10

15

20

25

30

35

WO 2015/034373 PCT/NO2014/050165

Title of Invention
Multicrystalline silicon ingots, silicon masteralloy, method for increasing the yield of
multicrystalline silicon ingots for solar cells.

Field of Invention.

The present inveniion comprises a silicon composition for increased yield of
multicrystalline silicon ingots, and for increasing the efficiency of solar cells made
from wafers cut from the silicon ingots. In addition the present invention comprises a
method for increasing the yield when producing multicrystalline silicon ingots from a
silicon melt by directional solidification. Further the present invention comprises a
silicon masteralicy and method for preparing said silicon masteralloy for addition to
the silicon melt for producing the multicrystalline silicon ingots in order to increase the
yield of multicrystalline silicon ingots for solar cells, and for increasing the efficiency

of solar cells made from wafers cut from the silicon ingots.

Background art

By directional solidification of silicon for production of multicrystalline silicon ingots a
so-called “red zone” is formed along the outer part of the ingot, in the lower end of the
ingot and at the top end of the ingot. The red zone is typically 2-3 cm thick and may
be characterized by a short life time for minority carriers. The life time of minority
carriers in the red zone area is measured to below the quality requirement of above 2
ps. The red zone area of directionally solidified ingots is therefore normally cut away
and thus not used for wafers for solar cell production. The red zone area of the
directional solidified mutlticrystalline silicon ingot reduces the vield of the ingot. The
red zone appears both in polysilicon and in compensated silicon (silicon containing
both boron and phosphorus) even though the red zone normally is thicker in
compensated silicon than in polysilicon.

The reason of the formation of red zone at the lower end, along the walls and at the
upper end of the directional solidified silicon ingots has been related to different kinds
of defects; see Y.Boulfrad: Investigation of the Red Zone of multicrystalline Silicon
Ingots for Solar cells; Doctoral Thesis at NTNU, Norway 2012:84. The main type of
defect is caused by Fe and O diffusing into the solid silicon from the crucible and/or

from the coating used in the crucible. Further defects such as dislocations and a
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synergistic effect between the different types of defects may also be present. Further

there is a tendency that particles are present near the upper end of directional
solidified silicon ingots. The upper part of the ingots must also for this reason be cut

off and thereby limiting the yield.

in order to increase the yield of the silicon ingots it is desirable to minimize or totally
avoid formation of the red zone, particularly in the lower end of the silicon ingots
which would increase the useful part of the silicon ingots suitable for wafers and solar
cell processing. It would further be advantageous if the -content of particles near the
upper end of the directional solidified silicon ingot could be reduced.

Summary

The present invention is conceived to solve or at least alleviate the problems
identified above. Specifically, an object of the invention is to provide a silicon ingot
and a method in which the yield when producing multicrystalline silicon ingots for
solar cells from a silicon melt is increased, by improving the electrical properties
(minority carrier lifetime and solar cell efficiency) of the ingot both in the red zone
and in the bulk of the ingot.

The present invention comprises directionally solidified multicrystalline silicon ingots,
wherein said ingot comprises elemental calcium added to a high purity silicon melt in
an amount chosen from at least one: of the following ranges: 5-9.99 ppmw, 10-500
ppmw, 500-550 ppmw. Also described herein is a directionally solidified
multicrystalline silicon ingots, wherein said ingot comprises elemental calcium added
to a silicon melt in an amount chosen from at least one of the following ranges: 5-
9.99 ppmw, 10-500 ppmw, 500-550 ppmw. The vield of the directionally solidified
multicrystalline silicon ingot is increased resulting in higher utilisation of the inget
when cut to wafers, thus increasing the wafer yield. Further, a silicon composition
according to the present invention wherein eiemental calcium is added to the silicon
melt in an amount chosen from at least one of the following ranges: 5-8.99, 10-500,
10-250, 20-250, 10-150, 20-150,10-100, 10-150 ppmw. The silicon melt is chosen
among polysilicon and compensated silicon.

The present invention comprises a silicon masteralloy for addition to silicon when
making directionally solidified muiticrystalline silicon ingot to increase vield and
electrical properties of the ingot, in which said silicon masteralloy comprises
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elemental calcium in an amounit chosen from at least one of the following ranges:
0.5-20 weight%, 1-15 weight%, 5-15 weight%, the remaining being high purity silicon.

