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Title: VAPOR DEPOSITION OF METAL OXIDES, SILICATES AND 
PHOSPHATES, AND SILICON DIOXIDE 

DECLARATION UNDER 37 C.F.R. §1.132 

I, Roy Gordon, hereby declare as follows: 

1. I am a co-inventor of the above-referenced patent application. 

2. I received my bachelor of arts (A.B) in chemistry and physics (summa cum laude) in 1961 

from Harvard College, my master of arts (A.M.) in physics in 1962 from Harvard University, 

and my doctor of philosophy (Ph.D.) in chemical physics in 1964 from Harvard University. 

3. I am the Thomas D. Cabot Professor of Chemistry at Harvard University. I have been 

working at Harvard University since 1964, serving as chairman of the Chemistry department 

between 1992-1995. 

4. I have been elected to the National Academy of Sciences in 1985, the American Academy of 

Arts and Sciences in 1976, the European Academy of Arts, Sciences and Humanities in 1984, 

and am a fellow of the American Chemical Society and the American Physical Society, and 

was chairman of its Division of Chemical Physics. 
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5. I have been working on precursors for vapor deposition since 1974 and consider myself to be 

generally aware of the scientific and commercial activities regarding the claimed 

Hf(NEtMe )4. 

6. I have personal contacts with various chemical suppliers and semiconductor manufacturers 

that supply or use precursors for vapor deposition. These personal contacts allow me access 

to certain information that is not published in scientific literature or industry publications. 

7. The statements made herein are based upon my current understanding of the scientific 

literature, industry publications, and correspondences with my personal contacts noted above. 

8. In my opinion, as explained more fully below, the claimed Hf(NEtMe)4 solves a long-felt 

need of the semiconductor industry and has achieved commercial success after the effective 

filing date of the present application (September 28, 2000) and the publication of the parent 

PCT/US/01/30507 (April 4, 2002). 

A. Use in semiconductor industry as precursors for depositing high-dielectric gate material 

9. Silicon dioxide has been used for decades as the dielectric material of choice in 

semiconductor fabrication processes. With miniaturization of electronic devices, 

corresponding decrease in the thickness of the silicon dioxide dielectric material was needed. 

However, as the thickness of the silicon dioxide decreases, problems emerged. For example, 

when silicon dioxide was used as the gate layer in transistors, leakage currents tunneling 

through the gate material led to large power consumption and lowered device reliability. 
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10. Additional problems are encountered when forming dielectric materials in deep trench 

structures, such as dynamic random access memory (DRAM) devices. Not only must the 

capacitance values remain at certain level despite the reduction in size, the precursors must 

be delivered deep into the trenches without premature reaction that precludes uniform 

coverage within the entire deep trench structure. 

11. In my opinion, the search for suitable high-dielectric material and suitable precursors to 

deposit such high-dielectric material emerged at least by the early to mid 1990s. In support 

of this opinion, I attach in Exhibit A an Abstract from the Proceedings of Advanced 

Metallization and Interconnect Systems for ULSI Applications, showing that silicon dioxide 

was considered a "conventional" dielectric, and that scientists have been searching for 

suitable high-dielectric precursors/materials for deep trench structure at least since 1996. 

12. No solution for putting high dielectric material into deep trenches was even expected until 

2008. In support of this, I attach in Exhibit B the 2000 International Technology Roadmap 

for Semiconductors (ITRS). ITRS is a set of documents produced by a group of 

semiconductor industry experts, and is meant to represent the best opinion of these experts on 

the directions of research up to about 15 years into the future. As shown in Exhibit B, high 

dielectric material for the year 2008 is highlighted, indicating no satisfactory working 

solution existed as of 2000 and the roadmap is working towards a solution to occur by year 

2008. In other words, near the effective filing date of the present application, group of 

semiconductor industry experts believed that the high-dielectric material problem would not 

be solved for at least another eight years. 
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13. Nevertheless, after the parent PCT/US/01/30507 published in April 4, 2002, I understand that 

high dielectric material went into production for DRAM at least by 2006. This is at least two 

years before the date expected by a group of semiconductor industry experts. 

14. I have heard from my personal contacts in various industry settings that the claimed 

Hf(NEtMe )4 precursor is now being widely used to produce high dielectric materials in 

DRAM structures. 

15. In fact, as shown in a recent print out from http://www.commerce.com.tw (see Exhibit C), 

vapor deposition precursor vendors are noting that the claimed Hf(NEtMe)4 (abbreviated as 

TEMAH therein) is now being "widely used in semiconductor industry." 

16. In my opinion, based on the foregoing information, I believe that the claimed Hf(NEtMe)4 

solved a long-felt need in the semiconductor industry for suitable high-dielectric material 

precursors, is currently being used as a precursor to prepare high dielectric materials, and has 

achieved widespread commercial success. 

