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The goal  of t h i s  pro!ect is t o  e s t a b l i s h  a s t a t e -o f - the -  

a r t  r e sea rch  l abora to ry  a t  :!CATSU t o  grow and c h a r a c t e r i z e  amorphous 

t h i n  f i l m s  t h a t  are u s e f u l  i n  semi-conductor dev ices .  !le are p r e s e n t l y  

s tudying  two f i l m  s y s t e m s ,  n i t r i d e  f i l m s  and s i l i c o n  d iox ide  f i l m s .  

The f i l m s  are depos i ted  on s i l i c o n  s u b s t r a t e  us ing '  plasma enhanced 

chemical vapor d e p o s i t i o n .  

During t h i s  r e p o r t i n g  period ove r  s even ty  d e p o s i t i o n  runs  f o r  

n i t r i d e  f i l m s  were made. The f i l m s  were grown u s i n g  a 5% s i l a n e  

(mixed w i t h  argon) and n i t rogen  gases .  A PI) I1 A ,  manufactured by 

Technics, Inc .  w a s  used. 

A schematic of t h e  PD I1 A p r o c e s s i n g  chamber is shown i n  

F igure  1, A. 

hea ted  d e p o s i t i o n  p l a t e n  and flow r a d i a l l y  t o  t h e  exhaus t  p o r t  a t  

Note t h a t  r e a c t a n t  g a s e s  e n t e r  t h e  chamber below t h e  

t h e  c e n t e r  of t h e  p l a t e n .  The system is symmetric except  f o r  t h e  

p o i n t  i n  which t h e  h e a t i n g  element f eed - th ru  e n t e r s  t h e  p l a t e n .  

has been found t h a t  t h e  uni formi ty  of t h e  f i l m s  were a f f e c t e d  by t h e  

It 

l o c a t i o n  of t h e  f i l m  on t h e  p l a t e n .  The most uniform f i l m s  are grown 

i n  p o s i t i o n  1 and t h e  s t a r  p o s i t i o n ,  see F igure  1, B. 
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During t h i s  r e p o r t i n g  per iod ,  a series 0: experiments  were p e r -  

formed t o  de termine  t h e  depos i t i on  rates f o r  n i t r i d e  f i l m s  on M-type 

s i l i c o n  s u b s t r a t e  w i th  (100) o r i e n t a t i o n  and p-type s i l i c o n  s u b s t r a t e  

with (111) o r i e n t a t i o n .  I n  a l l  of t h e s e  expe r imen t s ,  t h e  deposit i o n  

parameters  were 

Nitrogen f low ra te  - 40  sccm 

S i l a n e  f low r a t e  - 100 sccm 

P l a t e n  tempera ture  - 2 0 0 ~ ~  

RF Power - 15 w a t t s .  

The mass of t h e  d e p o s i t e d  f i l m s  were determined by weighing t h e  sub- 

strate b e f o r e  d e p o s i t i o n  and the  s u b s t r a t e  and f i l m  a f t e r  d e p o s i t i o n .  

The index  of r e f r a c t i o n  and the  t h i c k n e s s  of t h e  f i l m s  were measured 

a t  f i v e  p o s i t i o n s  on the f i l m  u s i n g  a Gaer tne r ,  L 1 1 7 ,  e l l i p s o m e t e r .  

The index  of refraction and t h i ckness  w a s  averaged for each f i l m .  

Graphs of t h i c k n e s s  versus d e p o s i t i o n  t i m e  and f i l m  mass v e r s u s  

d e p o s i t i o n  t ime  are shown on pages 5-7 and d a t a  t a b l e s  f o r  each  series 

of runs  are on pages  9-14. 57*(film f o r  run 57 a t  

t h e  star p o s i t i o n )  t 0 6 2 *  and 57-1 ( run  57,  p o s i t i o n  1) t o  62-1 were pe r -  

The series of r u n s  

formed a t  t h e  same t i m e .  The s u b s t r a t e s  were P-type, (111) o r i e n t a t i o n .  