Further the present invention comprises a silicon masteralloy for increased yield in
multicrystalline silicon ingots in which said silicon masteralloy comprises elemental
calcium in an amount chosen from at least one of the following ranges: 0.5-20
weight%, 1-15 weight%, 5-15 weighi%, the remaining being high purity silicon.
Furthermore, said silicon masteralloy is optionally added to a silicon melt when
directionally solidifying silicon ingot.

Furthermore a method for increasing the yield of directional solidified multicrystaltine
silicon ingots is also comprised in which elemental caleium is added to the silicon
melt in an amount chosen from at least one of the following ranges: 5-9.99 ppmw, 10-
500 ppmw, 500-550 ppmw prior to subjecting the silicon melt to directional
solidification in‘a crucible. In the present invention calcium is added to the silicon melt
in an amount chosen from at least one of the following ranges: 5-9.98, 10-500, 10-
250, 20-250, 10-150, 20-150,10-100, 10-150, 500-550 ppmw.

The present invention comprises a method for preparing a silicon masteralioy for
increasing the yield of multicrystaliine silicon ingots, wherein said method comprises
addition of elementat calcium to molten high purity silicon in an amount chosen from
at least one of the following ranges: 0.5-20 weight%, 1-15 weight%, 5-15 weight%,
homogenizing the resulting alloy and solidifying said alloy to provide said silicon
masteralloy. Also described herein is a method for preparing a silicon masteralioy for
increasing the yield of muiticrystalline silicon ihgots,_.in which said method comprises
addition of elemental calcium fo a molten silicon in an amount chosen from at least
one of the following ranges: 0.5-20 weight%, 1-15 weight%, 5-15 weight%,
homogenizing the resulting alloy and solidifying said alloy to provide said silicon
masteralloy. Said silicon masteralloy is optionally added to a silicon melt when
directionally solidifying a silicon ingot.

The silicon meit which also should be understood as molten silicon can be chosen
among at least one of the following: a high purity silicon melt, compensated silicon
and poelysilicon. According to the invention said silicon masteralloy described above is
added to a charge comprising silicon for producing multicrystalline silicon ingots with
increased yield. In the present invention silicon ingots with increased vyield are
produced by directionally solidifying mulfi-crystaliine silicon ingots from said silicon
melt. The present invention also concerns use of a master alloy comprising elemental
calcium in an amount chosen from at least one of the following ranges: 0.5-20
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weight%, 1-15 weight%, 5-15 weighi%, the remaining being high purity silicon for
directionally solidifying multicrystaliine silicone ingot for increasing yield and electrical
properties of said ingot.

The present invention thus relates fo a method for minimizing or removing the red
zone in multicrystalline silicon ingots, wherein elemental calcium in an amount
between 10 and 500 ppmw is added to the silicon before the silicon is subjected to
directional solidification in a crucible.

Further the present invention relates to a method for minimizing or removing the red
zone in directionally solidified multicrystalline silicon ingots, in which elemental
calcium is added to a silicon melt in an amount chosen from at least one of the
following ranges: 5-9.99 ppmw, 10-500 ppmw, 500-550 ppmw prior to subjecting the
silicon to directional solidification in a crucible.

According to a preferred embodiment the elemental calcium are added to the silicon
in an amount of between 20 and 250 ppmw.

Elemental calcium can be added to the silicon in the crucible for directional
solidification before the silicon is melted or after the silicon is melted.

It has surprisingly been found that the addition of small amounts of elemental calcium
substantially reduces the extent of the red zone in directionally solidified
multicrystalline silicon ingots.

The effect of reducing the red zone by adding elemental calcium to the silicon before
directional solidification has been found to be effective both for boron doped
polysilicon and for so-called compensated high purity silicon which contains both
boron and phosphorus.

A shorter part of the lower end of the directionally solidified silicon ingot can thus be
cut away before wafering, thereby increasing the yield of the ingots. The same is

true for the upper end of the ingot and the sides of the ingots.
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Short description of the drawings.

Figure 1 is a diagram showing the efficiency of solar cells made from wafers cut from
the lower part of ingots A and B in Example 1 as a function of mm from bottom of the
ingots.

Figure 2 is a diagram showing the efficiency of solar cells made from wafers cut from
the whote height of ingots A and B in Example 1 as a function of mm from bottom of
the ingots.