B. Commercial sales of the claimed Hf(NEtMe )4 

17. Moreover, as part of my ordinary course of scientific research, I routinely review chemical 

supplier catalogues to purchase necessary chemicals and to learn what new compounds are 

currently being offered for sale. 

18. I was and am not aware of a single vendor who was selling or offering to sell the claimed 

Hf(NEtMe)4 before the effective filing date of the present application (September 28, 2000). 
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Despite the fact that Hf(NEt2) 4 and Hf(NMe2) 4 were known since 1969 (see Table 1 of 

instant specification), I am not aware that any commercial sales of the claimed Hf(NEtMe)4 

took place as of the effective filing date of the present application. 

19. After the effective filing date of the application, I disclosed the claimed Hf(NEtMe)4 

precursor to at least one chemical supplier under a confidentiality agreement. Subsequently, 

I observed offers for sale of the claimed Hf(NEtMe )4 precursor by chemical suppliers. 

20. As of June 2008, I am aware of at least 19 companies, listed below, that are selling the 

claimed Hf(NEtMe )4 . The ChemAbstracts database printout indicating offer for sale from 

the following vendors and the printout of available website pages showing such sales or offer 

for sale (12of19 were retrieved as shown in Exhibit D) are also attached herewith. 

• Adeka Corporation (attached) 

• Advanced Technology & Industrial Co., Ltd. (attached) 

• Advanced Technology Materials, Inc. 

• Air Liquide (attached) 

• Air Products and Chemicals (attached) 

• Alfa Aesar (attached) 

• Central Glass Company, Ltd. 

• Dalchem 

• Digital Specialty Chemicals, Inc. (attached) 

• Frontier Chemicals (attached) 

• Gelest, Inc. (attached) 

• Nanmat Technology Co., Ltd. (attached) 

• Praxair Electronics (attached) 
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• Rohm and Haas 

• Sigma-Aldrich Company (attached) 

• SinoChemexper Company 

• Tosoh 

• Tri Chemical Company 

• UP Chemical Co., Ltd. (attached) 

21. In my opinion, based on the foregoing information, I believe that the claimed Hf(NEtMe)4 

has achieved widespread commercial success. 

C. Increased scientific study of the claimed Hf(NEtMe)4 

22. In addition, the increased commercial sales of the claimed Hf(NEtMe )4 between 2000 and 

2008 was accompanied by a similar increase in the number of scientific publications of the 

claimed compound. Shown below is a plot of the number of scientific publications that 

explicitly mention Hf(NEtMe )4 as a function of the year of publication. This plot was 

obtained by searching the ChemAbstracts database using the chemical structure of 

Hf(NEtMe )4 as the input. It is my understanding that the ChemAbstracts database searches 

for publications within at least the last century. 

23. As shown, markedly increased study into the claimed Hf(NEtMe)4 is noticeable after the 

corresponding PCT/USOI/30507 published on April 4, 2002 and Hausmann et al., "Atomic 

layer deposition of hafnium and zirconium oxides using metal amide precursors," Chem. 

Mater., Vol. 14, pp. 4350-4358 (2002), for which I am a co-author. In fact, not one single 
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scientific publication explicitly mentioning Hf(NEtMe )4 on or before the effective filing date 

of the present application (September 28, 2000) was found by the ChemAbstracts database. 
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24. Moreover, to date, 85 citations have been made (see Exhibit E) to Hausmann et al., "Atomic 

layer deposition of hafnium and zirconium oxides using metal amide precursors," Chem. 

Mater., Vol. 14, pp. 4350-4358 (2002). In my opinion, the high number of citations since 

this paper has published is further evidence that the claimed Hf(NEtMe )4 has received much 

scientific interest. 

USlDOCS 6781683vl 

MICRON Ex.1014 p.7



25. In my opinion, based on the foregoing information, I believe that such increased interest in 

the claimed Hf(NEtMe )4 is another indication that the claimed Hf(NEtMe )4 achieved 

widespread commercial success. 

Conclusion 

26. In summary, based on the foregoing information, it is my opinion that the claimed 

Hf(NEtMe)4 solves a long-felt need in the semiconductor industry for suitable high-dielectric 

material precursors and the claimed Hf(NEtMe )4 has achieved widespread commercial 

success. 

27. I further declare that all statements made herein of my knowledge are true and that all 

statements made on information and belief are believed to be true; and further that these 

statements were made with the knowledge that the making of willfully false statements and 

the like is punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 

United States Code, and that such willful false statements may jeopardize the validity of the 

application or any patent issuing thereon. 

