it Py

RESEARCH TRIANGLE INSTITUTE

S o First Quarterly Technical Report
F
F
w0 INVESTIGATION OF LOW TEMPERATURE
F‘
N\ MULTILEVEL DIELECTRICS FOR APPLICATION
?: FOR RADIATION TO'LERAN T, SUBMICRON-SCALED
o IC TECHNOLOGY
Period Covel'ed: 1 January 19é9 to 31 March 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 T 1 C
T DISTRIBUTION STATEMENT A
Approved for public release; Authors , ELECTE
Distributfion Unlimited DEC281389
RTI NCSU

J. A. Hutchby G. Lucovsky QB

R. J. Markunas D.V.Tsu ‘ .

G. G. Fountain S. S. Kim i s T

S. V. Hattangady

20ST CFFICE BOX 12194 RESEARCH TRIANGLE PARK, NORTH CAROLINA 27709-219

89 12 28 040



T R I

Unclassified
URITY CLASSIFICATION RIS 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. DECLASSIFICATICN / DOWNGRADING SCHEDULE : distribution
4. PERFORMING ORGANIZATION REPORT NUMBER(S) $. MONITORING ORGANIZATION REPORT NUMBER(S)
83B-3627 : Office of Naval Research
6a. NAME OF PERFORMING ORGANIZATION 6b. O':FICE SYI‘:IBOL 7a. NAME OF MONITORING ORGANIZATION
appli L]
Research Triangle Institute 0F apolicabie) Office of Naval Research
6¢. ADDRESS (Gty, State, and ZiP Cocle) 7b. ADORESS (City, State, and ZIP Code)
P.0. Box 12194 8021"' Quincy St.
Research Triangle Park, NC 27709 Arlington, VA 22217-5000
83. NAME OF FUNDING /SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION ) 0f applicable)
SDIO/IST N-00014~86-C-0421
8¢c. ADDRESS (City, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS
SDIO/T/IS PROGRAM PROJECT TAS WORK UNIT
Pentagon ELEMENT NO. INO. NO. ACCESSION NO.
Washington, DC 20301-7100
VI_TITLE (Inglude ification
Inveégfgatiggnzflfgw—¥eﬁperature, Multilevel Dielectrics for Application for Radiation
Tolerant, Submicron-Scaled IC Technology (Unclassified)

12. PERSONAL AUTHOR(S) R.J. Markunas et al

13a, TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) ['S. PAGE COUNT
Quarterly FROM 1/1/89 10 _3/31/8 4/15/89
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 identify by biock number)
p, :

The following report details the progress on ONR contract number N-00014-86-C-0421
during the period from Januarv } to March 31, 1989. This program entails a joint
effort between Research Triangle Institute and North Carolina State University.

During this quarter we have made a preliminary comparison of Si02 deposited at

1.1 to 1.2 nm per minute and 0.16 to 0.18 nm per minute, both at low pressure. An
investigation has been carried to look at the effect of the extension of the glow
discharge region using a grounded vs. floating grid between the plasma tube and the
sample to control the extent of the plasma.

;

i

20. DISTRIBUTION / AVAILABILITY OF ABSTRACT 21, ABSTRACT SECURITY CLASSIFICATION
UNCLASSIFIEDUNUMITED [ SAME AS RPT. [J OTIC USERS

22a. NAME QF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (Include Ares Coce) { 22¢. OFFICE SYMBOL
R.J. Markunas 919-541-6153

DD FORM 1473, 84 MAR 83 APR edition may be used until exhausted.
) All other editions are obsolete. SECURITY CLASSIFICATION QF THis PAGE

Unclassified




TABLE OF CONTENTS

Page
INTRODUCTTION c.coitiiieiiintetetettstcntse sttt |
OXIDE QUALITY VS. DEPOSITION RATE AT LOW PRIESSURL....2
EFFECT OF PLASMA EXTENSION ON OXIDE DEPOSITION........ 4
SUMMARY AND PREVIEW ...coiiiiiiiiiiiiiiiiciciiititennrveenicsssensissniiseninnnens 6

Accessior For

l P/l

NTIS GRA&I =
DTIC TAB a
Unannounced |
Justifioation

By

Distribution/

Availebility Codes

Avail and/or

Dist pecial




1.0 INTRODUCTION

The following report details the progress on ONR Contract Number N-00014-
86-C-0421 during the period from 1 January 1989 to 31 March 1989. This program
entails a joint effort between Research Triangle Institute and North Carolina St-te
University. [Funding is being provided by the Innovative Science and Technology

office Qf the Strategic Defense Initiative.