The f i l m  t h i c k n e s s  and t i m e  were l e a s e d  squared f i t t e d  t o  a s t r a i g h t  

l i n e  t o  de te rmine  a d e p o s i t i o n  rate. The r e s p e c t i v e  rates were 4 1  81 

minute and 38 g/minute  f o r  runs 57" t o  62* and runs  57-1 and 62-1. The 

d e p o s i t i o n  r a t e  f o r  t h e  ser ies  of r u n s  50" t o  5 5 " .  S-type,  (100) o r i e n t a -  

t i o n  was s i g n i f i c a n t l y  h ighe r  a t  54 Xfminute.  
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A. plot of index of refraction versus deposition time i s  shown 

on page 8 for a l l  three series of runs. 

studying uniformity and surface characteristics of the films. 

We are not in  the process of 

4 



I 
0 

U U 
h P 4  

* 
cI;I 
CD 

r 1 1 I I I 1 I I 1 I I I I I I 

-0 
m 

I 
i 

I3 
I L Q 

Y z 
.r( 

Ef 
w" 
i: 
z 
0 
F 
H m 
0 
PC 
w 
f3 



i 
I 

0 

P; 
0 
Frc 



a 

I 

z 
0 
w 
m 

U 

n 

I 
0 

w 
n 
E-c 
x 
0 
n 

T I I I I I I 
o ~ o o o o o o o o o u  
0 n 0 (3 0 0 0 0 0 0 0 - 0  - - j N O c D a " N o m a * N  

I I I I I 

N " +  



x 
0 
n w 
0 
-4 
@ 
b 
w 
Fr; 
PI 
0 

x 
w 
A 
z 
w 
a 
4 
Fr; w 
3 
4 

W 

rn 
In 

I 

' 0  
v) 

* 
fl 
(D 

r- T-3 
'3- 

- 'VI m 

'-0 
m 

I I 

r- T-3 
'3- 

- 'VI m 

'-0 
m 

* 
t- 
m 

(v 

-13 
N 

4 
I 
E- 
m 

(v 

-13 
N 

v 
rn 
In 

I 

' 0  
v) 

1 I 

4 

--m 

'[ x.3 
I 
0 

c i  

I 1 
N 

ni 

4 

--m 

'[ c.3 
(3 



U 
0 

c-4 

m 
0 

N 

8-4 
8-4 

N 

0 
a 
3 

A 

I 

In 
C 
4 

L n  
e 
0 

U a 
0 

E, I 
3 5  
- - L  
-L 4 

. . . .  
C v c J C v h l c j  

. . . . .  
a@acoacv 

b “  
W 

t l P  
o a  

- 9  
z w  iq m -  

oolno 
0303030000 
aln00ln8 

41 In 
r( 

0 @a 

l------ 

1 f !  % a 
r( 

IO 



4 
0 

N 

0 
4 
m 
rl 
I 

O O O d 3  . . . . .  

l-l 
0 

N 

0 
\D 
\D 

rl 
I 

lnm 

c v c v c v c u c v  
08000 . . . . .  

1 . - - . _ _  . . . . 

1 I '  



Y 
V 

a w  o m  

I C  

W D  
V I -  

6 

b 
hl 

3 

lnc 00 o & m w  

m 
0 

N 

3 
L n  

0 

8 8 2 8 8  . . . . .  
N C V c v C V C J  

- 

4 

fi 
0 

N 

0 
U 
b 

(? 
b 

0 

0 
N 

N 

0 m 
0 

I 
1 %  
I 
I 

I 
I 

* 
G, 
1 0  

00000 c o @ a c v @ a c o  . . . . .  
cvm@a@acv 



- 
8 "  

W 

a p :  z w  
5 2  
- h  

0 
N 
4 

4 
" 

ln 
ln 
4 

. . . . .  
C V C V C V C V N  

* 
r( 

0 
mi 
m 

4 

0 
In 
I-l 

. . . . .  
C V C J C V N C V  

0 m 



. -  

3 - 
L 

. 
L W  o w  

c 
I 

N 
0 

N 

0 

8 8 8 8 8  . . . . .  
c o c o c o c v c o  

000 
' X X d E  

In 

r( 
I 

b 
IO 

0 
4 

N 

U 
cn 
U 

0 e 
0 

In(nIn(n 8 O d d d  . . . . .  
C v c o C v c J c o  

4 

rl 
I 
al 
IO 

co 
0 

hl 

0 
b 

0 

S 8 2 4  . . . . .  