Inventor: Roy Gordon 

Signed: 

Dated: August 12, 2008 
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Exhibit A 

Record: 1 
Title: 

Authors: 

Editors: 

Author's Affiliation: 

Sotm::e: 

language~ 

Comerence 
Information: 

High-K dielectrics fur DRAM applicath:ins 

Fummura, Y. 1 

1-!aw.mann, R.; Sdnriitz, . .l.; Komiyarria, H.; hubmichi, K. 

1FuJltsti labs. Ltd., KmN<1>0:<kl Jap<111 

Advanced Metallriation ;md lntercom1ei:.t Syst-erns for UL.St Applications in 1996 
1997, pp., pp. 401-7, xvl+600 pp., Pittsbun,ih, PA, USA; Boston, MA, USA: Mater. 
Res. Soc 
Engi:1sh 

Prornedings of MvMced Metamiatlori and Interconnect Systeim for IJLSl 
Applicalfoois in 1CJ96. Boston, MA, USA, 1996l001 

A certain rnpaclta1ice must b.-; rnaintalned ln .,;p1te of tile cell ta1u<.t!-On in DRAMS. 
This umtraclktlon has been wl11~d by introducing -'Hfonenslonal strn<.tures such 
as fin-typ~ G:ip<tdtors or trench c.apadtors. Howev~r-, tt !s difficult to satisfy tl1e 
rnpadrnnce teqLlil);?tneoits of C-bit DRAMs using wnvent!ona! dielectrirn like 
SiO/sllb 2/ or ONO, for this reason, recently, hi9h-dieledr!c. (high·K) 1n:.1teria!s 
such as Ta/slll:l 2/0/sub :1/ or (Ba1Sr)Tl0/sub .3/1 haV<"'. be€l) gath~r!ng mur.11 
<1Uention tQ obtain sufficient c;;padl<11K-e with <1 srnall .:ell size. T;:i/sub 2/0/~ub 
5 /is a promising m'terlal for 2SG·Mbit to H~hit DRAMs. (Ba,Sr}TlO /sub ]/can 
be appl~ to DRAMs beyond 1,Gbit Processe:e; that do n~•t degrade high·K 
1mterlals are n~eded Abstract lllumbet.<;: f:.U99S-·i2·-2S10·tl03 

Inspoc Headings: barium compounds.: dielectric tllln films; DRAM chips; MlS capacitors; tmtalum 
con1p1iunds 

Key Phr-ase Headings: lligh·K dielectrics,: DRAM app!!a1tim1s,: ..:aP<!Clt<HKf.!; 3·-di!l'1,-;11si011al strn,tur-e.: fin· 
type capacitors; trench tap&:itor.s; i:t.'11 size; 2 56 Mbit; 1 Gbit:; Ta/suh 2 /O/sub ~i/; 
6aSrTiO/Si.lb 3/ 

Classificm:ion: 132810 Dielectric tnl>teti1.1ls 1.1nd properties 
82130 C<1!)<!<.lto>s 

Treatn1ent: 

Numerical Data; 

Chemicals: 

Number of 
References: 

Publication Type: 

Upd.ate eod.e: 
Ac:cession Ntnnber-: 
Copyright 
Infom1ation: 

Database: 

82530F MetaHnsullltor·se11~c:oncluctor strm.tures 
B1265D Memory cir<lllts 
132570 S1imlcm1<1uctor imegrated t:lrcuils 

Expt;rimer.ti'!I 

st1Jrage c;:ipacily 2.68E+08 bit; ~Wage <.apa<.ity L1E.+09 bit (help) 

TB205/bin Til2/bin 05/bin Ta/bin OfhinBaStTiO.'l'/ss TiO:>iss Ba/ss OJ/ss Sr/ss 
ll/S>i 0/SG 

8. 

Conference Paper 

199$043 
6067693 

Copyrl~Jht 199i:l, IEE 

In spec 
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Exhibit B 
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h~"jhh:;Jt!U.ii.i ir .. tx.-N{·f bhu~ f~)ti_ 

USlDOCS 6781683vl 

MICRON Ex.1014 p.10



Exhibit C 

1~1 
: Deposition ~ 

! Over100 ! 

I'"'" I ! P!a5m:;; ~ 

I ~~~~~;;;~ryt I 
! Tools For ~ 
' ~ ! Research And ~ 

! Production Call i 
!ForFree i 
! ,C\ppl1c~t1on ~ 

! f\11alys1s ~ 

1~· I 
! Dat;;$bas:e i 
!·~ccess C~mpany ~ 
! Prof11es, Find ~ 

! Sales Leads & ~ 
! Build Lfsts Free ~ 

1~:~11>'"'"', I 
:chamiceJ ~ 

! ~~mp!!er i 
: c,_;nerfl 1cal & ~ 
: ~ 
: Pharmaceutical ~ 

!1ndustryRaw ~ 
' ' ~ 
!Ma~enals-Geta ~ 
! Quote On!1ne ~ 

L~~:~:_::=:~~:~_·::~:~ _____ J 
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~ 
TDMAT, l:JS:rJl!l\:14, TEMAZ , TAETD , TMCTS, 4MS , DMDMOS & OMCTS (99.9999 % - 99.999995 % ( 6N 
-7N5 

Category: 

Prndwct Det&i! 

