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Annual General Meeting 2004
The 17th Annual General
Meeting of ITIA will be held 
in the Marriott Hotel, Lisbon
during the week beginning 
27 September 2004 with a
provisional programme as 
follows:

Monday 27 September
Meetings of the HSEC and
Executive Committee
Evening function

Tuesday 28 September
AGM half-day
Evening function

Wednesday 29 September
AGM half-day
Free evening

Thursday 30 September
Possible visit to the Beralt mine

Further information will be made available at the end of next April.

TECHNICAL
SERVICE
In the June Issue, reference was made to
the imminent introduction of this 
service, using a Consultancy comprising
two Professors of the University of
Vienna, Erik Lassner and Wolf-Dieter
Schubert.  It is now functioning with 
primary aims

▼ To improve the level of expertise
available from ITIA to members and
non-members.

▼ To increase the flow of technical
information which might help to 
promote tungsten usage.

▼ To update the technical content of the
ITIA’s website.

▼ To expand the website in terms of the
key properties of tungsten.

▼ To answer technical enquiries
received by the Secretariat.

▼ To collect the latest information
about new uses.

▼ To evaluate articles for inclusion on
the website and in the Newsletter.

▼ To write technical articles for each
edition of the twice-yearly Newsletter.

▼ To expand the members’ directory
into a matrix of companies and their
main products to provide a more easily
accessible database to which customers
might direct their enquiries.

Readers are invited to submit to the ITIA
Secretariat any papers or news items
concerning new applications for
tungsten.  If the language is other than
English, an abstract in English must be
supplied with the original article.

16th Annual
General
Meeting
It is 3 months since the 16th Annual
General Meeting was held in
Prague, generously hosted by
Osram Bruntal / Sylvania Tungsten
and Seco Tools / Pramet Tools  and
attended by 170 delegates from all
over the tungsten world.  It will
therefore be sufficient to mention
only that Bob Fillnow (Vice
President Marketing  at Osram
Sylvania Products Inc.) was elected
to succeed Dave Landsperger
(Kennametal) as President and Zhu
Guang (Senior Vice-President,
China National Metals & Minerals
Imp. & Exp. Corp.) was elected as
Vice-President.
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The Technical Consultancy makes its first

contribution with the article below, taking the

view that there are not so many people who know

that tungsten is among the very important

components in modern integrated circuitry. 

A chip or integrated circuit
is a fingernail-sized piece
of extremely pure silicon
wafer-like layered with 
circuitry. These chips 
created the information 
age with all the electronic
marvels which changed
our world so dramatically.
Storage and processing of
information in a chip takes
place in tiny electronic
structures, mostly 
transistors. They act as electronic switches, which are 
interconnected to a high degree of complexity, enabling
today almost any kind of computation. The demand for
semiconductors and related equipment is still steadily 
growing. Main drivers of this demand for advanced chips are
communications, consumer applications and computing. In
1999 the worldwide market for chips was worth 
approximately 150 billion US $ and by 2003 it is expected to
double to over 300 billion US $.

Chips are not very old. Their development started around
1960 and went on avalanche-like as demonstrated in 
Table 1. As the number of electronic structures on a chip
increased with time the structures became smaller and the
circuit functionality increased enormously. 

A chip has a complicated, multilayered structure which 
consists of different metals, semiconductors and dielectrics
in different shapes (see Fig. 1). Chip production is a very
complex manufacturing process involving hundreds of steps
and all of them have to be performed under extreme 
precision and cleanliness. Operations are performed by
computer controlled robotic devices in "clean rooms" that
are a thousand times cleaner than a hospital operating
room. All raw materials have to be of special purity. 

T I N Y  T U N G S T E N  H I G H WA Y S  F O R  T O DA Y ´ S  C H I P  G E N E R AT I O N

TUNGSTEN IN INTEGRATED CIRCUITS

1960s 103

1970s 103 – 5.104 watches and pocket calculators
1980s 5.104 - 106 PC
1990s 106 – 5.107 PC, network, internet, telecommunication
2000+ ≥ 5.107 mobile telecom, internet
2010 Forecast 109-1010

Table 1: Maximum number of transistors in an Integrated Circuit and driving forces 
for chip development

Fig. 1: Schematic cross-section of a modern silicon IC; vias (tungsten plugs); gates (tungsten silicide); four layers of
metal interconnect (Al).                                               By courtesy of austriamicrosystems AG, AMS.



