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Polysilane’s business concept is to develop proprietary technology for
production of di-, tri-, and related silanes and to serve the markets for these
compounds - either by licensing production or own production.
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Current and potential applications of disilane and other silanes
Silicon, Si, is an extraordinary element. Situated below carbon, C, in the periodic table it has a lot
of similarities with carbon, but also important differences. Like carbon, Si forms bonds with most
of the elements in the periodic table, but unlike C only single bonds. This means that there are no
gaseous SiO or SiO,, similar to CO and CO,. Like C, Si forms gaseous hydrogen compounds.
Analogous to methane, CH,, we have silane, SiH,4, and to ethane and propane, C,Hg and
CH3CH,CHs;, we have disilane, Si,Hg, and trisilane, SiH3SiH,SiHs. Silicon and carbon may react to
form chains like oils. This is the basis for the silicon-oil industry. Such compounds may have
impressive thermal properties, are inert, and are used in the polymer and lubricant industry.

Unlike carbon, silicon is, in its elemental form, a semi-metal, i.e. it has metal-like properties, but
has not all the properties of a metal. It is a semi-conductor, which is the basis for being used in
electronics and photovoltaics. Only Si of high purity can be used in this industry. Silicon is the
second most abundant element in the earth’s crust. It is available as silicates or as quartz, i.e. Si is
bonded to oxygen. The best way of making Si of high purity is by making silicon gases as gases are
easier to purify through chromatographic or cryogenic means. Silane is one of the gases produced
for making high purity silicon.

In Appendix A a detailed description of the use of disilane compared to silane can be found. Silane
is, among other things, used for making thin films of Si by thermal degradation on substrates, for
growing Si-rods for wafer production, and for growing Si grains in fluidized bed reactors, FBR.
Typically these processes are operated at and above 650°C.

It is well established that by using disilane thin films can be made at lower temperature, < 550 °C,
and the quality is improved. This also goes for trisilane. For example, CESI, an Italian producer of
solar cells for satellites, a market without price limitations, but with the highest quality
requirements, uses exclusively disilane for the epitaxial layers of silicon in their solar cells.

The fact that disilane and trisilane make silicon of higher quality than silane and trichlorosilane
(TCS, a less expensive alternative), makes them attractive for the semiconductor and photovoltaic
industry. Improved quality, better reproducibility, and improved surface texture are important
production parameters for this industry. The strong increase in the need for power electronics
related to the increase in the numbers of electric and hybrid cars, high speed trains, windmills,
etc. can make the market for di- and trisilane booming if the materials can be supplied at the
right time and at the right price.

Market description/overview

The price for bulk disilane is today (2011) approximately 5 USD/g, which is approximately 100
times the one for (mono-)silane. Presently, the marked for disilane is only a few tons (approx. 5
tons) annually. This is believed to be due to the high price since there are no technical problems in
substituting disilane for silane. Electronic grade disilane (99.998%) is today sold in small quanta as
10 or 20 g at a price of 1 450 NOK/g, i.e. 240USD/g (Sigma-Aldrich). We are also aware of special
qualities being paid at 2000 NOK /g. It is generally accepted that if the price of disilane is low
enough, the use will grow exponentially. Even with today’s high prices the annual market for
disilane is USD 25 millions or 125 MNOK.

The information in this document belongs to Polysilane AS.
The information is confidential and must not be given to third parties without permission from Polysilane AS.
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State of the art technology for production of silane, disilane and

other polysilanes

In Japan there have been several process developments for the production of disilane. Japanese
producer of monosilane® Mitsui also produces disilane and trisilane as biproducts of their process.
Thus, their production capacity is dependent upon their production of silane. Mitsui is presently
the sole producer of di- and trisilane in the world.

Mitsui employs the transformation of magnesium silicide with addition of ammonium chloride:
2 Mg,Si + 8 NH,Cl 5 4 MgCl, + Si;Hg + 8 NH; + H,

Disilane may be produced from acidic reactions with Mg,Si*: 2 Mg,Si + 8HCI 5 4 MgCl, + Si;Hg + H,
The chemical yield of disilane compared to monosilane increases with increase in temperature.