These precursors are widely used in semiconductor industry, including TDMAT, TiCl4, T.l\ETO, JE:Mf\1-l> 

TElvlAZ, TBTDET. Tlv1CTS, 4MS. DMDMOS. OMCTS and many otl1er metals. oxides and 111tr!•jes 

Precu1·sors The purity of these chemicals can be as high as 6N ~ 7f\15(99 9999 % ,._, 99 999995 % metal 

punty) 
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Exhibit D 

SEMICONDUCTOR PRODUCTS: PDJ!YJ\. 

• JAPANESE ·-------------------
• Contact 

. ~:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_:.;,_~ 
;......, .................................................................................................................... ,'$. 

!ti\%TI%\1\\%i\1 
.~ 

f:~~~~:i:f~::f~S~:~:~~:~~~:.j~ . '""""""""""""""""' 
{}) .h~~f~>~-:::n~rh~~:~~~ :~ 

• :LLLULLLLU 

PRO UCTS 
Top> W ... ODUCTS &. INDUSTRY LINEUP> PRODUCTS: SEMICONDUCTOR PRODUCTS 

ill SEMICONDUCTOR PRODUCTS 
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Electronics offers people a nevr world of unlimited dreams. Sud1 products are realized through the best use 
of cutting-edge technology, materials and devices. They increase convenience and promote comfortable 
lifestyles. ADEKA technology is making an indispensable contribution to such products. Utilizing 
s:1nthesizing and refining technology built upon years ofrese:irdi, we are able to supply key matetials for 
them. The future of semiconductor products begins withADEKA . 

. ·············································· . 

• M.t~-~U..%tKK@{ 
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SEMICONDUCTOR PRODUCTS: ADEKA 

. . 

• ltlU,~\\Vg~~a._®;! 
.·············································· . 

• ltJ~l~'\¥~G®.t\\@ 

Department: ELEC TR ONI C IvlA. TER IP,. LS SPiLE S DEPA R TI\IIENT 

We, AD EK A have been contributing to progress in semiconductor, flat panel display, and optical fiber field 
sine ewe started to prn duce hi g..h purity chlorine in 19 81. We also have been keeping excellent pro ducts 
quality based on distillation techriique, analysis technique, container treatment tedlflique, and keeping dean 
environment that developed through good relationship 'W'ith our customers. As the results, we keep top 
market share ab out many pro ducts in foll owing Ii st. 

ADEKA HIGH-PURITY 
Chlorine 
ADEKA HIGH-PURITY 
Hydrogen Brornide 

ADEKA HIGH-PURITY 
Boron Tri chloride 

• PAGE TOP 

Etching Gas HBr 

The appearances ofnev<r products are expected in semiconductor field because of its road map. We, ADEKA 
have been developing many ALD and CVD precursors as leading company of these kinds of products. 
Therefore, we success to develop our original sources about High-k, ferroelectric, electrode, and Cu for 
semiconductor field, and then we gain customer's satisfaction. These nev,,r products are produced in 
specialized plant. We operate all process, from synthesis to filling, in dean room It rm.kes to realize prompt 
action for customer requirements and changing the scale from trial to mass-production. 

Di electric F ilm&D opant : 

ADEKA SUPER TEOS 

ADEKA HIGH-PURITY 
n .... m 
ADEKA HIGH-PURITY 
TEB 
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ADEKA HIGH-PURITY 
TMP 
ADEKA JUGH·PURITY 
T1:v10P 

ADEKA HJGll·PUHlTY 
TEOP 

Ncvv Materials: 

PET 
PEN 
TB TD.ET 
'l'BTDEN 

Al(Mf\.lPh 

Tt'v1A 

lH(MMP\i. 

HTTB 
TDtv1AIJ 
TElvtAll 

TDEAIJ 
Zr(!vHv'iF)4 

ZTTB 
TEMAZ 
Si(M.t-.'.fP\j 

TDlVtAS 
TEMASiH 

TICS 
C<:( OCE! 2Me )4 

Dy(EDMDD)3 

Dy(sBuCp).~ 

La(ED1vf.DDh 

La(iPrCp)j 

Pr(EDMDD)3 

Pr(~BuCp)3 

Y(nBuCp)3 
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High-k 

Dopant 

Al 

Hl 

Zr 

Ce 

Dy 

Rm..: (:arth La 

Pr 

PO(OClf3)J 

PO(OC2H5)J 

Liquid 

Liquid 

Liquid 

Solidfmp40''C) 

Liquid 

Liquid 

Liquid 

Liquid 

Vi8COl18 Liquid 

Liquid 

So!id(1npl SO'CJ 

Liquid 

Solid(mpSO\;) 

Liquid 

Liquid 
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8u3in e33 Prof ii e 

::;-,·~~ ~~ ~·t~ 
~;~~~·s.:.~~ 

Identifier!> 

Prod ua: Name 

Catalogue No. 

