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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 (April4, 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 April4, 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 (12 of 19 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 

• To soh 

• 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 Hj(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/USOl/30507 published on April4, 2002 and Hausmann et al., "Atomic 

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

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," Chern. 

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. 
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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: 

SouN::e: 

language~ 

eom~r~n~~ 
I.nf'ormation: 

HigrH< dielectrics fur DRAM applications 

Fummura, Y. 1 

Haw.mann, R.; Sr.hmitz, . .l.; Komiyart'\a1 H.; hubouchi, K. 
1Fujltstl labs. Ltd., K<tW<t>-<<kl Jap<m 

Advanced Metallrlation ;md lnterconne>:.t Syst-ens for ULS! Applications in 1996 
1997, pp., pp. 401-7, xvl+600 pp., Pittsbun,Jh, PA, USA; Boston, t-1A, USA: f•1ater. 
Res. Soc 
Engi:lsh 

Proceedings of MvMced t-1eta!ll~atlon and Interconnect Syst~r-ns for IJLSl 
Applications in 1'!96. Bo~ton, MA, USA, 1996l001 
A c~rtaln e<ipac!t&llc<e rnust be maintained ln .,;plte of tile cell rer.1u<.t!on in DRAr>ls. 
This wntraclktlon has b~n wlv~d by introducing .OHlirnenslonal ~tw<.tur~ such 
as fin-typ~ G:ip&itors or trench cap<!dtors. Howew~r, tt is difficult to satisfy tl1e 
<:<1padmnce reqLlil);?tnents of C·bit DRA1'1~ using wnventlona! dielectrics like 
SiO/&llb 2/ orONO, h~r this reason, recently, high-dieledr!<. (high·K) m<ltetia!::; 
such as Ta,isub 2/0/sub :1/ or (Ba1Sr)Tl0/sub .3/, haY<._, be€l) gathering mur.11 
<~Uention to obtain !ii..Mki~nt C~>padl<~nc-e with <1 srnall .:ell size. T<J/~ub 2/0/~wb 
5/ is a promising m<~terlal for 2SG·Mbit to H~hit DRA!"K (Ba,Sr}TlO ,/sub ]/can 
be appl~ to DRAI'1s beyond l,Gbit Proc~se:e; that do n~•t degrade high·K 
omterlals are needed Abstract lllumbet.<;: f:.U99S-·i2·-2SiO·tl03 

Inspoc Headings: barium cornpounds.: dielectric thin film~; DRAI'-1 chips; NlS capacitors; tmtalum 
con1p,,unds 

Key Phr-ase Headings: high·K dielectrics,: DRA!'•1 applk.<ttimls,: <.:a!)<1C!t<mte; 3·-di!l'o(;i1Si0i1ill stm,tu;<:,: fin· 
type Cilpacitors; trench cap;u:itor.s; ,:c.Jisize; 256 Mbit; 1 Gbit:; Til/suh 2/0/sub ~if.; 
6aSrTiO/Si.lb 3/ 

Classification: 132810 Diel&tric tnl>tetil.lls 1.1nd properties 
82130 C<!!)<!<.lMS 

Treatn1ent: 

Numerical Data; 
Chemicals: 

Number of 
References: 

Publi~atlon Type: 

Upd.ate Code: 
Ac:cession Number: 
Copyright 
Information: 
Database: 

82530F Metal-insullltor·~H~c:oocluctor stn.Ktures 
B1265D r>'!emory cir<Uit~ 
132570 Simliwn<luctor imegrated t:lrcuits 

Expt;rimer.ti'!l 

st~Jrage c<~pacity 2.68E+08 bit; ~wage <.apa<.ity L1E.+09 bit (ll~lp) 
TB205/bin Til2/bin 05/bin Ta/bln O[hinBaStTiO.'l'/ss TiO:>/ss Ba!ss OJ/ss Sr/ss 
ll/S>i 0/SG 

8. 

Conference Paper 

199$043 
6067693 

Copyrl~Jht 199i:l, lEE 
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Exhibit B 
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. A.l~ rn:..1;,;'ii!}c~'fk.'f"i:S. <...1f the ii:;;-;n.s an~:t·br nwn~ri:....:al:s rr~odi{i:e;~,1. fn,Yn ~~he 19'99 !TRS arf~ b;~:~ed ~;r; th~~ TN r.tf tn~S 19!~9 ~nd srB 
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Exhibit C 

1~1 
: Depos11:Jon ~ 

! Over100! 