These processes require silicide of the alkaline earth like magnesium, Mg. Another way of
producing disilane is to start with monosilane and activate these molecules so that they can react.
One way of activation is by electric discharge and another by thermal heating. Concerning electric
discharge, this method suffers from low yield, high energy consumption, and low selectivity for
disilane compared to higher silanes. Dust formation has been the challenge of the thermal and
electric discharge excitation processes. REC claims it can deliver disilane and is expected to be
more active in the market in the near future. (http://www.recgroup.com/en/products/silane-
gases/)

Another production way less energy consuming and with simple process requirements is to use a
catalyst. Japanese companies have filed patents on the subject, but they have not been
implemented industrially. These patents use platinum group metal complexes’ or lanthanoid
complexes as catalysts®. In addition, Japanese company Showa Denko has published results using
the period 4 transition metals, Ni, Mn, and Fe, as catalysts in a process where disilane was formed
in a reactor at 470 — 570K, and separated cryogenically at 200K in another unit. The unreacted
monosilane was recycled for 10 hours in a batch operation. Within one cycle the gas had to be
treated in two stages with a temperature difference of > 250K. Hydrogen, which is not an inert gas
in this process, was used as a carrier gas.

Showa Denko claims the above mentioned methods all have many problems to be solved before
commercialization; the most serious ones concerning the catalysts are too low activity and too
much by-products. However, they have also filed a patent for producing trisilane and higher ones
by disproportionation of mono- and disilanes®.

From the above it is clear that there are several methods that can be used to produce disilane and
trisilane. However, in addition to the yield and content of higher silanes, the chemical purity is
imperative when it comes to use in photovoltaics and electronics. The concept of Polysilane AS is
therefore to start with sufficient pure monosilane and produce di- and trisilanes at acceptable
yields and purities, separate them cryogenically, then remove produced hydrogen, and recycle the
unreacted silane. Removing hydrogen improves the production yield. Preferentially, hydrogen is

® “Monosilane” is identical to “silane”, but is used contexts to make sure there is no confusion between
silane, disilane and trisilane.

The information in this document belongs to Polysilane AS.
The information is confidential and must not be given to third parties without permission from Polysilane AS.
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separated in the catalyst reactor, i.e. at the site of the dimerisation. A packed bed, catalytic,
membrane reactor is the optimum choice.

Company’s technology

Description

Polysilane’s process for production of disilane is described in Figure 1. The consummation of
silane is twice the numbers of moles than produced disilane, but almost equal in mass. Most of
the silane flow is recycled gas. Only the amount of disilane removed from the process through a
cryogenic separation is substituted by virgin silane to be processed. In our process we have only a
temperature variation during one cycle of 150 K and the catalyst reactor is operated at < 470 K.

Important in our process is the removal of hydrogen produced in the condensation reaction. This
enhances the yield of disilane produced. Hydrogen is also used to activate the catalyst, and is
therefore also a needed material.

Recycle unreacted monosilane

A 4

Feed make- Catalytic dimerisation
Silane reservoir u and H2-sep. using P Cryostatic separation
P membrane reactor

A

4

Bleed of disilane
out

Hydrogen storage

Figure 1 Block diagram showing the components of Polysilane’s technology.

Cost potential for operation (opex)
A mass- and energy balance based on the block diagram in Figure 1 revealed the following results
based on predefined scenarios.

The operation cost for disilane will be in the range 80 — 140 USD per kg.

The results showed that the energy costs are not imperative. Besides, there are good
opportunities for energy saving and recycling. However, the price of silane is crucial making any
loss of silane at the separation stages also important. The option that silane of lower purity can be
used as input since the (dimerisation) reaction is a purification step by itself, should be explored.