Several main operations are the basis of chip making: 
oxidation, ion implantation and diffusion, deposition of thin
films (by chemical vapor deposition [CVD] or physical 
vapor deposition [PVD]), electro plating, patterning 
(photolithography) and etching (can be also combined with
mechanical polishing). Between these steps sometimes a
Rapid Thermal Processing is applied for changing the 
characteristics of the deposited film. Another in-between
step can be Chemical Mechanical Polishing to produce a 

planar surface of the deposited layer. Processing of a chip
may vary from a few days to up to three months requiring a
careful testing at each step of the process.
The basis of a chip is a silicon plate or substrate, also
named wafer (purity 99.99999999 %). Above processes and

sometimes some more are repeated many times on the base
resulting in the build-up of microscopically thin layers of 
different materials. After completion a single wafer will 
contain hundreds of individual chips (Fig 2) that can be
tested on the wafer level for their properties, cut from the
wafer, packaged and assembled (Fig. 3). Prior to shipment
a final test is usually performed on the assembled parts.

Tungsten is applied as tungsten metal, tungsten silicide,
tungsten nitride and tungsten titanium alloy thin films or
plugs (see Fig. 4). The deposition is performed either by
CVD or PVD. The dimensions of these components vary
depending on chip application between nm and µm.

As size measure for a special technology acts the Minimum
Feature Size which corresponds to the minimum drawn
channel length in MOS (metal–oxide-semiconductor) 
transistors. According to Moore’s Law, in the course of 
development it decreased every third year by the factor 0.7
(from 250 nm in 1997 to 130 nm in 2003), whereas the
chip size increased by 16 % yearly. By that the performance
of a chip in average is doubled every 11/2 years. It is
assumed that the minimum feature size will further
decrease to 50 nm until 2012. The ultimate limit appears
today to be 25 nm. The smaller the size gets the more 3

Fig. 2:
(a)   Wafer in production; still missing interconnects and

wiring plains

(b)    Finished Wafer already cut; chips are removed
automatically.

By courtesy of austriamicrosystems AG, AMS.

Fig.3: Assembled chip; chip is in the middle; contacts by gold 
and/or aluminium wires to outside.

By courtesy of austriamicrosystems AG, AMS.

Fig. 4: "Tiny Highways" provide the interconnections among 
individual transistors and other devices of a chip. Low-angle scanning
electron micrograph of a portion of a partially completed SRAM array
(static random access memory) containing six-device memory cells. 
The insulating oxide films have been removed, revealing the lower 
levels of the interconnection structure of the array.
Local interconnections made of tungsten provide cross-coupling for the
n+ and p+ diffusion contacts. Tungsten contact studs (plugs) constitute
the upper portions of the contact paths to the global interconnections.

By courtesy of IBM, USA; http://www-3.ibm.com/chips/
technology/
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sensitive the process becomes in regard to materials and
layer properties.An example for an electronic equipment
which contains a chip with feature size < 150 nm and
which is known to everybody is the today’s mobile phone.
Another well known example is the 2.2 GHz Pentium®‚ 
4 processor that consists of 55 million transistors with 
structure sizes as small as 60 nm and six layers of 
Cu interconnects with an overall lengths of more than three
kilometres of internal "wiring".

TUNGSTEN SOURCES

Tungsten  Hexafluoride:   WF6

The main source for tungsten applications in 
microelectronics is tungsten hexafluoride. It serves in 
chemical vapor deposition (CVD) of tungsten or tungsten 
silicide as thin films or plugs. Its most convenient production
procedure is the direct fluorination of tungsten at 
350 –400 °C in a flowing system according to the equation 

W + 3F2 → WF6

It is a white solid below 2.0°C, a pale yellow liquid up to
17.2°C and a colorless gas above. It is one of the heaviest
gases known (149 times heavier than hydrogen).

It is very reactive, attacks most metals and also glass and
decomposes in the presence of water vapor.

