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EpiFlux™ - Maximised Solid
TMI Delivery

In today’s MOVPE processes a steady, controllable flux of high purity precursor into the

reaction chamber is a key factor when fabricating highly complex device structures

employing ternary and quaternary layers.  A similarly important parameter is efficient

usage of the precursor to minimise residues in containers when changeout is

necessary.  Over the years with increasingly demanding operating criteria the standard,

simple bubbler designs have been studied and improved upon, with particular attention

paid to the transport of solid precursors such as trimethylindium (Me3In, TMI).

Epichem is proud to announce its most recent development, the EpiFlux™ bubbler, which is

specifically engineered to deliver high TMI output in a reliable, controlled fashion throughout an

extended bubbler lifetime.  The technology incorporated in the EpiFlux™ bubbler combines

Epichem’s proprietary perforated disc, dual chamber and depletion zone approaches in a single

integrated design that delivers outstanding performance.

Trials on Epichem’s precursor transport equipment have

shown that the performance of the EpiFlux™ bubbler is a

marked improvement on standard designs.  The stability

of the TMI flux exiting the bubbler is illustrated in

Figure 2 and this consistency of supply can be

maintained throughout the lifetime of the source.

Increased gas saturation and precursor usage make the

EpiFlux™ an excellent bubbler for high throughput,

production environments.

Customer trials have been equally impressive with the level of

chemical usage illustrated by the low residue amounts in returned

used bubblers.  Figure 3 shows data for over 20 bubblers used by

one customer over a prolonged production run with no delivery

issues recorded.  A routine usage in excess of 90% was recorded

for Solid TMI in all EpiFlux™ bubblers with significantly higher

usage achieved on process optimisation.  Ongoing trials aim to

improve further the usage variability to access over 95% of the

product in all cases.

Highly reliable TMI
supply is

demonstrated using
the new bubbler

design

Figure 1 New EpiFlux™ Bubbler
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Figure 2 Epison readings for EpiFlux™ bubbler during depletion under demanding
conditions (Source temp 17°C, pressure 250Torr, flow rate 800sccm)

<5g 6-10g 11-15g 16-20g 21-25g 26-30g >31g

Figure 3 Remaining product weights in used EpiFlux™ bubblers

Original fill level = 300g

85% of bubblers reached over 90%
usage prior to change out

35% of bubblers reached over 98%
usage prior to change out
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Figure 4 Customer data from use of EpiFlux™ in high brightness LED
production process with gas concentration feedback system continued at bottom of page 3

Similarly excellent process control has been

demonstrated with precise flux generation achieved

reproducibly from run to run as illustrated in Figure 4.
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New research
projects extend
scope for novel

precursor
development

Summary of EpiFlux™ Benefits

The EpiFlux™ bubbler for Solid TMI affords high saturation

efficiency under low pressure and high flow conditions.  The

stable transportation rates maintained throughout bubbler lifetime

ensure excellent precursor usage and low residues on change out.

The flux output is highly reliable and reproducible both run to run

and batch to batch leading to improved control of precursor

delivery and deposition process parameters to ensure maximised

yield potential.

Switch to EpiFlux™ and take advantage of the next generation of

precursor delivery designs today.

Epichem has a long history of collaborative research with world leading groups to develop precursor expertise.  Two

new projects have been selected for support by funding bodies and will start in Q3 2006 to further extend Epichem’s

research topics.  The output from the schemes is hoped to significantly advance state-of-the-art in these exciting

areas.

REALISE Rare earth oxide atomic layer deposition for innovations in electronics

EU Funded

Partners: Tyndall Institute, MDM-INFM, ST Microelectronics, Infineon, Philips Research, CEMES, ASM Microchemistry,
Universities of Liverpool and Helsinki 

Summary: The project will address the deposition of high permittivity rare earth oxide layers with sub-nanometre control along
with the integration of these films into innovative memory and communication devices.  The deposition technique of
choice will be ALD with liquid injection and vapour transport of precursors possible.  A variety of novel precursors
will be investigated and the process parameters established to achieve the desired film quality.   Scale up issues
will also be addressed.

