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RINGKASAN: Projek Polisilikon GAO Kristal/ merupakan satu projek usahasama di antara 
kerajaan Malaysia dan Republik Kyrgyz yang bertujuan mendapatkan sampel polisilikon yang 
bergred elektronik dari kilang GAO Kristal/ di Tash Kumyr. Proses penyediaan po/isilikon bermula 
dengan pasir atau kuartzit. Bahan ini akan melalui proses pemecahan kimia untuk dijadikan 
bahan silikon bergred metalurgikal (SBM). Tindak balasSBM dengan HG/ di dalam reaktor akan 
menghasilkan SiHC/3 yang kemudiannya melalui proses penulenan berperingkat bagi 
mendapatkan bahan SiHC/3 yang tu/en. Proses tindak ba/as berikutnya di antara SiHC/3 dan H2 

di dalam reaktor endapan wap kimia akan memendapkan lapisan polisilikon tu/en ke atas satu 
rod monolisilikon. Sampel polisilikon yang berjaya diperolehi telah dihantar ke makmal bebas di 
Norway bagi ujian ketulenan. Ujian ketulenan dilakukan dengan menggunakan kaedah 
spektroskopi XRF bagi mengetahui kandungan bahan asing utama iaitu bahan P, B, 0 dan C di 
dalam sampel po/isilikon. Beberapa bahan asing yang lain seperti Fe, Cr, Ni, Cu, Zn, dan Sb juga 
diuji menggunakan kaedah tersebut. Berdasarkan kepada keputusan ujian terhadap benda asing 
ketulenan polisilikon adalah 99.9995% iaitu lebih rendah berbanding dengan ketulenan yang 
diperlukan bagi polisilikon bergred elektronik iaitu 99.999999999%. Pengukuran kerintangan 
menunjukkan sampel polisilikon tersebut mempunyai kandungan P yang tinggi yang mana 
menunjukkan ia adalah polisilikon jenis-n. 

ABSTRACT: The GAO Kristan Polysilicon Project is a project implemented under the framework 
of bilateral cooperation between the Government of Malaysia and Kyrgyz Republic which aims at 
producing electronic grade polysilicon samples at the GAO Kristan plant in Tash-Kumyr. The 
production of polysilicon chains start off with sand or quartzite which is decomposed into 
metallurgical-grade silicon (MGS). The reaction of MGS with HCI will form SiHCl3 which will then 
go through several purification steps in order to obtain pure SiHCl3. The subsequent reaction of 
SiHCl3 and H2 in a chemical vapour deposition (CVD) reactor will deposit very pure polysilicon 
onto a thin monosilicon seed rod. The polysilicon samples were sent for testing at an independent 
lab in Norway and analysed using XRF spectroscopy to determine the main impurities of P, B, 0 
and C. Several other impurities were also measured which include Fe, Cr, Ni, Cu, Zn, and Sb. 
Based on the measurement of the impurity concentrations, the purity of the polysilicon was about 
99.9995% which was below the requirement for an electronic-grade polysilicon which is 
99.999999999%. Resistivity measurement showed a high concentration of P content which 
indicated that it was an n-type polysilicon. 

KEYWORDS: Chemical vapour deposition, electronic grade, GAO Kristan, metallurgical, 
polysilicon, solar-cell grade, silicon, trichlorosilane. 
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INTRODUCTION 

The GAO Kristal! Polysilicon Project is a project implemented under the framework of bilateral 
cooperation between the Government of Malaysia and Kyrgyz Republic. MIMOS Berhad has 
been appointed as the project manager for this project which was aimed at producing electronic 
grade polysilicon samples at the GAO Kristal! plant in Tash-Kumyr. Figure 1 illustrates the 
project main work. 
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Figure 1. Polysilicon Project Timeline 

The GAO Kristal! project started in May 2000 and on January 18, 2002 the first polysilicon 
sample was produced. The second sample with a diameter of 38 mm was produced on February 
7, 2002. The final or third sample with a diameter of 70 mm and 270 kg in weight was produced 
on February 20, 2002. 

