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DARIN W. SNYDER (S.B. #136003)
dsnyder@omm.com 
O’MELVENY & MYERS LLP 
Two Embarcadero Center, 28th Floor 
San Francisco, California  94111-3823 
Tel: (415) 984-8700  Fax: (415) 984-8701 
 
MICHAEL A. KOPLOW (S.B. #285858) 
mkoplow@omm.com 
O’Melveny & Myers LLP 
400 South Hope St.,  
Los Angeles, CA  90071 
Tel: (213) 430-6000  Fax: (213) 430-6407 

Attorneys for Plaintiff 
ULTRATECH, INC. 
 

UNITED STATES DISTRICT COURT 

NORTHERN DISTRICT OF CALIFORNIA 

SAN JOSE DIVISION 

ULTRATECH, INC. D/B/A/ 
ULTRATECH/CAMBRIDGE NANOTECH 

Plaintiff, 

v. 

ENSURE NANOTECH (BEIJING), INC.; 
ENSURE NANOTECH LLC D/B/A ENSURE  
SCIENTIFIC GROUP LLC; and DONGJUN 
WANG 

Defendants. 

Case No.

COMPLAINT FOR 

1. PATENT INFRINGEMENT 
2. MISAPPROPRIATION OF TRADE 

SECRETS 
3. UNFAIR COMPETITION; AND 
4. BREACH OF CONTRACT 
 
JURY TRIAL DEMANDED 
 

 
 

Plaintiff Ultratech, Inc. (“Ultratech” or “Plaintiff”) d/b/a Ultratech/Cambridge NanoTech, 

by and through its undersigned attorneys, hereby files this Complaint against Ensure NanoTech 

(Beijing), Inc., Ensure NanoTech LLC d/b/a Ensure Scientific Group LLC (collectively 

“Ensure”), and Dongjun Wang (all collectively “Defendants”), as follows: 
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INTRODUCTION 

1. For three years, Start Science (Beijing) Co., Ltd. (“Start Science”) served as a sales 

agent in China for Cambridge NanoTech, providing marketing, sales, and customer support for 

Cambridge NanoTech’s advanced nanotechnology production systems.  While an agent of 

Cambridge NanoTech, Start Science and its President, Dongjun Wang, received access to 

Cambridge NanoTech’s products and numerous confidential Cambridge NanoTech documents, 

including design drawings and highly valuable trade secrets.  Cambridge NanoTech terminated 

the agency relationship in 2011.  In 2012, Ultratech purchased the assets of Cambridge NanoTech 

and continued manufacturing and selling its advanced nanotechnology production systems.   

2. Dongjun Wang formed and became President and CEO of another company in 

China – Ensure – and eventually began competing with Ultratech in the United States based on 

copies of Ultratech’s designs.  In 2013, Dongjun Wang and Ensure began selling to university 

researchers in the United States discounted copies of Ultratech’s patented nanotechnology 

production systems that infringe Ultratech’s patent rights and misappropriate Ultratech’s highly 

valuable trade secrets.  Dongjun Wang and Ensure additionally created a domestic Limited 

Liability Company and opened a sales demo showroom at the University of Toledo in a further 

effort to sell products that infringe Ultratech’s valuable intellectual property rights.  By this 

action, Plaintiff Ultratech seeks damages and injunctive relief against Dongjun Wang and Ensure 

for patent infringement, misappropriation of Ultratech’s valuable trade secrets, and unfair 

competition under California common law.  Ultratech additionally seeks relief against Dongjun 

Wang for breach of his contract with Cambridge NanoTech.       

PARTIES 

3. Plaintiff Ultratech, which also does business as Ultratech/Cambridge NanoTech, is 

a corporation organized and existing under the laws of the State of Delaware with its principal 

place of business at 3050 Zanker Road, San Jose, California 95134.  Ultratech is a leading 

supplier of semiconductor processing systems used to manufacture semiconductor devices and 

high-brightness LEDs.     

4. Defendant Ensure NanoTech (Beijing), Inc. is a corporation organized and existing 
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under the laws of China with its principal place of business at No.4 Shangdi Street, 1-2-104, 

Haidian District, Beijing 100085, China.  Ensure NanoTech (Beijing), Inc. manufactures, sells, 

offers to sell, and imports thermal and plasma-enhanced atomic layer deposition (“ALD”) 

equipment.   

5. Defendant Ensure NanoTech LLC, which also does business as Ensure Scientific 

Group LLC, is an Ohio limited liability company with a place of business at 2600 Dorr Street, 

Toledo, Ohio 43606.  Ensure NanoTech LLC manufactures, sells, offers to sell, and imports 

thermal and plasma-enhanced ALD equipment. 

6. On information and belief, Defendant Dongjun Wang is an individual who resides 

in China.  Dongjun Wang is, and at all relevant times was, the principal and/or sole owner of 

Ensure and Start Science.  Corporate filings for Start Science state that Dongjun Wang is the 

executive director, shareholder, and legal representative for Start Science.  Corporate filings for 

Ensure NanoTech (Beijing), Inc. state that Dongjun Wang is the executive director and legal 

representative of Ensure NanoTech (Beijing), Inc.  Ultratech is informed and believes that, at all 

relevant times, there has been such unity of interest and ownership between Start Science and 

Dongjun Wang, and between Ensure and Dongjun Wang, that any individuality and separateness 

between them did not and does not exist, that each of Start Science and Ensure are alter egos of 

Dongjun Wang, and that adherence to the fiction of the separate existence of Start Science and 

Ensure would permit abuse of any applicable privilege and promote an inequitable result.        

NATURE OF THE ACTION 

7. This action seeks to stop Ensure and Dongjun Wang from their unauthorized and 

unlawful use of Ultratech’s patents and trade secrets.     

8. Ensure and Dongjun Wang have infringed and continue to infringe, contributed to 

the infringement of, and/or actively induced others to infringe Ultratech’s U.S. Patent No. 

8,202,575 (the “’575 Patent”).  

9. Ensure and Dongjun Wang have additionally misappropriated Ultratech’s trade 

secret information in violation of Cal Civ. Code § 3426, et seq., and unlawfully and unfairly 

compete with Ultratech in violation of California common law. 
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10. Dongjun Wang has additionally breached the Sales Agency Agreement he entered 

into with Cambridge NanoTech in violation of California common law.         

JURISDICTION AND VENUE 

11. This action arises under the patent laws of the United States, Title 35 of the United 

States Code, including, but not limited to, 35 U.S.C. § 271.   

12. This Court has original subject matter jurisdiction pursuant to 28 U.S.C. §§ 1331 

and 1338(a).   

13. This Court has supplemental jurisdiction for the state law claims under 28 U.S.C. § 

1367 because these claims are so related to Ultratech’s claims under federal law that they form 

part of the same case or controversy and derive from a common nucleus of operative fact. 

14. This Court has personal jurisdiction over Defendants because Defendants have 

purposely availed themselves of the laws of the United States causing a direct and substantial 

effect in the forum.  Defendants purposefully commit acts outside California, knowing and 

intending that such acts would cause injury within the state to Ultratech, a California corporation.  

Defendants make, offer for sale, sell, import, and/or advertise (including through a website) 

products and services throughout the United States, including in the State of California and in this 

Judicial District.  Defendants transact business in the United States and purposefully and 

voluntarily place their infringing products into the stream of commerce with the expectation that 

they will be purchased by consumers in the State of California and in this Judicial District.  

Defendants additionally directly compete with Ultratech on a nation-wide basis by responding to 

Requests for Proposals (“RFPs”) from university procurement departments at universities located 

across the United States.  Defendants are aware that they are in direct competition with Ultratech 

for these university proposals, causing Ultratech harm in the forum state.  Defendants additionally 

participate in film deposition conferences around the United States, specifically targeting United 

States customers. 

15. This Court additionally has personal jurisdiction over Dongjun Wang, as the alter 

ego of Start Science, because the Sales Agency Agreement between Start Science and Cambridge 

NanoTech, executed by Dongjun Wang as President of Start Science, Section 5.9, provides that 

Case3:14-cv-05361-WHA   Document1   Filed12/05/14   Page4 of 23



 

 
- 5 - COMPLAINT 

 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 
 

“[a]ny litigation arising under or related to this Agreement shall be brought in the United States 

District Court . . .  in which [Cambridge NanoTech’s] corporate headquarters are located at the 

time the litigation is initiated.  [Start Science] hereby submits to the personal jurisdiction of these 

courts and waives all objections to placing venue before them.”  A true and correct copy of the 

executed Sales Agency Agreement is attached hereto as Exhibit A.     

16. Venue is proper in this Judicial District under 28 U.S.C. §§ 1391(b)-(c) and 

1400(b) because a substantial part of the events giving rise to Ultratech’s claims occurred in this 

Judicial District, entitling Ultratech to relief.   

INTRADISTRICT ASSIGNMENT 

17. Pursuant to Civil L.R. 3-2(c), this case is appropriate for assignment on a 

district-wide basis because this is an Intellectual Property Action and because Ultratech was 

injured in San Jose, which is a substantial basis, giving rise to the claims in this Complaint.     

FACTUAL BACKGROUND 

18. Founded in 1979, Ultratech designs, builds, and markets manufacturing systems 

for the global technology industry.  Ultratech serves three core markets: front-end semiconductor, 

back-end semiconductor, and nanotechnology.  Ultratech is a leading supplier of lithography, 

laser-processing, and inspection systems used to manufacture semiconductor devices and 

high-brightness LEDs.  Ultratech’s state-of-the-art technologies are considered by today’s leading 

chipmakers to be the gateway to future device generations.  Industry leaders from the 

semiconductor, display, and nanotechnology markets look to Ultratech to provide highly reliable, 

cost-effective technology solutions that enable today’s and tomorrow’s sophisticated devices.  

Ultratech’s advanced packaging lithography systems deliver compelling yield gains and superior 

packaging performance at the industry’s lowest overall cost of ownership.  Ultratech is also the 

market leader and pioneer of laser spike anneal technology for the production of advanced 

semiconductor devices. 

19. On December 19, 2012, Ultratech acquired the assets of Cambridge NanoTech, 

Inc. (“Cambridge NanoTech”), becoming the leading supplier of Atomic Layer Deposition 

(“ALD”) systems to academic and industrial institutions worldwide.  ALD is a cutting edge 
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thin-film deposition nanotechnology, whereby nanometer-thin films are used to coat materials 

one atomic layer at a time.  Due to the increasing interest in nanoscience, ALD has emerged as a 

critical technology for depositing precise nanometer-thin film coatings on a variety of substrate 

materials for semiconductor applications and other devices.  ALD has the potential to optimize 

product design across a wide array of applications—from making silicon chips run faster, to 

increasing the efficiency of solar panels, to improving the safety of medical implants.  As a result, 

ALD has emerged in high demand in volume manufacturing environments and in particular for 

micro-electro-mechanical systems (MEMs), implantable devices in the biomedical sector, and 

batteries and fuel cells in the energy arena.  With the acquisition of Cambridge NanoTech, 

Ultratech expanded its nanotechnology and intellectual property portfolio with ALD technology 

to provide solutions for new layers within the electronics industry and entry into new markets, 

such as biomedical and energy.   

20. Ultratech’s proprietary ALD systems provide ultra-thin film coatings and material 

features with significant advantages compared to other techniques for depositing thin films.  

Ultratech’s ALD systems enable the next generation of large-scale manufacturing thin film 

technology.  Ultratech’s ALD systems replace older deposition techniques such as evaporation, 

sputtering, and chemical vapor deposition, by providing virtually perfect, uniform films over 

large substrates, high reproducibility, and low temperature deposition. 

21. Ultratech ALD systems are manufactured and engineered in the United States.  

Ultratech has over 400 ALD systems installed and in operation at research sites around the world.  

Over 800 published academic papers feature research performed on Ultratech’s ALD systems.  In 

addition, Ultratech supports its products with a staff of five Ph.D.-level scientists based in the 

United States.   

22. With over 300 systems installed worldwide, Ultratech’s Savannah series thermal 

ALD system is the standard for ALD research and development.  Ultratech’s Savannah series 

combines ease of use and experimental flexibility into a compact, inexpensive package.  

Savannah’s efficient use of precursors and power-saving features substantially reduces the cost of 

operating a thin film deposition system.   
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23. With more than 60 systems installed worldwide, Ultratech’s Fiji series plasma 

ALD system is equipped with a plasma generator to enable plasma-enhanced ALD.  Fiji provides 

thermal and plasma-enhanced deposition, using a flexible architecture and multiple configurations 

of precursors and plasma gases.   

24. Ultratech has perfected ALD as a manufacturing-grade technology for the 

industrial production by scaling up the ALD process and implementing it into automation lines 

and cluster tools around the world.  Ultratech’s Phoenix series ALD system is a batch ALD tool 

capable of holding a large number of substrates at one time.  Technologists and researchers rely 

on the Phoenix for repeatable, highly accurate film deposition on flat and 3D substrates alike.  

25. Ultratech invests heavily in research and development, developing cutting edge 

technology to become and remain an industry leader.  Ultratech has secured patents that cover its 

ALD products, including the ’575 Patent.  A key feature of Ultratech’s ALD systems is its 

patented ALD Shield™ vapor trap to prevent build-up of deposits and minimize excess process 

gases from being exhausted into the environment.  The ’575 Patent is titled “Vapor Deposition 

Systems and Methods” and was issued on June 19, 2012.  A true and correct copy of the ’575 

Patent is attached hereto as Exhibit B.  Ultratech owns all rights, title, and interest in the ’575 

Patent. 

26. Ultratech and its predecessor-in-interest, Cambridge NanoTech, have worked for 

years on the development of proprietary ALD systems for research and commercial use.  Creating 

extremely uniform and precise nanometer thick coatings on a variety of substrate materials having 

different surface topographies, involves a variety of design challenges.  Ultratech has 

differentiated itself in the marketplace by developing proprietary ALD deposition equipment that 

addresses these challenges in new and innovative ways. 

27. Ultratech takes reasonable steps to maintain the confidentiality of its trade secret 

and other confidential and proprietary information, including but not limited to restrictions on 

access to the company’s computer networks, restrictions on access to the company’s offices and 

laboratories; marking confidential documents; and written contracts restricting disclosure and use 

of confidential company information by its agents and employees.  Ultratech’s trade secret and 
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other confidential and proprietary information cannot be purchased or derived from publicly 

available sources and is not generally known.  The proprietary information at issue here is only 

available from Ultratech and select Ultratech employees who, by virtue of their position within 

Ultratech, have authorized access to and a need to utilize this information in connection with their 

work for Ultratech. 

28. Ultratech’s trade secrets and other confidential and proprietary information have 

tremendous economic value to Ultratech, which Ultratech derives from their secrecy, in that 

competitors and other third parties could readily use that information to their commercial 

advantage.  Competitors could use this information to their advantage to develop technologies in 

direct competition with Ultratech.  The disclosure and use of Ultratech’s trade secrets and other 

confidential and proprietary information would provide a distinct advantage to anyone competing 

against Ultratech, and if disclosed to competitors, the disclosure and use would cause significant 

damage to Ultratech’s business. 

29. Disclosure of Ultratech’s trade secrets and other confidential and proprietary 

information to competitors of Ultratech would deprive Ultratech of the benefits of the 

considerable time, energy, financial and other resources, it expended to develop them, would give 

a competitive advantage to Ultratech’s competitors and would, among other things, negatively 

impact Ultratech’s business.      