MEMSPULSE  Wafer scale vapour phase processing for implanted healthcare 

DTI Funded

Partners: Point 35, Qinetiq, Innos, Semefab, SSTRIC

Summary: The project will develop technologies to allow wafer scale fabrication of a range of medical application devices.
Upgraded MEMS definition approaches and improved biocompatibility will be addressed aimed at the introduction
of a new industrial platform suited to the mass production of such things as microfluidic diagnostic tools, sensors
and actuators.  Novel sources for various process stages will be investigated along with precursors for surface
modification.  All aspects of the fabrication process for optimum chemicals will be studied.

Improved output
stability and

precursor usage
achieved for new

design
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The requirement for new materials in both logic and memory applications to meet Moore’s Law is of critical concern

for semiconductor manufacturers.  In the area of dielectric replacement layers for SiO2 there has been considerable

interest in hafnium oxide based materials.  For logic applications there are many integration challenges still to be

overcome before a new material and deposition technique are accepted.  However, for memory applications Al2O3

dielectric layers are already being utilised in the capacitor structure to replace SiO2 and other, better performing,

materials are hoped to be as readily incorporated due to the advantages of the atomic layer deposition (ALD)

technique employed.

ALD has the ability to deposit uniform conformal layers on very aggressive three dimensional structures making it the ideal

deposition technique for current and future memory applications.  However, it places specific, highly stringent demands on the

physical properties and reactions of precursors. The current precursors of choice for the ALD of hafnium oxide based layers are

hafnium amides, specifically, tetrakis(dimethylamino)hafnium, Hf(NMe2)4, and tetrakis(ethylmethylamino)hafnium, Hf(NEtMe)4.

These hafnium amides give “true” self limiting ALD at growth temperatures below ~275°C, but above this temperature they

thermally break down on the wafer surface destroying the self limiting mechanism required for high quality layers.  Thus for higher

temperature deposition poor step coverage, poor layer uniformity and poor reproducibility between wafers can be observed.

Furthermore, precursor decomposition can lead to excessive numbers of particles and subsequent associated yield reduction.

Novel sources offer
ALD breakthrough
by increasing and
extending growth

temperature window

Hf
O

CH3
CH3

CH3

CH3

Hf
CH3

CH3

CH3

CH3 HfD-02 HfD-04

Figure 1 HfD-02: Bis(methylcyclopentadienyl)dimethylhafnium(IV), Hf[C5H4(CH3)]2(CH3)2, MeCp2HfMe2
HfD-04: Bis(methylcyclopentadienyl)methoxymethylhafnium(IV), Hf[C5H4(CH3)]2(OCH3)CH3, MeCp2Hf(OMe)Me

To address the above issues Epichem has designed two new hafnium molecules specifically suited to the ALD technique, HfD-02

and HfD-04, which are patent protected (Figure 1).  The new sources show good vaporisation characteristics (Figure 2) and give

low residues by thermal gravimetric analysis, TGA (Figure 3) making them suitable for bubbling or direct liquid injection

precursor delivery options.
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True ALD
demonstrated for

operation
temperatures above

Tg=400°C

Excellent electrical
data achieved using

new sources

The new hafnium sources also demonstrate greater thermal stability than the hafnium amides and other conventional compounds

allowing “true” self limiting ALD at higher deposition temperatures without the issues of particle formation due to precursor

decomposition  (Figures 4 and 5).  Also maintenance of growth control ensures no uniformity issues are observed.  The higher

thermal stability of the new sources also gives a wider ALD temperature window when compared to the hafnium amides leading to

expected improvements in process optimisation potential and reduced integration problems.  To date ALD with the new precursors

at 400°C has been demonstrated with comparable, if not improved, results compared to reported data using amides at 250°C.

Conclusion

Both new Hf sources provide outstanding performance

in ALD, particularly at temperatures not achievable

using existing precursors, and offer extremely high

potential for use in next generation devices to aid

state-of-the-art advancement.