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

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

! Production Call i 
!ForFree i 
! ,~ppiJc~t1on ~ 

! f\nalySIS ~ 

~~·I 
! Dat;;$bas:e i 
!·~ccess C~mpany ~ 
! Profiles, F1nd ~ 

! Sales Leads & ~ 
! Build Lfsts Free ~ 

1~:~~~>0·"''', I 
:cham~ceJ ~ 

! ~~:op!!er i 
: c,_;nerT11Cal & ~ 
: ~ 
:Pharmaceutical ~ 

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

L~~:~:_::=:~~:~_·::~:~ _____ J 
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\'·"· He::, j Languages :;)i;;j 

I 

~ 
TDMAT, TISJJI!I\J4, TEMAZ , TAETD , TMCTS, 4MS , DMDMOS & OMCTS (99.9999%- 99.999995% ( 6N 
-7N5 

Category: 

These precursors are widely used in semiconductor :ndustry, including TDMAT, TiCI4, TAETO, 1JSMNl> 

TEiviAZ, TBTDET. Tlv1CTS, 4MS. DMDMOS. OMCTS and many otl1er metals. oxides and n:tr!•jes 

Precur·sors The punty of these chermcals can be as h!gh as 6N ~ 7N5(99 9999%"' 99 999995% metal 

punty) 
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Exhibit D 

SEMICONDUCTOR PRODUCTS: PDJ!YJ\. 

• J AP }\l-lESE ·-------------------
• C ont::tct 

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

!ti\%'%1\1\\\t\1 
.~ 

f:~~~~:;t:f~::r~s~:~:~~:~~~:.;~ . """"""""""""""""" 
{}) Jf~f~>n:=n~rh~~:~~~ :~ 

• :LLLULLLLU 

PRO. UCTS 
Top> W ... ODUCTS &. INDUSTRY LH··lEUP >PRODUCTS: SEMICONDUCTOR PRODUCTS 

Ill SEMICONDUCTOR PRODUCTS 
~-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Electronics offers people a ne\111" v;mrld of unlimited dreams. Sud1 products are realized through the best use 
of cutting-edge tedmology, materials and devices. They increase convenience and promote comfortable 
lifestyles. ADEKA tedmology is making an indispensable contribution to such products. Utilizing 
S:Jnthesizing and refining technology built upon years ofreseardl, we are able to supply key matetials for 
them. The future of semiconductor products begins withADEKA . 

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

• M.t~-~U..%tKKK# 
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SEMICONDUCTOR PRODUCTS: ADEKA 

. . 

.. ltlU,QL\\Vg~~a._%;! 
.·············································· . 

• ltJ~l~'\¥~G®.t\\W: 

Department: ELEC TR ONI C IvlA. TER Ill. LS SP"LE S D EPA R TI\IIENT 

We, ADEKA have been contributing to progress in semiconductor, flat panel display, and optical fiber field 
sine ewe started to pm duce hi g..h purity chlorine in 19 81. We also have been keeping excellent pro ducts 
quality based on distillation tec11flique, analysis technique, container treatment tedlllique, and keeping dean 
environment that developed through good relationship ¥lith our customers. As the results, we keep top 
market share about many pro ducts in following 1i st. 

ADEKA HIGH-PURITY 
Chlorine 
ADEKA HIGH-PURITY 
Hydrogen Brornide 
ADEKA HIGH-PURITY 
Boron Trichloride 

Etching Gas HBr 

The appearances of new 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. 

Dielectric F ilm&D opant : 

ADEKA SUPER TEOS 

ADEKA HIGH-PURITY 
TI\.lli 
ADEKA HIGH-PURITY 
TEB 
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ADEKA HIGH-PURITY 
TMP 
ADEKA JUGH-PURITY 
T1:v10P 

ADEKA lUCHl-PUHlTY 
TEOP 

Ncvv Materials: 

PET 
PEN 
TBTDE·r 
'l'BTDEN 

Al(MivlPh 

Ttv1A 

lH(MMP\1. 