30. On March 12, 2008, Cambridge NanoTech entered into a Sales Agency Agreement 

with Start Science for sales, customer support, and marketing services in Taiwan.  Start Sciences 

is a corporation existing under the laws of China with a place of business at 3-1-9B in.do 

Mansion, No.48 Zhichun Road A, Haidian District, Beijing, China 100098.  The Sales Agency 

Agreement was executed by Start Science President, Dongjun Wang. 

31. Ultratech, as the successor to Cambridge NanoTech, is entitled to the benefit of the 

Sales Agency Agreement.  The Sales Agency Agreement provides that the agreement “will be 

binding on and will inure to the benefit of the parties, and their respective successors, successors 

in title, and assigns.”  See Exhibit A, Section 5.2.      

32. The Sales Agency Agreement includes a confidentiality provision, obligating Start 
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Science to maintain Cambridge NanoTech’s confidential information as confidential and 

prohibiting Start Science from using Cambridge NanoTech’s confidential and proprietary 

information for any purpose other than for work for Cambridge NanoTech.  See Exhibit A, 

Section 3.2.  The Sales Agency Agreement provides that all confidential information would 

remain in confidence for five years, following termination of the agreement, and that all trade 

secrets would remain subject to the confidentiality obligations for as long as such information 

remained a trade secret.    

33. The Sales Agency Agreement additionally obligated Start Science, during the term 

of the agreement and for three years thereafter, to represent and work exclusively with Cambridge 

NanoTech and not with Cambridge NanoTech’s direct or indirect competitors.  See Exhibit A, 

Section 1.5.      

34. As part of the agency relationship, Start Science and Dongjun Wang were 

provided with access to Cambridge NanoTech products and to Cambridge NanoTech’s sales and 

marketing materials, including proprietary and confidential design drawings for Cambridge 

NanoTech’s systems.  Start Science was also given access to Cambridge NanoTech’s price lists, 

parts lists, vendor information, and Cambridge NanoTech’s confidential analyses on the 

competition.   

35. Access to Ultratech’s trade secret and other confidential information, together with 

related technical documentation and information, is not commonly provided to the general public 

or to other persons who can obtain economic value from its disclosure or use.  The secrecy of this 

information provides Ultratech a substantial business advantage. 

36. On August 30, 2011, Cambridge NanoTech terminated its Sales Agency 

Agreement with Start Science by letter to Dongjun Wang.  The termination letter provided that 

Start Science was to immediately stop engaging in new sales opportunities on behalf of 

Cambridge NanoTech and to terminate efforts toward existing sales opportunities on December 

31, 2011.   

37. On October 12, 2009, Dongjun Wang formed and became President and CEO of 

Ensure.  The initial business scope of the company was technology promotion.  Subsequently, 
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Ensure changed its business scope and began selling copies of Cambridge NanoTech’s and 

Ultratech’s ALD systems.  Ensure revised its business scope on March 25, 2014, to include 

development, transfer, consulting, service and training of technology; basic software service; 

application software service; computer system service; data processing; computer maintenance; 

sales of computer, software and ancillary devices, electronic products, machinery equipment, 

communication equipment, hardware & electric materials, and chemicals (excluding dangerous 

chemicals and first class poisonous chemicals).   

38. Defendants have misappropriated and continue to use Ultratech’s trade secret, 

confidential and other proprietary information to form a business to compete with Ultratech using 

Ultratech’s trade secret and other proprietary information.  Defendants have used Ultratech’s 

proprietary, confidential, commercially sensitive, and trade secret information to develop a 

competing business and to assess numerous business opportunities and strategies.  Defendants 

have incorporated into their products trade secrets from at least Ultratech’s reactor designs, 

unique vapor trap, and precursor distribution systems.    

39. Defendants created a domestic Limited Liability Company, Ensure NanoTech 

LLC, and opened a sales demo showroom at the University of Toledo to sell ALD products.  On 

January 7, 2013, Ensure NanoTech LLC registered in Ohio as a for-profit limited liability 

company whose activities include “manufacturing and selling thin film coating equipment.” 

40. Dongjun Wang formed Ensure as a competing business and directly competes with 

Ultratech for sales of ALD products in violation of the exclusivity terms of the Sales Agency 

Agreement.  Dongjun Wang further violated his contractual obligations under the Sales Agency 

Agreement by disclosing and misappropriating Ultratech’s confidential information and trade 

secrets to third parties, including but not limited to Ensure. 

41. Ensure’s ALD products are copies of Ultratech’s patented and proprietary ALD 

designs.  For example, Ensure’s Flow™ and Stop Flow™ deposition modes of operation are 

copies of Ultratech’s Continuous Mode and Exposure Mode™ deposition modes of operation.  As 

another example, Ensure’s LabNano-9000™ series thermal ALD system is a copy of Ultratech’s 

Savannah thermal ALD system, depicted below.  As yet another example, Ensure’s LabNano-
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PE™ series plasma ALD system is a copy of Ultratech’s Fiji plasma ALD system, including the 

same precursor gas delivery system and plasma delivery system, depicted below.  As yet a further 

example, Ensure’s FabNano™ series thermal ALD system is a copy of Ultratech’s Phoenix batch 

thermal ALD system, also depicted below.      

    

Ultratech Gen 1 Savannah Thermal ALD  

 

 

 

 

 

 

 

 

 

 

Ensure LabNano-9000™ series 
Thermal ALD  
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Ultratech Gen 1 Fiji Plasma ALD 

  

Ensure LabNano-PE™ Plasma ALD  

 

Ultratech Phoenix Thermal ALD  

 

Ensure FabNano™ Thermal ALD  

 

 

42. Dongjun Wang additionally substantially copied aspects of Ultratech’s Fiji plasma 

ALD system in an international patent application filed on April 3, 2013, titled “Plasma Enhanced 

Atomic Layer Deposition Device,” International Application No. PCT/CN2013/073761.  The 

application published on October 9, 2014, as WO/2014/161199, depicting a similar plasma source 
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vertically separated from the precursor line, similar chamber design with a narrow top widening 

at the position where the sample is placed, similar sample holder on top of a heated chuck, similar 

use of a bottom cone piece, similar trap, mechanical pumping system, and bypass system. 

43. On November 13, 2013, the University of Toledo released a RFP for an ALD tool.  

Ultratech timely replied to the RFP with a competitive bid, including a quote and technical 

proposal.  On December 20, 2013, the RFP was withdrawn.  In January 2014, a new RFP was 

released with specifications that matched the Ensure LabNano-9000™ series thermal ALD 

system, which is a copy of Ultratech’s Savannah thermal ALD system.  Ultratech timely replied 

to the revised RFP with a second competitive bid, including a quote and technical proposal.  The 

University of Toledo purchased Ensure’s system.   

44. Ensure’s website lists an office location on the University of Toledo campus.  The 

“Ensure Scientific Group North America Sales and Support Center” is located at “2600 Dorr 

Street, Toledo, Ohio 43606.”  See Ensure Scientific Contact Page, http://ennano.com/en/contact-

us.php.  The same address is listed for the University of Toledo’s “Research and Technology 

Complex I,” part of the University of Toledo’s “LaunchPad Incubation” program.  See University 

of Toledo LaunchPad Incubation Locations, http://www.utoledo.edu/incubator/locations.html. 

45. On October 22, 2014, the University of Memphis released a RFP for an ALD tool.  

Ultratech timely replied to the RFP with a competitive bid, including a quote and technical 

proposal.  On November 10, 2014, Ultratech was informed that Ensure had undercut Ultratech’s 

bid and had been awarded the contract.  Ensure’s bid was based on Ensure’s copied systems.    

FIRST CLAIM FOR RELIEF 
INFRINGEMENT OF U.S. PATENT NO. 8,202,575 

(AGAINST ALL DEFENDANTS)  

46. Ultratech repeats and realleges each and every allegation contained in the 

preceding paragraphs, with the same force and effect as if repeated in full here. 

47. The ’575 Patent provides systems and methods for improved ALD systems.  The 

’575 Patent discloses, inter alia, an atomic layer deposition process, including introducing a first 

and second precursor into an ALD reaction chamber through an inlet precursor port formed in the 

bottom surface of the reaction chamber and removing gaseous species through an outlet port 
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formed in the bottom surface of the reaction chamber.  The ’575 Patent additionally discloses a 

trap designed to trap and absorb un-reacted precursor material that is removed from the reaction 

chamber.    

48. Defendants have directly infringed and continue to directly infringe at least claim 

1 of the ’575 Patent by making, using, offering to sell, selling, importing, or supporting their 

infringing devices, including but not limited to the LabNano-9000™ ALD system.  Defendants 

have acted without authority or license from Ultratech, in violation of 35 U.S.C. § 271(a). 

49. Defendants have indirectly infringed the ’575 Patent by inducing infringement by 

others, such as customers, and end users, in accordance with 35 U.S.C. § 271(b), in this District 

and elsewhere in the United States.  Direct infringement is the result of activities performed by 

the customers and/or end-use customers by, for example, the manufacture, offer for sale, sale, 

importation, or use of infringing devices.   

50. Defendants have induced and continue to induce infringement of the ’575 Patent 

by intending that others infringe the ’575 patent by making, using, importing, offering for sale, or 

selling in the United States products covered by at least claim 1 of the ’575 Patent including, but 

not limited to, the products listed above. 

51. Defendants received notice of the ’575 Patent at least as of the date this complaint 

was filed and served. 

52. Defendants designed the infringing products such that they would each infringe 

one or more claims of the ’575 Patent if made, used, sold, offered for sale, or imported into the 

United States.  

53. Defendants have provided the infringing products to others, such as customers and 

end users, who, in turn, offer for sale, sell, import, or use these infringing products to infringe one 

or more claims of the ’575 Patent.  Through their manufacture, testing, use, and/or sale of the 

infringing products, Defendants specifically intend that customers and end users will infringe one 

or more claims of the ’575 Patent. 

54. Defendants specifically intend for others, such as customers and end users, to 

directly infringe one or more claims of the ’575 Patent in the United States.  Defendants have 
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provided customers and end users instructions, user guides, and technical specifications.  When 

customers and end users follow such instructions, user guides, and/or other design documentation, 

they directly infringe one or more claims of the ’575 Patent.  Defendants know that by providing 

such instructions, user guides, and/or other design documentation, customers and end users follow 

those instructions, user guides, and other design documentation, and directly infringe one or more 

claims of the ’575 Patent.  Defendants thus know that their actions actively induce infringement. 

55. Defendants have specifically targeted the United States market for their products 

listed above and have actively induced customers and end users to directly infringe one or more 

claims of the ’575 Patent in the United States.   

56. For example, Defendants promote their ALD systems at technical film deposition 

conferences throughout the United States.  Defendants participated in a vendor exhibition at the 

American Vacuum Society (“AVS”) 61st International Symposium & Exhibition on November 9-

14, 2014 in Baltimore, Maryland.  See http://myemail.constantcontact.com/AVS-61---Look-Who-

is-Exhibiting.html?soid=1101176060676&aid=NKdbODosnA0. 

57. As another example, Defendants maintain a sales office and demo showroom in 

the United States for targeting the United States market.  See Ensure Scientific Contact Page, 

http://ennano.com/en/contact-us.php.   

58. Defendants have provided training, both in their labs and at customer sites, “on the 

principle of atomic layer deposition and operation of our ALD tools.”  See Ensure Services, 

http://ennano.com/en/service.php?id=23.  Defendants’ technical team “conducts R&D in ALD 

process and device characterization to provide our customers with suggestion[s] on choice of 

materials and standard recipes.”  See Ensure About Us, http://ennano.com/en/about-us.php?id=27.  

Defendants have also provided coating services and volume deposition services to their customers 

and industrial partners.   

59. Defendants have introduced products and services that infringe the Asserted 

Patents, intending that they would be sold in this judicial district and elsewhere in the United 

States.     

60. Defendants have indirectly infringed the ’575 Patent by contributing to 
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infringement by others, such as customers and end users, in accordance with 35 U.S.C. § 271(c), 

in this judicial district and elsewhere in the United States.  Direct infringement is the result of 

activities performed by the customers and end users of the infringing products. 

61. For example, Defendants’ infringing products identified above allow for the 

deposition of precursor materials in an ALD deposition process.  When the infringing products 

are used as intended in the products of Defendants’ customers and end users, the infringing 

products must necessarily perform an ALD deposition process in an infringing manner.  The 

infringing products cannot operate in an acceptable manner without the ALD deposition process 

claimed in the ’575 Patent. 

62. From the facts set forth above, it is evident that Defendants knew or should have 

known that the ability to perform ALD deposition in the infringing products is especially made or 

especially adapted to operate in the products of Defendants’ customers and end users, and is not a 

staple article or commodity of commerce and that its infringing use is required for operation of 

the infringing products.  Any other use would be unusual, far-fetched, illusory, impractical, 

occasional, aberrant, or experimental. 

63. Defendants’ infringing products, with the ability to perform ALD deposition, are 

each a material part of the invention of the ’575 Patent and are especially made or adapted to 

infringe one or more claims of the ’575 Patent.  Because the manufacturing, offering for sale, 

sale, and use of the infringing products necessarily infringe one or more claims of the ’575 Patent, 

Defendants’ sales of their infringing products have no substantial non-infringing uses. 

64. Accordingly, Defendants offer to sell, or sell a component, material, or apparatus 

for use in practicing one or more claims of the ’575 Patent, knowing them to be especially made 

or especially adapted for use in an infringement of such patent, and not a staple article or 

commodity of commerce suitable for substantial non-infringing use. 

65. Defendants’ infringement of the ’575 Patent is willful and deliberate, entitling 

Ultratech to increased damages under 35 U.S.C. § 284 and to attorneys’ fees and costs incurred in 

prosecuting this action under 35 U.S.C. § 285.  

66. Ultratech has no adequate remedy at law for Defendants’ infringement of the ’575 
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Patent and is suffering irreparable harm, requiring permanent injunctive relief.  

SECOND CLAIM FOR RELIEF 
TRADE SECRET MISAPPROPRIATION 

(Cal. Civ. Code § 3426 et seq.) 
(AGAINST ALL DEFENDANTS) 

67. Ultratech repeats and realleges each and every allegation contained in the 

preceding paragraphs, with the same force and effect as if repeated in full here. 

68. Ultratech’s proprietary, confidential, commercially sensitive, and trade secret 

information comprises documents, files and information that are not generally known to the 

public or other persons or entities who can obtain economic value from their disclosure or use, 

including but not limited to Ultratech’s price lists, parts lists, vendor information, competitive 

analyses, and technical details of Ultratech’s reactor designs, unique vapor trap, and precursor 

distribution systems.  These documents, files and information are the subject of reasonable efforts 

by Ultratech to maintain their secrecy, and they derive independent economic value from not 

being generally known.  The documents, files and information comprising the Ultratech trade 

secrets constitute “trade secrets” under California Civil Code section 3426.1. 

69. Defendants have willfully and maliciously misappropriated Ultratech’s trade 

secrets by selling and/or licensing products incorporating Ultratech’s trade secret information, 

and thereby intentionally using and disclosing Ultratech’s trade secrets and derivatives. 

70. By reason of the above-alleged acts and conduct of Defendants, Ultratech has 

suffered monetary damages to its business and will suffer great and irreparable harm and 

continuing damage due to the misappropriation of its trade secrets.  The amount of this 

irreparable harm will be difficult to ascertain, and Ultratech will be without an adequate remedy 

at law. 