To assess electrical performance of the layers deposited a number of simple capacitor structures have been fabricated using

films grown from each of the new hafnium sources (Figure 6).  The capacitors were annealed at 850°C for 30 minutes under N2

prior to measurement of capacitance-voltage graphs shown in Figures 7 and 8.
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Figure 8 CV data for 64nm thick annealed HfO2 layer deposited from HfD-04

Figure 7 CV data for 54nm thick annealed HfO2 layer deposited from HfD-02

Figure 6 Schematic of large area capacitor test structure
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Incorporation of Fe in GaN to Achieve Highly Insulating Layers using MOVPE

For GaN-based microwave transistor applications, a highly insulating buffer layer is critical to high power operation

of the device at RF frequencies.  The commonly used method to achieve highly insulating GaN films is to control the

dislocations present[1], however, the MOVPE growth conditions required to successfully achieve semi-insulating

properties are constrained to a relatively narrow window.  Furthermore, the films’ intrinsic high dislocation densities

are undesirable for long-term device reliability.  A more flexible approach is to keep dislocation densities low and

introduce a deep level impurity to render the films insulating.  This has recently been demonstrated using MOVPE

and HVPE and highly insulating Fe doped GaN films with sheet resistivities greater than 1010�/sq reported[2-5].

Very high output power densities and breakdown voltages have been reported for devices grown on Fe doped GaN

buffer layers[6]. 

The team at Qinetiq (Malvern) have performed a wide ranging study of MOVPE deposited Fe doped GaN films to understand more

fully the behaviour of the Fe dopant and a model has been developed that accurately describes the SIMS concentration profiles

observed and correlates to the XPS data.  The conclusion drawn is that Fe incorporation in GaN proceeds via a surface

segregation process.  Furthermore, the presence of Fe on the growing surface promotes a transition from a 2D to a 3D growth

mode with an associated increase in the roughness measured by AFM.

Experimental Procedure

GaN films were grown using the standard two-step method on 2inch diameter c-plane sapphire substrates by LP-MOVPE using a

Thomas Swan close-coupled “showerhead” reactor.  The precursors employed were trimethylgallium (TMGa), ammonia (NH3)

and bis(cyclopentadienyl)iron (Cp2Fe, ferrocene) was used as the Fe dopant.  The growth conditions were: reactor pressure

100torr, substrate temperature 1030°C, H2 carrier gas, NH3 partial pressure of 41torr and a TMGa flow of 83�mol/min. This gave

a GaN growth rate of 1.8�m/hr.  The ferrocene flow was varied between 1.7nmol/min and 56.4nmol/min (bubbler temperature

30°C).  Two types of structures were studied: an unintentionally doped (UID) GaN layer followed by a uniformly Fe doped layer;

and a top-hat structure consisting of an UID GaN layer followed by an Fe doped layer then finally another UID GaN layer.

Results

The steady state Fe concentration determined by SIMS as a function of

input ferrocene flow (Figure 1) shows an approximately linear relationship,

although at the highest ferrocene flow (56.4nmol/min) a lower than

expected concentration was achieved.

More detailed Fe depth profiling through the structures highlights the lack

of sharp interfaces where the Fe flux is switched on and off (Figure 2).  The

asymmetric shape and slow turn-on and turn-off behaviour is indicative of

an incorporation mechanism which occurs via a surface accumulated layer,

similar to that reported by Heikman[7].  This proposes that arriving Fe

atoms are not immediately incorporated into the growing film but exchange

with Ga atoms in the uppermost layer, gradually enriching the surface.

From the surface layer, atoms become incorporated into the growing film or re-enter the gas phase by desorption.  As growth

proceeds the surface layer saturation reaches an equilibrium with the segregation to the surface equal to the incorporation rate

thus the Fe concentration in the growing film increases until a steady state is attained, as shown in Figure 2(b).  When the

arriving flux is switched off, atoms continue to desorb or incorporate into the growing film until the surface layer is depleted.  The

Fe concentration in the growing film decays with an exponential dependence (Figure 2(a)), implying a first order incorporation

process.