The information in this document belongs to Polysilane AS.
The information is confidential and must not be given to third parties without permission from Polysilane AS.
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Likewise, the labor cost proved to be an important parameter and thus, the efficiency, i.e. the
chemical yield, is the most important parameter in making the process viable. Two scenarios as
examples are given in Figure 2 below. The figures show that the yield is very important, but from
approx. 5% the opex’es converge.
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Figure 2. Two scenarios showing the operational costs as function of the disilane yield

Cost potential for investment (capex)

A PID-diagram is prepared as a basis for investment in a production plant. However, before a fully
industrialized plant is to be erected, a pilot operation must be run to test the various options and
find the optimum process parameters. Therefore, a detailed investment cost calculation may be
misleading. Based on a stepwise or successive calculation the cost of a pilot plant is estimated to
cost USD 700 000. A production plant for 20 tons per year is assumed to cost ten times as much,
i.e. USD 7 millions. It must be stressed that these figures are both assumptions.

However, different scenarios have been run with estimated investment cost. Five — 5 — years
depreciation time is assumed. The largest uncertainty is how the market will develop. With an
almost static market the world market will remain small but disilane will have a high price. An
increase in the annual market volume of disilane from the present five tons during the next seven
years is important to achieve. However, in the following calculations only 20 tons of disilane is
assumed produced and sold at prices reduced annually from 100 to 10 times the price of silane.
20 tons are not much compared to an annual expected silane market of about 5 000 tons.

Polysilane’s initial focus is to build a production plant based on our proprietary technology. The
product will reach the marketplace through existing vendors. This means cooperation with

The information in this document belongs to Polysilane AS.
The information is confidential and must not be given to third parties without permission from Polysilane AS.
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existing producers or vendors knowing the field and market. Thus, during the inital production
period Polysilane may acquire knowledge of market, logistics of silane and disilane, and
experience on how the technology works, without having to invest too much ourselves.

Figure 3 gives accumulated deficit/profit for a production plant given the value of the disilane
market is developing the assumed way.

17500
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] Figure 3. Accumulated
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plant and market value
of disilane. Cfr. Table 1.
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Intellectual Property Rights

Polysilane’s technology is protected by a patent application: “Process for production of disilane”
with inventors: Alexander Krivokapic, Dag @istein Eriksen, and Vidar Bjgrnstad. It has number NO
20100466. Review by Norwegian Patent Attorney is positive and a PCT investigation has been
started in April 2011, PCT/NO2011/000112.

On entering a collaboration or cooperation NDAs or MOUs are signed. So far Polysilane has signed
NDAs with University of Nothingham, UK, and with Glenne Invest, Norway.

Competitive advantage
Polysilane’s technology has several advantages:

Continuous

Energy efficient — reduced heat loss

Uses commercial units like reactors, heat exchangers, and compressors
Uses commercial inexpensive catalyst

Easily expandable

Raw material is silane, purity maintained or even improved

= =4 4 4 -8 -8 A

Process of low complexity

Differentiation, uniqueness

Compared to heat excitation the Polysilane technology requires less energy in the production step
assuming comparable chemical yields.

The information in this document belongs to Polysilane AS.
The information is confidential and must not be given to third parties without permission from Polysilane AS.



Business planv. 1.23
Compared to the metallurgical method the production rate of disilane is not dependent on the
production rate of silane, thus the production can be adjusted according to market demand.

Polysilane’s technology is the only one employing the law of mass action as hydrogen is removed
from the production mixture.
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Figure 4. Process and instrumentation diagram showing a disilane production plant with a
separate hydrogen unit. Two reactors may be run in parallel, or one may be activated while
the other is producing.

Pilot production

Plant requirement, plant description

A Process and Instrumentation Diagram (PID) of a production plant is shown in Figure 4. The
purpose of a pilot operation is to test the developed technology in a manner close to a real
industrial process, but still with possibilities for technical changes and adaptations. For example,
industrially pure, i.e. > 99.99%, silane will be used compared to 20% in argon as used for safety
reasons in the laboratory. Thus, such an operation is best operated and managed by an
organization familiar and having infrastructure for this kind of chemicals and production.
Polysilane is therefore seeking the collaboration with proper companies to perform a pilot
operation. A pilot plant will be run to achieve knowledge about the following process topics:

i.  The frequency of reactivation of catalyst
ii. The duration of the catalyst

The information in this document belongs to Polysilane AS.
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iii.  The purity of product(s) and loss in each step
iv.  The production yield of disilane (and trisilane)
v.  The energy consumed in the process and loss of energy