SILICON WAFER PRODUCTION CHAIN 

In the semiconductor industry, there are basically ten global industrial sectors considered in the 
production chain of high quality semiconductors. These sectors are involved in producing quartz/ 
silica (Si02) , coal, charcoal, silicon metal, chlorosilane compound (chemical used in purifying 
silicon), polycrystalline silicon (polysilicon), semiconductor devices, solar cells and optical fibres. 
Figure 2 shows how these industrial sectors are related to each other (Williams, 2000). 

Silicon wafers are the main materials for the fabrication of integrated circuits. The production of 
silicon wafers starts off with polycrystalline silicon (polysilicon). The polysilicon is converted into 
monocrystalline silicon (monosilicon) ingot form before it can be used to make silicon wafers. 
Monosilicon ingots are usually produced by either the Czochralski (CZ) method, or the Float 
Zone (FZ) method (Williams, 2000). A simplified process flow of how integrated circuit is produced 
from raw materials is shown in Figure 3. 
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solar cells and optical fibre 
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Figure 3. Raw material to IC fabrication process flow 
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Solar-cell grade silicon (SGS) and the electronic grade silicon (EGS) are two of the grades 

commonly used to characterise polysilicon. The purity of solar-cell grade polysilicon is known 

as six 9's (six nine) while the purity of electronic grade polysilicon is generally known as 

eleven 9's (eleven nine) (Williams, 2000). 

Polysilicon production is a highly specialised industry and essentially its only application is in 

producing silicon wafers for semiconductors and solar cells. There are about 8 to10 major 

manufacturers of polysilicon in the world and some smaller producers in the East European 

countries (AFOSR, 1997). USA, Japan and Germany are the three major producers of 

polysilicon in the world (Yamauchi, 1998). 

Technologies for producing polysilicon ingot are based on the feedstock technology. The four 

main feedstocks are listed as follows. 

• Silicon tetrachloride (Siemens process) 

• Trichlorosilane (Siemens process) 

• Dichlorosilane (Siemens process) 

• Silane (ASiMI process) 

A detail discussion of the processes can be found in the references (Rogers, 1990; ASiMI, 

1999). 

The main raw or starting material which is the metallurgical grade silicon (MGS) is obtained 

from Elkem in Norway. The purity of the MGS is about 98%. 

Prior to characterisation, the polysilicon sample will be converted to single crystal silicon ingot. 

The resultant single crystal ingots are then analysed by spectrophotometric methods to 

determine the trace impurities in the polysilicon. These trace impurities are acceptor (usually 

boron or aluminum, or both), donor (usually phosphorus or arsenic, or both), and carbon 

impurities (ASTM, 2001 ). 

OVERVIEW OF POLYSILICON PRODUCTION 

The production of polysilicon requires several distillation steps and it is known that more than 

98% of electronic grade polysilicon is produced by the trichlorosilane (SiHCl3} distillation method 

(Rogers, 1990; Frank et. al., 1996). The process of obtaining electronic-grade polysilicon 

starts with the reduction of quartzite or silica to MGS. A summary of the process involved is 

described as follows. 
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(i) Quartzite to metallurgical-grade silicon: 

During the process, Si02 is decomposed into metallurgical-grade silicon and carbon 

monoxide, according to the carbothermic reaction (Suzuki, 1998; Nagamuri et. al., 1986): 

Si02 (s) + 2C (s) Si (s) + 2CO (g) (1) 

(ii) MGS to trichlorosilane: 

Crude MGS must undergo rigorous purification to reach a purity level suitable for 

semiconductor device applications. The standard process used is the reaction of MGS 

with hydrogen chloride, HCI to form SiHCl3 . The following shows the main reaction of 

MGS with HCI to form SiHCl3 (Chu, 2001 ). 

Si (s) + 3HCI (g) SiHCl3 (g) + H2 (g) (2) 

(iii) Distillation of trichlorosilane (SiHCI) 

Dissolved trichlorosilane at room temperature is then purified by distillation process. 