71. Ultratech is entitled to injunctive relief restraining Defendants, their agents, 

employees, and all persons acting in concert with Defendants from using, copying, publishing, 

disclosing, transferring, or selling Ultratech’s trade secrets, or any derivative thereof, and 

restraining them from obtaining any commercial advantage or unjust enrichment from the 

misappropriation of Ultratech’s trade secrets and derivatives. 
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72. Ultratech is further entitled to an order requiring Defendants, their agents, 

employees, and all persons acting in concert with Defendants to return to Ultratech any and all of 

its trade secrets, data, information, files, and documents. 

73. Ultratech is further entitled to recover from Defendants the actual, compensatory, 

and consequential damages sustained by Ultratech as a result of Defendants’ wrongful acts 

described in this Complaint or the value of Defendants’ unjust enrichment in an amount to be 

determined at trial.  Ultratech is at present unable to ascertain the full extent of such damages. 

74. Defendants’ acts of misappropriation were both willful and malicious, and under 

California Civil Code section 3426.3(c), Ultratech is entitled to an award of punitive (exemplary) 

damages. 

75. Ultratech is further entitled to an award of attorneys’ fees against Defendants. 

THIRD CLAIM FOR RELIEF 
COMMON LAW UNFAIR COMPETITION 

(AGAINST ALL DEFENDANTS) 

76. Ultratech repeats and realleges each and every allegation contained in the 

preceding paragraphs, with the same force and effect as if repeated in full here. 

77. Defendants wrongfully obtained, possessed and used, and continue to possess and 

use, Ultratech’s proprietary, confidential, and commercially sensitive information that may not 

constitute “trade secrets” (as defined by the Uniform Trade Secrets Act), relating to its business 

operations, customers and prospective customers.  Ultratech invested substantial time and money 

in developing the confidential and proprietary information at issue in this Complaint.  By 

Dongjun Wang’s breach of the confidentiality and exclusivity provisions of the Sales Agency 

Agreement, Defendants have gained an unfair competitive advantage over Ultratech.  

Additionally, Defendants have gained an unfair competitive advantage over Ultratech by 

obtaining and using Ultratech’s confidential and proprietary information without authorization as 

described above, for example through substantially copying Ultratech’s designs and filing patent 

applications based on Ultratech’s designs.  Through these actions, Defendants obtained 

Ultratech’s confidential and proprietary information at little or no cost, and set up their competing 

business using Ultratech’s confidential and proprietary information. 
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78. By reason of the above-alleged acts and conduct of Defendants, Ultratech has 

suffered, and will continue to suffer, great and irreparable harm and damage.  This irreparable 

harm will be difficult to ascertain, and Ultratech will be without an adequate remedy at law. 

79. Ultratech is entitled to injunctive relief restraining Defendants, their agents, 

employees, and all persons acting in concert with Defendants, from using, copying, publishing, 

disclosing, transferring, or selling Ultratech’s confidential and proprietary information or 

anything that is derived therefrom, and from obtaining any commercial advantage or unjust 

enrichment from its wrongful attainment, possession, and use of Ultratech’s confidential and 

proprietary information and derivatives of the same. 

80. Ultratech is further entitled to an order requiring Defendants, their agents, 

employees, and all persons acting in concert with Defendants, to return to Ultratech any and all of 

Ultratech’s confidential and proprietary information. 

81. Ultratech is further entitled to recover from Defendants the greater of restitution 

for any damages sustained by Ultratech as a result of Defendants’ wrongful acts described in this 

Complaint or the value of Defendants’ unjust enrichment in an amount to be determined at trial.  

Ultratech is at present unable to ascertain the full extent of such damages. 

82. Defendants’ actions were both willful and malicious, and Ultratech is entitled to an 

award of punitive damages and attorneys’ fees against Defendants. 

FOURTH CLAIM FOR RELIEF 
BREACH OF CONTRACT 

(CALIFORNIA COMMON LAW) 
(AGAINST DONGJUN WANG) 

83. Ultratech repeats and realleges each and every allegation contained in the 

preceding paragraphs, with the same force and effect as if repeated in full here. 

84. Dongjun Wang entered into a binding agreement with Cambridge NanoTech, and 

agreed to comply with the confidentiality and exclusivity provisions of the Sales Agency 

Agreement. 

85. At all relevant times, the confidentiality and exclusivity provisions of the Sales 

Agency Agreement were in effect. 
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86. Ultratech and Cambridge NanoTech have performed all conditions, covenants and 

promises required on their part, if any, to be performed in accordance with the terms and 

conditions of the Sales Agency Agreement. 

87. Dongjun Wang has breached the terms of the Sales Agency Agreement by forming 

Ensure and competing directly with Ultratech for sales of ALD equipment in violation of the 

exclusivity provision of the Sales Agency Agreement.   

88. Dongjun Wang has additionally breached the terms of the Sales Agency 

Agreement by misappropriating and disclosing Ultratech’s confidential information and trade 

secrets to third parties, including but not limited to Ensure, in violation of the confidentiality 

provision of the Sales Agency Agreement.   

89. Ultratech is entitled to recover from Dongjun Wang the damages sustained as a 

result of these breaches of the Sales Agency Agreement.  The amount of such damages cannot be 

determined at this time, but will be proven at trial.  Ultratech is further entitled to recover from 

Defendants the gains, profits, and advantages that Defendants obtained as a result of these 

breaches.  Ultratech is currently unable to ascertain the full extent of these gains, profits, and 

advantages, but will prove the value thereof at trial. 

90. Ultratech is informed and believes that Dongjun Wang is continuing and will 

continue to breach the Sales Agency Agreement.  By reason of these ongoing breaches, Ultratech 

has and will suffer great and irreparable harm and damage, which damage will be difficult to 

ascertain, and Ultratech will be without an adequate remedy at law.  As a result, Ultratech is 

entitled to an injunction restraining Dongjun Wang from breaching the Sales Agency Agreement. 

PRAYER FOR RELIEF 

WHEREFORE, Ultratech respectfully requests entry of a judgment in its favor against 

Defendants as follows: 

i) A declaration that Defendants have directly and/or indirectly infringed the ’575 

Patent. 

ii) An award of enhanced damages pursuant to 35 U.S.C. § 284 for Defendants’ 

willful infringement of the ’575 Patent;  
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iii) An Order permanently enjoining Defendants and their respective officers, agents, 

employees, and those acting in privity with them, from further infringement, including 

contributory infringement and/or inducing infringement, of the ’575 Patent; 

iv) An Order restraining and enjoining Defendants and their respective officers, 

agents, employees, and those acting in privity with them, from using and disclosing Ultratech’s 

proprietary, confidential, commercially sensitive, and trade secret information; 

v) An Order requiring Defendants to advise potential customers, potential employers, 

or other third parties that Ultratech is the originator and owner of the information unlawfully 

obtained and used by Defendants; 

vi) An Order requiring Defendants to divulge the identity of the individuals, groups 

and companies with whom they shared Ultratech’s proprietary, confidential, and trade secret 

information; 

vii) An Order requiring Defendants to hold in trust during the pendency of this action 

and transfer to Ultratech at the termination of this litigation, all documents, data, programs, and 

information relating to Ultratech’s proprietary, confidential, and trade secret information; 

viii) An award of compensatory damages against Defendants, including any 

consequential or statutory damages, in an amount to be determined at trial; 

ix) An Order restraining and enjoining Dongjun Wang, and his respective officers, 

agents, employees, and those acting in privity with him, from further breaches of the Sales 

Agency Agreement; 

x) An award of attorneys’ fees pursuant to 35 U.S.C. § 285 and as otherwise 

permitted by law; and 

xi) An award of any such other costs and further relief as the Court may deem just and 

proper.    
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Dated:     December 5, 2014
 

DARIN W. SNYDER 
MICHAEL A. KOPLOW 
O‘MELVENY & MYERS LLP 
 
By:    /s/ Darin W. Snyder   
            Darin W. Snyder 
 
Attorneys for Plaintiff 
Ultratech, Inc. 
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JURY DEMAND 

 Pursuant to Rule 38(b), Ultratech demands a trial by jury on all issues triable thereby.   

 
 

Dated:     December 5, 2014
 

DARIN W. SNYDER 
MICHAEL A. KOPLOW 
O‘MELVENY & MYERS LLP 
 
By:    /s/ Darin W. Snyder   
            Darin W. Snyder 
 
Attorneys for Plaintiff 
Ultratech, Inc. 
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SALES AGENCY AGREEMENT

This Sales Agency Agreement (this "Agreement") is entered into as of March 12, 2008, by and
between, Cambridge NanoTech Inc., a Massachusetts USA corporation ("Client"), and Start Science a

corporation existing under the laws of P. R. China ("Agent").

BACKGROUND

WHEREAS, Client is in the business of developing and selling Atomic Layer Deposition (ALD)
system products and related services;

WHEREAS, Agent is in the business of acting as a sales agent and providing related sales,
customer support and marketing services to companies that distribute products in Taiwan ("Territory");

WHEREAS, Client desires to engage Agent to act as its sales agent in the Territory and to

provide the Services defined below; and

WHEREAS, Agent desires to act as Client's agent and provide the Services under the terms and
conditions of this Agreement.

NOW, THEREFORE, in consideration of the mutual covenants and agreements set forth below,
the parties agree as follows.

ARTICLE I
AGENCY DESIGNATION, SERVICES, AND NATURE OF RELATIONSHIP

Section 1.1. Agency Designation; Services. Client hereby designates Agent as its agent for the
purpose of attempting to arrange sales of Client's products, to provide support and maintenance of those
products, to provide professional services for all of its publicly-available products and services, as such
products and services may exist from time-to-time during the term of this Agreement (collectively, "Client
Products"), within the Territory, and Agent accepts this designation. In furtherance of its representation of
Client, Agent will provide the following services ("Services") to Client;

(a) Assisting Client in the development and implementation of sales, support and marketing
strategies and identifying potential customers of Client Products in the Territory;

(b) Interacting with customer prospects in the Territory to generate interest in and sales of Client
Products including, without limitation, making visits to potential customers' premises to

present products, providing information about Client Products, and preparing product and
service quotations, which may require approval by Client before sending to customer;

(c) Providing remote and on-site assistance to Client's customers in the Territory to ensure that
Client Products are fully and successfully deployed, and promptly notifying Client of claims
and complaints made by Client's customers in the Territory;

(d) Interacting with Client's customers in the Territory on an ongoing basis in an effort to help
ensure their satisfaction with Client Products;

(e) Installing and setting up at customers' site Client Products including performance of a

standard acceptance test as may be required by the customer or specified by the Client,

(f) Training of the Client's customers in the Territory according to the quoted and purchased
training of Client's training services,

(g) Support for in-warranty issues and out-of warranty issues as covered by customer agreement
or purchase order, such as they may arise at a customer' site within the Territory,
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(h) Agent will make best effort to translate Client's product data sheets, sales presentations, and
other sales and marketing materials to local Chinese language,

(i) Participate and presented Client's products at one or more Territory tradeshows per year,

(j) Translated Client Product information on Agent's website with link to Client's website,

(k) Maintaining and accounting for Client's spare parts inventory at Agents' site on a monthly
basis, including accounting for any discrepancies and providing a detailed accounting for any
items taken out of such spare parts inventory and delivered to customers, and

(I) Such other services related to promotion of Client and Client Products within the Territory as

Client may reasonably request from time to time

Section 1.2. Agent Reports. Agent will provide current, complete and accurate information
regarding customer prospects and order status to Client on a bi-weekly basis, using reporting processes
Client may reasonably specify. Agent will provide a written report describing in reasonable detail its activities
under this Agreement on a monthly basis within 10 days after the end of each month. Each report will include
a description of significant promotional activities undertaken by agent, will list customer leads generated and
orders received during the period covered by the report, and will contain such other information as Client may
reasonably request.

Section 1.3. Quotations and Purchases. Agent will quote Client Products. Client will provide
Agent with specified discount range by Product in writing from time to time. Client may modify such
discounts in its sole discretion. In sales situations where negotiation between the Agent and the customer
leads to a discount, the Agent can offer discounts within the Client's specified discount range. Discounts
beyond the specified range must be approved by the Client. Purchase orders for Client Products are to
be issued by the customer to the Client. In accordance with Section 1.7(b) below, all customer contracts
or purchase orders shall be approved and accepted by Client only, and Agent shall not have any authority
to bind the Client to any contracts or obligations.

Section 1.4. Agent Personnel. Agent will designate at least one person in its organization who
will be responsible (part-time initially) to perform sales activities for the Client Products, and at least one

person in its organization who will be responsible for technical support (part time initially) to the Client's
customers. Client will provide training to Agents' personnel at no charge to the Agent, at the Client's facilities
in Cambridge, Massachusetts. Such training shall be periodically updated as determined by Client. Agent will
pay expenses related to training unless otherwise mutually agreed upon in writing by Client and Agent.

Section 1.5. Exclusivity; Best Efforts. During the term of this Agreement and for three (3) years
thereafter, Agent agrees to represent and work exclusively with Client and not with Client's direct or indirect
competitors. During the term of this Agreement Agent shall devote the full-time and best efforts of its
personnel to its representation of Client and performance of the Services. During the term of this Agreement,
Client may designate another agent or distributor of Client Products within the Territory.

Section 1.6. Client's Obligations. Client will use commercially reasonable efforts to assist
Agent and cooperate with Agent whenever reasonably necessary by making personnel reasonably
available to Agent for consultation and providing information and materials reasonably required to further
Agent's representation of Client and its performance of the Services.

Section 1.7. Nature of Relationship; Relationship Management.

(a) During the term of this Agreement, Agent will act as an independent contractor to promote
Client Products and to assist Client in accordance with the terms of this Agreement. Nothing
in this Agreement will be construed as making either party or any of its employees or agents,
an employee, legal partner or legal representative of the other, and neither party will

represent itself as such. Agent may represent itself only as Client's authorized agent in the
Territory for purposes of promoting and attempting to arrange sales of Client Products.
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Neither party has the power to make commitments on behalf of the other party and neither
party will represent to third parties that it can do so. If Client, in its sole discretion, wishes
Agent to have authority to legally bind Client with respect to a particular matter (e.g.,
contracting to rent a facility for a trade show that Client wishes Agent to organize), Client will
execute a power of attorney or such other document(s) as may be required under local law to
grant Agent such authority. Unless and until Client executes such a document granting
Agent formal authority to bind Client to the limited extent provided therein, Agent will have no

power to legally bind Client.

(b) All sales consummated with customers in the Territory will be consummated directly between
the customer and Client. No license or other right with respect to any Client Product or

Service is granted to Agent by this Agreement, and, except to the limited extent provided in
Article III below, no license or other right with respect to any other proprietary information,
material or trademark of Client is granted to Agent. Nothing in this Agreement grants Agent
the right to distribute any Client Products.

(c) Agent will be entirely responsible for payment of its own employment-related and other taxes,
and it will make all required declarations with employment, social security and other agencies
with respect to its operations and its personnel in the Territory Nothing in this Agreement will
create or imply either that Client is obligated to continue Agent's agency relationship after the
term of this Agreement or that Client is or will become obligated to employ any of Agent's
personnel at any time in the future.

(d) Agent's primary contact within Client's organization will be Client's Chief Operations Officer
(the "COO"), who will have authority to make determinations with respect to account
designations, commissions and commission splits, expense reimbursements, and any other

disputed matters related to Agent's representation of Client Products or its performance of
Services.