Cost of plant
We are presently not able to estimate the size of reactors in a production plant and the plant as
such. However in Table 1 a budget is prepared based on the following assumptions:

i.  The first two years a pilot operation is performed

ii. In the third year a production of 20 tons disilane is established and full production is
reached the fourth year

iii.  The price of disilane starts at 100 times the price of silane and is gradually reduced to 10
times the price after six years

iv.  The price of silane is reduced from 60 to 40 USD/kg after larger volumes are purchased

v.  The pilot plant costs USD 700 000

vi.  The production plant costs USD 7 000 000

Table 1 Estimated costs and profits based on the assumptions mentioned above. Cfr. Figure 3.

2011 2012 2013 2014 2015 2016

Market share, silane vs. disilane (%) 0,025 0,05 0,5 2 5 8
Estimated volume of silane, 1000 tons 20 20 25 30 35 40
Price silane, bulk USD/kg 60 60 60 60 40 40
Marked share disilane (tons) 5 10 125 600 1750 3200
Price disilane (USD/kg) 6000 4500 2400 1800 1200 900
Value, disilane MUSD 30 45 300 1080 2100 2880
Costs:

Operational: disilane prod cost (kUSD) 2,1 17,3 95,9 288,0| 1600,0| 1600,0
Operational: work (kUSD) 60 168 280 600 800 800
Operational: non-variable (kUSD) 100 105 110 116 122 128
Investment depreciation (kUSD) 210 210 1400 1400 1400 1400
PR (kUSD) 50 50 50 50 50 50
Total (kUSD) 422,1 550,3| 1936,2| 2453,8| 3971,6| 3977,6
Nos. Days operation 60 120 200 250 250 250
Nos. Hours per day operation 5 7 7 12 16 16
Production rate (g/h) 50 150 500 1200 5000 5000
Production rate (kg/a) 15 126 700 3600 20000 20000
Production cost (USD/kg) 28137 | 4367,16| 276593 | 681,60| 198,58 | 198,88
Sales income:

Sales volume disilane (kg) 13,5 113,4 630 3240 18000 18000
Sales income (kUSD) 81 510,3 1512 5832 14400 10800
Sales income (USD/kg) 5400 4050 2160 1620 720 540
Profit - Loss (kUSD) -345,1 -65,5 -499,8 | 3086,6 | 16548,4 | 11412,4
Accumulated (kUSD) -345,1 -410,6 | -910,3| 2176,3| 18724,8 | 30137,1

2017
10
40
40

4000
600

2400

1600,0
800
134

1400
50
3984,0

250

16
5000
20000
199,20

18000
7200
360
6276,0
36413,1
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Cost of campaigns

From Table 1 the pilot operation is estimated to cost grossly USD 970 000, but including the sale
of some 110 kg disilane at USD/kg 4500, the net cost is approximately USD 410 000. In this
estimate the pilot operation is performed in campaigns, 60 days at 5 hours a day the first year and
120 days at 7 hours a day the next year.

Investment of a permanent production plant is estimated to be USD 7 millions. A depreciation
time of five years is assumed and an increase in operation time to two shifts and 250 days of
operation per year. The salaries are estimated to cost USD 800 000 per year.

Already during the fourth year the investment will have been returned. The profit during the next
period will depend on the market price. In the table the price is assumed to decrease to 10 times
the price of silane.

Output and deliverables
During the two years of pilot operation the answers to the questions stated in the objectives for
running a pilot plant will be found:

i The frequency of reactivation of catalyst
ii.  The duration of the catalyst
iii.  The purity of product(s) and loss in each step
iv.  The production yield of disilane (and trisilane)
V. The energy consumed in the process and loss of energy

In addition, the production of almost 150 kg disilane for market testing is a deliverable, as are the
user or customer reports.

In the production plant the deliverables are a safe working environment, zero pollution and loss
of gases, and about 20 tons of produced disilane per year.