Crucial for its application in microelectronics production 
is the purity which ranges depending on application between
99.98% (electronic), 99.998% (VLSI = very large scale 
integration) and 99.9998% (megaclass). The annual 
consumption worldwide can be estimated to be around 
200 t and is steadily growing due to the constant increase in
electronics production. 

Sputter Targets

Another tungsten source are sputter targets of tungsten
metal, tungsten silicide and tungsten titanium alloy for
physical vapor deposition (PVD). Also in this application
highest purity is crucial. 6N tungsten powder, that means a
purity of 99.9999%, is commercially available today for target
production. In particular the uranium and thorium contents
must be very low (<0.3 ng/g). Due to their α-particle 
emission 

they cause "soft errors" in memory circuits. Not only the
purity is important, but also density, surface cleanliness and
microstructure. These properties are responsible for particle 
generation during sputtering, which should be extremely low.

DEPOSITION OF TUNGSTEN

All advanced chips rely on tungsten contacts (vias, plugs) to
connect the transistor and the interconnecting layers (see
scheme in Fig. 1 and SEM micrographs in Fig.4, 5).
Sometimes also interconnect layers itself consist of tungsten.
The properties which make tungsten the preferred material
for that purpose are: low resistance, low stress, excellent 
conformal step coverage, nearly equal thermal expansion
coefficient as silicon, good electromigration resistance and
low resistance contacts to silicon. The void for the plug prior
to tungsten deposition has to be coated by a thin layer of
Ti/TiN as diffusion barrier. As well CVD and PVD are used to
deposit tungsten, but the first method is preferred, because
of better process control especially for smaller  dimensions.

In PVD argon ions produced from a gun are shot under 
vacuum on the target liberating target atoms which deposit
on the substrate.

Fig. 5: SEM micrograph of a four level metal process
using tungsten plugs; tungsten plugs are the vertical 
conductive layers used to connect one horizontal layer of
conductors with another horizontal layer of conductors on
a chip.

By courtesy of austriamicrosystems AG, AMS.



The principle of CVD is that the two gaseous reactants are
mixed very close above the substrate surface, where the
solid tungsten is deposited at elevated temperature.

The chemical reaction for the tungsten CVD process is
shown in the equation

WF6 + 3H2 → W + 6HF   

HF formed during the reaction locally may form defects like
wormholes and encroachment, giving the possibility to
foreign atoms to migrate to the semiconductor. Therefore,
in the beginning of the tungsten deposition silane ( SiH4 ) is
used as reducing agent to produce a thin first tungsten
nucleation layer. As long as the molar ratio of tungsten
hexafluoride and silane is kept below 1, α-tungsten is
deposited and no silicon. The reaction with silane is much
faster as with hydrogen and results in a tungsten film with
good adhesion and none of the above defects. The further
filling of the void is done by hydrogen reduction. The 
deposition is performed in special equipment under low
pressure at temperatures ranging between 250 and 500 °C.

In order to fill the void for the plug completely an overfill
and a subsequent etch back will be necessary to end up in a
planar surface.

In case of 90 nm technology and also for lower gate
dimensions a special process named ALD (Atomic Layer
Deposition) is applied to deposit the first film. In principle it
is also a CVD process but using more sophisticated 
equipment and running under very low pressure and flow
rate of the reactant gases in very short process steps 

(approx. 100 msec) at 300-350 °C. The growth rate per
cycle is 2.5-3.0 Å. The process uses diborane instead of
silane as reducing agent and provides a 100 % step coverage
also at aspect ratios of 20:1 and more.

DEPOSITION OF  WSix (x =2.55-3.00)

Tungsten silicide is applied in gate electrodes (see scheme
in Fig.1 and SEM micrograph in Fig. 6) down to a feature
size of 0.35µm. For smaller dimensions silicides of cobalt
or titanium are in use. Tungsten silicide lowers the gate
resistance and thus the gate delay time. And, therefore, it is
responsible for the basic function (speed) of an integrated
circuit .

The following properties are responsible for the use of 
tungsten silicide in above applications:

- electric resistivity 30 µΩ·cm

- extreme short gate delay time 
(10-9 – 10-10 sec).