ARTICLE II
COMPENSATION AND EXPENSES

Section 2.1. Compensation. Client agrees to pay Agent the following fees and commissions

(a) Commissions

i. Entitlement to Commission; Payment. Subject to the provisions in (iv) below, Client will

pay a commission to Agent on each sale of Client Products made by the Agent within the

Territory during the term of the Agreement. Commissions will be paid only on amounts

actually collected by the Client. Client will make commission payments after acceptance
of Client Products by the customer in the amount invoice by the Agent; provided,
however, that Client will not be obligated to pay a commission to Agent on amounts
collected more than six (6) months after the final day of the term of this Agreement,
unless the parties execute a written agreement to the contrary prior to the end of the term.

Notwithstanding the foregoing, Agent will not be entitled to a commission on any sale
consummated by Client's US-based sales group if (1) the customer (or a party acting on

the customer's behalf) contacted Client's US-based sales group directly, and (2) the
Agent was not demonstrably responsible for obtaining the sale (a "US-Based Sale").
However, if the Client requests that the Agent provide support services for a US-based
Sale within the Territory, the Agent will be entitled to a commission on support services in
accordance with section (ii) below.

ii. Commission Rates. The commission rate for sales of Client Products is 15% and is
defined as follows, with the exception as defined in 2.1.(vi):

New Hardware Products Sales Commission, including spare parts and custom parts:
o 7% of product collected revenues, net of discounts, refunds, set-offs, rebates,

taxes, shipping and handling,
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Support Services Commission for new hardware products sales, including spare
parts and custom parts:
o 8% of product collected revenues, net of discounts, refunds, set-offs, rebates,

taxes, shipping and handling,
Support Services Commission for extended warranty (years 2+) sales
o 50% of extended warranty revenues, net of discounts, refunds, set-offs, rebates,

taxes, shipping and handling,

iii. Commission Bonus. The Client will pay the Agent a commission bonus for single orders
of Client Products totaling $100, 000.00 or more, with the exception as defined in 2.1(v)
below, as follows:

Commission bonus for the second and third sale in a calendar year
o 2.5% of product collected revenues, net of discounts, refunds, set-offs, rebates,

taxes, shipping and handling,
Commission bonus for fourth and subsequent sales in a calendar year
o 5% of product collected revenues, net of discounts, refunds, set-offs, rebates,

taxes, shipping and handling,
iv. House Accounts; Split Commissions. Notwithstanding subsections (i), (ii) and (iii) above,

Client will be entitled to (1) exclude specified accounts from the Territory when Client has
developed a United States-based relationship with the account or, in Client's sole

judgment, Client has another compelling reason for excluding the account; or (2) split
designated accounts for commission purposes when Client, in its sole judgment, believes
cooperation among Agent and one of Client's own sales representatives is necessary to
consummate a sale involving a party in the United States and its office(s), division(s) or

affiliate(s) in the Territory. House Accounts will be set forth on Exhibit 1 attached hereto
and made a part hereof, and may be amended from time to time by Client.

v. Commission on Sales to Agent. In case the agent requires acquisition of Client Products
for Agents' internal consumption or use, no commission will be paid on such internal use

products. However, Agent will be entitled to the maximum published discount available
under the Client's discount schedule.

(b) Expenses Client and Agent will each pay their own expenses unless otherwise mutually
agreed upon in writing by Client and Agent.

Section 2.2. Currency; Method of Payment. All amounts payable under this Agreement will be

paid in United States Dollars or the successor legal currency of the United States of America. All payments
made by Client will be made by wire transfer to an account designated by Agent. Payment of commission
shall be paid to Agent on within thirty (30) days of any payments made to Client by customer.

ARTICLE III
INTELLECTUAL PROPERTY

Section 3.1. Client IP and Developments.

(a) Intellectual Property of Client. Agent acknowledges and agrees that Client is and shall remain
the exclusive owner of all of its Intellectual Property, as hereinafter defined, and that no license in
such Intellectual Property is hereby granted except for the limited purpose of allowing Agent to

perform its services on behalf of Client under this Agreement. Agent shall not use such Intellectual

Property for any other purpose and, in accordance with the terms of Section 3.2 below, maintain
the confidentiality of such Intellectual Property. For purposes of this Agreement, "Intellectual

Property" means any and all intellectual property and tangible embodiments thereof, including
without limitation inventions, discoveries, designs, specifications, developments, methods,
modifications, improvements, processes, know-how, show-how, techniques, algorithms, databases,
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computer software and code (including software and firmware listings, assemblers, applets,
compilers, source code, object code, net lists, design tools, user interfaces, application
programming interfaces, protocols, formats, documentation, annotations, comments, data, data
structures, databases, data collections, system build software and instructions), mask works,
formulae, techniques, supplier and customer lists, trade secrets, graphics or images, text, audio or

visual works, materials that document design or design processes, or that document research or

testing, schematics, diagrams, product specifications and other works of authorship as they relate
to the Clients Products.

(b) Ownership of Developments

i. Developments Owned Exclusively by Client. Agent acknowledges that, in the course of
its representation of Client and its performance of the Services, Client may grant it
access to information and materials that is proprietary to Client. Therefore, Agent agrees
that all Intellectual Property invented, conceived, created or developed in whole or in part
by Agent, alone or with others (including Client), during the term of this Agreement
(singularly, a "Development, and collectively, the "Developments"), that: (1) are

developed, created or discovered, in whole or in part, through the use of the employees,
independent contractors, agents, facilities, equipment, Intellectual Property, Confidential
Information, trade secrets, computer code, printed material, or other resources (of any
nature and in any media) of Client; (2) under the laws of the United States, constitute
derivative works of any material developed or created by or for Client (including, without
limitation, translations of printed materials); (3) arise out of tests, research or work carried
out or being carried out by Client; or (4) are an improvement to any Intellectual Property
of Client; will be deemed to be the sole and exclusive property of Client (collectively, the
"Newly Developed Client IP"). In the event that Agent retains any interest in any Newly
Developed Client IP for any reason, Agent hereby assigns and transfers, and will assign
and transfer, to Client all ownership and interest in such Newly Developed Client IP and
any and all Intellectual Property Rights that claim or cover such Newly Developed Client
P. Client will have the sole right to determine the treatment of Newly Developed Client

IP, including the right to keep the same as trade secrets, to prepare and execute patent
applications thereon, to use and disclose the same without prior patent application, to file
registrations for copyright or trademark thereon in its own name, or follow any other
procedure that Client deems appropriate. Agent acknowledges that all personnel
performing Services for Client under this Agreement have executed appropriate
agreements with Agent so that Agent may fulfill its obligations under this Section. For
purposes of this Agreement, "Intellectual Property Rights" means, collectively, any and all
now known or hereafter known tangible and intangible rights under patent, trademark,
copyright and trade secret laws, and any other intellectual property, industrial rights, or

proprietary rights recognized in any country or jurisdiction worldwide, including but not
limited to, moral rights and similar rights, including without limitation, all applications and

registrations relating to the foregoing.
ii. Developments Owned Exclusively by Agent. Nothing in this Agreement will be construed

as transferring to Client any ownership interest in (A) Pre-existing Agent Intellectual
Property; or (B) any Development developed, created or discovered solely by Agent,
without use of or reference to any Confidential Information or Intellectual Property of
Client, that does not relate to Client Products or arise from performance of the Services
(collectively, "Agent Developments"). "Pre-existing Agent Intellectual Property" will mean

any Intellectual Property of Agent that existed prior to the effective date of this Agreement.
Agent agrees to notify Client before licensing or otherwise distributing any Agent
Development to any customer of Client during the term of this Agreement.

iii. Jointly Owned Developments. In the event that Client wishes to jointly develop any
Intellectual Property with Agent, not covered by Section 3.1(a)(i) of this Agreement, the
terms and conditions of such joint development will be subject to a mutually agreed upon
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joint development agreement between the parties.

(c) Assignment. To the extent, if any, that ownership of a Development and related Intellectual
Property Rights does not automatically vest in a party as contemplated by this Agreement,
the other party hereby agrees to assign and irrevocably transfers and assigns to the party so

entitled, automatically and without the requirement of further action or consideration, all
existing and future Intellectual Property Rights that claim or cover such Developments to
which the party in question is so entitled. Should any of Agent's personnel retain any interest
in any Intellectual Property of Client, Agent, on its own behalf and on behalf of any of its

personnel who may claim an ownership interest in any Intellectual Property of Client, hereby
agrees to assign and irrevocably transfers and assigns to Client, automatically and without
the requirement of further action or consideration, all of Agent's existing and future rights, title
and interest in and to such Intellectual Property. Agent represents and warrants that it has
full legal authority to make this commitment on behalf of each of its personnel.

(d) Cooperation. Each party agrees that, during and after the term of this Agreement, and at the
other party's request and expense, it will provide all reasonable assistance and cooperation
(including, without limitation, giving testimony, executing documents, and taking such further
acts as are reasonably requested by the other party) to transfer, maintain, perfect, and
enforce the other party's Intellectual Property Rights in Developments.

Section 3.2. Confidentiality.

(a) Confidential Information. Each party acknowledges that it will acquire information and
materials from the other party which the providing party reasonably considers to be
confidential, including, without limitation, Intellectual Property as defined in Section 3.1(a)
above, source code, specifications, business and technical information, marketing plans,
research, designs, plans, methods, techniques, processes and know-how, whether tangible
or intangible and whether or not stored, compiled or memorialized physically, electronically,
graphically or in writing (collectively "Confidential Information"). For the term of this
Agreement and for five (5) years thereafter, the receiving party agrees to hold all such
Confidential Information in confidence, not to disclose it to others or use it in any way,
commercially or otherwise, except as authorized in writing by the disclosing party or in

performance of its obligations under this Agreement, and not to allow any unauthorized
person access to it. Notwithstanding the foregoing, any Confidential Information of a trade
secret nature (as determined under United States law) will remain subject to these obligations
for as long as such Confidential Information remains a trade secret.

(b) Exclusions. Confidential Information does not include information (1) that has been made
publicly available by the party to which the Confidential Information belongs, (2) which can be
shown by documentation to have been independently developed by the recipient without use

of or reference to the disclosing party's Confidential Information, (3) which can be shown by
documentation to have been previously known by the recipient without an obligation of
confidentiality, or (4) which can be shown by documentation to have been lawfully acquired
from a third party who was not subject to confidentiality obligation with respect to such
information.

(c) Disclosures Required by Law. In the event that the receiving party is required by law to make
any disclosure of any of disclosing party's Confidential Information, by subpoena, judicial or

administrative order or otherwise, the receiving party shall first give written notice of such
requirement to the disclosing party, and shall permit the disclosing party to intervene in any
relevant proceedings to protect its interests in the Confidential Information, and provide full

cooperation and assistance to the disclosing party in seeking to obtain such protection.

Section 3.3. Limited Trademark License. Client hereby grants Agent a limited, nonexclusive,
nontransferable, license to use Client's company name, principal corporate logo (the Cambridge
NanoTech logo design) and other trademarks as agreed to in writing by Client related to Client Products

Start Science Distributor Agreement Cambridge NanoTech Confidential Page 6 of 11



Case3:14-cv-05361-WHA Document1-1 Filed12/05/14 Page8 of 12

("Client Marks") within the Territory during the term of this Agreement solely for purposes contemplated by
this Agreement. Agent agrees to comply with the terms and conditions of Client's then current Trademark
Usage Policy with respect to all uses of Client Marks, including use of appropriate trademark symbols (i.e.,
TM 0

or, as indicated in the Trademark Usage Policy). Should Agent wish to use Client Marks on its
business cards, letterhead, brochures or other materials identifying itself as an agent of Client, Agent will
obtain Client's prior written consent and use the Client Marks in a manner that adequately distinguishes
Agent and Client (e.g., "Agent, an authorized sales agent of Cambridge NanoTech Inc."). All goodwill
associated with Agent's use of Client Marks will inure to Client's benefit.

Section 3.4. Translation, Copying and Distribution of Promotional Materials. Client may
provide Agent with marketing collateral, price lists, product and service descriptions, white papers,
product demos and other materials that Client utilizes in the promotion of Client Products. Unless
otherwise specified by Client at the time such material is provided to Agent, Agent may freely distribute
such materials within the Territory, free of charge, for purposes contemplated by this Agreement. In
addition, if Agent creates original materials for purposes of promoting Client Products, Agent shall provide
copies of such materials to Client for its review and approval prior to distribution. Nothing in this
Agreement is intended to or will grant to Agent any ownership interest in or with respect to any materials
supplied to Agent by Client. Client shall own all such translations.

ARTICLE IV

TERM AND TERMINATION

Section 4.1. Term, Extensions. The term of this Agreement will commence on the date first
written above, and it will continue until 12 Months after the date first written above, unless it is terminated
at any time for any reason by either party by providing the other party with thirty (30) days prior written
notice. Unless a 30 day notice of cancellation is given by either party, the term of this agreement will

automatically extend in increments of 12 months.

Section 4.2. Termination for Breach. Either party may terminate this Agreement by providing
the other party with written notice of the other party's failure to comply with a material term or condition of
this Agreement. If the other party fails to cure or remedy such breach within ten (10) days after receiving
such notice, then this Agreement will automatically be terminated.

Section 4.3. Effect of Termination. Effective on the termination of this Agreement, Client will
pay Agent any fees then owed to it (prorated as necessary). Within fifteen (15) days after termination of
this Agreement, Client will pay any commission fees, and each party will return to the other any tangible
Confidential Information or other materials (e.g., Client's promotional materials), or, at the option of the
party to which such information or materials belong, certify in writing that it has destroyed them.

Section 4.4 No Termination Payment. No penalty, indemnity or other payment will be made
or payable to Agent upon or as a result of the termination or expiration of this Agreement (with the
exception of commissions), and Agent hereby waives any right to any such payment that Agent may have
or hereafter acquire under any applicable laws.

ARTICLE V
MISCELLANEOUS PROVISIONS

Section 5.1. Notices. Any and all notices permitted or required to be made under this

Agreement will be in writing and signed by the person giving such notice and will be delivered personally,
or sent by facsimile, electronic-mail, or an internationally recognized delivery service, to the other party, at
the other party's address indicated below, or such other address as one party may supply the other by
written notice. Notice shall be effective when sent by personal delivery, facsimile or electronic mail, and it
will be effective three (3) business days after it is sent by an internationally recognized delivery service.
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Client's Address Agent's Address

Cambridge NanoTech Inc. F N. ot ($1 a ivfton,
143 Binney Street NO.La 24mitiwtvCambridge, MA 02142
USA Hood ta/vDiriv`141-1 /3-ctsi tAi4, PP 61`411
Attn: Chief Operations Officer 077/2q

Section 5.2. Assignment and Successors and Assigns. Agent acknowledges that Client is
entering into this Agreement in reliance upon the personal reputation, qualifications and abilities of the
present owner or owners of Agent's business and operations, and accordingly, Agent may not assign its
rights or obligations under this Agreement, either voluntarily or by operation of law, except with the prior
written consent of Client. A change in control of Agent's business shall be deemed to be an assignment for
this purpose. Any attempted assignment, delegation or transfer by Agent in violation hereof shall be null and
void. Subject to the foregoing, this Agreement wiH be binding on and will inure to the benefit of the parties,
and their respective successors, successors in title, and assigns.

Section 5.3. Warranties, Remedies; Limitation of Liability.

(e) The remedies of the parties under this Agreement are cumulative and will not exclude any
other remedies to which the party may be lawfully entitled. Without limiting the rights of each
party hereto to pursue all other legal and equitable rights available to such party on the other
party's failure to perform its obligations under this Agreement, each party acknowledges and

agrees that the remedy at law for any failure to perform obligations hereunder would be
inadequate and each party will be entitled to specific performance, injunctive relief or other
equitable remedies in the event of any such failure.