During this-quarter we have made a preliminary comparison of SiO, deposited

. 1.1 to 1.2 nm per minute and 0.16 to 0.18 nm per minu‘e, both at low pres-ure.

;“his work is described in section 2.0. Also, and investigation has heen carried out
b NCSU to look at the effect of the extension of the glow discharge recion using a
crounded vs. floating grid between the plasma tube and the sample to control the
axtent of the plasma. This work is described in section 3.0. Section «.0 contains

the summary and conclusions.



2.0 OXIDE QUALITY VS. DEPCSITION RATE AT LOW PRESSURE

We: have made a preliminary investigation of the effece of deposition rate at
low pressure on oxide quality. Oxides were deposited at low pressure at rates of 1.1
to 1.2 nm per minute and 0.16 to 0.18 nm per minute. In all cases the substrate
was maintained at 300 °C zu.1d the pressure was maintained at abont 87 mTorr.
All samples have aluminum gate electrodes and all received a 30 min 400 °C post
metai anneal. The interface state densities measured on all samples were in the
low-to-mid 10 eV~! em™ range. Also the yield (10 to 15 capacitors per sample
tesﬁed) of the samples were roughly equivalent for all exc;spt the thin 10.6 nm oxide
deposited slowly. Table 1 shows the deposition rate under which the oxides were

deposited and the corresponding electrical characteristics.

TABLE 1: Deposition Rate Under Which Oxides Were Deposited and
Corresponding Electrical Characteristics .

SAMPLE |DEPOSITION| MIDGAP CHARGE TO
NO. RATE - Dy, BREAKDOWN
nm/min (em™2 ev™1) (C cm™?)
i
111888-2 1.12 2.9 % 1010 1.2 X 1073
112188-1-" 0.16 - 4.3 X 101° 1X 1072
112188-2 0.18 4.5 X 10%° Could Not Measure
112288-2 1.24 2.2 X 10%? 3 X 1072




{

This is onlv a preliminary study of the cffect of deposition rate; however, is
!)05 appear that going to the low pressure allows use of faster deposiiion rates
!t.hout, degrading the quality of the oxidé. Evidence indicates that OH groups in

e films are responsible for poor bhreakdown characteristics in the material. OF
izproduct removal plays a major role in the elimination of Ctl in the films. The
3“\' characteristics in the reactor will certainly play a major 1'ol'§ in the remova! of

product species. These flow characteristics will be greatly affected by both pres-
re and reactor geometry. In section 4.0 we describe t1e construction of a new
igh purity reactor at RTI which is being built with swe :ping flow characteristics

!articularly in the vicinity of the sample) and high purity throughout as prime

sign concerns.
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4.0 SUMMARY AND PREVIEW

During the past quarter we have continued the investigation of the SiO, depo-
sition parameter matrix, in particular investigating the effect of deposition rate
vnder low pressure conditions. Data indicates that under the low pressure condi-
tions the deposition rate can be increased without adversely affecting the oxide
quality. We believe this is due to enhanced byproduct removal under the low pres-
sure conditions. In addition it has been demonstrated that a grid in the gas flow
path can be used to control the extent of the plasma. Furthermore, if the plasma is
confined out of the silane introduction region, stoichiometric oxides can be depo-
sited wi.th very low oxygen to silane ratios (as low as @ to 10). If the plasma extends
into the region of silane introduction, suboxides will be formed under low oxygen to

silane conditions.

In order to take advantage of the insights we have gathered into the oxide
deposition, a second generation remote-plasma reactor is being constructed at RTI.
‘'This reactor has an all quartz deposition region for high purity, and a long flow
tube-type design to minimize eddie current flows. The all quartz construction 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 will be heated with infra-red lamps.
‘This radiation should couple very well into any water related byproducts anc help
to drive them 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 from 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 controi so that the gas.lines are entirely
UHV compatible and bakeable. The system provides much latitude 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. highly reliable diclectrics.

This system will be operational during the next quarter.