This is the main purification step for the electronic grade silicon (EGS) and the resulting 

impurity levels are at a few parts/billion atomic (ppb) . The impurities which remain in the 

purified SiHCl3 are SiH2Cl2, SiC14 , C, Fe, Ca, and Al (Jackson, 1996). 

(iv) Electronic-grade polysilicon 

Once the purified SiHCl3 is obtained, it is then used to deposit very pure polysilicon onto 

a thin monosilicon seed that serves as a starting material in a chemical vapour deposition 

(CVD) reactor. The main reaction for the production of polysilicon is shown below. 

SiHCl3 (g) + H2 (g) Si (s) + 3HCI (g) (3) 

POLVSILICON GROWTH IN CHEMICAL VAPOUR DEPOSITION SYSTEM 

Figure 4 shows the polysilicon production scheme used in the actual polysilicon plant at GAO 

Kristal!. Some other sub-plants which are not shown in Figure 4 are the steam plant, water 

circulation pump plant, water treatment plant, energy block plant, air separation plant and 

neutralisation plant. The starting raw materials which are not produced on-site are chlorine 

gas (Cl) and MGS or silicon metal. Hydrogen chloride (HCI) which is produced on-site using 

H2 and Cl2, together with MGS are processed in the TCS (trichlorosilane) plant to produce 

SiHCl3 and SiC14• 
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Figure 4. GAO Kristal/ polysilicon production scheme 

Quartz Crucibles 
Production 

Si02 

Quartz 
Crucibles 

Polysilicon 

Liquid SiHCl3 which vaporise at temperatures between 30°C to 32°C (Chu, 2001) goes into a 
vaporiser where it will form SiHCl3 gas by boiling it at a temperature above 30°C. Hydrogen 
gas, H2 is usually obtained via electrolysis of water and goes through a purification process 
normally by using palladium (Bretschneider, 2001 ), platinum (NRCC, 2001) or chrome nickel 
(GAO, 2001) filters. Both SiHCl3 and H2 gases are then channeled into a CVD reactor where 
the main reaction takes place. High current, up to 2 kA will flow between the cathode and 
anode of the silicon seed where the seed's temperature is allowed to reach between 1050°C 
and 1150°C. A pyrometer is used to measure the temperature of the polysilicon rod during 
deposition. 

During the deposition process, by-products are continuously pumped out and condensed into 
liquid form. These by-products are directed to the purification plant where they will be separated 
into useful gases and recycled. Material such as SiC14 is used for producing quartz whereas 
H2, HCI and other silane compounds will be refined and re-used in the plant. Marketable by
product of the polysilicon plant are the quartz tube (from SiC14), and H2• SiC14 is also used in 
the fabrication of fibre optics cable. 
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Figure 5 shows the cross section of a CVD reactor showing the starting monosilicon seed. 
Polysilicon will deposit on the silicon seed and the duration of the process will depend on the 
required diameter of the rod. Figure 6 shows the cross section of the CVD reactor after the 
deposition process. 

+ 
t 

SiHCl, +H, By-product 

Figure 5. Cross section of the polysilicon 
chemical vapour reactor before 
deposition 

Deposited 
poly silicon 

SiHCI, + H2 By-product 

Figure 6. Cross section of the polysilicon 
chemical vapour reactor after 
deposition 

The reactor is designed to allow several polysilicon samples to be grown concurrently. Figure 
7 shows the top view diagram of a CVD reactor. This design allows up to 9 polysilicon rods to 
be grown concurrently. Each silicon seed has a connection to the cathode and anode of the 
supply. 

Figure 8 shows the actual photo of the polysilicon rods inside the reactor chamber which has 
been taken during the deposition process. Before the samples are taken out from the reactor, 
the CVD chamber will be cooled down. Figures 8 and 9 show the polysilicon CVD reactors 
and polysilicon rods inside the opened chamber after deposition. Once the samples are removed 
from the chamber, they are cleaned and surface-etched using a mixture of hydrofluoric (HF) 
and nitric (HN03) acids. 