(f) NOTWITHSTANDING ANYTHING TO THE CONTRARY CONTAINED HEREIN, EACH
PARTY'S LIABILITY FOR ALL CLAIMS BROUGHT IN CONNECTION WITH THIS
AGREEMENT, EXCEPT FOR ANY CLAIM FOR INDEMNIFICATION PURSUANT TO
SECTION 5.4 OR FOR ANY LIABILITY ARISING OUT OF EITHER PARTY'S
CONFIDENTIALITY OBLIGATIONS UNDER SECTION 3.2, WILL BE LIMITED TO DIRECT
DAMAGES NOT EXCEEDING THE TOTAL FEES ACTUALLY PAID OR PAYABLE BY
CLIENT TO AGENT PURSUANT TO SECTION 2.1(A). FURTHERMORE, EXCEPT FOR
ANY CLAIM FOR INDEMNIFICATION PURSUANT TO SECTION 5.4 OR FOR ANY
LIABILITY ARISING OUT OF EITHER PARTY'S CONFIDENTIALITY OBLIGATIONS
UNDER SECTION 3.2, IN NO EVENT WILL EITHER PARTY HAVE ANY LIABILITY UNDER
THIS AGREEMENT OR OTHERWISE FOR CONSEQUENTIAL, EXEMPLARY, SPECIAL,
INCIDENTAL, OR PUNITIVE DAMAGES, EVEN IF SUCH PARTY HAS BEEN ADVISED OF
THE POSSIBILITY OF SUCH DAMAGES.

(g) General Warranties. Each party represents and warrants that (i) it is a corporation organized
and existing under the laws of its jurisdiction of incorporation with full power and authority to
enter into and perform this Agreement; (ii) this Agreement has been duly authorized by all
necessary corporate action and constitutes the binding obligation of such party enforceable in
accordance with its terms, except as such enforceability may be limited by bankruptcy laws or

other laws affecting the rights of creditors generally; (iii) the person(s) executing this
Agreement on its behalf has actual authority to bind it to this Agreement; and (iv) such party's
execution and performance of this Agreement does not and will not violate or conflict with any
provision of such party's governing corporate instruments or of any commitment, agreement
or understanding that such party has or will have to or with any person or entity.

(h) DISCLAIMER OF WARRANTIES. EXCEPT AS EXPRESSLY STATED IN THIS
AGREEMENT, NOTHING IN THIS AGREEMENT SHALL BE CONSTRUED AS A
WARRANTY OR REPRESENTATION BY EITHER PARTY REGARDING PERFORMANCE
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OR DELIVERABLES UNDER THIS AGREEMENT AND EACH PARTY HEREBY DISCLAIMS
ALL OTHER WARRANTIES, EXPRESS OR IMPLIED, INCLUDING WITHOUT LIMITATION
ANY IMPLIED WARRANTIES OF TITLE, NON INFRINGEMENT, MERCHANTABILITY OR
FITNESS FOR A PARTICULAR PURPOSE.

Section 5.4. Indemnification of Client. Agent agrees to indemnify, hold harmless and defend
Client, its customers and any employee or agent thereof against all claims, liabilities, losses, expenses
(including reasonable attorney's fees and legal expenses related to such defense), fines, penalties, taxes
or damages (collectively, the "Liabilities") asserted by any third party where such Liabilities arise out of or

result from any of the following: (1) the gross negligence, willful misconduct or illegal activity of either
Agent or any of its employee in providing any of the Services hereunder; or (2) the material breach of any
provision in this Agreement by either Agent or any of its employees.

Section 5.5. Compliance with Laws. Agent will comply with all applicable laws and regulations of
governmental bodies or agencies in its representation of Client and Client Products and its performance of
the Services. In particular, Agent acknowledges several of Client's products may not be exported to
countries subject to US embargo (currently Afghanistan, Cuba, Iran, Iraq, Libya, North Korea, Sudan and
Syria) or to entities or individuals on the US Commerce Department Denied Persons List
(http://www.bxa, doc.qov/DPL/Default.shtm) or Entity List (http://www.bxa.doc.gov/Entities/) or the US
Treasury Department list of Specially Designated Nationals and Blocked Persons
(http://www.ustreas.gov/ofac/tllsdn.pdf). Agent agrees to comply with these export, import and use

restrictions. If it is necessary for Client to obtain licenses, permits or approvals to market or sell Client
Products in a country within the Territory, Client will seek such approval on its behalf and at its expense.
Agent agrees to cooperate with Client in its efforts to obtain such approvals and to refrain from any action that
might interfere with the approval process. In no event shall Client be able to guarantee that it can obtain a

license for export from the proper authorities.

Section 5.6. Severability. In the event any provision, clause, sentence, phrase, or word hereof,
or the application thereof in any circumstances, is held to be invalid or unenforceable, such invalidity or

unenforceability will not affect the validity or enforceability of the remainder hereof, or of the application of any
such provision, sentence, clause, phrase, or word in any other circumstances.

Section 5.7. Survival. The terms of Sections 2.1(a)(i), 3.1, 3.2, 4.3, 4.4, 5, the first sentence
of Section 1.5, and the last two sentences of Section 3.4 will survive the expiration or earlier termination
of this Agreement.

Section 5.8. Applicable Law. This Agreement will be governed by and construed in accordance
with the laws of the Commonwealth of Massachusetts, USA, and the United States of America, without
regard to its rules regarding conflicts of laws.

Section 5.9. Dispute Resolution. Any litigation arising under or related to this Agreement shall
be brought in the United States District Court or the state trial court for the division and county in which
Client's corporate headquarters are located at the time the litigation is initiated. Agent hereby submits to
the personal jurisdiction of these courts and waives all objections to placing venue before them. The
prevailing party in any litigation arising under or related to this Agreement, in addition to any other relief
granted to it, shall be entitled to recover from the losing party its reasonable attorneys' fees and costs
incurred in connection with the litigation.
This Agreement will be governed by and construed in accordance with the laws of the United States,
without regard to its choice of law principles. Except as permitted pursuant to Section 5 above, all
disputes arising out of or in connection with the present contract shall be finally settled under the Rules of
Arbitration of the International Chamber of Commerce by a single arbitrator appointed in accordance with
said Rules. The arbitration will be conducted in the City of Boston, United States, in the English language.
Any arbitral award may be enforced and judgment entered on any such award in any appropriate court in
a jurisdiction local to the respective parties.
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Section 5.10. Entire Agreement; Amendment; Waiver. This Agreement constitutes the full and
complete agreement of the parties with respect to its subject matter, and it supersedes all prior agreements,
understandings and representations by or among the parties with respect to its subject matter. This
Agreement may be executed in multiple copies, each of which will for all purposes constitute an Agreement,
binding on the parties, and each partner hereby covenants and agrees to execute all duplicates or

replacement counterparts of this Agreement as may be required. No change, modification, or amendment of
this Agreement will be valid or binding on the parties unless such change or modification is in writing and
signed by both parties. The failure of any party to insist on strict performance of a covenant hereunder or of
any obligation hereunder will not be a waiver of such party's right to demand strict compliance therewith in the
future, nor will the same be construed as a novation of this Agreement.

above.
IN WITNESS WHEREOF the parties have executed this Agreement as of the date first written

Cambridge, r.nc:0,.T- Start Science

ArieArizi
Sit ilw Signature

P ier- \-)006 TU 0 U1/4)/W 67
Name Name

oo Pi-ess‘6,-e(At
Title Title
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Exhibit 1

House Accounts

As defined in Section 2.1a iv House Accounts are specified accounts where the Client has developed a United
States-based relationship with or, in Client's sole judgment, Client has another compelling reason for excluding the
account from the sole responsibility of the Agent. The following is a list of house accounts.

2.

3.

4.
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1 
VAPOR DEPOSITION SYSTEMS AND 

METHODS 

RELATED APPLICATIONS 

This application claims priority to U.S. Provisional Appli- 

cation No. 60/583,854, filed Jun. 28, 2004, and U.S. Provi- 
sional Application No. 60/652,541, filed Feb. 14, 2005, each 

of which is incorporated herein by reference. 

FIELD OF INVENTION 

The invention relates generally to vapor deposition sys- 

tems and methods, and more particularly, to atomic layer 

deposition systems and methods. 

BACKGROUND OF INVENTION 

Atomic layer deposition (ALD) is a technique that allows 

growth of thin films, atomic layer by layer. The technique can 

be illustrated with, but is not limited to, the deposition of 

A1203 from water and trimethyl aluminum (TMA) precur- 
sors. Recipes for many other materials producing insulators, 

metals and semiconductors, can be found in the literature. 
FIG. 1 schematically shows the growth ofA12 03 from water 

and (TMA). The general steps include: (a) insert an air 

hydroxilated substrate into the vacuum chamber, (b,c) The 
TMA precursor is pulsed and the TMA will react with the OH 

on the surface. TMA does not react with itself and the formed 
monolayer, thus passivating. (d) The unreacted TMA mol- 

ecules are removed by evacuation and/or purging with an 

inert gas such as nitrogen or argon (e,f) Water is pulsed into 

the reactor. This will remove the CH3 groups, create A1 O 

A1 bridges and passivates the surface with A1 OH. CH4 

(methane) is formed as a gaseous by-product (g) Unreacted 

H20 and CH4 molecules are removed by evacuation and/or 

purging with nitrogen. (a-g) is called a cycle and each cycle 

produces about 1.1 Angstrom of A12 03 . Thus, 100 cycles 

produces 110 Angstrom of A12 03 . 

Design of ALD systems has followed different approaches, 

some of which are based on deposition systems used for other 

deposition techniques (e.g., chemical vapor deposition). 

One approach is the laminar flow tube furnace, as shown in 

FIG. 3. In this case, a substrate 28 is inserted into a tube 24 
through an access port 36. The substrate is heated using a tube 

furnace heater 26 and the reaction chamber inside the tube 24 

is evacuated using a pump 34. The pressure is measured with 

a vacuum gauge 30. A continuous inert gas flow (carrier gas) 
is supplied from a cylinder 10 and injected into the precursor 

lines using inert gas lines 12. The precursors are heated using 

an oven 14. Precursor vapor is pulsed from precursor contain- 

ers 16 and 20, using electronically controlled valves 18 and 

22. These types of reactors are often found in research envi- 
ronments and are generally more suitable for small substrates, 

since large substrates increase the tube furnace size dramati- 

cally, both in diameter and length, in order to maintain suffi- 

cient temperature uniformity. The design is based on CVD 

systems, where very high temperatures are typically used and 
low temperature O-ring access is displaced from the tube 

furnace heater. 

A second ALD system design also derived from the CVD 

technology is shown in FIG. 4. In this case, a shower head 42 

is used to supply the precursors in an eflbrt to uniformly 

disperse the chemicals over the surface. In such designs, the 

substrate heater is generally found inside the vacuum space. 

Although the showerhead vapor injection design may be 
effective in CVD systems, where gas or vapor is injected that 

2 
only reacts at the high substrate temperature site, and where 

uniform gas distribution is essential for uniform film thick- 

ness, such a design can lead to clogging in ALD systems 

where precursor residues can react with each other at show- 
5 erhead temperature. Moreover, in contrast to certain CVD 

processes, ALD does not typically require very uniform dis- 

persion of the precursor do to the self-limiting nature of the 

process. In addition, in order to prevent condensation of pre- 

cursors, the showerhead and other parts of the system are 
10 generally heated to a temperature range of 100-200° C., 

which can be complicated for complex geometries such as 

showerheads. Lastly, because of the large surface area and 

small cavities, the evacuation and purging of precursor in the 

15 deposition cycles can be difficult. 
For production ALD systems, usually deposition stations 

are combined in a cluster tool arrangement. Wafers racks are 

inserted into a load lock, transferred in a transfer chamber 

through a slit valve arrangement. A robotic arm moves the 

2o substrates to the deposition station, where it is stacked verti- 
cally with other substrates using a vertical translation robot. 

After deposition the substrates are removed through unload- 

lock. 

A single unit system is generally characterized by a hori- 
25 zontal precursor gas flow, and horizontal access port (slit 

valve) in the front. The height of the single unit defines the 

internal reactor volume and precursor flow speed, and is 

optimized for fast flow and gas utilization, and for one spe- 

cific substrate type, thickness and diameter (usually silicon 
3o wafers). 

Because of the complex nature of the design to achieve 

large throughput for one particular type of substrate, modifi- 

cation, upgrading, cleaning and repair can be very time con- 

suming, and the systems do not lend themselves for research 
35 and development purposes. 

Most ALD systems thus far have focused deposition on 

planar substrates such as silicon wafers, or, in the case of tube 

furnaces, wafer pieces, even though the ALD technique can 

be used to coat complex 3D structures, such as capacitor 
4o trenches, nanotubes, plastics, inverse opals, catalytic beds, 

photonic crystals, engine components, tools, optical parts etc. 

Since the ALD technology is highly scalable to large dimen- 

sion samples, research of this technique in fields other than 

the semiconductor industry is desired and a tool that is easily 
45 adapted to a variety of samples geometries can be advanta- 

geous. 

SUMMARY OF INVENTION 

50 Vapor deposition systems and methods are provided, as 

well as components used in such systems and methods. 

In one aspect, the invention provides an atomic layer depo- 

sition system. The system includes a reaction chamber 

designed to enclose a substrate. The reaction chamber has a 

55 top surface, a bottom surface and a sidewall between the top 

and bottom surfaces. A first precursor supply is connected to 

a precursor port formed in the bottom surface. A second 

precursor supply is connected to a precursor port formed in 

the bottom surface. An outlet port is formed in the bottom 

60 surface. 

In another aspect, the invention provides an atomic layer 

deposition system. The system includes a reaction chamber 

designed to enclose a substrate. The reaction chamber has a 

top surface, a bottom surface and a sidewall between the top 

65 and bottom surfaces. A first precursor supply and a second 

precursor supply are connected to a precursor port formed in 

the bottom surface. 
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In another aspect, the invention provides an atomic layer 

deposition process. The process includes positioning a sub- 

strate in a reaction chamber having a top surface, a bottom 

surface and a sidewall between the top and bottom surfaces. 

The process further includes introducing a first precursor into 

the reaction chamber through a precursor port formed in the 

bottom surface and removing gaseous species through an 

outlet port formed in the bottom surface. The process further 

includes introducing a second precursor in to the reaction 

chamber through a precursor port formed in the bottom sur- 

face and removing gaseous species through the outlet port 

formed in the bottom surface. 

In another aspect, the invention provides a trap designed 

for use in a vapor deposition system to trap gaseous species. 

A majority of the surface area of the trap is substantially 

parallel to flow of gaseous species through the trap. 

Other aspects, embodiments and features of the invention 

will become apparent from the following detailed description 

of the invention when considered in conjunction with the 

accompanying drawings. The accompanying figures are 

schematic and are not intended to be drawn to scale. In the 

figures, each identical, or substantially similar component 

that is illustrated in various figures may be represented by a 

single numeral or notation (though not always). For purposes 
of clarity, not every component is labeled in every figure. Nor 

is every component of each embodiment of the invention 

shown where illustration is not necessary to allow those of 

ordinary skill in the art to understand the invention. All patent 

applications and patents incorporated herein by reference are 

incorporated by reference in their entirety. In case of conflict, 

the present specification, including definitions, will control. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an atomic layer deposition process. 
FIG. 2A is a typical timing diagram for an ALD valve 

pulsing process. 
FIG. 2B is a typical timing diagram for an ALD gas puls- 

ing-pumping process. 
FIG. 2C is a typical timing diagram for an ALD gas puls- 

ing-purging process. 
FIG. 2D is a typical timing diagram for a stop valve assisted 

ALD gas pulsing-pumping process. 
FIG. 3 is an example of an ALD tube furnace reactor 

system with horizontal laminar gas flow. 
FIG. 4 is an example of an ALD deposition system with 

shower head gas injection. 
FIG. 5 is an isometric view of anALD cabinet and reactor 

assembly combination according to an embodiment of the 
present invention. 