The requirements for the film are: uniform film 
composition across the interface and the bulk of the film,
low stress as deposited and annealed and low F and Cl
impurities. Moreover, a high step coverage, no cracks after
anneal, excellent adhesion and no delamination are of
importance.

In principle there are two methods in use to deposit WSix.
One is to reduce tungsten hexafluoride with silane at 400°C.
This is the same process as described for the deposition of
tungsten metal, but the molar ratio of the reactants is 
shifted more to the side of silane. The reaction is 
symbolized in the equation

a WF6 + b SiH4 → c WSix + d SiF4 +  f H2

The second method uses dichlorsilane as reducing agent at
550°C and the reaction is given in the equation

a’ WF6 + b’ SiH2Cl2 → c’ WSix +  d’ SiF4

+ f’ SiCl4 + g’ HCl + h’ H2

The silane process is stable due to the high reactivity of the
reacting gases and insensitive to wafer surface conditions.
The fluorine concentrations in the deposited layer are 
higher as in the dichlorosilane process. The layer has a low 

Fig. 6: SEM micrograph of a transistor using a 
tungsten silicide gate (cross sectional view).

By courtesy of austriamicrosystems AG, AMS.
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step coverage and an instability during annealing, because
the as deposited layer is amorphous and recrystallizes on
heating.

The dichlorosilane process, due to a decreased reactivity of
the two compounds, results in highest quality tungsten 
silicide layer with good step coverage, less impurities and a
polycrystalline layer, resulting in much less stress after
anneal. But the process is less stable, less robust and
depends on the surface properties, on temperature and
substrate type.

For even lower resistivity gates and to reduce the RC delay
tungsten/tungsten nitride is in use.

TUNGSTEN DEMAND

The tungsten demand for integrated circuits due to the thin
films and the miniaturization is in general very low, but the
effects of this small quantity are enormous if we consider
all the possibilities which are offered today by 
microelectronic equipment and their world wide dense 
distribution.

Most of the tungsten input in chip technology gets lost by
deposition on masks and equipment parts and also by 
subsequent etching or polishing.

After all we should ask - how much tungsten is contained
in a chip? It depends mainly on its dimension and its 
feature size. A rough estimation reveals that a plug in a
common device corresponds to 2·10-14 g W and a gate is
even less. If we assume to be 106 plugs and gates in a chip,
it would correspond to approx. 10-8 g W. Compared to other
tungsten consumers it is only a homeopathic dose or a little
bit more than nothing. But it is an essential part of a chip
and a chip is a very important tool in today’s human life.

ACKNOWLEDGEMENT:
For valuable information, literature and photographs the
authors feel kindly indebted to austriamicrosystems AG.;
AMS, A-8141 Unterpremstätten, Austria, especially to
Dipl. Ing. Ewald Stueckler and to IBM for providing the
copyright for Figure 4. 

Further reading: all major chip producers provide web
information on both chip manufacture and development.

10th International
Tungsten Symposium
This event will be held during the week 
beginning 19 September 2005 in
Changsha, China and will be hosted by
Zhuzhou Cemented Carbide Group Corp.,
Ltd and Minmetals. 

Please note the amended date.

The Economics of
Tungsten, 8th Edition,
2003
Written and published by Roskill Information Services,
this is not only an authoritative guide to the tungsten
industry and the market but also a valuable reference
source.  The book provides

▼ A market analysis of consumption, regional and
worldwide, and of demand and the end-use markets;

▼ A production report on reserves, resources, output
and capacity in each country;

▼ A company profile giving up-to-date information on
the activities of the major producing and processing
companies;

▼ A comprehensive statistical source with 103 tables.