.HTTB 
TDtv1AIJ 
TE.lvl'All 
TDEAIJ 

Z r(.tvirv1F)4 

ZTTB 

TEMAZ 

Si(M.t>.clV)4 

TDl\lt/\S 

TEMASiFT 

TICS 

C<:( OCE! 2Me )4 

Dy(ElJMD.D)3 

Dy(sBuCp).~ 

La(ED1vf.DDh 

.La(i.PrCp)j 

PriFDMDD)3 

Pr( ~BuCp)3 

Y(nBuCp)3 
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IJigh-k 

Dopant 

Al 

Hl 

Zr 

Ce 

Dy 

Ran; (:arth La 

Pr 

PO(OClf3)J 

PO(OC2H5h 

Liquid 

Liquid 

Liquid 

Solidfmp40''C) 

Liquid 

Liquid 

Liquid 

L-iquid 

Vi8eou8 Liquid 

Liquid 

So!id(1npl SO'CJ 

Liquid 

Solid(mp50\"'::) 

Liquid 

Liquid 
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8u3in e33 Profile 

::;-,·~~ ~~ ~·t~ 
~;~~~·s.:.~~ 

Identifier!> 

tetraki& 

Prod ua: Name ! ETPAK lS(ETHYIJ'~ETHYU\~'lir~O) HAFNIUM 

Catalogue No. 3574710 

CAS Number 352535-01-4 

Brand 
IL 

Packing 
INQUIRY 

Pricing 
Reg' ~tsw. i IJQI o Jqr pri~!ng 

Page of 1 

U:::eriD C: 
P-:~ssworC 

S.!l'>!A<l:<;' 
r::~-~xf~ 

Quote requ 
Ask Quo!;! 

Adv;;mced Technology & Industrial Co., Ltd. all rights reserved 

http:/ /vvwvv .advteoh ind .a om I 8/11/2008 
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Item #H2m7 
Tetrakls(~thylm~thylamlnQ)hafolwn{lV}, 99"/o 

--
CASNumbet: 

Formula: 

ForntiJia Weight: 

Boiling Point: 

Setrsltiv tty~ 
Flash Pt)int: 

O&nsity: 

UN Number: 

1~~/,00 

(CH:P-l?i'iCf-1:1)4 Hf 

,:rJtJW 

7~1~/0.1~nrn 

i\ir & 1<·1oislu:-e Sensitive 

i-i''(52T) 

1 ::.>24 

Contilct Alta AE!:si3r today! 
Catal0g sa~e~: i--B00.-34:J..{J660 t'tr i -97$-521-6::)00 

Technical S~rvlce: 1~800~3~i3~7276 
B.uH.,;!Specjatt.\l Sah~s.· ·t .. H8{) .. :34:)-.HQ2::. 

Fine chemicals for rasear<:h and developmant from Alta Aes.ar, a .Johnson Matthey company 
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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. 

US !DOCS 6781683vl 

HARVARD  Ex. 2107,  p.18



Frontier Chemicals, LLC. 

Catalog # CAS # 

02-1507 712-76-5 

Name 

4-PHENYLBEI'JlYLAMINE, 97% 

Online Catalog 

Mol Formula 

CsHsC6H,CH2i'JH2 

03-1636 360-97-4 S.AMINOIMIDAZOLE-4-CARBOXAMIDE, 95% C 4H6N40 

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

02-2256 39640-51-2 ETHYL 6-METHYL-2- CgHnN02 
PYRIDINECARBOXYLATE, 97% 

03-1919 592-51-8 4-PENTENENITRILE, 97% CHpCHCH2CH1CN 

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

02-1005 175923-04-3 TETRAKIS(ETHYLMETHYLAMIDO)ZIRCONIU Zr(NCH1C2Hs)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% 

BrCBH 1( CH,Br)OCH 1 

(CHJCH2C(CH3)20)3SiOH 

((CH3)3CO)JSiOH 

C 7H1CbNS 

03-1349 13534-99-1 2-AMIN0-3-BROMOPYRIDINE, 97% CsH"BrN, 

03-2319 64744-50c9 4.4-PENTAMETHYLENE-2-PYRROLIDINONE. 96% C9H15NO 

03-1447 52200-48-3 3-BROM0-2-CHLOROPYRIDINE, 98% CsH1BrCIN 

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 

02c1743 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-( (TERT-BUTYL DIM ETHYLSI L YL)OXY}
PROPANOL,97% 
N-BOC-4-PIPERIDINEMETHANOL, 97% 