Laboratory support
Support for analyses of products and samples from intermediate steps will be performed by
Polysilane itself, collaborating production companies, and by reputed institutes such as NILU.

The information in this document belongs to Polysilane AS.
The information is confidential and must not be given to third parties without permission from Polysilane AS.
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Time schedule
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A Gantt-diagram is shown in Figure 5. The diagram shows the estimated durations of the tasks
leading to a production plant. The diagram is in accordance with Table 1. At Milestone 2 a decision
for running the pilot plant must be done, and at Milestone 3 the experience from the pilot
operation should be sufficient to make a decision for going for a production plant.

Task 2011
Techn. Development HAkx
Establish Polysilane AS M1 #

Finance techn.developm. HoAA kX
Engineering of pilot plant HkEk A
Erection of pilot plant HEAKK

Operation of pilot plant *Ex

Milestone 2 #

Marketing

Milestone 3

Finance prod. Plant
Design of prod.plant
Engineering of prod.plant
Constr. of prod. plant
Operation of prod. plant

Milestone 4

2012

% %k %k >k % %k %k %k k

k % k k k kk
#

% %k K Kk k

ko k%

* %k

2013

% k k k k k%

*
3k 3k 3k % %k k

%k 3k %k %k k k%
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Figure 5 Gantt diagram describing the future tasks in establishing a disilane production.

Marketing

The marketing of disilane will be focused on two subjects: Identification of customers and

presentation of Polysilane at conferences, trade shows, and fairs for the PV and electronic

industry to attract attention from potential customers we do not already know.

An Internet home page for Polysilane will be established and used for marketing of our services.

Identification of customers
There are two main groups of customers foreseen: Users of disilane in CVD- or epitaxial growth Si

and traders and producers of specialty chemicals. Customers will be visited and personal contacts

will be pursued.

Users of disilane:

CESI of Italy is, among other things, a producer of thin film photovoltaic cells for space satellites.

CESl is willing to test our product. They have given us their requirements for purity and

concentrations. It is our short time goal to send CESI a test product early in the autumn.

We are currently contacting producer of semiconductor, e.g. surface active detectors and ICs, to

get knowledge about their needs and requirements for disilane.

The information in this document belongs to Polysilane AS.
The information is confidential and must not be given to third parties without permission from Polysilane AS.
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Producers of specialty chemicals :
Voltaix Inc., New Jersey, USA, is a leading supplier of chemicals for PV and electronic industry.

Business planv. 1.23

They have indicated strong interest in production of disilane. They know the market and has the

necessary infrastructure and knowhow to be a producer. A collaboration with Voltaix is viewed as

strategically important.

Sigma-Aldrich Inc. is more a trader than producer, but may represent a marketing channel. The

company is represented throughout the world.

Gelest Inc., PA, USA, is a company specializing in organo-silicon compounds. They can taylor-make

a variety of silicon compounds, and in their list is disilane. (http://www.gelest.com/index.asp)

Our technology will be best established in connection with silane production or distribution

centers where large quantities of silane are available. In addition to REC and Matsui there are a

few producers of (mono)silane world wide.

Distribution centers are more abundant, for example in Europe both Sigma-Aldrich (in UK) and Air

Liquide (in France) have such centers.

Financials

Most financials are summarized in Table 1, but in this chapter the expenses and incomes are listed

on a quarterly basis. It is assumed that the 4™ quarter of 2012 and the first one of 2013 is used for

establishing a more permanent production. Therefore no income is foreseen in that half year

period. Table 2 summarizes the quarters from 3" quarter of 2011 and out 2013.

Table 2 Quarterly expenses and income for 2011, 3" quarter and covering 4" quarter 2013.

