R i

me e - ey
:.".'rr.’ ,',H!“ bl Y“

RESEARCH TRIANGLE INSTITUTE

Second Quarterly Technical Report

INVESTIGATION OF LOW TEMPERATURE
MULTILEVEL DIELECTRICS FOR APPLICATION
FOR RADIATION TOLERANT, SUBMICRON-SCALED
IC TECHNOLOGY

ALU-A216 078

Period Covered: 1 April 1989 to 3¢ June 1989
RTI Project No. 415U-3627

STRATEGIC DEFENSE INITIATIVE ORGANIZATION

Innovative Science and Technology Office

Office of Naval Research '!
ONR Contract No. N-00014-86-C-0421 D T l C !
‘ ELECTE
Auth
Hers DEC26 1983
RTI NCSU &
J. A. Hutchby . ' G. Lucovsky E .
R.J. Markunas D. V. Tsu o
G. G. Fountain ~ 8.S8. Kim
S. V. Hattangady '

DISTRIBUTION STATE

Approved for public relsase;
Distribution Unlimited
POST OFFICE BOX 12194 RESEARCH TRTANGCE FARK, WORTH CAROLINA 27709-2194

89 12 26 171

-
S T T <




Unclassified
URITY CLASSIFICATION HIS PA
REPORT DOCUMENTATION PAGE
1a. REPORT SECURITY CLASSIFICATION 1. RESTRICTIVE MARKINGS
Unclassified NONE
2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION/ AVAILABILITY OF REPORT
—_— Approved for public release unlimited
2b. DECLASSIFICATION / DOWNGRADING SCHEDULE - distribution
4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)
83B-3627 : Office of Naval Research
6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION
(" applicable)
Research Triangle Institute PP Office of Naval Research
6c. ADDRESS (City, State, and ZiP Code, 7b. ADORESS (City, State, and Z!P Code)
P.0. Box 12194 20(1)1“}3“1“31 25517 5000
Research Triangle Park, NC 27709 riington,
8a. NAME OF FUNDING / SPONSORING 8b. OFFICE SYMBOL | 9. PROCUREMENT INSTRUMENT IDENTIFICATION MUMBER
ORGANIZATION _ (f applicable)
SDIO/IST N-00014-86~C-0421
8¢. ADORESS (City, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS
SDIO/T/1S PROGRAM PROJECT TASK WORK UNIT
Pentagon ELEMENT NO. [NO. NO. rCCESSION NO.
Washington, DC 20301-7100

o
1"IRLLgsat"{Igg'ti‘o‘gngfaﬁw??ggperature, Multilevel Dielectrics for Application for Radiation

Tolerant, Submicron-Scaled IC Technology (Unclassified)

12. PERSONAL AUTHOR(S)  p 1 Markunas et al.

13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) 5. PAGE COUNT
Wuarterly tom 471785 10 6/30/89"* F/TsYsY r

16. SUPPLEMENTARY NOTATION

17 COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by biock number)

FIELD GROUP SUB-GROUP

Silicon Diqxide, Oxynitrides, Plasma CVD

19. ABSTRACT {Continue on reverse If necessary and identfy by block number)

The following report details the progress on ONR contract number N-00014-86-0421
during the period from April 1, 1989 to June 30, 1989. This program entails a
joint effort between Research Triangle Institute and North Carolina State
University.
"7 During this quarter work has proceeded in mapping out the nitride deposition
parameter space. The new ultra high purity reactor is on line and in use. YNitride
results show a 2 order of magnitude improvement.

~

20. DISTRIBUTION / AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION

GIuncLassiFieoauNumiTeED [ saMe As RPT. (] onc UsERS
22a. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (Inc/ude Ares Code) | 22¢. OFFICE SYMBOL
R.J. Markunas 919-541-6153
DO FORM 1473, 84 MAR 83 APR edition may be used until exhausted. SECURITY CLASSIFICATION OF THIS PAGE

All other editions are obsolets. Unclassified




TABLE OF CONTENTS

Page
1.0 INTRODUCTION. .. cccrirrttitnicsiisnicssiiienenressesssssnsssssssssassessnressssssscss 1
2.0 NITRIDE DEPOSITION WORK ...coovuiiieiiiini i, 2
3.0 NEW ULTRA-HIGH PURITY REMOTE PLASMA DEPOSITION
SYSBTEM cteeeiiiieinreninieeceisiieeenstieiesesttenneestanseesissessassssessssessossssssessecsenns 4
4.0 SUMMARY AND PREVIEW....rrierriiiieniniiieninsnisieeneeineseeensssessans 7
PN 2 g DTN B ] B G O OO 8

Accession For

NTIS GRAXI g
DTIC TAB
Unannounced O
Justification

By—.

