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1.0 INTRODUCTION

The following report details the progress on ONR Contract Nutnber N-000141-86-

0421 during the period from I April 1989 to 30 June 1989. This program entails a joint

effort between Research Triangle Institute and North Carolirna 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, :'ibcd in section

3.0. Section 4.0 includes the summary and preview.



2.0 NITRIDE DEPOSITION WORK
473

A great deal of effort has been put into characterization of the remote plasma-

enhanced nitride deposition process using N _oas the nitrogen source. ,The data base

- .includes deposition conditions and characterizatlions of the depo-

sited films. The deposition variables include temperature, pressure, and g-a. flow rates.

The characterizations include deposition rate, etch rate, refractive index (from elip-

sometry), dielectric constant, infrared data, flatband shift, and hydrogen content.

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, "Growt, rate

vs. Silane Flow Rate". Note the arameters listed ur der the title.

2



w 4

N

De0" 0

NN

z

E
U
v U
0

0 -O

40

0,.

C4 0

v0

0' 0000u O u O u

( ).-

F 00o 0

00

0 0 uO 0 0 0
C4 N -

FIGURE 1: Growth rate vs. SIH4 rate.
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3.0 NEW ULTRA-HIGH PURITY REMO TE
PLASMA DEPOSITION SYSTEM

A new uiltra-high purity deposition system is now on line and operating at RTI.

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 parity.

dnd 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

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

gLas 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 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 dielectrics.

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



mt, O lhe original renetor had total charge to breakdown vaiesor I (,/CM. This

exciting inew result we attribute to the overall improved purity in the new reac Lor.
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FIGURE 2: Time dependent, breakdown measurement for Si3N4 film (s.- 10 nm
thick) deposited at 300 " C using the new ultra-high purity reactor,
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4.0 SUMMARY AND PREVIEW

Dut'ing this quarter the nitride deposition process parameter space I,' been intew-

sively inivestigated. '[ihe data }las been entered into a data, base rot- convenient evalna-

tion. Possible correlations of deposition parameters with material characteristics are

.eing evaluated.

The new ultra-high purity deposition system has been brought, on line and is

)eing exercised. This system has already shown the capability of improving the quality

the deposited materials in the nitride deposition area. A Si 3N4 film has been depo-

sited which passed ,00 C/cmn- before breaking down. This result is a 2 order of magni-

:i.ide improvement over results obtained in the original system.

During the nex.t quarter we will report additional results from deposition studies

onducted using the new ultra-high purity reactor. These stadies will include both

ide and nitride depositions.

7



APPENDIX A



UrI

c C-e D ' C)0 ( C'j 0 ) 0I _

I- c- 0)0 4Ptv?- 0I l0L v3 01 cp,4- ow1

z
0 C

a. ( 
;

U q IT 44444000V40 V V -t t

0 " E
0 z - T

00

a...-
z

%F: 00 330300003033000000003000I0 0

I ow v Jvv v v vv v.J

!U

COlU - )( CL! 0 C I( CL C' C 01 CL CL(~ CL CL (0 . ~ . ..mImV C t0
i .E iii x 3t II I IZ1 3t ItE 0 00000 _i0 0 0 J-3

IU- j- i -i -
I0

Iu 00 0 8 000C



IL c-

0 co

oi N
0 z

00 0 00 0 0 0

0

000

0000000~~0 0 0 0 0 0 0 0 0 0
-------------------------------------------- ----- ------------- j---i----j- ----

WL ci*L 1 1 111 O)C)V 1

o o ~ O . i C 2N (q) 
-. 

m m~ C,1 "1 ( 
-

* 10

IYI m Ye



IE 000

i:C (D (D 'l

0 C~0

I si
OI a.

Ow 8

0 -L1 cc 0.1

E <E CJ§'d8

o E

lif _ !1
w 0*--%- -a

gI8 CY0
a: o1o

II



NN Nl C' JN NN4NNNNNuN N 4

Iq N0 -n m - - -n 0 p ww0CM- s

r-0 (00

Xo cm~ N 1% c - .
Cr N

(I)
ui -0 00 0~0 m0 0 04 b o 100 0 0 0 0 0 00

cy00 O O a 00 vN o0 'o0C 00000

o tv lioM
a._ 00 (Of 0000 0

CI4 V) m

P. %nco0 C. )

0 
c

W. V V - N r --040C 0 Y

ui 90 -,~o o o o o o o o m CY oo

0

IY N Nt -- - 0

Z~~~2

0Io
LIN Yc Y C12 AA

%I41



.2z

I C

0- -

I- - -oc NCi0.. . . 1 c

tv~~ 10 In* 00 CY C.. C4-8

ci,
co- -e -DP-m )
at0o. M8

c ~ r i O coI 0O-PGc

0. - -

I 00

(10 I) n 0 1- W In w o~ o 0,0, oo 6 6

0 cc
cr.

COU ~ -N( -NC ()-N-N0' '

a.000I noInI nI nI

IL
Um '3oo p

sI1C, 44 o0G - cI !W qc 7



UE
I C

C.cv

0
NO C
w -

cc)
0- WI V

z3 0
_00

am.

W
_ (0 P- o 4ur

0_

z~

0
0 -. CY M' - NJ C,~ - (CJ (

Il in C%

I 14



I
I

I-
0

0

w -
00 foc 0 4 O 40 L 1- 4 J O-M 'D 0 0 ?-n~

0 V - 0 - - 0- - -

No. I -w - ,- -, , r,
cvo o 0 0000000000000000

0 - - - -- - - - - - - -- - -o-

0 0 0000-0i.0000 0000 00
1 "lpl tE4 4p- uie VcJu d i C4 C

I _ _I

| z __

O

CL cmc i - 7i- c4 cy - --- e - g i -~ 04 N N

V5 IO mItvvv- In %nIIn

151 1 11 i



Iz

0

CO,
CO)

9'1 Ooooo.- O;0~~

0~~~~ alz Di ?:ooojo 64 0,Of.

C.. ODc cc 0FI 1 7 ?.4 W, E w w w l W W

I qo~qooo
Ij-w d iC i ;vi666

0I,8tn ).m-
CU v186vimv O

Ic



z
* 0

a-
0I CO
CO)
w

0- C'd N~ 0100001

O00O 00,

a. w

CO,
a. C .

1 0o
I 6:EI>

t 17

IZ