FIG. 6 is an isometric view of a reactor assembly according 
to an embodiment of the present invention. 

FIG. 7A is an exploded isometric view of a reactor assem- 
bly according to an embodiment of the present invention. 

FIG. 7B is an isometric view of a reactor assembly showing 
gas inline tees according to an embodiment of the present 
invention. 

FIG. 8 is an isometric bottom view of a reactor according to 
an embodiment of the present invention. 

FIG. 9 is an isometric view of the a cabinet with precursor 
line assembly, pumping line assembly, pump (partial view), 
RTD (resistor temperature detector) temperature sensors and 
reactor feed through and fixing holes according to an embodi- 
ment of the present invention. 

FIG. 10 is an isometric top view ofanALD reactor accord- 
ing to an embodiment of the present invention. 

4 
FIG. llA is a top view of a reactor according to an embodi- 

ment of the present invention, with cross section line indica- 

tion ("C"). 
FIG. liB is a cross section of the reactor at section line "C" 

5 of FIG. llA, according to an embodiment of the present 

invention. 

FIG. 12A is a top lid with expanded cavity for thicker 

substrates according to an embodiment of the present inven- 

tion. 
10 FIG. 12B is a top lid with protruding lid for thinner sub- 

strates or reduced precursor consumption or more uniform 

vapor flow according to an embodiment of the present inven- 

tion. 

FIG. 13 is a screenshot of the control software programmed 
15 in "Labview", used in an embodiment of the invention to 

control an ALD system. 

FIG. 14 shows the results of the thickness distribution in 

Angstroms, of an exemplary A12 03 atomic layer deposition 

run on a 4-inch silicon wafer according to a method of the 
2o invention, as measured with an ellipsometer. 

FIG. 15 shows the attachment of an NW tee to reactor, 
gauge and stop valve according to an embodiment of the 

invention. 

FIG. 16 shows the attachment of a heater block to a tee 
25 according to an embodiment of the invention. 

FIG. 17 shows the attachment of two reflector plates in a 

pumping line section according to an embodiment of the 

invention. 

FIG. 18 shows a precursor line and pulse valve heating 
3o assembly according to an embodiment of the invention. 

FIG. 19 shows a pumping line heating jacket according to 

an embodiment of the invention. 

FIG. 20 shows a manifold for expanding the number of 

precursor lines according to an embodiment of the invention. 

35 FIG. 21 shows one half of a manifold heater block accord- 

ing to an embodiment of the invention. 

FIG. 22 shows a manifold heater block assembly according 

to an embodiment of the invention. 

FIG. 23 shows an O-ring groove design according to an 
4o embodiment of the invention. 

FIG. 24 is an isometric view of a reactor assembly that 

includes a single precursor port according to an embodiment 

of the present invention. 

FIG. 25 is a top view of a reactor that includes a single 
45 precursor port according to an embodiment of the present 

invention. 

FIG. 26 is a section view of a reactor assembly that includes 

a trap material positioned in an outlet port according to an 

embodiment of the invention. 
5o FIG. 27 shows a trap material according to an embodiment 

of the invention. 

55 

60 

65 

ENUMERATION OF FEATURES IN THE 
FIGURES 

50, 52 Precursor valve pulse widths 

54, 56, 58 Pumping down 

55 Pressure after first precursor pulse 

57 Pressure after second precursor pulse 

60, 62, 64 Inert gas flow (purge) 

61 Inert gas flow+first precursor pulse 

63 Inert gas flow+second precursor pulse 

66, 68, 70 Stop valve open (pumping) 

70 After first precursor valve pulse 

69 After second precursor valve pulse 

10 Inert gas supply 

12 Inert gas supply lines 

Case3:14-cv-05361-WHA   Document1-2   Filed12/05/14   Page34 of 41



5 
14 Precursor heating oven 

16 First precursor 

18 First precursor pulse valve 

20 Second precursor 
22 Second precursor pulse valve 

24 Reactor tube 

26 Tube furnace heaters 

28 Substrate 

30 Vacuum gauge 

32 Pumping line 

34 Vacuum pump 
36 Substrate access 

38 Substrate heater 

40 Vacuum chamber 

42 Shower head precursor vapor supply 

100 Reactor assembly 

102 Stainless steel reactor base body 

105 Aluminum reactor lid 

106 Handle 

108 Handle rubber 
110 Hinges 

112 Wafer space 

114 O-ring groove 

116 O-ring 

118 First precursor port 
120 Second precursor port 

122 Output (pumping line) port 
124 Substrate heater 

125 Nut holding substrate heater 

126 Outer tubular heater 

128 Dual function threaded bolts: fixing tubular heater and 

reactor to cabinet 

130 RTD center temperature hole 

132 RTD center 
134 RTD wall temperature hole 

136 RTD wall 

138 Thin reactor body profile 

140 Reactor space 

142 Expanded reactor lid 

144 Expansion area 

146 Reaction chamber protruding lid 

148 Protrusion 

202 First precursor cylinder 

204 Manual valve 

206 Pulse valve for first precursor 

208 VCR union for first precursor line 

210 Second precursor cylinder 

212 Pulse valve for second precursor 

214 VCR union for second precursor line 

302 Vacuum pump 

304 Bellows 

306 Solenoid stop valve 

308 KF cross 
310 Solenoid vent valve 

312 Vacuum gauge 
402 Cabinet access door 

404 Cabinet top 

406 Left side panel 

408 Right side panel 

412 Bottom 

414 Frame 

416 Hole for first precursor ports 

417 Hole for second precursor port 

418 Hole for pumping port 

420 Four holes for fixing bolts 

422 Outer RTD mounted to cabinet top 

423 Inner RTD mounted to cabinet top 

US 8,202,575 B2 

6 
424 Holes for outer (tubular) heater 

426 Electrical wire feed through hole for substrate heater 

502 Three port pulse valve for first precursor 

504 Precursor input port 
5 506 Precursor+inert gas output port 

508 Inert gas input port 

512 Three port pulse valve for second precursor 

514 Precursor input port 

516 Precursor+inert gas output port 
10 518 Inert gas input port 

520 NW tee 
522 Aluminum heater half block left, pumping line assembly 

524 Aluminum heater half block right, pumping line assem- 

bly 
15 526 Heater cartridge hole 

528 Screw holes in heater halves for mounting the halves 

together, forming the tee or cross heater block 

530 Pumping line assembly heat reflection plate, right side 

532 Pumping line assembly heat reflection plate, left side 
2o 540 Precursor valves heater half block left. 

542 Precursor valves heater half block right. 

544. Precursor valves heater reflection plate left. 

546. Precursor valves heater reflection plate right. 

550. Pumping line heating jacket. 
25 600. Precursor line welded manifold. 

602. Precursor line manifold heating block, right half. 

604. Precursor line manifold heating block, left half. 

606. Precursor line manifold heating block reflector plate, 

right. 
3o 608. Precursor line manifold heating block reflector plate, 

left. 

620. Single precursor port 

622. Bottom surface of the reactor chamber according to an 

embodiment of the present 624. Outlet port of reactor 
35 chamber 

625a, 625b. Manifold inlets 
626. Manifold 

628. Manifold outlet 

630. Trap 
40 

DETAILED DESCRIPTION OF INVENTION 

The invention provides atomic layer vapor deposition sys- 

tems and methods associated with the same. The systems 

45 include a reaction chamber that enclose a substrate (or more 
than one substrate). Precursor (e.g., reactive species) supplies 

are connected to the reaction chamber through a port (or 

ports) to introduce suitable precursors into the chamber. In 

some cases, multiple precursor supplies are connected to a 

5o single precursor port; while, in other cases, each precursor 

supply may be connected to separate, respective ports. An 

outlet port may also be provided in the reaction chamber, for 

example, to remove gaseous species (e.g., unreacted precur- 

sor, reaction products, inert gas) at certain points during the 

55 process. The system includes an arrangement of heaters 

which provide suitable temperature conditions to promote a 

reaction between the precursors to deposit a material layer on 

the substrate. As described further below, the systems of the 

invention may be designed to include features that can pro- 

6o mote high quality deposition; simplify manufacture, modifi- 
cation and use; as well as, reduce the footprint of the system, 

amongst other advantages. 

In certain embodiments, it is preferable for the precursor 

port (or ports) to be formed in a bottom surface of the reaction 

65 chamber (e.g., between an outer tubular heater and substrate 

sections). In some cases, it is preferable for all of the precur- 

sor ports (whether there is a single port or multiple ports) to be 
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formed in the bottom surface. In these cases, the top surface 

(e.g., lid) and sidewall of the reaction chamber may be free of 

precursor ports. When the precursor port(s) are formed in the 

bottom surface, it may be preferable for the port(s) to lead 

directly into the reaction chamber as shown in the illustrative 

embodiments. 

As described further below and illustrated in certain fig- 

ures, positioning the precursor port(s) in the bottom surface of 

the reaction chamber can reduce the footprint of the system 

which can save valuable cleanroom space. The footprint can 

be reduced, in part, by facilitating the attachment of the ports 

to the precursor supplies. For example, the precursor supplies 

may be positioned in a cabinet below the reaction chamber 

(e.g., See FIG. 5) and connected to ports using supply lines 

that can having simple designs. In some cases, the supply 

lines may extend vertically in a substantially straight line 

from the precursor supplies directly to the respective precur- 

sor ports (e.g., in embodiments including multiple ports); 

while, in other cases, the supply lines may extend vertically in 

a substantially straight line to a manifold (e.g., in embodi- 
ments including a single port) which may be further con- 

nected to a precursor port using another straight line supply 

line. The straight vertical geometry of the precursor lines 

allow them to simply dangle from the reaction chamber where 

no additional support is required, and in direct proximity to 
the precursor supplies. Moreover, the vertical attachment 

and/or orientation of the precursor lines has manufacturing 
and assembly advantages. For example, this can facilitate 

connecting precursor line(s) to the port(s), as well as attach- 

ment of heater jackets to precursor lines to keep the lines at a 

desired elevated temperature (e.g., 135° C.) to prevent con- 

densation of precursor. 

In certain embodiments, the outlet port of the system is 

formed in the bottom surface of the reaction chamber. It may 

be preferred in certain embodiments for both the precursor 

port(s) and the outlet port to be formed in the bottom surface. 

In these embodiments, the top surface (e.g., lid) and sidewall 

of the reaction chamber may be free of all types of ports. In 

some cases, the outlet port may be positioned relative to the 

precursor port(s) such that the substrate is between the pre- 

cursor port(s) and the outlet port. For example, the outlet port 

may be on a substantially opposite side of the substrate as the 

precursor port(s) (e.g., See FIGS. llA and 25). 

Positioning the outlet port in the bottom surface of the 

reaction chamber can reduce the footprint of the system for 

similar reasons as described above in connection with the 

precursor port(s). For example, the footprint can be reduced 

by facilitating attachment of the port to a vacuum pump. For 

example, the vacuum pump may be positioned in a cabinet 

below the reaction chamber (e.g., See FIG. 5) and connected 

to the port using a pumping line that has a simple design. In 
some cases, the pumping line may extend vertically in a 

substantially straight line at least part of the distance between 

the vacuum and the port. The straight vertical geometry of the 

line can allow it to simply dangle from the reaction chamber 

where no additional support is required, and in direct prox- 

imity to the vacuum. Also, the vertical attachment and orien- 

tation of the pumping lines can facilitate manufacturing, 

assembly and cleaning. 

Positioning the precursor and outlet ports at the bottom 

surface of the reaction chamber can allow the height of the 

reactor base to be small, while providing a relatively large 

outlet port opening. This combination of low reactor height 

and large outlet port decreases heat-up and pump down time 

and improves throughput. 
The vapor deposition systems of the invention may be 

designed to promote beneficial heating conditions. For 

8 
example, as described further below, the system may include 

separate heaters which heat the substrate area and other areas 

of the chamber (e.g., o-ring, lid, sidewalls) separately. Such a 

design enables the temperature of the substrate to be main- 

5 tained relatively high (e.g., about 600° C.), while maintaining 

the other areas relatively low (e.g., about 150° C.). The sub- 

strate area may be heated, for example, by an external heater 

(e.g., a disc heater) that is positioned outside of the reaction 

chamber (e.g., beneath the reaction chamber) and heats the 

10 substrate area by thermal conductance. The other areas of the 

chamber may also be heated by a tubular heater external to the 

reaction chamber. Thus, in some embodiments, no heaters 
may be enclosed by the reaction chamber. Differential tem- 

perature between the substrate area and other areas of the 

15 reaction chamber may further be enhanced by spacing the 

reactor base above a supporting surface (e.g., the top surface 

of a cabinet), using the air space in-between as an insulating 

medium that prevents thermal conductance from the substrate 

heater to the outside O-ring area. 

20 In some embodiments, the lid can be made of a high ther- 

mal conductance material such as aluminum or copper, or 

when transparency is desired, sapphire. The outer tubular 

heater attached to the reactor base can heat the lid to a suffi- 

cient temperature by thermal conductance once the vacuum 

25 pulls the lid in mechanical contact with the reactor base. The 

high thermal conductance of the lid promotes temperature 

uniformity throughout the lid and may eliminate the need for 

a separate lid heater. Thus, in certain embodiments, the lid is 

free of a heater which can simplify design and maintenance, 

3o as well as allowing the lid to be replaced easily (e.g., in 

different processes which to allow for different substrate 

geometries or to induce certain flow patterns). 

FIG. 5 illustrates a vapor deposition system according to 

one embodiment of the invention. In the illustrative embodi- 

35 ment, the vapor deposition system is an atomic layer deposi- 

tion (ALD) system. However, it should be understood that 

certain embodiments of the invention are not limited to ALD 

and are applicable to others types of vapor deposition systems 

including chemical vapor deposition (CVD) systems. 

4o In this illustrative embodiment, a cabinet includes a door 
402, side panels 406 and 408, and a top 404. The cabinet 

provides space for various components of the system includ- 

ing: precursor line and pumping line components (described 

further below), control electronics, vacuum pump 302, pre- 

45 cursor cylinders 202 and 210, and their heater jackets. A 

bottom 412 of the cabinet may be open to allow the pump to 

be positioned on the floor. This advantageously limits transfer 

of vibration from pump 302 to cabinet and reactor. In this 

embodiment, temperature sensors (e.g., resistor temperature 

5o devices (RTDs)) 422 and 423 are mounted on the top 404 of 

the cabinet. As shown, the pumping and precursor line are 

vertically suspended from the reactor assembly 100. The 

control electronics may be located as an enclosure inside the 

cabinet and are connected to a personal computer using a 

55 universal serial bus (USB) interface. Heater jackets may sur- 

round different components of the system that are described 

further below including precursor cylinders 202, 204, precur- 

sor solenoid valves, output line cross and bellows. Tempera- 

ture sensors may be provided on these components (e.g., 

6o valves and vacuum gauge) to ensure that the components stay 

sufficiently warm enough to prevent condensation of vapors, 

but still within the specified temperature range. 