Controlled Fe
doping of GaN

achieved

Figure 1 Fe concentration in “top-hat” (triangles) and uniformly
doped (squares) structures versus ferrocene input flow
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Surface segregation
model supported by
experimental data

To support this proposed surface segregation mechanism a model was developed which describes the volumetric concentration

of dopant atoms incorporated from an accumulated layer on the surface of a growing film using classical rate theory. The model

is based on the mass balance equation proposed by Wood and Joyce[8] for Sn doped GaAs which describes the surface

concentration, C, as follows: 

where J is the arriving flux, kdesC is the flux of desorbing atoms and kincCm is

the flux of atoms incorporating into the growing film from the surface phase,

with m the kinetic order of the process (m=1 for first order incorporation ).

The model assumes that atoms which have desorbed from the surface do not re-adsorb and the simulated Fe profiles plotted in

Figure 2 show excellent agreement with experimental data, indicating that the incorporation behaviour is well described by this

model. 

To further characterise the segregation theory, the surface concentration of Fe of a uniformly doped GaN structure (ferrocene

flow=15.5nmol/min) was measured by XPS.  A surface concentration of 4.4x1014atoms/cm2 compared to the area density of Fe

per monolayer in the “bulk” film of 4.7x1011atoms/cm2 indicates the Fe concentration in the near-surface region is 1000-fold

higher than the underlying crystal.

Finally the observation of increasing surface roughening with higher Fe doping is in

agreement with the above findings (Figure 3). It is speculated that the presence of

the Fe at the surface forces the GaN to grow in a 3D growth mode.  Indeed,

Bougrioua et al have demonstrated a novel method for dislocation reduction by

intentionally promoting 3D growth by introducing a short period of high Fe doping,

followed by a slow coalescence recovery to a 2D growth mode[2]. 

Acknowledgements
This work was funded by the Emerging and Under-pinning Technology Domain of the UK Ministry of Defence.  For full details

contact Dr Trevor Martin  (TMARTIN@qinetiq.com)

Figure 2 Fe concentration profiles (SIMS) through two Fe doped GaN structures (solid line) with ferrocene flow=4.3nmol/min;
(a) a top hat structure and (b) a uniformly doped sample. Also plotted are the simulated concentration profiles (dashed line)

dC = J - kdesC - kincCm

dt

Figure 3 Plot of RMS roughness measured by AFM
for uniformly doped structures as a
function of ferrocene flow
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Increased capacity
is achieved in a
highly controlled

fashion

Epichem operates a quality control system that is certified to the ISO 9001:2000 standard at all of its facilities.  The

ability to produce chemicals to the same high specifications day in and day out is critical to meet customer

expectation. However, with increasing volume requirements for a growing market, larger scale production capabilities

must be installed and control of these changes is a key factor to plant acceptance.

Two methodologies may be employed depending on the scale up factor.  The first,

involved with up to 3-4 times volume requirements, is to replicate precisely the existing

equipment and operating parameters a number of times to satisfy the demand.  This

“Copy Exact (CE)” philosophy is a preferred approach for customers and also has a

more rapid response due to minimal R&D requirements.  A CE process duplication has

a low risk of introducing product variations to its application at a customer site.

The second method is to design, install and commission significantly larger plants and

this approach is necessary when moving up by one or two orders of magnitude in

precursor production.  The advantage here is a reduction in direct and indirect process

costs, but, significantly more qualification risk is involved making lead times long

whilst R&D costs are incurred.  Scale up in this manner requires extensive validation

trials to ensure no product variations are introduced using the new equipment.  Due to

the nature of the precursors and the chemistry involved with impurity levels in the ppb

range subtle changes in performance may occur that are extremely difficult to detect

hence a prolonged testing period prior to introduction of product from the new plant is

necessary.  Only after qualification can the new plant begin to pay off the capital

investment. Development & validation usually has to be in parallel with existing production during this qualification period.

Epichem have a highly experienced engineering department to ensure scale up plant design for a proven process mimics as

closely as possible the conditions of the smaller experiments.  In a number of cases this scale up has allowed the isolation of the

same quality product in higher yield thus reducing unit costs further than

expected.