CAS Number 

For1nula 

Brand 
IL 

tetraki& 

~~:~~~~:~~ ~. ~~~$~ r~ f~~· ~~~t·h,~J~~·~ 

TETPAK lS(ETHYIJ'~ETHYU\MmO) HAFNIUM 

3574710 

352535-01-4 

C12H32HfN4 

Packing 
INQUIRY 

Pricing 
Reg' ~ter-. i oqi n 1-qr pri~!ng 

Page of 1 

UserID C: 
P.:issworC 

S.!l'>!A•l:t;' 
r::~-~Xf~ 

Quote requ 
A:;k Quo!;! 

Advanced Technology & Industrial Co., Ltd. all rights reserved 

http:/ /vvwvv .advteoh ind .oom I 8/11 /2008 
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Item #H2m7 
Tetrakls(ethylmethylamlnQ)hafolmn{lV}, 99"/o 

--
CASNumbet: 

Formula: 

Fornt1Jla Weight: 

Boiling Point: 

$etrsltivity~ 

Flash Pt)int: 

O&nsity: 

UN Number: 

1~~/,00 

(CH:,cl-l?i'iCH:1)4 Hf 

,:n1JW 

7~1~/0.1~nrn 

i\ir & 1'·1oislu:-e Sensitive 

1-;''(52T) 

1 <>24 

Contilct Alfa AE!:si3r today! 
Catak~g sa~e~: i--B00.-34:J.{J660 i:.Jr i -97$-521-6::)00 

Technicai S~rvlce: 1~800~3~i3~7276 
B.un.i:!Specjatt.\/ Sah~s.· ·1 .. ss3 .. :34) .. HQ2::. 

Fine chemit.a!s for rasem<:h and developmant from Alfa Aesar, a J.otmson Matthey company 

MICRON Ex.1014 p.17



Digital Specialty Chemicals Ltd. 

470 Coronation Drive 
Toronto, Ontario 

MlE 4Y4 

Tel: 416-231-2991 Fax: 416-231-1935 

Use in Case of Dangerous Goods Emergency 
CANUTEC: 613-996-6666 

MATERIAL SAFETY DATA SHEET 

CHEMICAL: TETRAKIS(ETHYLMETHYLAMINO)HAFNIUM 

CAS #: NOT AVAILABLE 
MF: C12H32N4Hf 

TOXICITY HAZARDS: 
NO DATA AVAILABLE 

HEALTH HAZARD DATA: 
ACUTE EFFECTS 

MAY BE HARMFUL BY INHALATION, INGESTION, OR SKIN ABSORPTION. 
VAPOR OR MIST IS IRRITATING TO THE EYES, MUCOUS MEMBRANES AND 

UPPER 
RESPIRATORY TRACT. 
CAUSES SKIN AND EYE IRRITATION. 
TO THE BEST OF OUR KNOWLEDGE, THE CHEMICAL, PHYSICAL, AND 
TOXICOLOGICAL PROPERTIES HAVE NOT BEEN THOROUGHLY INVESTIGATED. 

FIRST AID MEASURES: 
IN CASE OF CONTACT, IMMEDIATELY FLUSH EYES WITH COPIOUS AMOUNTS 

OF 
WATER FOR AT LEAST 15 MINUTES. 
IN CASE OF CONTACT, IMMEDIATELY WASH SKIN WITH SOAP AND COPIOUS 
AMOUNTS OF WATER. 
IF INHALED, REMOVE TO FRESH AIR. IF NOT BREATHING GIVE ARTIFICIAL 
RESPIRATION. IF BREATHING IS DIFFICULT, GIVE OXYGEN. 
IF SWALLOWED, WASH OUT MOUTH WITH WATER PROVIDED PERSON IS 

CONSCIOUS. 
CALL A PHYSICIAN. 
WASH CONTAMINATED CLOTHING BEFORE REUSE. 
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Frontier Chemicals, LLC. 