Nos. Days operation

Nos. Hours per day operation
Production rate (g/h)

Production rate (kg/a)
Production cost (USD/kg)

OpEx:

Operational: disilane prod cost (kUSD)
Operational: work (kUSD)
Operational: non-variable (kUSD)
Investment depreciation (kUSD)
PR (kUSD)

Total costs (kUSD)

Sales income:

Sales volume disilane (kg)

Sales income (kUSD)

Sales income (kUSD/kg)

Profit - Loss (kUSD)

Accumulated (kUSD)

2011
3Q aqQ

10 50

5 5

25 55

5 55

152150,0 16877,3

0,2 2,1
10,0 50,0
50,0 50,0

105,0 105,0
25,0 25,0

190,2 232,1

0 13,75
0 82,5
0 6,00
-190,2  -149,6
-190,2  -339,8

1Q
40

150
168
3641,0

5,7
56,0
26,3
52,5
12,5

152,9

42
189
4,50
36,1
-303,7

2012
2Q
40
7
150
168
3641,0

5,7
56,0
26,3
52,5
12,5

152,9

42
189
4,50
36,1
-267,6

3Q
40
7
150
168
3641,0

5,7
56,0
26,3
52,5
12,5

152,9

42
189
4,50
36,1
-231,5

4aQ

o O o o

0,0
0,0
26,3
52,5
12,5
91,3

-91,3
-322,8
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1Q

o O o o
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700 70,0
27,6 276
350,0 350,0
12,5 12,5
481,1 4811
175 175
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100

500
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12

42,0
140,0
27,6
350,0
12,5
572,1
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840
2,40
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-567,0
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Expenses
From Table 2 we see that the expenses are mostly work and depreciation of the invested capital.
The investment needed is presently uncertain, but USD 9 millions is estimated.

Incomes from sales

From Table 2 we see that the income is from sales of disilane. During the period covered by Table
2 a price decrease from 6 USD/g to 2.4 USD/g is foreseen. Figure 3 indicates that already in 2014 a
positive accumulated profit is possible.

Grants and equity

Primus.inter.pares AS has received kNOK 200 in grants from Innovation Norway, and
approximately kNOK 40 in tax support. Of these, kNOK 100 is transferred to Polysilane AS.
However, revised accounting showed that the project within 2010 had spent more than kNOK
1000. The equity is mainly IPR, of which the patent application is the main part, and second hand
laboratory equipment.

The establishment of Polysilane AS may lead to a grant of 2 — 400 kNOK from Innovation Norway.

Shareholders
The founders and shareholders of Polysilane AS are the following:
Primus.inter.pares AS 33.5%
Alexander Krivokapic 33.5%
G&T Septech AS 13.0%
Marche AS 13.0%
Vidar Bjgrnstad 7.0%

Board and Management
The management of Polysilane is purchased as a service from Primus.inter.pares AS. As technical
director and head of development, Dr Alexander Krivokapic is employed.

The Board:
Roger Trones, G&T Septech AS, Chairman

Members:

Alexander Krivokapic

Vidar Bjgrnstad

Bruno Ceccaroli, Marche AS.

Secretary:

Dag @istein Eriksen, Primus.inter.pares AS

The board members and founders of the company comprise long and relevant experience
concerning the establishment of a new enterprise:

The information in this document belongs to Polysilane AS.
The information is confidential and must not be given to third parties without permission from Polysilane AS.
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U Dr Bruno Ceccaroli has more than 35 years experience in silicon production covering the
whole value chain from metallurgical grade (MG) to photovoltaic (PV) silicon with special
competence in silane production and handling. Dr Ceccaroli has worked for companies
like Saint Gobain, Elkem, REC, and Scatec. He is also a co-founder of n-Tech, and is
founder and CEO of Marche and Isosilicon.

U Dr Philos Roger Trones is co-founder and CEO of G&T Septech and CEO of Teknolab. He
has developed new chromatographic columns to improve bio-organic separations.

U PhD Alexander Krivokapic is MSc from University of Oslo. He holds a PhD in metal-organic
chemistry from Oxford University, UK, and possessed post doc positions at MIT, USA, and
University of Oslo.

U PhD Vidar Bjgrnstad holds both MSc and PhD in organic chemistry from University of Oslo.
He is presently working the pharmaceutical industry.

0 Cand real Dag @istein Eriksen has his degree in nuclear chemistry from University of Oslo.
He has been working with industrial chemistry and as senior scientist in industrial and
environmental chemistry. He is a founder and CEO of Primus.inter.pares — an independent
consulting company.