Distribution/

Ava .1ability Codes
Avail and/or
Dist Special

gl |




1.0 INTRODUCTION

The following report details the progress on ONR Contract Number N-00014-86-
0421 during the period from 1 April 1989 to 30 June 1989. This program entails a joint
effort between Research Triangle Institute and North Carolina State University.
Funding is being provided by the Innovative Science and Technology Office of the

Strategic Defense Initiative.’

During this quarter work has proceeded in mapping out the nitride deposition.
parameter space. This work is described in section 2.0. The new ultra-high purity
reactor is on line and in use. Nitride results showing a 2 order of magnitude improve-
ment over results from the original reactor are given. This work is des~:ibed in section

3.0. 3ection 4.0 includes the summary and preview.



2.0 NITRIDE DEPOSITION WORK
473

T=¥ A great deal of effort has been put into characterization of the remote plasma-
enhanced nitride deposition process using I\Q_:yas the nitrogen source., The data base
W}—Aﬁﬁﬁ%-inclndes deposition conditions and characterizations of the depo-
sited [ilms. The‘ gi-;position va:riable,;s. include temperature, pressure, and gas flow rates.
The characterizations include deposition rate, etch rate, refractive index (from elip-
sometry), dielectric constant, infrared data, flatband shift, and hydrogen cohtent.
This data base allows correlation of data according to any combination of parameters
in the data base. This function can be used to verify the possibility of improbability of
various suspected correlations. This capability is illustrated in Figure 1, “Growtii rate

vs. Silane Flow Rate’’. Note the parameters listed urder the title.

s

.
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FIGURE 1




3.0 NEW ULTRA-HIGH PURITY REM(:TE
PLASMA DEPOSITION SYSTEM

A new ultra-high purity deposition system is now on line and operating at RTL
This reactor takes advantage of the insights we have gained into the oxide and nitride
deposition processes. The reactor has an all quartz deposition region for high purity.
mnd a long flow tube type design to minimize eddie current flows. The all-quartz con-
struction of the reaction zone allows us to use external heaters to heat the sample.
which greatly simplifies the internal construction of the reactor and eliminates many
sources of contamination. The reaction zone is heated with infra-red lamps. This
radiation should couple very well into any water-related Byproducts and help to drive
the:ﬁ off of the reactor walls so they can be transported out of the reaction zone. The
gas delivery lines are very short to minimize contamination frorﬁ the lines, and each
gas will be filtered at its injection point with a .05 micron filter. All-metal sealed_leak
valves are used for flow control so that the gas lines are entirely UHV compatible and
bakeable. The system provides much létitﬁde for adjustment of sample position and
' plasma region position. We believe this system will allow us to make major strides in

the development Of:high-quality, highiy reliable dielectﬁcs.

Already the new system is proving its viability in the area of nitride deposition.
The charge to breakdown data shown in Figure 2 is from a nitride deposited at 300 °C
in the new system. This nitride film passed a total charge of over 400 C/cm? before

breaking down. The total voltage shift was less than 0.1 Volt. The best nitride films

L)
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ot of the original reactor had total charge to breakdown values,of 1 Cfem”. This

exciting new result we attribute to the overall improved purity in the new reactor.
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FIGURE 2




4.0 SUMMARY AND PREVIEW

During this quarter the nitride deposition process parameter space has been inten-
sively investigated. The data has heen entered into a data base for convenient evalua-

tion. Possible correlations of deposition parameters with material characteristics are

veing evaluated.

The new ultra-high purity deposition system has been brought on line and is
veing exercised. This system has already shown the capability of improving the quality
" the deposited materials in the nitride deposition area. A SizN, film has been depo-

sited which passed 400 C/cm? before breaking down. This result is a 2 order of magni-

‘ude improvement over results obtained in the original system.

During the next quarter we will report additional results from déposition studies
-onducted using the new ultra-high purity reactor. These studies will include both

<ide and nitride depositions.
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