Copies may be obtained, at a price of £1,400 / $ 2,800 /
€ 2,450, from

Roskill Information Service Ltd
27a Leopold Road,London SW19 7BB,England
Tel:  +44 20 8944 0066  Fax: +44 20 8947 9568
Email: info@roskill.co.uk



AUSTRIA

Wolfram Bergbau-und Hütten

GmbH Nfg. KG

A-8543 St Martin i.S, AUSTRIA
Tel: + 43 3465 7077 0;Fax: + 43 3465 7077 10
E-mail: office@wolfram.at

BELGIUM

Specialty Metals Co SA

rue Tenbosch 42A, B-1050 Brussels, BELGIUM
Tel: + 32 2 645 7611; Fax: + 32 2 647 7353
E-mail: philippe.lavagna@specialtymetals.be

CANADA

North American Tungsten Corporation Ltd

Suite 11 - 1155 Melville Street, Vancouver
BC V6E 4C4, CANADA
Tel: + 1 604 682 1333; Fax: + 1 604 682 1324
Toll-free Tel: +1 800 478 5550
E-mail: corp@northamericantungsten.com
http://www.northamericantungsten.com

Tiberon Minerals Ltd

Suite 505,  330 Bay Street
Toronto, ON  M5H 2S8, CANADA
Tel:  +1 416 214 1877; Fax:  +1 416 214 0091
E-mail: info@tiberon.com

CHINA

China National Nonferrous Metals

Industry Trading Group Corporation

Room A227, No.5, Sanlihe Road
Haidian District, Beijing 100044, CHINA
Tel:+86 10 684 95239; Fax: +86 10 684 95231
E-mail: fangjy@minmetals.com.cn

China Tungsten Industry Association

118 Beijingxi Road, Nanchang, Jiangxi, CHINA
Tel:+86 791 622 2177; Fax: +86 791 622 4982
E-mail: ctian@public.nc.jx.cn

CB Carbide 

11 Guanghua Road, Xinglin, Xiamen, CHINA
Tel:+86 592 621 5588; Fax: +86 592 621 9599 
E-mail: info@cbcarbide.com
http://www.cbcarbide.com

Ganzhou Tejing Tungsten and

Molybdenum Co Ltd

10 Wenqing Road, Ganzhou
Jiangxi 341000P.R. China
Tel: +86 797 821 2683; Fax: +86 797 827 2925
E-mail:  metalsrob@gtj.sina.net

Jiangxi Rare Earth & Rare Metals

Tungsten Group Corp.

118 Beijingxi Road, Nanchang
Jiangxi 330046, P.R. China
Tel:+86 791 627 9142;  Fax:+86 791 622 4982
E-mail:  dept1@cniecjx.com.cn

King Metallurgical Industry Co., Ltd

18th Floor, Yin Hua Building
No.160 Wuyi Road (M), Changsha, 
Hunan 410011, CHINA
Tel: + 86 731 2243379; Fax: +86 731 2220723
E-mail: kingind@public.cs.hn.cn

Langfang Tungsten & Molybdenum

Material Plant

Guangmin Street, Shengtian Bridge West, 
Langfang City 065000, Hebei, CHINA
Tel:+86 316 265 1391; Fax:+ 86 316 265 1392
E-mail: lfhywm@heinfo.net
http://www.lfwm.com.cn

Nanchang Cemented Carbide Plant

Shuang Gang Road 
Nanchang, Jiangxi, 330013   P R CHINA
Tel:+86 791 3817647; Fax: + 86 791 3800254
E-mail: nccp603@21cn.com

Xiamen Tungsten Co Ltd

Fl. 13, Xiangyu Building
Xiangyu Free Trade Zone,  
Xiamen, 361006,  CHINA 
Tel:+86 592 562 7391; Fax:+ 86 592 603 5719
E-mail: xymlgmgs@public.xm.fj.cn
http://www.xiamentungsten.com

Zhuzhou Cemented Carbide Group

Corp.,Ltd 

Diamond Road, Zhuzhou City 412000, Hunan
Province, CHINA
Tel:+86 733 826 0305; Fax:+ 86 733 816 2777
E-mail: zaironggao@hotmail.com
http://www.chinacarbide.com

Zigong Cemented Carbide Corp Ltd

111 Renmin Road, Zigong City 
Sichuan Province, 643011, PR CHINA
Tel:+86 813 471 6891; Fax:+ 86 813 520 0160
E-mail: yangjg@zgcc.com

FRANCE

Cime Bocuze SA

B.P. 301, St Pierre en Faucigny 
F-74807 La Roche sur Foron Cedex, FRANCE
Tel: + 33 450 253 710; Fax: + 33 450 257 684
E-mail: j.boulard@cime-bocuze.com