Risk assessment

The main argument for investing in Polysilane is that di-and trisilane are the silicon gases of the
future. The need for high quality power electronics will make the market grow strongly. Polysilane
has, however, identified a few risks capable of making the production a low profitable investment.
These are:

i Potential competitors to force price downwards

ii.  Silane price to be increased due to higher demand than availability
iii. New technology developed
iv. More efficient catalyst developed and patented

Potential competitors:

REC Silicon, the world’s largest silane producer, is advertizing sales of disilane, but seems to have
quite small production. What their ambitions are we do not know, but REC is capable of dumping
the price of disilane. This is, however, not likely since they are dependent on a high value market
of silane.

Taiyo Nippon Sanso Corportation (TNSC), Air Products, and Praxair’ have entered into long term
contracts with REC Silicon.

Air Liquide® in collaboration with Showa Denko own the JV silane producer Denal Silane which
may be a serious competitor in the Asian market. Air Liquide has also an agreement with REC
Silicon to buy silane from them.

Linde® will collaborate on production of silane with Schmidt Pilot Production in Germany. Also in
Germany, Degussa AG is producing silane for siliconproduction at Joint Solar Silicon.

The information in this document belongs to Polysilane AS.
The information is confidential and must not be given to third parties without permission from Polysilane AS.
14



Business planv. 1.23

MEMC Inc., Missouri, USA, is producing silane and SiF, as byproduct of granular polysilicon, in
Pasadena, Texas.

Dow Corning, a world leading producer of silicones is not known to market silane or disilane.

In addition, there are Chinese and Korean producers of silane. In particular OCl Materials in Korea,
the first Korean merchant manufacturer to develop and supply specialty gases such as SiH, and
SiH,Cl, for semiconductors, TFT-LCD, and solar cells. The company has focus on serving the
electronics market with specialty gases and as such, disilane and trisilane may be a natural
extension of their pallet of products.

All potential competitors listed here may also be considered as potential customers, just as the
list of competitors should also include the potential customers, i.e. Voltaix, Sigma-Aldrich, and
Gelest.

The information in this document belongs to Polysilane AS.
The information is confidential and must not be given to third parties without permission from Polysilane AS.
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Appendix A - Use of disilane

Disilane is used for the deposition of amorphous silicon, epitaxial silicon and silicon based
dielectrics via rapid low-temperature chemical vapor deposition (LTCVD)®. Disilane is also used in
the epitaxial growth of SiGe films by molecular beam epitaxy (MBE) in conjunction with solid
sources of germanium’. Disilane is also a precursor for the rapid, low temperature deposition of
epitaxial silicon and silicon-based dielectrics®. In the production of electronics and photovoltaic
devices today thin layers of silicon are deposited on substrates, most often as silicon wafers. Such
layers are produced by use of CVD, Chemical Vapour Deposition, or MBE, Molecular Beam
Epitaxy. The silicon is introduced to the reactor as a gas which is thermally decomposed at the
substrate to be covered. The gases employed are (mono-)silane, SiH,, or TCS, Tri-Chloro Silane,
SiHCl5. The temperatures needed to decompose these gases are in the ranges of 600 and 1100 °C,
respectively. Thus, the substrates need to tolerate high temperatures. In addition, in CVD, which
is the fastest of the two processes, the gas is heated in the whole reaction chamber and a lot of
silicon is deposited, i.e. lost, outside the substrate. If the deposition temperature could be lower,
the loss would be diminished as the temperature gradient between ambient and reaction site is
smaller and is therefore easier to isolate thermally. Deposition of amorphous silicon, a-Si, on
substrates using disilane can be performed at much lower temperatures compared to silane. It
has been shown that disilane, Si;Hg, is superior to silane in depositing polycrystalline thin films on
various substrates. Chen et al.’ reports a 50% improvement in film thickness uniformity and 25%
in surface roughness. Rogel et al.'® reports improved properties of thin film transistors produced
on Corning glass substrates.
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