Figure 3 is a diagram showing the efficiency of solar cells made from wafers cut from
the fower part of ingots C and D in Example 1 as a function of mm from bottom of the
ingots.

Figure 4 is a diagram showing the efficiency of solar cells made from wafers cut from
the whole height of ingots C and D in Example 1 as a function of mm from bottom of
the ingots.

Figure 5 is a diagram showing the efficiency of solar cells made from wafers cut from
the lower part of ingots E, F and G in Example 2 as a function of mm from bottom of
the ingots.

Figure 6 is a diagram showing the efficiency of solar cells made from wafers cut from
the whole height of ingots E, F, and G in Example 2 as a function of mm from bottom
of the ingots.

Figure 7 shows IR image of brick from a G5 ingol with addition of silicon-calcium
masteralloy addition to the right and without addition of silicon-calcium masteralloy
addition to the left.

Figure 8 shows lifetime scans of one adjacent to center brick from all four sides, a)
for an ingot with 100% virgin polysilicon made without addition of silicon-calcium
masteralloy and average lifetime 4.0 us , b) for an ingot with 100% ESS® with

addition of silicon-calcium masteralioy and average lifetime 5.3 s and ¢} for an ingot
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with 100% ESS® with addition of silicon-calcium masteralloy (bottom) and average
lifetime 7.1 ps. Scale of the lifetime scan from 0.4 to 8 ps.

Figure 9 shows efficiency of solar cells made from wafers cut from adjacent to centre
brick and corner brick from G5 ingot made with addition of silicon-calcium masteralloy
compared to reference ingots (adjacent to centre brick) of 100% virgin polysilicon and
100% ESS® made in the same furnace. All wafers were processed at International
Solar Energy Research Centre in Konstanz, Germany, (ISC).

Detailed description

“Calcium “ within the context of the of the present invention, shall be understood as
elemental calcium.

Regarding the present invention it has been observed that addition of calcium to the
silicon charge when producing directional solidified multicrystalline silicon ingots can
significantly improve the ingot properties, in particular the so-called red-zone (low
litetime regions) close to the crucible, thus increasing the yield of the ingot. In
addition enhancement of the cell efficiencies of solar cells from this region has been
observed according to the present invention.

As the melting temperature of calcium is much lower than the melting temperature of
silicon, a challenge when adding elemental calcium to the silicon charge is that
calcium melis at a lower temperature than silicon. This may cause reactions of
molten calcium with the coating and the crucible. These reactions may in some
cases result in sticking of the ingot to the crucible, which may lead to cracking of the
ingot. In one embodiment of the present invention elemental calcium is added as a
silicon-calcium masteralloy containing calcium in the range 0.5-20 weight%. The
silicon-calcium masteralloy can then be added to the silicon charge when producing
multicrystalline silicon ingot. Addition of calcium in the form of a silicon-calcium
masteralloy according to the present invention will ensure melting of calcium close to
the melting temperature of silicon. In one embodiment of the present invention,
addition of a silicon-calcium masteralloy to a silicon melt for producing multicrystalline
silicon ingots, will ensure a simplified addition of calcium and solve any problem that
addition of elemental calcium may cause.
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Exampie 1.

Four directionally solidified multicrystalline silicon ingots A, B, C and D of 16 kg each
are produced at the same time in a furnace with four solidification chambers. This
means that all four ingots A to D were produced under exactly the same conditions.
Ingot A was a polysilicon ingot which was doped with boron to obtain a resistivity of
between 1 and 1.3 ohm cm measured at the lower end of the ingot without addition of
calcium. Ingot B was a polysilicon with addition of 40 ppmw elemental calcium,
according to the present invention. Ingot C was compensated silicon containing both
boron and phosphorus produced by Elkem Solar AS, (ESS®), and having a resistivity
of between 1 and 1.3 ohm cm measured at the lower end of the ingot. Ingot D was
compensated silicon produced by Elkem Solar AS, (ESS®), with addition of 40 ppmw
elemental calcium, according to the present invention.

The height of the Ingots A to D was 145 mm and the cross-sectional area was 220
mm x 220 mm.