Eurotungstène

BP 152X, F-38042 Grenoble Cedex 9 FRANCE
Tel: + 33 476 705 454; Fax: + 33 476 485 524
E-mail: contact@eurotungstene.com
http://www.eurotungstene.com

GERMANY

Betek –Simon GmbH & Co. KG

Postfach 1164-78731
D-78731 Aichhalden,  Germany
Tel:+49 7422 565 109; Fax:+49 7422 565 185
E-mail: g.amon@simongruppe.de

Minmetals Germany GmbH

Kaiserswerther Str. 22 
D-40477 Düsseldorf, GERMANY
Tel: + 49 211 496 823; Fax: + 49 211 496 875
E-mail: hang@minmetals.com.cn

H C Starck GmbH & Co KG

Postfach 25 40, Im Schleeke 78-91 
D-38615 Goslar, GERMANY
Tel: + 49 5321 7510; Fax: + 49 5321 751 6192
E-mail: webmaster@hcstarck.de
http://www.hcstarck.com

HUNGARY

GE Hungary RT

Vaci Ut 77, H-1340 Budapest, HUNGARY
Tel: + 36 1 399 1328; Fax: + 36 1 399 1785
E-mail: meszaros@lihunnt1.light.ge.com

JAPAN

A.L.M.T.  Corp. 

2-23-5, Kitaueno, Taito-ku
Tokyo 110-0014, JAPAN
Tel: + 81 3 5828 5634; Fax: + 81 3 5828 5517
E-mail: natsuko-hirano@allied-material.co.jp
http://www. allied-material.co.jp

Japan New Metals Co., Ltd

6-64, 1-chome Sennaricho, Toyonaka 
Osaka, JAPAN
Tel: + 81 6 6333 1091; Fax: + 81 6 6333 7601
E-mail: eigyo@jnm.co.jp

Nippon Tungsten Co., Ltd

2-8, Minoshima 1-chome, Hakata-ku
Fukuoka, 812 JAPAN
Tel: + 81 92 415 5507; Fax: + 81 92 415 5513
E-mail: sumikura@nittan.co.jp
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Sumitomo Electric Hardmetal Corp

1-1 Koyakita 1-chome Itami, Hyogo 664, JAPAN
Tel: + 81 727 72 4535; Fax: + 81 727 71 0088
E-mail: ushijima-nozomi@sei.co.jp

Toho Kinzoku Co., Ltd

Osaka-Shinko Building, 6-17 Kitahama-2 
Chuo-Ku, Osaka 541, JAPAN
Tel: + 81 6 6202 3376; Fax: + 81 6 6202 1390
E-mail: mail@tohokinzoku.co.jp

Toshiba Corp

1-1 Shibaura 1-Chome, Minato-Ku 
Tokyo 105-8001, JAPAN
Tel: + 81 3 3457 4951; Fax: + 81 3 5444 9340
E-mail: kazuo.haraguchi@toshiba.co.jp
http://www.toshiba.co.jp

KOREA

TaeguTec Ltd

304 Yonggye-ri, Gachang-myeon 
Dalseong-gun, Taegu 711-860, KOREA
Tel: + 82 53 760 7662; Fax: + 82 53 768 9912
E-mail: semashin@taegutec.co.kr
http://www.taegutec.co.kr

LIECHTENSTEIN

Tungsten-Molybdenum Group AG

Am Schrägen WeFL-9490 Vaduz, LIECHTENSTEIN
Tel:+ 42 02 2431 8805; Fax:+42 02 2431 5695
E-mail: willem@geolink.cz

PORTUGAL

Beralt Tin & Wolfram (Portugal) S.A.

Barroca Grande 
6225051 Ald. S. Francisco de Assis
PORTUGAL 
Tel:+351 275 659 101; Fax:+351 275 659 119
E-mail:  b.porter@beraltportugal.pt

SWEDEN

Sandvik AB 

S-126 80 Stockholm, SWEDEN
Tel: + 46 8 726 6700; Fax: + 46 8 726 9096
E-mail: mats.o.nilsson@sandvik.com

Seco Tools AB

Fagersta, S-73782, SWEDEN
Tel: + 46 223 40115; Fax: + 46 223 40700
E-mail: elisabeth.ljunggren@secotools.com

THAILAND

SC Mining Co. 