Lessons have been learned from early attempts to scale up without such

controls and bizarrely the higher quality product isolated in one such case

from the new larger plant did not perform as well in the customer’s final

working process.  It was later understood that an impurity was acting in a

catalytic fashion to aid device output and that by removing this

contaminant the process was compromised.  Epichem now ensure that

identical product is produced on the new plants compared to existing

processes to avoid repeat cases. In all cases of scale up or any process

change a robust system of Change Management is used to ensure

customers are fully informed of planned changes so they may be agreed

and approved.

The ability to meet market needs is a key driver and Epichem has the

highest specifications to ensure compliance.

Intermediate scale equipment

Upscale equipment
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A number of Epichem products have been identified as restricted chemicals due to their potential use in sensitive

military applications or their harmful environmental properties or both.  Top of this list is N,N-dimethylhydrazine

(DMHz) with the requirement to obtain government department approval for all exported material.  Whilst relatively

straightforward to complete the necessary forms a stringent vetting process ensures receipt of the final go ahead and

export licence can take several months.  Epichem personnel have developed excellent contacts to minimise delays

but paperwork hold ups are the main contributing factor to long lead times for this product.

Another product on the list is carbon tetrachloride (CCl4) because of its inclusion as an ozone depleting agent in the Montreal

Protocol.  Use of this product is being phased out globally although it should still be available for a number of years.  Raw

material production is due to be stopped in 2010 but run down of stocks will continue for a significant period after this date.  It is

predicted that shipping regulations will be tightened after 2010 which may increase lead times.  As a solution to its prohibition

Epichem have two alternative C sources in carbon tetrabromide (CBr4) and bromotrichloromethane (CBrCl3) that have been

proven in MOVPE processes.

Even the chemicals that are not restricted per se pose serious issues to ensure swift delivery and avoid hold ups in customs

clearance.  Numerous forms must be completed with 100% accuracy to ensure pyrophoric metal alkyls are accepted and

released to their final destinations.  As the volume requirements increase globally more attention is paid to documentation and

severe penalties can be levied for breach of regulations.

Epichem’s shipping team has vast experience in this area and also maintains a watching brief on legislation changes to ensure

compliance.  This is critical because the consignor is responsible for the shipment until it reaches its end delivery address.  For

return of containers the customer is responsible until official receipt by Epichem and so we are pleased to offer advice on

meeting the latest regulations.

Return of cylinders / bubblers to Epichem

For all customers that request shipping documents to be forwarded to them for the return of cylinders or bubblers containing

harmful product residues, four original dangerous goods notes (DGN), MSDS and instructions in writing for the countries the

goods will transit (trem cards) are issued. 

As highlighted earlier, when items are sent back to Epichem the customer becomes the shipper of the goods, and has the

responsibility to ensure that the goods are packed in accordance with ADR (UK only), IMDG (Europe and rest of the world). In

addition to this, box 17 of the DGN must be signed by the person in your organisation that has received training on ADR/IMDG.

There have been some instances recently with bringing bubblers back from Europe.  Once the driver was at the port he was

refused to board the ferry because box 17 was not signed on the DGN.  This delay could potentially cause a longer delay on

refilling and shipping back to you the full bubblers / cylinders.  To avoid any delays please can you complete box 17 on the DGN.

Your company DGSA will be able to guide you if there are any concerns.

It is also advisable to check that all drivers and vehicles are checked for items such as ADR licence, orange plates, fire

extinguishers, misc equipment.  If any items are missing then the driver should be sent away and the loading aborted.  This is to

ensure that the shipment is transported in accordance with ADR (road regs), IMDG (sea regs), IATA (air regs) to maintain the

highest safety and security and avoid complications in transit.

