- . \
- ) . r )
,11/10/87 MON 10:17 FAX 408 943 3448 . NOVELLUS ) Q@ooz
o ) i ! ~ ’ B _:‘i")_:B
Patent
: . Artorney’s Dockat No, 008442-028
’ (formerly 51960.PO17d)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
re Patent Application of )
)
Glenn I. Leedy )
) =
Application No.; 08/315,90S8 ) Group Art Unit: 1104
.) -
Filed: September 30, 1994 } [Examiner; Dang, T.
)
For: METHOD OF MAKING )
DIELECTRICALLY ISOLATED )
INTEGRATED CIRCUITS (a3 amended))

DOCKET

_ ARM

DECLARATION OF DR. ALAIN HARRUS

Assistant Commissioner for Patents
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Sir:

I, DR. ALAIN HARRUS, declare that:

1. I hold a doctorate degree in Physies from Temple Unlvr.:siq- (Pmadelpmnj, .
having completed my doctorate program in 1984.

2, Duriog a peried of spproximatcly five years from 1985 to 1989, I was a
Member of Technical StafT at the Silicon Processing Laborarory of Bell Laburaturiey in

Allastown, Peonsylvania. My responsibifities were focused in the area of semiconductor
manufacturing process development, particularly plasma processes and dielectric
Provesses. . )

3. In 1989, I joined Novellus Systems as Senior Technologist and was promoted
to Director of Technology for Dielectries In 1990, having responsibility for the product
line of diclestric deposition systems, including interacting with customers, developing new
processes, supporting existing processes, troubleshooting problems in the fleld, davice
integration, ete.

4. I left Novellus in 1993 to join LAM research, another semiconductor
equipmanr mamsfacrurer, where I worked in the CVD Division. I returncd to Novellus in
1994 as Director of Strategic Marketing,
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5. 1am currently Chief Techuical Offlcer of Novellus, a position I bave hald
since 1996. '

6. In 1988 or so, Novellus inwaduced a dual-RF PECVD deposition systom,
This system provided for the first time a2 mechanism 0 control the siress of deposited
films. Onc RF sourcc is high frequency, and the other RF source is low fraquency.
Stress is conmrolled by varylng the energy ratio of the high and low fequency RF
sources.  The main role of the high-frequency RF is to generate the reactive species and
provide sufficlent electron and ion densities, The low frequency is added to control the
ion bombardment to which the substrates arc subjocted during deposition. Increasing the
owfrequency power increases the plasma potential and the amount of ions following the
low-frequency RF field (<1 MHz). The resulting low.snergy lon implantation occurring
during deposition causcs a change in the intrinsic film stress from tensile to compressive,
increases film density, and improves the chemical reacrions,

7. Stress level measurements of dielectric films are often spoken nf and depicted
't "units® of 1 x 10° dynes/cm?®, with "+ " boing used to denote tensile stress and "-"* '
being used Lo denote compressive streas.  Both inteper and decimal values may be used,

for example:
-5 -5 x 10° dynes/cm?
< " -4 x 10° dynes/cm® -

-3 -3 x 10° dynes/cm?

COMPRESSIVE -2 -2 x 10° dynes/cm’®
-1 -1 x 10° dynes/cm’

01 - " 0.1 x 10° dyncs/em?
ZERO 0 0 x 10? dynesrera®

0.1 0.1 x 10° dynes/cm?
TENEILE _ L ) 1 x 10° dynes/em®
2 " 2 x 10° dynes/cm?
3 S 3 x 10° dynes/em?
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8. At Novellus, ] would be approached by customers having various different fllm
requirements, Most of these requirements were quite conventional. Mont customers
requested filis having a stress of about -1. Customers wers not interested in tensile
flims because of the propensity of such films o crack. Dielectric films ure often used as
passivation layers, cracking of which ¢an result in device contamination and failure in the
fleld,