Head Office, 1013/1 Phaholyothin Rd. 
Samsennai Phayathai, Bangkok 10400
Thailand
Tel:  +33 6 1224 3360; Fax:  +33 1 4266 3109
E-mail: lewis.black@scmining.co.th

UNITED KINGDOM

Adams Metals Ltd

Norwich House
14 North Street
Guildford, Surrey , GU1  4AF, UK
Tel: +44 148 3577900; Fax: +44 148 357 8008
E-mail:  adamsmetals@btinternet.com

A & M Minerals & Metals Ltd

17 Devonshire Square
London  EC2M 4SQ, UK
Tel: + 44 20 7655 0370; 
Fax: + 44 20 7377 1942
E-mail: info@amgroup.uk.com

Wogen Group Ltd

4 The Sanctuary, Westminster 
London SW1P 3JS, UK
Tel:+ 44 20 7222 2171; Fax+ 44 20 7222 5862
E-mail:akerr@wogen.co.uk
http://www.wogen.com

UNITED STATES

Calport Resources Inc.

3435 Wilshire Blvd, Suite 1870, Los Angeles 
CA 90010-1901, USA
Tel: + 1 323 933 7000; Fax: + 1 323 933 1546
E-mail: mail@calportresources.com

Comsup Commodities Inc.

1 Bridge Plaza North, Fort Lee 
NJ 07024, USA
Tel: + 1 201 947 9400; Fax: + 1 201 461 7577
E-mail: comsup@comsupinc.com

Fansteel Inc.

1 Tantalum Place, North Chicago, 
Illinois 60064, USA
Tel: + 1 847 689 4900; Fax + 1 847 689 0307
E-mail: pur@ramet.com

H.C. Starck (New Jersey) Inc

160 E Union Avenue, East Rutherford 
New Jersey 07073, USA
Tel: + 1 201 438 9000; Fax: + 1 201 438 0891
E-mail: info.kulite@bayer.com

Kennametal Inc.

1600 Technology Way, Latrobe, 
PA 15650      USA
Tel: + 1 724 539 5000; Fax: + 1 724 539 3951
E-mail: dave.landsperger@kennametal.com
http://www.kennametal.com

Martin Alloys Corp

345 Dalziel Road, P. O. Box 1217, Linden
NJ 07036, USA
Tel: + 1 908 474 1212; Fax: + 1 908 474 1222
E-mail: info@martalloy.com
http://www.martalloy.com

Metalworking Products

An Allegheny Technologies Company
1 Teledyne Place, Labergne, TN 37086, USA
Tel: + 1 615 641 4245; Fax: + 1 615 641 4268
E-mail: joakes@atimwp.com

Mi-Tech Metals, Inc.

4701 Massachusetts Avenue
Indianapolis, IN 46218, USA
Tel: +1 317 549 4290; Fax: +1 317 549 4293
E-mail: sales@mi-techmetals.com

Minxia Non-Ferrous Metals, Inc.

120 Schor Avenue, 1st Flr, Leonia, 
NJ 07605-2208, USA
Tel: + 1 201 592 2219; Fax: + 1 201 461 1370
E-mail: joylin99@yahoo.com

Osram Sylvania Products Inc.

Hawes Street, Towanda, PA 18848, USA
Tel:  +1 570 268 5000;  Fax: +1 570 268 5113
E-mail: susan.dunn@sylvania.com
http://www.sylvania.com

Tungco Inc 

P O Box 334, Hanson, KY 42413, USA
Tel: + 1 270 825 0000; Fax: + 1 270 825 0889
E-mail: cuda@kih.net

Umicore USA Inc.

Magnolia Building, Suite 110
3120 Highwoods Boulevard
Raleigh, NC 27604, USA
Tel:  +1 919 874 7171;  Fax: +1 919 874 7195
E-mail:  mark.caffarey@umicore.com

Secretar y  -  General :   Michael  Maby