FIGS. 6 and 7 illustrate different views of components of a 

deposition system (without the cabinet and pump) according 

65 to one embodiment of the invention. FIG. 6 shows a view in 

which the precursor lines and pumping line are connected, 

and FIG. 7A shows an exploded view. A reactor base 102 of 
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the system has a substrate area 112, an O-ring groove 114, an 
O-ring 116, hinges 110, a lid 105 and handle 106. In certain 

embodiments, it is preferred that the reactor base is formed of 

a low thermal conductivity material, such as stainless steel. It 

may also be preferred that the handle be formed of a thin 

walled low thermal conductivity material (e.g., stainless 
steel) to allow opening of the reactor, even while the reactor 

top is at an elevated temperature (e.g., 100-200° C.). In some 

cases, the handle is surrounded, in part, by an insulating 

portion (e.g., formed of cold touch robber) 108 to provide 

thermal insulation from the elevated temperatures. 
O-ring groove 114 is shown in more detail in FIG. 23. In 

certain conventional deposition systems, half-dovetail groove 

designs can be used to lock an O-ring in place and provide 

sufficient space for expansion. A half-dovetail creates a cavity 

in the comer below the O-ring groove, which acts as a virtual 

leak. Especially in atomic layer deposition, where it is pref- 

erable to remove one precursor completely, before letting in 
the second precursor, it may be important to limit the presence 

of such cavities. In certain embodiments, the system includes 

a modified half-dovetail groove design. One modification 

used in certain embodiments of the invention is that the 

vacuum side of the groove bottom is rounded, with a radius 

comparable or slightly less than that of the O-ring. A radius of 

0.070 inch in shown in FIG. 23, which can be suitable, for 
example, with an 1/8 inch cross sectional diameter O-ring. In 

this design, the only cavity is on the atmospheric (right) side 

of the bottom of the O-ring, in the dovetail, but since this is on 

the atmospheric side, it does not create a virtual leak. A 

second modification of a standard half-dovetail groove, used 

in certain embodiments of the invention, is that the vacuum 

side (left side in the drawing) has an O-ring supporting edge 

that is slightly lower (e.g., 0.010 inch) than the top of the 

reactor body. This facilitates quick evacuation of gas. 

All dimensions in FIG. 23 are in inches, and suitable for a 
1/8" diameter O-ring. However, it should be understood that 

other dimensions are also possible in different systems. 

Moreover, other groove designs may also be suitable in cer- 

tain embodiments of the invention. 

The illustrative embodiment of FIGS. 6 and 7 includes a 

first precursor port 118 and a second precursor port 120. In 

this embodiment, the first precursor supply (e.g., a precursor 

cylinder) 202 is connected to the first precursor port and the 

second precursor supply 210 (e.g., a precursor cylinder) is 

connected to the second precursor port. However, it should be 

understood that other systems of the invention may include a 

single precursor port to which both the first precursor supply 

and the second precursor supply are connected (e.g., using a 

manifold having two inlets and a single outlet; See FIGS. 24 

and 25). Also, it should be understood that any number of 

precursor supplies may be used (e.g., 3, 4, 5, etc.) with each 

precursor supply being connectable to respective ports in the 

reaction chamber, or all precursor supplies connected to a 

single port (e.g., using a manifold having multiple inlets and 

a single outlet). 

As shown in FIGS. 6 and 7, precursor supply 202 is filled 

with a first precursor. Manual valve 204 is provided, in certain 

cases, to allow shipping from the chemical manufacturer of 

the precursor. Cylinder 202 can be removed after closing 

manual valve 204 and replaced with another precursor cylin- 

der if desired (e.g., when the precursor has been exhausted). 

Connections at the precursor side are VCR in this embodi- 

ment, attached to the manual valve 204 is a high speed sole- 

noid pulse valve 206, that allows injection of precursor down 

to the millisecond range. 

The second precursor supply is configured similarly to the 

first precursor supply, except that non-aggressive precursors 

10 
such as water can be filled by the user and may not include a 

manual valve 204. For example, cylinder 210 could be filled 

with de-ionized water on site, and attached to solenoid valve 

212 without a manual valve. A chemical, such as trimethyl 

5 aluminum (TMA), generally needs to be filled in a glove box 

and needs to be closed with a manual valve, to avoid exposure 

to air. Subsequently it can be connected to solenoid valve 206 

and manual valve 204 can be opened when the system is 

evacuated or filled with an inert gas such as nitrogen. 

10 Typical ALD processes use an inert carrier gas (e.g., nitro- 

gen, argon, xenon, amongst others). The carrier gas may be 

introduced through one (or more, if present) of the precursor 

ports. In certain embodiments, an inert carrier gas supply is 

connected to a precursor supply line. At certain points during 

15 processing, the inert gas may be mixed with the precursor so 

that an inert gas-precursor mix is introduced into the cham- 

ber; while, at other points during processing, the inert gas may 

be introduced into the chamber alone (e.g., without the pre- 
cursor). As shown in FIG. 7B, the inert gas supply may be 

2o connected to the precursor supply line(s) using a suitable 

valve assembly. As shown, a line from the inert carrier gas 

supply can be hooked up to an inlet of three-port pulse valves 

502 and 512 which are also connected to the precursor sup- 

plies. This configuration enables the system to be operated in 

25 ALD mode 2 which is discussed further below. Operation of 

the valves can be controlled, as described further below, to 
control introduction of the inert gas and/or precursor into the 

chamber. 

These inert carrier gas supply lines may include other 

3o valves and/or mass flow controllers. For example, a mass flow 

controller may be used for the inert gas supply. The output of 

the mass flow controller splits up into however many pulse 

valves are mounted, so that each valve receives the same 
amount of flow. Three-port pulse valve 502 has a bottom input 

35 port 504 connected to the precursor supply so that the valve 

can pulse the precursor. Internally, the flow path from the inert 

gas input line 508 of pulse valve output 506 may always 

remain open in certain ALD processes. In such processes, the 

valve is normally closed, meaning that inlet 504 is closed 
4o when the valve is not actuated, while at the same time, path 

508 to 506 is always open. When pulsing the valve, line 504 

is opened to both line 508 and 506, but because the inert gas 

is coming into 508 from the mass flow controller, the inert 

gas-precursor mix is introduced into the reaction chamber. 

45 This "inert gas assist" process prevents one precursor from 

one pulse valve from entering a second pulse valve, prevent- 

ing or minimizing deposition in all valves. As shown in FIG. 

7B, with two input ports on the reactor, two precursor pulse 

valves can be directly mounted to the VCR connection which 

5o are welded to the reactor. The vent valve 310 in FIG. 7A can 

be removed and cross 308 replaced by a tee, because the 

system can be vented after deposition using the nitrogen 

supply gas. 

As shown in FIG. 8, a KF fitting 122 is welded to the reactor 

55 base 102 to define, in part, the pumping port that is formed in 

the bottom surface of the reactor. A cross 308, a vent valve 
310, vacuum gauge 312 and stop valve 306 can be connected 

to the fitting. Access to the pump located vertically below the 

reactor is a pumping line bellows 304. When using the inert 

6o gas assist operation, and three-port valves 504 and 502, vent- 

ing of the system can be done using the inert gas, and no 

separate vent valve is necessary. This configuration is shown 
in FIG. 15. In this embodiment, three-port valve 502 is con- 

nected to the outlet port, the 312 vacuum gauge and the stop 

65 valve 306. 

Valve 502 may be heated using a heater. As shown in FIG. 

16, the heater may comprise a heater block (which may be 
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made of a conductive material such as aluminum) including 

two halves 522 and 524. One side has a hole 526 to fit a heater 

cartridge. The halves are held together using bolts in holes 

528. The heater is machined such that it fits both around a 

standard NW cross and around a standard NW tee. The two 

halves are in intimate contact, so that the heat from the single 

cartridge spreads over both halves. A screw to mount a tem- 

perature sensor is also provided on the heater block. 

FIG. 17 shows reflector halves 530 and 532 which fit 

around the heater 524, a non-electronic part of gauge 312, and 

a non-electronic part of valve 206. The two halves may be 

held together by magnets, glued to the edges of each half. This 

allows easy mounting of these reflector plates. The reflector 

plates serve the purpose of both reflecting heat back into the 

to be heated parts, and keeping heat out from the electronic 

parts and further components in the cabinet. 

FIG. 18 shows the heater block for the two precursor input 

port configuration. Here two aluminum halves 540 and 542 

clamp around the VCR fittings. A hole in one half of the 

aluminum block is provided to fit a heater cartridge. Metal 

reflector plates 544 and 546 are spaced (e.g., about 1¼ inch) 
from the aluminum heater blocks, and keep the heat in the 

aluminum heater blocks. The temperature sensor for the pulse 

valves may be screwed onto the valves themselves. Threads in 

the side of the pulse valves can be provided for this purpose. 

FIG. 19 shows a standard flexible heater jacket 550 that 

may be used to heat the pumping line bellows 304. It should 
be understood that similar heater jackets may also be used to 

heat the precursor supply lines and valve assemblies. 

In FIG. 20, a multi-precursor manifold 600 is depicted. As 

shown, the manifold includes a number of inlets from respec- 

tive precursor supplies. It should be understood that any suit- 

able number of precursor supplies (e.g., 2, 3, 4, 5, etc.) may be 

used in connection with the manifold. Welded VCR pieces 

may be used to allow expansion of the number of precursors 

from two to the desired number (e.g., 3, 4, 5). In this embodi- 

ment, the manifold includes two outlets which are respec- 

tively connected to a first precursor supply and a second 

precursor supply. However, in other embodiments, the mani- 

fold may include a single outlet which may be connected to a 

single precursor port. 

In certain embodiments, it may be preferred to heat mani- 

fold 600. FIG. 21 shows a heater associated with the mani- 

fold. A heater block half 602 is shown. The heater block may 

be made from a conductive material such as aluminum. This 

heater block has grooves machined, to allow fitting of the 

manifold and VCR connections. FIG. 22 shows a top view of 

the manifold heater assembly 600. Here, halves 602 and 604 

are shown in intimate contact. Sheet metal reflector plates 606 

and 608 are again used to keep the heat inside. 

An RTD temperature sensor 136 is shown in FIG. 7A. The 

sensor measures the temperature of the reactor base wall, but 

because of the close proximity of its sensitive tip to the O-ring 
and direct mechanical contact between the lid and the reactor 

base section, the sensor may allow for indication of wall, 

O-ring and top lid temperature. In embodiments when the lid 

is made of high thermal conductivity material (such as alu- 

minum), the lid temperature may be in thermal equilibrium 

with the wall temperature, and evenly distribute the heat from 

tubular wall heater 126. Such a construction may be preferred 

in certain embodiments. 

FIGS. 8 and 9 show how the reactor base is connected to the 

cabinet top according to one embodiment of the invention. 

Tubular heater 126 is fixed to a semicircular cutout in the 

reactor bottom using four bolts 128. As shown, the same four 

bolts 128 are used to fix the reactor to the cabinet: bolts 128 

match holes 420 and the height of the reactor above the 

12 
cabinet can be adjusted by altering the position of the nut on 

bolt 128. A vertical separation between reactor 102 and cabi- 

net top 404 provides insulation between reactor bottom and 

cabinet top and allows heat to be dissipated and not trans- 

5 ferred to the inside of the cabinet, which advantageously can 

keep the pump and electronics inside cool. The holding bolts 

128 may be made of a low thermal conductivity material (e.g., 

stainless steel) and have a relatively small cross section, to 

limit transfer of heat from the reactor to the cabinet. 

10 RTD temperature sensors 422 and 423 are fixed to the 

cabinet. Upon removal of the reactor from the cabinet, for 

cleaning or other purposes, the RTDs slide from their match- 

ing holes 134 and 130. This facilitates disassembly of the 

system. 

15 As shown in FIG. 8, heating of the reactor is controlled via 

substrate heater 124 and wall-lid tubular heater 126. As noted 

above, these heaters may be positioned on the outside of the 

reaction chamber. For example, substrate heater 124 is 

mounted outside of the reaction chamber, to avoid contami- 
20 nation inside the reaction space and prevent the need for 

electrical vacuum feedthroughs. In embodiments that include 

a thin reactor bottom made of a low thermal conductivity 

material (e.g., stainless steel), heat transfer is limited from the 

center of the chamber to the sidewalls and vice versa, permit- 

25 ting individual control of both sections. The thin reactor bot- 

tom portion 140 between substrate heater and wall heater 

section is shown more clearly in the cross section of the 

reactor, FIG. llB. 
For reactors where the desired deposition temperature does 

30 not exceed the allowable reactor O-ring temperature, differ- 

ential heating of the reactor using a separate substrate heater 

and tubular wall heater can be avoided, and one uniform 
heater can be mounted to the bottom of the reactor. In these 

embodiments, the bottom of the reactor can be thicker, and 
35 made of a higher thermal conductivity material, if so desired. 

FIGS. 10 and llB show locations of the two precursor 

ports and the pumping line port (i.e., outlet port) in this 

embodiment. The substrate area is located in-between. In 

addition to the above-described advantages, because the pre- 

40 cursor and outlet ports are located on the bottom and not on 

the side of reactor 102, the height of the reactor space 140 can 

be very small. Without complicating manufacture or assem- 

bly, this improves gas flow and allows low vapor doses. For 

very thick samples, the top lid can be easily replaced by a lid 

45 142 with a vertically ascending cavity 144, as shown in FIG. 

12A. If desired, the reaction chamber can also be decreased in 
volume, by using a lid with a surface protruding into the 

reaction chamber (FIG. 12B). 
FIG. 13 shows a screenshot of the control software during 

50 a deposition run. As can be seen, the substrate temperature 

(300° C.) is controlled independently from the wall-lid tem- 

perature (130° C.). Separate pressure pulses are observed in 

mode 1 ALD operation, as described further below. 

FIG. 14 shows the thickness results of a run with TMA and 

55 water precursors after a 900 cycle run on a 4-inch wafer using 

an ALD system and method of the present invention. The 

thickness is measured with an ellipsometer and the variation 

across a four inch wafer is less than 1%. Although the 

example shown in FIG. 14 is for a 4-inch wafer, it should be 

6o understood that the present invention can be used for a wide 

variety of samples including wafers of any suitable dimen- 

sion, or non-wafer substrates. 
Certain embodiments of the invention may use a program- 

mable logic controller (PLC), which by definition contains an 

65 on board processor for autonomous process control. How- 

ever, in some embodiments, accurate timing between valve 

pulses and accurate start and end of a process run, only the 

Case3:14-cv-05361-WHA   Document1-2   Filed12/05/14   Page38 of 41



US 8,202,575 B2 

13 
valve pulse time itself needs to be controlled beyond direct PC 

control capabilities: the pump/purge time between pulses is 

of the order of several seconds and falls well within the realm 

of direct USB PC control of a logics card with solid state 

relays, which is typically around 20 milliseconds. The valve 

pulse time usually has to be anywhere around 1 - 100 millisec- 

onds, and needs to be controlled accurately. A simple pulse 

time code provision on a non-autonomous control card can be 

sufficient in certain embodiments of the invention and can 

satisfy this requirement without the need to employ a PLC 

which can be expensive. 

FIGS. 24 and 25 illustrate components of a system that 

includes a single precursor port 620 formed in a bottom 
surface 622 of the reactor chamber according to an embodi- 

ment of the present invention. As shown, the single precursor 

port is positioned on an opposite side of the substrate from 

outlet port 624 (which may be connected to a vacuum). In 

certain embodiments, a single precursor port may be pre- 

ferred. For example, in certain embodiments, a single precur- 

sor port can increase uniformity of precursor flow within the 

system. 
In this illustrative embodiment, first precursor supply 16 

and second precursor supply 18 are connected to respective 

inlets 625a, 625b of a manifold 626. It is also possible for 

additional precursor supplies to be connected to respective 

inlets of the manifold in other embodiments of the invention. 