9. Im 1950, I was approached by Glenn Lecdy about the feasibility of producing
thick dielectric film having very low tensile stress. This was a very unconventional
request, ono that, to my knowlsdge, no customer had made bafora,

10, At the rime Mr. Leedy made his request, Novellus bad comploted a
substantial body of work regarding swess conwol of thin films, This work suggested in
theory that, by controlling deposition parametars (principally the ratio of high frequency
RF energy to low frequency RF encrgy), film stress could be controlled anywhere along =
line passing through zero and extending from about -5 to +3. Attached is a page from
Novellus's Process Guide for Siticon Nitride. The figure at the botom of the page shows
the theoretical curve for stress varsus percantage of low-frequency power, together with
dals points correaponding to films acrually produced. In practlce, however, the lowest
tenslie stress fim produced at Novellus prior to receiving Mr. Leedy's Tequest was,
recording to my recollection, about +1. d '

11, Bascd on my expsrience, I responded to Mr, Lecdy that [ thought thar
Novellus could produce a film that would meet his foquirements. Under my direction, an
engineer then undertook a series of experiments. conducted over a period of several days,
demonstrsting that ingeed a thick low stress @nsile dielestric ﬁ[;u could be produced.
having a stress level of about 0.1 or less, an order of inagnitud¢ or more JoWer than
tensile films that had previously been produced at Novellus,

12. I have reviewed U.S. Patent 4,702,936 to Maeda et al. From the linaitzd
information prescated in the patent, I believe. that it is impossibic to say with any degree
of certainty what the stress lovel of Tilms produced in accordance with the teachings of
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:hc patent would be, For example, no mention is made in Maeda et al. of the reactor
pmls'un. sn impoxtant procass varisble, Tho important process v-rmbles in the Novellus
provess used to produce low stress teaslic diclectric films for Mr. Lecdy in;ludct:l )
temperatuce, pressure, high frequency RF power, low frequency RF power, and flow
rates of various chemieal canstituents (Specification, page 21).

13. Both chomistry and activation play an important rolc in determining film
characteristics, Similaritics ln chemistry (or even identical chemistry) simply cannut be
used to prediet film similarity apart from considerations of activation. The same
chemistry coupled with different activation can produce entirely different results. In the
case of Maeda et al., the UV activation process employed differs greatly from the dual
RF activation process used at Novellus to produce films for M‘t. Leedy. To draw an
apdlogy, the same ingredicnts, flour and water may be used to make a pizza or may be
used to make a cake. ,

14, Based on my experience, I do believe thar fllms produced in accordance with
the teachinga of Maeda et al. would have tensile stress. However, Maeda et al, provides
ne mechanism for controlling the stregs level, i.e., Do mechanism akin to varying the *
ratio of high frequency to Jow frequency energy as in the case of the Novellus system.
The ability 1o produce & low tensile stress layer relies on the ability to control stess with
an independent mechaniem or "kanb," No such kaob is present in Maeda et al.

15. Silicon nitride intrinsically gocs down at rclatively high lovels of tensile stress
(e.g., +1) In accordance With both thermal deposition and high frequency PECVD.
Furthermore, other work using similar chemistoy and UV activation as Maeda et al. has
resuted in films having stresses of about +7, Note, for example, Nagayoshi, et al.,
“Residual Stress of a Sk;,,N,:H Films Prepared by Afterglow Plasma Chermnical Vapor
Deposition Technique®, Jpn. J. dppl. Phys., Vol. 31, pp. L867-L868 (1992), a copy of
which is attached hereto.

16. The undecslgned declares further, that all statements made herein of his own
knowledge are true, and that all statements made on information and beliet’ are believed to
be true; and further that these statements were made with the knowledge that willful fajse
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statemeonts and the liks go made are pUnishable by fine or hnptilmmmt. or. both, under
Section 1001 of Title 18 of the Unitcd Statca Code, and that such willful false staternents
may jeopardize the valldity of me application or any patent issuing thereon.
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