5 mm was cut away from the lower end of the ingots A to D. As stated above
normally 3-5 cm are cut from ingots used for wafering. Normal cuts were made on the
long sides of the ingots. The reduction of red zone could thus only be demonstrated
in the lower part of the ingots. Wafers were cut along the height of the four ingots A to
D and processed to solar cells using conventional processing methods and the
efficiency of the solar cells were measured. The result for efficiency of solar cells
made from ingots A and B are shown in Figure 1 and 2 and the results for ingots C
and D made from compensated silicon produced by Elkem Solar AS are shown in
Figures 3 and 4.

Figure 1 shows the efficiency of solar cells made from wafers cut from the lower part
of ingots A and B. As shown in Figure 1 the efficiency of solar cells made from
wafers from ingot B (polysilicon to which was added 40 ppmw elemental calcium),
was much higher than for the solar cells made from wafers from the lower part of
ingot A, which did not contain elemental calcium.

It can further be seen from Figure 1 that solar cells made from wafers cut only about

5 mm from the bottom of Ingot B had an efficiency of almost 16% while a solar cell



10

15

20

25

30

35

WO 2015/034373 PCT/NO2014/050165
8

made from a wafer cut about 10 mm from the bottom of ingot A showed an
efficiency of below 15%.

Finally it can be seen from Figure 1 that the solar cells made from the lower part of
Ingot B reached about 17% efficiency for wafers cut 15 mm from the lower end of the
ingot while the same efficiency for solar cells made from wafers from Ingot A first
reaches 17% efficiency when cut about 25 mm from the lower end of ingct A.

Figure 2 shows the efficiency of solars cells made from wafers cut along the whole
height of Ingot A and Ingot B.

It can be seen from Figure 2 that the solar cells made from wafers from ingot B have
a high efficiency along the total height of the ingot.

Figure 3 shows the efficiency of solar cells made from wafers cut from the lower parts
of Ingots C and D. As shown in Figure 3, solar celis made from wafers cut from the
lower end of ingot D (compensated silicon produced by Elkem AS with addition of 40
ppmw elemental caicium) shows a much higher efficiency then solar cells made from
wafers from the lower end of Ingot C (compensated silicon produced by Elkem AS
without calcium addition).

Figure 4 shows the efficiency of solar cells made from wafers cut along the whole
height of Ingot C and Ingot D. 1t can be seen that the solar cells made from ingot D
at an average have a higher efficiency then the solar cells made from wafers cut
along the height of Ingot C.

This shows that the addition of elemental calcium does not negatively effect the
efficiency for solar cells made from wafers cut from the main part of the ingots but in

effect tend to increase the efficiency.

The substantial increase in efficiency for solar cells made from wafers cuf at the
lower end of Ingots B and D containing 40 ppmw elemental calcium compared to the
efficiency for solar cells made from wafers cut from ingots A and C, shows that the

addition of elemental calcium to the silicon before directional solidification
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substantially decreases the red zone in the silicon ingots, particularly in the lower end
of the ingots.

Example 2.
Three  directionally  solidified  multicrystalline  silicon  ingots E, F,

and G of 16 kg each were produced in the same four chamber furnace as described
in Example 1. Ingot E was made from compensated silicon containing both boron
and phosphorous produced by Elkem Solar AS, (ESS®), having a resistivity of
between 1 and 1.3 ohm cm measured at the lower and of the Ingot. Ingot F was
compensated silicon produced by Elkem Solar, (ESS®), with addition of 100 ppmw
elemental calcium according to the invention. Ingot G was polysilicon with addition of
100 ppmw elemental calcium according to the invention and doped with boron to
obtain a resistivity of between 1 and 1.3 ohm cm measured at the lower end of the
ingot.

The height and cross-section of ingots E to G were the same as described in
Example 1. Further, 5 mm was cut away from the lower ends of ingots E to G.
Normal cuts were made from the sides of the ingots.

Wariers were cut along the height of ingots E to G and processed to solar cells using
conventional processing methods and the efficiency of the solar cells was measured,
and the results are shown in Figure 5 and 6.