The manifold includes a single outlet 628 connected to pre- 
cursor port 620. As described above in connection with the 

two port embodiment, pulse valves 206, 208 may provide 

connection to inert gas supplies. The operation of the pulse 

valves is similar to that described above. 

In certain embodiments of the invention, a trap material 

may be used to adsorb un-reacted precursor that is being 

removed from the reaction chamber (e.g., through the outlet 

pump). In particular, inALD processes, such un-reacted pre- 

cursor can deposit on system components (such as vacuum 

gauges, vacuum valves, vacuum lines, and even the vacuum 

pump) which can impair performance (e.g., concentration 

measurement by gauge) and may require cleaning. 

The trap material may be positioned in the precursor flow 

path between the reaction chamber and the vacuum gauge. In 

certain embodiments, it may be preferred for the trap material 

to be positioned (at least in part, and, in some cases, entirely) 

in the outlet port. FIG. 26 shows a trap 630 positioned in outlet 

port 624 according to one embodiment of the invention. Posi- 

tioning the trap in the outlet port may be particularly preferred 

to facilitate trap replacement. 

During operation, the trap typically is maintained at an 

elevated temperature. In some embodiments (e.g., when the 

trap is positioned, at least in part, in the outlet port), the trap 

is heated to a sufficient temperature by thermal conductance 

from the reaction chamber (which, for example, is heated by 

a tubular heater). Thus, in these embodiments, the trap does 

not need to have a separate heater. 

In general, any suitable trap may be used, though certain 

trap designs may be preferred as described further below. 

Typical conventional trap examples include stainless wool, 

aluminum wool, copper wool, activated carbon and activated 

alumina, amongst others. Characteristics that can be desirable 

in trap materials include one or more of the following: (a) 

surface area sufficiently large not to let excess precursor pass 

therethrough, but sufficiently small (or free of pores that are 

too small) not to trap all chemicals and/or cause backdiffusion 

into the chamber (e.g., a surface area between 5 and 100 times 

the effective surface area upstream of the trap which includes 

(at least) the substrate surface area and the surface area inside 

the chamber); (b) small flow resistance; (c) allows the same 

14 
deposition process to occur on the trap as it does on the 

substrate; (d) passes reaction products therethrough without 

trapping, to enable measurement of the reaction product 

(which is related to the original precursor amount, and related 

5 to the deposited film surface); (e) made of a material with a 

similar expansion coefficient as the deposited materials, par- 

ticularly for ceramic coatings; (f) allows coating of many 

deposition runs without filling up; (g) manufacturable at low 

cost; and (h) does not create dust or break parts that can break 

10 the vacuum pump. 

In some embodiments, it may be preferred for the majority 

of the surface area (e.g., greater than 50%, greater than 75%, 

greater than 95%, etc.) of the trap to be substantially parallel 

to the flow of gaseous species therethrough. In certain cases, 

15 substantially all (i.e., greater than 99%) of the surface area of 

the trap is parallel to the flow of gaseous species therethrough. 

This facilitates deposition of the precursor on trap surfaces, 

reduces flow resistance and can promote flow of reaction 

product therethrough. In some of these embodiments, the trap 

2o includes at least a portion having a corrugated surface. In 

some cases, the trap may include both a corrugated surface 

portion and a flat surface portion. The corrugated surface 
portion may be a separate component from a flat surface 

portion component and the two components may be 

25 assembled together; or, the corrugated surface portion and flat 

surface portion may be different portions of the same com- 

ponent. 
In certain embodiments, the trap may be formed of 

material(s) that are non-porous. 

30 When the corrugated surface portion and the flat surface 

portion are separate components, the trap may be a coil 

assembly of a flat thin foil rolled together with a corrugated 
thin foil as shown in FIG. 27. The surface area of such a trap 

can be controlled by tuning the length, diameter and corru- 

35 gation of the element. The flow resistance of such a trap can be 

very low because the metal foil surface is very smooth and not 

porous, nor does it have any substantial surface area or wires 

perpendicular to the flow. In addition, the open area percent- 

age can be very large because the thickness of the metal foil 

4o can much smaller than the pore size (corrugation). Typically 

the thickness of the foil would be around 5-25 micrometer and 

the pore size 100-1000 micrometer. Typically, in atomic layer 

deposition processes, films grow on all surfaces, but since 

flow passes over the surface of this corrugated trap foil in 

45 much the same way it goes over the substrate, typical depo- 

sition characteristics will be the same. Because the trap foil 

has a smooth surface, volatile phase reaction products gener- 

ally do not stick to the trap in much the same way these 

reaction products do not get incorporated into the film grown 

50 on the sample surface during ALD. Thus, the precursor can 

react on the surface of the trap, until it is depleted because the 

surface area is large, and pass through the volatile reaction 

product to the gauge for measurement, and then to the vacuum 

pump to remove from the chamber. 

55 Since the foil can be made of virtually any metal, and the 

metals can be chosen for their thermal expansion coefficient 

to match the deposited coating, delamination and flaking of 

deposited coating from the trap during heating and cooling 

can be limited. For typically deposited ceramics, which have 

6o low flexibility themselves, expansion engineered metals can 

be used for the foil, such as kovar, invar and other expansion 

engineered alloys. For typical processes that deposit A12 03 , 

molybdenum can be effectively used as a foil material, since 

it is unreactive, strong, and has a thermal expansion coeffi- 

65 cient similar to that of A12 03 . The pore sizes ofthe illustrated 

trap are typically of the order of 100-1000 micrometers, 

allowing deposition of at least half that amount. Typically 
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deposited coatings in one ALD run are of the order of 10-100 
nm, allowing almost 1000 runs before needing to replace or 

etch the trap material. Thin metal foils are low cost, readily 

available, and can be easily cut, stamped and rolled into the 
proper coil size. In contrast to ceramic materials and thin 

metal wires, which can form dust and particulates, the coiled 

foil is a stable shape when welded at the end and will not crack 

or break. 

In some embodiments, the trap can be designed such that a 

user can visually observe precursor material deposited on the 

trap surface, during use, upon removal of the trap from the 

system. The precursor deposited on the trap was not deposited 

on the substrate in the ALD process and, therefore, is consid- 

ered precursor "overdose". The user may determine by eye 

the distance the precursor has deposited on trap surfaces 

along the length of the trap. This distance is correlated to the 

overdose (e.g., greater distances represent larger overdoses). 

Traps having the majority of their surface area substantially 

parallel to the flow of gaseous species therethrough (e.g., as 

shown in FIG. 27) are particularly preferred in these embodi- 
ments. This "overdose" information may be used to adjust 

process parameters to ensure that the overdose is not too large 

or too small. 

However, it should be understood that other trap materials 

known in the art may be used in certain embodiments of the 

invention. 

It should be understood that depositions systems of the 

invention may have a variety of other designs not specifically 

shown, or described, herein. Variations would be known to 
those of ordinary skill in the art. For example, systems may 

include any combination of input and output ports (e.g., 5 

input ports with one output port, 2 input ports with 2 output 

ports, etc). In addition to separate input ports, also input port 

manifolds can be used, where several input port assemblies, 

including cylinders and valves, are combined with manifold, 

the output of which is connected to the bottom of the reactor 

base. In addition to using two input ports on the reactor, it is 

also possible to use just one input port, and use a manifold to 

expand to 2, 3, 4, 5, etc. precursor lines. 

Not excluding other modes of operation, such as for 

example multilayer and nanolaminate deposition, for illustra- 

tion purposes, ALD operation can be grouped into four depo- 

sition modes: 1. pulsing precursors while continuously 

pumping, 2. continuously flowing inert gas while pulsing 

(adding) precursor and pumping continuously; 3. pulsing pre- 

cursor with a stop valve closed and pumping in-between 

pulses; 4. pulsing precursors and purging/pumping with inert 

gas. In this mode, a stop-valve is a valve that isolates the pump 
from the reaction chamber and allows the precursor to remain 

in the reaction chamber until reacted or removed when open- 

ing the stop valve. The stop valve is also called a pumping 

valve or vacuum valve. 

FIG. 2A shows a deposition cycle with two precursor valve 

pulses 50 and 52. Pulse width is typically 5 milliseconds, and 

usually shorter than the pump time between the pulses. FIG. 
213 shows the first mode of operation in a pressure-time sche- 

matical sketch. While pumping continuously on a chamber, 

precursor 1 is pulsed, giving peak pressure 55, followed by a 
period of evacuation. The second precursor pulse gives a 

second pressure rise 57, followed by a second evacuation. 

This sequence is repeated until the desired film thickness is 

achieved. The valves, for example, may be solenoid valves 

such as parker 99 series valves or pneumatic valves such as 

Swagelok ALD valves. 

FIG. 2C shows the second mode of operation in a pressure- 

time schematical sketch. While pumping continuously on a 

chamber while flowing an inert carrier gas such as nitrogen, 

16 
base pressure 60 is generated in the substrate chamber. When 

precursor 1 is pulsed, pressure 61 is generated, consisting of 

inert gas pressure+precursor partial pressure. This pulse is 

followed by a period of inert gas flow and its corresponding 

5 pressure 62. The second precursor pulse gives a second pres- 

sure rise 63, followed by a second inert gas purge 64. This 

sequence is repeated until the desired film thickness is 

achieved. 

FIG. 2D shows the third mode of operation in a pressure- 

10 time schematical sketch. After pumping continuously on a 

chamber during time 66, the stop-valve is closed. After this, 

precursor 1 is pulsed, giving peak pressure 70. After time- 

pressure 70, the stop valve is opened and the unreacted pre- 
cursor portion is removed and the chamber evacuated, giving 

15 low pressure 68. This is followed by closing the stop valve 

and pulsing the second precursor, giving time-pressure 69. 

This is again followed by opening of the stop-valve and 

evacuating the reaction chamber, giving low pressure 70. 

Because of its self-limiting nature, the thickness is largely 

20 independent of flow. The consequence is an unequaled con- 

formality over 3 dimensional structures such as trenches and 

wires. 
A wide variety of materials (and combinations of materi- 

als) may be deposited on a wide variety of different substrates 

25 using the systems and methods of the invention. Such coated 

substrates may be used in a number of different applications. 

One application includes scratch resistant color coatings 

formed on substrates such as metals, plastics and glass. The 

coatings may be formed of, for example, TiO2, Zr3N4, Cu, 

3o etc. Nanolaminates, consisting of different materials stacked 

on top of each other, with different refractive indices, may 

enhance this scratch resistance. ALD is particularly attractive 

for scratch resistant color coatings because the ALD tech- 

nique allows deposition on complex 3D geometries and at low 

35 temperatures. 
Having thus described several aspects of at least one 

embodiment of this invention, it is to be appreciated various 

alterations, modifications, and improvements will readily 

occur to those skilled in the art. Such alterations, modifica- 
4o tions, and improvements are intended to be part of this dis- 

closure, and are intended to be within the spirit and scope of 

the invention. Accordingly, the foregoing description and 

drawings are by way of example only. 

What is claimed is: 

45 1. An atomic layer deposition process comprising: 

positioning a substrate in a reaction chamber having a top 

surface, a bottom surface and a sidewall between the top 

and bottom surfaces; 
introducing a first precursor into the reaction chamber 

50 through a precursor port formed in the bottom surface, 

wherein a precursor layer of the first precursor is depos- 

ited on the substrate; 
removing gaseous species through an outlet port formed in 

the bottom surface; 

55 introducing a second precursor in to the reaction chamber 

through a precursor port formed in the bottom surface, 

wherein the precursor layer and the second precursor 

react to form a material layer on the substrate; 

removing gaseous species through the outlet port formed in 

60 the bottom surface, 
continuously introducing an inert gas into the reaction 

chamber during the steps of introducing the first precur- 

sor, removing gaseous species, introducing the second 

precursor and removing gaseous species; and 

65 reacting gaseous species removed through the outlet port 

on a surface area of a trap material positioned, at least in 

part, in the outlet port maintaining said trap material at 
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an elevated temperature by thermal conduction from the 

reaction chamber without using a separate heater to heat 

said trap material, 

wherein the first precursor, the second precursor and the 

inert gas are introduced through the same precursor port 

which flow up out of the precursor port outlet on one side 

of the substrate, flow over an upper surface of the sub- 

strate to form the material layer on the substrate and then 

flow down into the outlet port, 

wherein gaseous species are continuously removed from 

the reaction chamber during the process, 

wherein a majority of the surface area of the trap material 
is substantially parallel to flow of gaseous species 

through the trap, and 

wherein the trap material is formed from a coiled corm- 

gated non-porous metal foil element having a smooth 

surface. 

2. The process of claim 1, wherein introducing the first 

precursor comprises pulsing the first precursor and introduc- 

ing the second precursor comprises pulsing the second pre- 

cursor. 

3. The process of claim 2, wherein the layer of the first 

precursor is deposited on the substrate by pulsing the first 

precursor and a layer of the second precursor is deposited on 

the layer of the first precursor by pulsing the second precur- 

sor, the first precursor and the second precursor reacting to 

form a layer comprising a compound. 

4. The process of claim 2, further comprising repeating the 

steps of pulsing the first precursor and pulsing the second 

precursor. 

5. The process of claim 1, wherein the gaseous species 

includes unreacted precursor and reaction product. 

6. The process of claim 1, further comprising observing by 

eye a precursor deposition distance along a length of the trap 

to determine information related to precursor overdose. 

7. The process of claim 1, further comprising introducing 

the first precursor into the reaction chamber directly from the 

precursor port formed in the bottom surface and introducing 

the second precursor into the reaction chamber directly from 

the precursor port formed in the bottom surface. 

18 
8. The process of claim 1, wherein a manifold including an 

outlet is connected to the precursor port and respective inlets 

of the manifold are connected to a first precursor supply and 

a second precursor supply. 

5 9. The process of claim 8, further comprising heating the 

manifold. 

1O. The process of claim 8, wherein a first pulse valve is 

disposed between the first precursor supply and the manifold 

and a second pulse valve is disposed between the second 

10 precursor supply and the manifold. 

11. The process of claim 1O, wherein each pulse valve 

includes an inert gas input port. 

12. The process of claim 11, wherein the pulse valves pass 

a continuous flow of inert gas to the precursor port while 

15 passing pulses of the first precursor and the second precursor 

to the precursor port. 

13. The process of claim 1O, wherein the pulse valves 

generate precursor pulses using open pulse times in the range 

of 1-100 msec. 

20 14. The method of claim 8, wherein the wherein the mani- 
fold includes only a single outlet. 

15. The process of claim 1, wherein substantially none of 

the trap material surface area is perpendicular to flow of 

gaseous species through the trap. 

25 16. The process of claim 1, wherein the gaseous species 
includes unreacted precursor, inert gas and reaction product. 

17. The method of claim 1, wherein the step of introducing 

the inert gas into the reaction chamber generates a substan- 

tially constant base pressure inside the reaction chamber. 

3o 18. The method of claim 1, wherein the step of introducing 

inert gas into the reaction chamber generates a substantially 

constant base pressure inside the reaction chamber, the step of 

introducing the first precursor into the reaction chamber gen- 

erates a first pulse pressure comprising the sum of the base 

35 pressure and a partial pressure of the first precursor, and the 

step of introducing the second precursor into the reaction 

chamber generates a second pulse pressure comprising the 
sum of the base pressure and a partial pressure of the second 

precursor. 
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