Epichem’s team
maintain awareness
of all current rules

and regulations
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Single Source CVD Precursors
for Ti-N-Si Composites

Introduction
Miniaturisation of electronic devices results in a number of problems with the chief concern relating to increased heat dissipation
and quantum tunnelling.  To keep on shrinking feature sizes and maintain Moore’s Law the necessity for thermally stable, high
conformity interface diffusion barriers has become more significant.  The most commonly used Cu diffusion barrier is TiN,
however recent improvements have been demonstrated by addition of a further element, such as Si.  The presence of this third
element (Si) disrupts lattice structure to encourage formation of an amorphous layer and limits the grain boundaries along which
Cu can migrate. The development of deposition processes to this advanced material (TiSiN) by CVD has been investigated and a
range of novel complexes containing Ti, N and Si elements potentially suited to the direct formation of TiSiN have been identified,
synthesised and characterised.

Synthesis
The complexes (1, 2 & 3) have been synthesised either by the elimination of a lithium salt of the ligand (1 & 2), or via the elimination
of amine (3).  In the case of complexes 2 & 3 dimers are formed, with the imido nitrogens bridging between the two molecules.

Novel chemicals
offer excellent

potential to prepare
next generation

materials
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Fur ther work
Thermal profiling of the complexes using TGA is planned followed by
preliminary CVD experiments to assess film forming properties.

Notes
The work detailed in this article was performed by Samuel Cosham as part of
his Epichem-sponsored PhD studies at the University of Bath under the
supervision of Prof Kieran Molloy and Dr Andrew Johnson.

A poster presented at a regional Dalton Discussion Group by Sam (pictured
right) was awarded a prize for content and layout.

The high quality of the work reflects Epichem’s policy to work with world
leading groups across a wide range of chemical areas to provide the
precursors needed now and in the future.

Figure 4  X-ray structure of 3Figure 3  X-ray structure of 2

Figure 1  Synthesis approaches to prepare compounds 1, 2 and 3

(1) (3)(2)
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SPC and SQC Systems

Robust production
processes remain in

control by using
highly sophisticated
monitoring controls

and procedures

To meet the stringent demands of product quality and consistency required for the semiconductor industry the use of statistical

tools such as SPC (Statistical Process Control) and SQC (Statistical Quality Control) are essential in order to understand and

control all Epichem production processes.  During the research phase data is gathered on all aspects of the experimental

procedures along with analytical information on the final product and various intermediate stages.  This data is used to set targets

and goals for continuing improvement such as greater consistency, improved yields, higher efficiency and reduced failures for

example.  Having established minimum tolerances for the identified key parameters and demonstrated reproducible methodology

to achieve product within these limits introduction to production may be performed.  This handover process is monitored using

SPC and SQC and tolerances refined to establish a robust, in control production technology before making the product available

to customers.

With increasing numbers of process runs the volume of data available enhances the knowledge of a particular process to allow
any issues to be highlighted at an early stage thus reducing out of spec material isolation.  Furthermore, analysis of the process
information allows tolerances to be tightened to reduce variability increase reliability and assist in production planning to improve
customer service.  It should also be noted that SPC and SQC may be applied to non-product preparation processes such as order
generation with an equally significant efficiency of performance achievable.

SPC
Statistical process control is applied to the key control parameters associated with operating processes and equipment employed
to produce product to a set specification.  These parameters are identified during the research and development stage employing
techniques such as FMEA and “what if” and associated with the process flow diagram for each process.  A Key parameter is
defined as one that has a direct influence on quality of final product whereas a Control parameter is defined as one that enables
the process to run consistently within control parameters.

SQC
Statistical quality control is applied to the product or final outcome from a process and is usually associated with sophisticated
analytical checks to ensure products meet specification.

Control char ts
A control chart is a run chart of a sequence of quantitative data with three horizontal lines applied to indicate:

● A centre line, drawn at the process mean.
● An upper control limit typically drawn three standard deviations (sigma or �) above the centre line.
● A lower control limit typically drawn three standard deviations (sigma or �) below the centre line.

A control chart may additionally have lines indicating lower specification limit  and/or upper specification limit.