Figure 5 shows the efficiency of solar cells made from wafers cut frem the lower part
of ingots E, F and G. As shown in Figure 5 the efficiency of solar cells made from
wafers from ingots F (compensated silicon to which was added 100 ppmw elemental
calcium), and ingot G (polysilicon to which was added 100 ppmw elemental calcium),
was much higher than for the solar cells made from wafers from the lower part of
ingot E, which did not contain calcium. It can further be seen from Figure 5 that solar
cells made from wafers cut only about 5 mm from the bottom of ingot F and G had an
efficiency of more than 16% to above 17% while solar cells made from wafers cut
about 10 mm from the bottom of ingot E, showed an efficiency of below 15%.
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Finally it can be seen from Figure 5 that the solar cells made from the lower part of
ingot F and G reached about 17% efficiency for wafers cut only 5 mm from the lower
end of the ingots while the same efficiency for solar cells made from wafers from
ingot E first reaches 17% efficiency when cut about 25 mm from the lower end of
ingot A.

Figure 6 shows the efficiency of solars cells made from wafers cut along the whole
height of ingots E, F and G. It can be seen from Figure 6 that the solar cells made
from wafers from ingot F and G have a high efficiency along the total height of the
ingots even towards the top of the ingots. For ingot E the efficiency staris to
decrease at about 65 mm from the bottom of the ingot.

Example 2 shows that addition of 100 ppmw elemental calcium increases the
efficiency of the lower part of the ingots substantially and even more than for the
wafers of Example 1 with addition of 40 ppmw elemental calcium.

Examples 1 and 2 show clearly that red zone is more or less eliminated with addition
of elemental calcium to the silicon according to the present invention. The results
also shows that thinner side cuts and top cuts can be done while maintaining a high
efficiency of the solar cells.

A method has been invented according to the present invention to ensure a safe and
convenient incorporation of calcium when added as a silicon-calcium masteralloy to a
charge for producing directionally solidified muilticrystalline silicon ingot. Caicium is
added as a silicon-calcium masteralloy with high Si content (80-99.5 weight%).

A method for adding caicium to a silicon melt through a masteralloy is a more secure
and predictable method for adding calcium.

Example 3

Example 3 describes a method for producing a silicon-calcium masteralloy according
to the present invention. The silicon-calcium masteralloy as such and the method for
producing said masteralloy must take place under neat conditions and has to exhibit
a homogeneous distribution of calcium.
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Silicon of high purity, like Elkem Solar Silicon®, is melted preferably under inert
atmosphere. Calcium is added to molten silicon in an amount in the range 0.5-20
weight %. The molten charge is then homogenized by mixing thoroughly by stirring
and thereafter solidified. The solidification must be performed under neatly controiled
conditions to ensure a rapid cooling of the molten charge. This can be done as a thin
casting of low height by pouring the molten charge in cooled copper crucibles. It is of
importance that the calcium is homogenously distributed in the solidified cast
masteralloy.

Several silicon-calcium masteralloys have been made by melting the pure silicon
charge and subsequently adding calcium to the charge to obtain an alloy containing
0.5 to 20 weight % calcium. The molten masteralloy is homogenized for some
minutes and then quenched rapidly. The level of alloying elements is from 0.5-
20%.The masteralloy can be produced in different shapes, for instance as cylindrical
shapes of 20-50 mm of diameter and length varying from 10-100 mm. A typical size
of the amount of added masteralloy is 100-300 g for a G5 furnace of 400-500 kg.

By inert atmosphere in this example it should be understood that inert atmosphere
means at least one of the following gases: nitrogen, argon.

In the present example the masteralloy is as mentioned quenched rapidly which
should be understood as a cooling rate of at least 10°C/min preferably at least
50°C/min or mare.

Example 4:

This example relates to production of directionally solidified silicon ingots where
calcium is added to the silicon melt in the form of a silicon-calcium masteralloy.
According to the invention adding calcium in the form of a silicon-calcium
masteralloy, in which the percentage of alloying element is in the range 0.5-20 weight
%, has been tested in an industrial G5 size ingot. G5 size ingot refers {0 generation 5
ingot furnace which is common knowledge to a person skilled in the art. Both
reference ingots, polysilicon and compensated silicon produced by Elkem Solar AS
(ESS®), and one ingot according to the present invention, were produced in the same
furnace under the same conditions. In the ingot according to the invention
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compensated silicon produced by Elkem Solar AS (ESS®) was used with addition of
150 grams of a silicon-calcium masteralloy to the charge comprising the silicon.