CsH2N, 

CsHEBrNO 

(CsH5CH2COS)2 

CsHsCH,OC6H,CHlCO,H 

C,H,(CO,H)C02CH3 

CsHcCbN 

(CHJ)3CSi(CH3)20CHJCH,CH20H 

03-2033 69360-26-5 2-CYANOBENZENESULFONYL CHLORIDE, 98% f\JCC5H4S02CI 

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

03-2261 81778-09-8 2-CHLORO-S.FLUOROBENZYL BROMIDE. 99% CIC5H3(F)CH2Br 

02-1650 705-31-7 4-ETHYNYL -A LPHA.A LPHA,A LPHA- H c:cc,H 4C F 1 

TRIFLUOROTOLUENE, 97% 
02-1414 302912-34-1 1-ETHYNYL-2,4-DIFLUOROBEf\JZEf\JE, 97% HC:Cc,H3F2 

03-1946 25233-30-1 POLYAf\JILINE, EMERALDINE BASE, MWCA. 5,000 

02-2598 4441-56-9 CYCLOHEXYL BORONIC ACID 

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

03-1360 123847-85-8 N,N'-DI-((1-f\JAPHTHYL)-N,N '-DIPHENYL)-
(1, 1'-BIPH ENYL)-4,4'-DIAMINE, 99%, SUBL. 

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

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

C5HuB02 

CIH3FIN20 

C44H32N2 

PN(CH(CHJ)2)CH2CH2NCH2CH 
2N(CH(CHJ)2)(CH2CH2f\J(CH(C 
H1b)) 
BrCHJC&H4S02Cl 

Mol WI. 

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 TECHNOI.OGV CO.,LTO. 

·1.,.\J{f;r.~~Ngh.P~IiW.CVPp~·~~~.; 
·rneSt1r-f'~E"-£Ufs:J:s are ~Nidelv t~sed i:n se·m~conrJ~K:ior i~~uS:tr~r ~r~c~ud:n:g l~fi:-C.).S, TMPt. TMB,T~B,, TEf'CJ, TLJEA rrtTJ~ ... ~A l~. "fiC!4, 
TI\ET 0. i :;;f\.<!AH,T8TDGT, D:V1.AH. arm marw other :Tie:taie;. "''XKJ<* i:lilo n1trioos Precurooros. Tnt::' pwn!y cf the~.e .;;rlt:m>(;a!s c-an 
t;e a-:; ;l;g;l as 8N~1 (89.ff.dl9~~"'.05~~ ntetal purltv). 

2. Naoot~:am ~,~~~Htk"!;i1 ;n~~i ~5:C:'3:T~~ ~ ............................................................... 
rn;s revol.ut~onaf>' technology i::an be app!iBrJ on d~tft::r~1t rneta:s, su~"l as aiurnfnwn:: E.1ee1,sta:n!ess :steel. copper. maQru:~·-slum, 
t~te3n~Un\ ancj ~~Jelr allo~.rs. to rmpnJ'.Je. the adt-tes~on cf n)etals \ll!~ih edht:-8ves and p3mtB. :3nd elso to !ftif.,fiove tr~e ~c·nost·:)n · 
resist;snce , T~1~s process h~s been proven el$ a r~pt~c~ment for -anodizat~on .::tnd ~:tCi(~ etcft~ng \t..~i~·l ie$S c~)St; ~!tgr~$f ~hroughpt.Jt 
an~J nn po~fuHon. as to meB! the crttf:rlB of No~"'Chr(;r?late{s era. 
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• Compound Guide 
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~:-:-.::~~t~·~~>z:.,:::~::,-:;~· 1:..:: 
::~: :(:..S~}:·i·:£o- ·:<n;.~ A-..:;.=t:~:t:t·i·l:~~· 
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UP Chemical Co.,Ltd. 

. ......................... . 

• ~f Add hrlia<i!i>;i: ·• @ l:t.'ltl;,., r>f>\'0 
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UP Ch~tr:l~(1:1 Co .. UQ. lcs· ttr·~ t<t~! ~het:·ping r•~~l: tfl;:t.t ~~~ ""~'~th {h~ m~rK:f~~tt.tr~ ;:tn•::l si.tt~ :>f !\1.0;}; CVO 
:;r.::~m~or~. UP O~i;.:":~~t·~~ ;s_ lhe tir§ J:<.o:)r'f:-a•'! t~OffiJ.";-~n:y h'-;o j.iNJf$:-.~.:,."(:. AtO & (~[) pn;:'t";U~"Sl).':'S: dCJl"n;,:.:SHt~a~l~,; &lW 0l~lr"t:$ 
~ev~r:::~ Key K:x·e~tt 3~t:i i~ft{~~UCh~t ~a~ehts. 