Catalog # CAS # 

02-1507 712-76-5 

Name 

4-PHENYLBENlYLAMINE, 97% 

Online Catalog 

Mol Formula 

CsHsC6H4CH2NH2 

03-1636 360-97-4 5-AMINOIMIDAZOLE-4-CARBOXAMIDE, 95% C4H 5N40 

03-1351 13534-97-9 3-AMIN0-6-BROMOPYRIDINE, 97% CsHsBrN1 

02-2256 39640-51-2 ETHYL 6-METHYL-2- C,H11N02 
PYRIDINECARBOXYLATE, 97% 

03-1919 592-51-8 4-PENTENENITRILE, 97% CHi=CHCH2CH2CN 

02-1004 352535-01-4 TETRAKIS(ETHYLMETHYLAMIDO)HAFNIUM [(CH1)C2H1)N]4HF 
(IV), 99.99+% 

02-1005 175923-04-3 TETRAKIS(ETHYLMETHYLAMIDO)ZIRCONIU Zr(NCH1C2H1)4 
M(IV), >=99%, 99.99+% METALS PURITY 

02-2378 598-45-8 iSOPROPYL ISOCYANIDE, 97% (CH 3)2CHNC 

02-2416 19614-12-1 2-BROM0.5-METHOXYBENZYL BROMIDE, 97% 

02-2097 17906-35-3 TRIS(TERT-PENTOXY)SILANOL99.99+% 

02-1484 18166-43-3 TRIS(T-BUTOXY)SILANOL 99.999% 

03-1619 3622-23-9 2,6-DICHLOROBENZOTHIAZOLE, 97% 

BrC5H 1( CH2Br)OCH 1 

(CH3CH2C(CH3)20)3SiOH 

((CH3)3C0)1SiOH 

C1H1CbNS 

03-1349 13534-99-1 2-AMIN0-3-BROMOPYRIDINE, 97% C1H"BrN1 

03-2319 64744-50c9 4.4-PENTAMETHYLENE-2-PYRROLIDINONE. 96% C 9H15NO 

03-1447 52200-48-3 3-BROM0-2-CHLOROPYRIDINE, 98% C1H1BrCIN 

02-1023 1122-28-7 4,5-DICYANOIMIDAZOLE. 99.0% 

03-1399 33674-96-3 (6-BROMO-PYRIDIN-2-YL)METHANOL, 96% 

03-2316 15088-78-5 PHENYLACETYL DISULFIDE, 96% 

02-2495 6547-53-1 

02-1340 1877-71-0 

02"1743 4470-83-1 

02-1313 73842-99-6 

02-1177 123855-51-6 

(4-BENZYLOXY)PHENYLACETIC ACID, 98% 

MONO-METHYL ISOPHTHALATE, 97% 

2,8-DICHLOROQUINOLINE. 96% 

3-( (TE RT-BUTYL DIM ETHYLS! L YL)OXY}­
PRO PANO L, 97% 
N-BOC-4-PIPERIDINEMETHANOL, 97% 

C1H2N, 

CsHEBrNO 

(CsH5CH2COS)2 

CsH1CH20C6H,CH2C02H 

C,H,(C02H)C02CH3 

CsHcCbN 

(CH3)3CSi(CH3)20CH2CH2CH20H 

03-2033 69360-26-5 2-CYANOBENZENESULFONYL CHLORIDE, 98% NCC5H4S02Ci 

02-2182 2459-07-6 METHYL PICOLINATE, 99% C1H1N02 

03-2261 81778-09-8 2-CHLOR0-5-FLUOROBENZYL BROMIDE. 99% CIC5H1(F)CH2Br 

02-1650 705-31-7 4-ETHYNYL-A LPHA.A LPHA,A LPHA- H c:cc,H 4C F J 

TRIFLUOROTOLUENE, 97% 
02-1414 302912-34-1 1-ETHYNYL-2,4-DIFLUOROBENZENE, 97% HC:CC5H3f2 

03-1946 25233-3.0-1 POLYANILINE, EMERALDINE BASE, MWCA. 5,000 

02-2598 4441-56-9 CYCLOHEXYL BORON IC ACID 

03-1162 32477-35-3 N-HEPTAFLUOROBUTYRYLIM IDAZOLE, 97% 

03-1360 123847-85-8 N,N'-01-((1-NAPHTHYL)-N,N '-DIPHENYL)-
(1, 1'-BIPH ENYL)-4,4'-DIAMINE, 99%, SUBL. 

02-1891 175845-21-3 2,8,9-TRllSOPROPYL-2,5,8,9-TETRAAZA-1-
PHOSPHABICYCL0(3.3.3)UNDECANE 

03-2136 66176-39-4 4-(BROMOMETHYL)BENZENESULFONYL 
CHLORIDE, 95% 

C5HnB02 

C1H1F1N20 

C44H32N2 

PN(CH(CH1)2)CH2CH2NCH2CH 
2N(CH(CH1)2)(CH2CH2N(CH(C 
H1b)) 
BrCH2C5H4S02Cl 

Mal Wt. 