POLVSILICON CHARACTERISATION 

Evaluation of polysilicon rods is done by a suitable method as recommended by American 
Society for Testing and Materials (ASTM). These rods are not tested directly but are usually 
converted to monosilicon and finally analysed using spectrophotometric methods to determine 
the trace impurities in them. 
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Figure 9. Po/ysilicon CVD reactors 
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Figure 10. Po/ysilicon rods before unloading 

The ASTM F1723-96 (formerly known as F574) recommends the procedures for sampling 

polysilicon rods and growing monosilicon from the polysilicon samples by the Float-zone method 

(ASTM, 2001 ). In the F1723-96 standard, the three main impurities tested are the donor, 

acceptor and carbon impurities. Additional tests will be done for oxygen content, resistivity 

and carrier lifetime (Perkin Elmer, 2001 ). Table 1 shows the main impurities and standards 

used for analysing the polysilicon (ASTM, 2001 ; Perkin Elmer, 2001 ). 
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Table 1. ASTM Test Methods for polysilicon (ASiMI, 1999) 

Parameter ASTM Test Method 

111-V impurities F1630 Standard test method for low temperature FTIR analysis 
(donor, acceptor) of single crystal silicon for 111-V impurities 

F1389 Standard test method for photoluminescence analysis of 
single crystal silicon for 111-V impurities 

Carbon F1391 Standard test method for substitutional carbon content of 
silicon by infrared absorption 

Oxygen F1188 Standard test method for interstitial atomic oxygen 
content of silicon by infrared absorption 

The useful range of impurity concentration covered by this practice is 0.002 to 100 parts/ 

billion atomic (ppb) for acceptor and donor impurities, and 0.05 to 5 parts/million atomic (ppm) 

for carbon impurity. Several other impurities were also measured which includes iron (Fe), 

chromium (Cr), nickel (Ni), copper (Cu), zinc (Zn), and antimony (Sb). The range of impurity 

concentration covered by this practice is still in the ppb range while the useful range for oxygen 

i~ 0.01 ppm. Resistivity test is usually done where the recommended value is about 80,000 

ohm-cm. The polysilicon impurity test was done at Elkem in Norway and measured using 

Philips' PW2404 X-Ray Fluorescence (XRF) spectroscopy. Figure 11 shows the impurity 

components and respective level in the polysilicon sample grown by CVD as measured by 

XRF. The unit for the concentration is at ppm (part per-million) 
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Figure 11. Impurity concentration in bulk polysilicon 

The test results show that Band P content are extremely high, above the recommended 

ASTM F1360-00 standard value for an electronics grade polysilicon. Carbon content is still at 

a minimum level. Nevertheless, other impurities content such as As, 0, Fe, Cr, Zn and Sb are 

still above the maximum limit values. 
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The measured resistivity which is in the range of 30 to 40 ohm-cm shows that the polysilicon 

sample content high concentration of impurities in this case more towards n-type (phosphorus 

doped). Usually, the polysilicon samples are graded according to its purity level. A semiconductor 

or electronic grade polysilicon is 99. 999999999% pure whereas a solar cell grade polysilicon 

is only 99.9999% pure. Based on the measurement of the impurity concentrations, the purity 

of the polysilicon is about 99.9995%. 

CONCLUSION 

The polysilicon sample which was produced by trichlorosilane distillation method using CVD 

system was tested and the results show that Band P content are extremely high, above the 

recommended ASTM standard value for a semiconductor grade polysilicon. Carbon content 

is. still at a recommended minimum level. Nevertheless, other impurities content such as As, 

0, Fe, Cr, Zn and Sb are also above the recommended maximum values. The results shows 

tha_t the purity of the polysilicon is only about 99.9995% which is far below the requirement for 

a semiconductor grade polysilicon or even a solar cell grade polysilicon. High concentration of 

the other impurities in the polysilicon sample might be due to the corrosion that occurred in 

one of the gases pipeline which needed further investigation. The resistivity measured is in 

the range of 30 to 40 ohm-cm that shows the polysilicon sample contains high concentration 

of phosphorus indicating that it is an n-type polysilicon. 
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