumping speed of
cesturm throngh the openings at this pressure is about 0.5
mg/min). Nevertheless only a trace of cesium was
detected in the accelerator chamber after the long-term
operation with multiple cesium depositions, while the
main part of the injected cesium was collected in the
thick cesinm-tungsten layer on the PC and PG walls. It
shows, that the deposited cesium is blocked on the PC
walls by impurities (evaporated tungsten, residual
water). This blocking increases the cestum binding to the
surface and decreases the cesium escape from PC.

Deposition of 3-30 mg of cesium into a 1/3
scale source produces a temporary improvement of H-
beam current for 10-20 shots/ 2040 min of opemtion.
This temporary increase of H- yield is caused by the
optimization of cesium coverage on PG surface. After
cesium deposition the cold PG suface is covered by a
thick cestumn layer, blocked by impurities. Initial
increase of PG temperature provides the desorption of the
cesium excess and of the contaminants from the PG
surface. An optimal PG temperature corresponds to the
maximal H- vield over the most parts of PG area. No
change of the H- temporary maximum value with the
increase of deposited cesium in the mnge 10 mg -0.1 g
(Fig.3,5) shows that these amounts of cesium are
enough for prodicing an optimal cesitm coverage over
most of the PG area A decreased value of H- cumrent
temporry maximum after several 3 mg cesium
depositions can be caused by a non-uniform PG cesium
coverage in these cases. Larger cesiim amounts provide
a higher cesium volume pressure and a partial
compensation of the cesium josses during PG heating
As a result the larger cesium portions supply a longer

operation with an increased H- current at a larger value of
optimal PG temperature.

H- current decreased rapidy after the inmitial
maximum during the fursther operation and the PG
temperature growth because of the PG cesium coverage
depletion and its blocking by tungsten, evaporated from
filaments. As a result of the tungsten deposition,
coverage on the PG becomes enriched by turgsten, andit
decreases the H- production. The amount of this drop was
insensttive to deposited cesium in the range 3 mg-0.1 g.
It shows that cesium PG coverage depletion at PG lngh
temperatures dominates over cesium incoming flux.

The cesium escape from the optimal cesium
coverage B~ 0.7 on tungsten at temperature 200 °C hasa
rate of about 3- 10" atoms/cm?®s, so about 10 min 200°C
temperature operation is needed for desorption of the bulk
of the PG optimal cesium coverage. The rate of tungsten
evaporation from filaments for the emission-limited
discharge mode is about 0.2 mg for1 kA, 5 secfilament
heating pulse. It producesan average flux of about4- 10"
atoms/am’ to the PC surface in one pulse, and a
monolayer of tungsten will cover the PC surfaceafter 20
shots. The indicated rate of the cesium overlaying by
tungsten comelates with the measured rate of H- current
drop after small cesium deposition.

Low residual value of H- current after 3-30 mg
depositions anda 50 shots/2 hours operation shows, that
cesium flux from the PC volume does not compensate
the PG cesium coverage depletion/blocking. Smal] Cs
deposits on znode swifaces are overlayed by the
evaporated tungsten well, and it prevents the low work
function PG coverage.

The increase of the residual value of H- cument
{after 50-100 shots/2-3 hour operation) proportionally to
the total amount of the deposited cesium shows that the
cesium replenishing flux to the PG hot surface (i.e
volume pressure) is proportional to the total deposited
cesium. It confirms that most of the cesium is deposited
on the PC walls, and that the rate of cesium blocking on
PC walls is decreased with the cesium amount increase.
The 0.1-0.2 g portion of Cs deposited to the 1/3 scaled
source seemed enough for building the Cs reservorr,
resistive to the total blocking by evaporated tungsten.
Higher tungsten evaporation overa larger PC areaduring
the 12 filaments non-uniform discharge operation
produced a higher cesium blocking, than that during 8
filaments operation with the same discharge power. Asa
resuit, stable replenishment of PG swiface by cestum
from the reservoir supports the optimal Cs-W coverage
on PG and a high steady-state level of H- beam
production during hundreds of shots of 8 filaments
operation.

The change of hot PG temperature during
operation with a longer pause or with a shorter puise
length does not influence the H- yield Longer pulse
length (or shorter pause between pulses) increases the PG
temperatire and the cesium flux from PG coverage, but
the equilibrium PG coverage does not change in this case
because of an increased tungsten evapomation from the
Cs+W coverage on the hot PG surface,
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Cesium ions attached well to the swrface during
ceposition with plasma As a result, the smooth
deposition of cesium ions onto the Cs-W reservoirat the
PC back decreased the cesium volume pressure and the
cesium replenishment on the PG surface. Itdecreased the
H- production in the source, previously cesiated by
atoms. Cesium plasma deposition to the wiped PC back
provided a lower H- temporary increase and a lower H-
steady-state level as compared with the deposition by
cesium atoms to the PC back due to a decreased cesium
replenishing from the Cs-W reservoir.

Cesium deposition to the surface, polluted by a
water leak, produced the same temporary H- current
increase, as in the case of deposition of the wiped surface,
but a lower residual steady-state H- current level. It
shows that both depositions supply similar optimal PG
coverage on initial heating, but the replenishing cesium
flux is lower from the cesium reservoir on the poliuted
smface.

SUMMARY

A dynamic cesium-tungsten coverage of the
plasma grid surface supports an enhanced H- production
in large Multicusp Sources. The tungsten blocking of
the Cs layver decreases the cesium volume pressure and
prevents the cesium escape from the source. A 100-200
mg Cs deposition is enough for stable improvement of
source parameters for hundreds of shots of operation.
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Figure Captions

Fig.1. A schematic diagram of the 1/3 scale ion source
with the cesium oven introduced
Fig.2. H- beam current evolution after 3 mg cesium
depositions
circles - first 3 mg deposition,
crosses - third deposition of 3 mg portion,
T - PG temperature in third 3 mg deposition
(triangles).
Fig.3. H- beam currentevolution after 10-30 mg cesium
depositions.
1- 10 mg deposition (crosses),
2 - 30 mg portion (circles),
3 - third deposition of 30 mg portion (tnangies).
Fig.4. H- beam current evolution after0.1-0.2 g cestum
depositions.
crosses, and triangles - 0.1 g depositions,
circles - 0.2 g deposition.
Fig.5. H- beam versus tofal deposited cesium amount
1 - at temporary maximum {Crosses),
2 - at S0™ shot after cesium depositions {circles)
3 - at 100™ shot after cesium depositions
{triangles)
Fig.6. H- current and PG temperature evolution during
operation with alonger/shorter pause between the
pulses.
Fig.7. H- beam current evolution after cesium
deposition by plasma
circles - deposition to wiped wall
triangles - additional deposition over cesium
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