In all cases control charts are plotted for the relevant parameters and control limits set based on the work of Walter Shewhart in
the 1920s while working for Western Electric.  The +/- 3� (approximately) control limits stem from his work and imply that at
least 99% of observations will fall between these limits.  At Epichem review of the control limits to reduce variability by moving
to 4� or 5� is performed and implemented as demanded with the latter a typical requirement for the semiconductor industry to
demonstrate in control processes.
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Epichem round the globe

United Kingdom
Contact: Ann Hughes

Colin Overton
Christopher Richards

Address: Epichem Limited, Power Road, Bromborough,
Wirral, Merseyside CH62 3QF

Telephone: 44-151-334-2774
Facsimile: 44-151-334-6422
email: hughesa@epichem.co.uk

overtonc@epichem.co.uk
richardsc@epichem.co.uk

Germany & Austria
Contact: Joe Thünker
Address: Hiltenspergerstrasse 44, Munich, D-80796,

Germany
Telephone: 49-89-300-2241
Facsimile: 49-89-306-57408
email: josef.thuenker@t-online.de

Rest of Europe
Contact: Jonas Andersson
Address: Fab Support AB, 10 Rue Jean Chapelié,

1050 Bruxelles, Belgium
Telephone: 46-8571-62640
Facsimile: 46-8571-62850
email: anderssonj@epichem.co.uk

jonas.andersson@fabsuppor t.se

USA
Contact: Phil McGraw
Address: Epichem Inc., 1429 Hilldale Avenue, 

Haverhill, MA 01832-1300
Telephone: 1-978-374-5200
Facsimile: 1-978-374-6474
email: mcgrawp@epichem.com

Contact: Brenda Tagliavia
Lynne Gibson

Address: Epichem Inc., Westfield Corporate Center, 
4905 Tilghman St., Suite 240,
Allentown, PA 18104

Telephone: 1-610-706-0606
Facsimile: 1-610-706-0888
email: tagliabl@epichem.com

gibsonlk@epichem.com

Contact: Jeff Jang
Telephone: 1-818-225-0129
Facsimile: 1-818-681-3139
email: jangj@epichem.com

Contact: Aimee Wright
Telephone: 1-408-294-1904
Facsimile: 1-408-294-1904
email: wrightac@epichem.com

Japan
Contact: Mr Toshiyasu Ohba
Address: Daido Air Products Electronics Inc.,

6-17-17, Shinbashi, Minato-ku,
Tokyo 105-0004 Japan

Telephone: 81-3-3432-7032
Facsimile: 81-3-3578-7827
email: ohba-toshiyasu@dap.co.jp

China
Contact: Shufan Cheng
Address: Epichem (Shanghai) Chemical Co. Ltd,

Block 8, Room 803, Mandarine City,
Hongxu Road, No. 788, Shanghai,
China 201103

Telephone: 86-21-6446-1686
Facsimile: 86-21-6405-4343
email: chengs@epichem.co.uk

Singapore
Contact: David Ng
Address: 10 Ang Mo Kio Street 65, #03-04,

TECHPOINT, 569059 Singapore
Telephone: 65-6-483-3386
Facsimile: 65-6-483-2698
email: davidng@dniv.com.sg

Taiwan
Contact: Jerry Lin
Address: Epichem Asia, 9F No. 28 Sec. 3,

Nan-King East Road, Taipei, Taiwan
Telephone: 88-62-2509-1399
Facsimile: 88-62-2501-6279
email: jerry@tp1.conary.com.tw

Korea
Contact: CK Jung
Address: Doje Corporation, 211-2, Songjeong-Dong,

Gwangju, Gyunggi-Do 464-806, Korea
Telephone: 82-31-764-4907
Facsimile: 82-31-764-4961
email: ckjung@epichem.co.kr

This newsletter is confidential and intended solely for the use of Epichem Group customers. Disclosing,
copying, distributing or taking any action in reliance on the contents of this information is strictly prohibited.
Every effort is made to provide accurate and complete information. However, we cannot guarantee that there will
be no errors. Additionally Epichem assume no legal liability for the accuracy, completeness, or usefulness of
any information disclosed herein. Any views or opinions presented in this newsletter are solely those of the
authors and do not necessarily represent those of the company. The company will not accept any liability in
respect of such communication.

Epichem is a truly 
global company