183.25 

126.12 

173.01 

165.19 

81.12 

410.9 

323.63 

69.11 

279.96 

306.51 

264.43 

204.08 

173.01 

153.22 

192.44 

118.1 

188.02 

302.41 

242.27 

180.16 

198.05 

190.36 

215.29 

201.63 

137.14 

223.47 

170.13 

138.11 

127.98 

264.1 

588.74 

300.42 

269.54 

To Place an Order /Inquiries: E-mail: sales@frontierchemicals.com:Phone: (414) 534-7845; FAX t414) 762-5539 
©Frontier Chemicals, LLC.,USA - 2008 
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NANMAT TECHNOl.OGV CO.,LTO. 

·1,.\J!f;r.~~Ngh.PµliW.CVPp~·~~~.; 
·rneSt1r-P~E'-£Ufs.J:s are ~Nidelv t~sed i:n se·m~mn>:J~;cior i~~uS:tr~r ~r~c~ud:n:rJ l~fi:-C.).S, TMPt. TMB,T~B., TEf'CJ, TLJEA rrr D~ ... ~A l~. "f1C!4, 
T AET 0. i :;;f\.<!AH, TBTDGT, D:V1.AH. arm marw other :Tle:taie;. ""'XKJ<* i:lilO nitrides Precuroor'S. Tn<:' pwn!y cf the$-<:> .;;r1e:rm(;a!s c.an 
t;e a·:; ;l;g;l as Bf'K~ (89.ff.:19~~"'.05~~ fftetal purlty). 

2. Naoot~:aN ~,~~~Htk"!;i1 ;~n~i ~5:C:'3:T~~ ~ ............................................................... 
n1;s revol.ut~onac)' technology i::an be app!iBrJ on o~tfer~1t rneta:s, su~"i as ak1n1fnwn:: E.1ee1,sta:n!ess :steel. copper. maQn~-sium, 
t~te3n~un\ ancj ~~Jeir allo~.rs. to rmpnJ·ve. the adt-1es~on cf n)etals \•vm~ edht:-8ves and p3mtB. :3nd elso to fftiqiove tr~e i:x:.•nost.::~n · 
resist;snce , T~1~s process h~s been proven el$ a rept~cenient for -anodizat~on .::tnd ~:i.ci(~ etcft~ng v .. ~i~·i ie$S c~)St; ~!tgr~$f ~hroughpi.Jt 
;:u1~J nn po~fuHon. as to meB! the crttf:rlB of No~"'Chf(;hlatecs era. 
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~ • Compound Guide 
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~i}:f~~;~Oy(N 

'fE~~v~:~t 

ti:.·:~)~·~:.;>:. .. 4?) ~'\.';:-:t:.~ht 

...j!Q~f? 

~:-:-.::~~t~·~~>z:.,:::~::,-:;~· ,.:.,:: 
::~: :(:..S~}:·i·:£- ·:<:rK~ A-..:;._=t;~;i:t.:.1;~~· 
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UP Chemical Co.,Ltd. 

. ......................... . • ~s Ji.dd t<> lia<ili;;i: ·• @ l:t.'lll;,., r>t>\'< 
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UP Ch~tr:li;(1:1 Co, ,J:.tJj, l:s· tt,~ t<t~! ~hci:·ping \(~~ii tf't;:t.t ,~~ "°'l'~th {h~ m~rK:f~~tt.tr~ ;:tn•::l si.tt~ :>f !\1.0 ~ CVO 
:;r.::~m~tlf~. UP 0-~1;.:-:~~t·~~ :s lhe fa•§ J:<y,')(f:-a•'! t~Offi}i'~ll)' h'-;. j.iNJfA~~"'=· AtO & (01[) pn;:'t";U~"S!JfS: dCJl"n;·,:.::$f1~a~I~,; &lW (}l~1'(t:$ 

~ev~r::i~ Key K:x·e~tt 3~t:i i~tt{~~tieh~t ~afahts. 

"ft..&t:;iJ-O};~i:.~ G\lO·& Atl:) f:'1r'e<;U~S~" 
.tl.J203., .~.LD .S.. CVQ ~:~ T~AA. 1'-·lPA 
HiG:.~ • ALO & CVD ~"=·· rE~~H, f·H(Ot.B.iJ/4 
Zr02 -· r\lD & (\."Q -:." TEMl\Zr 
Si02, AU! S. C:\lil ·'' H:MASi. l'MDSG-
Ht':. :$f0Z - /\1.0 t C\iD -~ T~~~t·'\'M ~· ·n:::i'/.r"\$ MixtuH;: 
r3?.0'5 .~.~LO & C'VD ~.). TA-.ErCl{.PFO. r~.ro&~.A.t:: 
B::a.'PZ"f r ~.LD S.. C\/D r:::· Co-::f.:~~.i~!~~~. N~»· "fl 

:-· r-,~:-J'&.f..-Ni1mJ~ CVD .~~ .~:.O f~ecui~;c 
nN: •. ~.D ~1- G\{f..) .:-. T~:MA.T. "ft01l, et\;. 
'f3N- p.,l,;) t. CVO .. ;.~ ?EM~T, T!30~T, ThllE:11.~.t\J, {:oti;. 