The inclusion (particle) contents in the reference ingots and in the ingot according to
the invention as revealed by IR-images in figure 7 was reduced in the ingot where
silicon-calcium masteralloy had been added to the silicon (the figure to the right
compared to the ingot without the masteralloy as shown to the left in figure 7). Figure
8 shows lifetime scans of one adjacent to centre brick from all four sides, a) for an
ingot with 100% virgin polysilicon made without addition of silicon-calcium
masteralloy and average lifetime 4.0 ps , b) for an ingot with 100% ESS® with
addition of silicon-calcium masteralloy and average lifetime 5.3 s and ¢) for an ingot
with 100% ESS® with addition of silicon-calcium masteralloy (bottom)} and average
lifetime 7.1 ps. Scale of the lifetime scan from 0.4 to 8 us.

Wafers from the same brick position were processed to solar cells at ISC Konstanz in
the same cell batch. Figure 9 shows as mentioned above the efficiency of solar cells
made from wafers cut from adjacent to centre brick and corner brick from G5 ingot
made with addition of silicon-calcium masteralloy compared to reference ingots
(adjacent to centre brick) of 100% virgin polysilicon and 100% ESS® made in the
same furnace. All wafers were processed at International Solar Energy Research
Centre in Konstanz, Germany, (ISC). The results in Figure 9 show an increase of
0.3% absolute in efficiency for the average of the whole bricks when compared to the
polysilicon reference, and even more compared to the reference of 100% ESS® .

Having described preferred embodiments of the invention it will be apparent to those
skilled in the art that other embodiments incorporating the concepts may be used.
These and other examples of the invention illustrated above are intended by way of
example only and the actual scope of the invention is to be determined from the
following claims.
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Claims

1.
Directionally solidified multicrystalline silicon ingots, wherein said ingot comprises
elemental calcium added to a high purity silicon melt in an amount chosen from at

least one of the following ranges: 5-9.99 ppmw, 10-500 ppmw, 500-550 ppmw.

2.

Directionally solidified multicrystalline silicon ingots according to claim 1, wherein
elemental calcium is added to the silicon melt in an amount chosen from at least one
of the following ranges: 10-250, 20-250, 10-150, 20-150,10-100 ppmw.

3.
Directionally solidified multicrystalline silicon ingots according to claim 1, wherein said

silicon melt is chosen among polysilicon and compensated silicon.

4.

Silicon masteralloy for addition to silicon when making directionally solidified
multicrystalline silicon ingot to increase yield and electrical properties of the ingot,
wherein said silicon masteralloy comprises elemental calcium in an amount chosen
from at least one of the following ranges: 0.5-20 weight%, 1-15 weight%, 5-15
weight%, the remaining being high purity silicon.

5.
Silicon masteralloy according to claim 4, wherein said silicon masteralloy is added to

a silicon melt when directionally solidifying silicon ingot.

6.

Method for increasing the yield of directional solidified multicrystalline silicon ingots,
wherein elemental calcium is added to the silicon melt in an amount chosen from at
least one of the following ranges: 5-2.99 ppmw, 10-500 ppmw, 500-550 ppmw prior

to subjecting the silicon melt to directional solidification in a crucible.
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7.

Method according to claim 6, wherein elemental calcium is added to the silicon melt
in an amount chosen from at least one of the following ranges: 10-250, 20-250, 10-
150, 20-150,10-100, ppmw.

8.

Method for preparing a silicon masteralloy for increasing the yield of multicrystalline
silicon ingots, wherein said method comprises addition of elemental calcium to
molten high purity silicon in an amount chosen from at least one of the following
ranges: 0.5-20 weight%, 1-15 weight%, 5-15 weight%, homagenizing the resulting

alloy and solidifying said alloy to provide said silicon masteralloy.

9.
Method according to claim 8, wherein said silicon masteralloy is added to a silicon

melt when directionally solidifying a silicon ingot.

10.
Method according to any of the claims 8-8, wherein said silicon melt is chosen among

at least one of the following: compensated silicon and polysilicon.

11.
Method according to claim 8, wherein said silicon masteralloy is added to a charge

comprising silicon for producing multicrystalline silicon ingots with increased yield.

12.

Use of a master alloy comprising elemental calcium in an amount chosen from at
least one of the following ranges: 0.5-20 weight%, 1-15 weight%, 5-15 weight%, the
remaining being high purity silicon, for directionally solidifying multicrystalline silicon

ingot for increasing vield and electrical properties of said ingot.