"ft..&t:;~J-O};~i:.~ G\lO·& AJ...l:) r:~·e<;u~s~· 
.tl.J203., .~.LD .S.. CVQ ~:~ T~AA. ~·lPA 
HiG:.~ • ALC' & CVD ~-=·· rE~MPo.H, f·H(Ot.B.iJ/4 
Zr02 .. r\LD & (.\lQ -:." TEMI\Zr 
Si02, AU! S. C:\lil·'' J'EMASl. J'MDSC;o 
Ht':. ~fOZ -1\!..0 t C\iD- ~ T~~~t·'\'M ~· ·n:::i'l.r"\$ Mixtu·r·e 
r3?.05 .~ .~l.D & C'VD ~.). TA-.ETCI{,PFO. r~.TO&\A.t:: 
B::a.'PZl ~ ~.LD S.. C\/D r:::- Co-::fi:~~.i~!~~~- N~»· ·rt 

:-· r-,~:-]'&.f...Ni1mJ~ CVD .~~ .~:.0 P~ecu~~;c 
nN: ~ .~.D ~1- G\{f..) .:-. ·n:MA.T. ·rt01l, et\;. 

'f3N · P .. l.O t. CVO .. ;.~ ?EM.\T, T!30~T, tenE:r~.~.t\J. {:ot~. 

·' 11.1 . C\tP & N .. D Pr-e<.u·rS<( 
f¥1P;~ .• et<. 
~ Cu ~ .~.:ll) •'5.. (;\lG P:'-.::.~Je:s::=:, P:tK~~:~-c~· 
·' C.u~hf{f•:j2. C:u('r/TMOS~. Ct~W). (.u~l.i. clt 
~ .~-"'d~~~~~ 
II' C:l'h~N-

.. , 200 R&D ch~mtcal$ 
{:-o. P.u. Vi, Mn. C~ .. fl.J.D & CVD Pr:i:.Gur'1-..~ ~.i\"Jun:e:s :"cr Dii'fu:itoo ~rrkj:t· Loyt~;. ,..:.to:::: 

UHt~ Hi·Qt; 'Pure S<:c!'v~n:ts. etc, 

" N~"O· C?.n .~:i~~ C.:::.nf:')ftr 
J, ~E:L EP p~~'h.e:~.::.i {'\1-Vt-::tJ,..:-t~ Sur~~c.-c:, iL.·'8~t~;~~·~·t".l s~r:;sh:ns.) t."'f:.sJ:Qn. EflS'f (~Wh"::Cf:l&tBf: tW:=i1·~~ 
~ Go••l'inLH:'o!!S: f)•p>ii!o s.ans.:.~ 
~~sit:.t~ rn~-u~~~ing, 2 p~nt~ a~:.:~a~l;:' a!s;rTn $-et. t~nj:'-l;.~a~t.;~r~ <~.xT:~~~"l~"S~ir:.1l1al 
,.. J>Al1Jtt P.:~nh> l.e:.,..l1i ~rnxx 
h~aXft'11~f"t"t \V:):"~:~:~$J ~~r-~-t~3~i..!l't-, 1:20'C 
1t2'' t:vcH t~m~:~rc~[.o.:; 

~ .. ~ ~~ .. ~~ ~~~~:~~ .J?.f:~·~·. 0?~~~~ .~~~·. ~~~~~9~ .l?::~?. .. 
VaJ!d .Umll 2C~'l»lC .... U·i ~: 

mtv..H~li~}i~=333~t~~~i-.t.t~?.3 .. ~~n 
tH1p:N"p;;h~« . .:o.k< 

........................... 

• Nil :iilQ\ilrl:' ~'~·Pil 
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Exhibit E: 

85 records. Hausmann, DM Atorn1c 1ayerdepos1t10n of" hafn1um and z1rcon1um ox1des us1ng metal arn1de precursors 

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

Up tof50Q ______ 1iJ records. Sh~v the top r1c3--Ii] resuits 

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

r~~ecord count 

~'i. Selected field 

Use the cr,eckbm:es below to VJew the records. You can cr,oose to v1ew n,ose selected re.cords, or you can exciude them (and V1ewthe 
otherS). 
Note: The number of records d~splaved rnay be greater than the hsled Record Count 
1ft he onglnal set comamed rr,ore records tnan the number of records analvze,j. 

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

! .. 2003 4 7059% 

r· 2004 13 "15.2941 % 

r 2005 24 28.2353% 

r- 2006 0

18 21.1765% 

! .. 2007 18 21 1765% 

f'" 2008 9.4118% 

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

:B: 

:::::::::& 

~ 

~ 

~ 

::::::::: 

' 

Field: Public3tion Year 
Record % of 

8..-Chart :::·~i~~~~L~~i~~~~~il~~i~~~ii~~~i~~::.: Count B5 
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