·' /\I - C\tP & N .. D Pr-e-c.un•<< 
MP;~ .. et<. 
~Cu ... ~.ti).'$.. C\lG P:-.::.~Je:s:~ P:tK~~:~1~· 
·' C.u~hf{f 0:j2, C:t.1(Vl'MOS~. Ct~W). (.u~l.i. clt 
~ .~""d~~~~~ 
"I' C:lti~N-

.. , 200 R&O ch~mtcal$ 
{:-o. P.u. Vi, Mn. C~ .. fl.J.D & CVD r-'f5;Gur'1-..~ ~.i<';un:ljs :"er Dii'fu:itoo ~rrkj:t· Loyt~i . ..-:.tc 
UHt~ Hi·Qt; 'Pure S<:c!'v~n:ts. etc, 

" N~-0· C?.n .~:i~~ ·~nf$ftr 
J, ~E:L EP p~~tH~.::.i t·\1-\<t-::t},,.-:.t~ ~s.1r~:c.-c:, iL.1'8~t~·~~·e.c.l s~r:;sh:ns.J t."'f:.sJ:Qn. Ei"1s1 f.~wh:(N':l&{°Bf: .i:.W:.;;1·~~ 
~ (X,.•ti:nuro!!S: type .sans.:.~ 
~~sii:.t~ rn~-u~~~ing, 2 p~nt~ a~:.:~a~i;:- a!SJTn $-et. t~nj:.'-l;.~a~t.;ir~ <~;~rn~~~"l~"S~ir:.1l1al 
:-· J>Al1Jtt P.:~nh> l.e:.,..l1i ~rrs<x 
h~aXft'11~fY! \V:>:~:~:~9 ~~r-~-t~3~i..!ft-, 1:20'C 
1r2" t:vcH t~mt~rc~[.o.:; 

~ .. ~ ~~ .. ~~ ~~~~:~~ .J?.f:~·~'. 0:1~~~~ .~~~·. ~~~~~9~ .l:1::~?. .. 
VaJ!d .Umll 2C~l»/'.C•.tt/i ~: 

mtv..Jf~ll~}1~:333~t.~~~£ .. t.t~?.3 .. ~9}n 
tH1p:N"p;;h~« . .:o.k< 

........................... 
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Exhibit E: 

85 records. Hausmann, DM Atornic 1ayerdepos1t1on of" hafnium and z1rcornum ccx1des using metal amide precursors 

Rank the records by this field: Analy:ze: Set display options: Sort by: 

Up tof5QQ ______ 1iJ records. ShrPN the top r1()--If] re suits 

Minimum record com11 (threshold)· [ ....... .. 

r~~ecord count 

~'i. Selected field 

Use the cr1eckbm:es below to view the records_ You can cr1oose to view n1ose selected rei:ords, or you can exciude them (and v1ewthe 
others;J. 
Note: The number of records. d~splaved may be greater than the hsled Record Count 
1fthe onglnal set contained rr1ore records tnan the number of records analvze1j, 

Field: Pub I icati on Year Record % of 
Count B5 

! .. 2003 4 7059 % 

r· 2004 13 "15.2941 % 

r 2005 24 28.2353 % 

t" 2006 
0

18 21.1765% 

r· 2007 18 21 1765% 

f"" 2008 9.4118 % 

B..-Chart '· ·_:~~::·::i:·.~~:i:;s:;:~~·_::~:;:·:::~·ji?Y!~~;_·: 

:B: 

:::::::w 
~ 

~ 

~ 

::::::::: 

' 

Field: Public3tion Year 
Record % of 

8..-Chart :::·~i~~~~L~~i~~~~~il~~i~~~ii~~~i~~::.: Count B5 
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Electronic Patent Application Fee Transmittal 

Application Number: 11199032 

Filing Date: 08-Aug-2005 

Title of Invention: VAPOR DEPOSITION OF METAL OXIDES, SILICATES AND 
PHOSPHATES, AND SILICON DIOXIDE 

First Named Inventor/Applicant Name: Roy G. Gordon 

Filer: Yunghoon Ha 

Attorney Docket Number: 42697.135 US6 

Filed as Small Entity 

Utility Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Fi Ii ng: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Al I owance-and-Post-lssu ance: 

Extension-of-Time: 

Extension - 2 months with $0 paid 2252 1 230 230 
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