I 

In 
d 

. - ..- - . 

d 
I 

0, 
IC? 

9 
d 

N 

U 
rl 
h 

\3 
0 

0 

00000 
co(VcvNN 

0 
CJ 

d 
I 

g 



LL 

;3 I 
- r ;  

b L  

9 
VI 
m 

, _.-- 

9 
FI 
4 

. .. - 

. . .  
cu.c;I@acv@a 

0 
In 
l4 



Three g radua te  s t u d e n t s  and s i x  undcrgraduatca s t u d e n t s  ( 2  soptiomorcs, 

1 j u n i o r  and 3 s e n i o r s )  p a r t i c i p a t e d  i n  the p r o j e c t .  Student involvement 

cons i s t ed  of t h e  fo l lowing  a c t i v i t i e s :  

- S t u d e n t  -de l  ivercd I:.c.scarch I'iipers 

-Seminars 

-Reading assignments  

-Experiments or o t h e r  p r o j e c t s  

-Travel  t o  s c i e n t i f i c  meet ings  

Student-Del ivered Research Papers .  S i x  s t u d e n t s  i n  our  p r o j e c t  have 

p r e s e n t e d  r e s e a r c h  pape r s  a t  s c i e n t i f i c  meet ings.  

Robert  Van Dyke, 1986 Heeting of Beta Kappa Chi S c i e n t i f i c  Honor 
Soc ie ty ,  a t  Norfolk,  VA, hos ted  by Hampton I n s t i t u t e .  
T i t l e :  A Study of React ive Plasma Deposi ted Thin Films. Received 
second p l a c e  f o r  pape r s  presented  i n  phys i c s .  

Michael Dentey, 1986 Meeting of  Beta '  Kappa Chi  S c i e n t i f i c  Honor 
S o c i e t y ,  a t  Norfo lk ,  VA, hos t ed  by Hampton I n s t i t u t e .  T i t l e :  
Ca lor imet ry  of t h e  DO Detectors. 
pape r s  p re sen ted  i n  physics .  

Received t h i r d  p l a c e  f o r  

Donald Anderson, (g radua te  s t u d e n t ) ,  1985 HBCU Graduate  S tudent  York- 
shop,  Langley Research Center ,  Hampton, VA. 
Plasma Deposi ted Thin F i l m s .  

T i t l e :  A Study of Reac t ive  

Muhammad Yaseen, (g radua te  s t u d e n t ) ,  1984 Meeting of Beta Kappa Chi 
S c i e n t i f i c  Honor S o c i e t y ,  A t l a n t a ,  CA. T i t l e :  Current  Developments i n  
Plasma Deposit  ion Research. 

Bruce  Als ton ,  1983 F a l l  Meeting of SACS-AAPT, N.C.  A5T S t a t e  3 n i v e r s i t y .  
Greensboro,  N . C .  T i t l e :  R e f r i g e r a t i o n  Subsystem f o r  Supe rccnduc t iv i ty  
Magnets . 

Reginald Goodwin, (undergraduate) , 1'384 Meeting of SXCS-AA!'T, S w a n n a h ,  
GA. T i t l e :  Goals and Current Rcscarch of l 'hin F i lm I.ab at XCATSU. 



Seminars. The s t u d e n t s  m e t  b i twckly w i t h  t h e  p r o j e c t  d i r e c t o r s  f o r  

a one hour seminar du r ing  r e g u l a r  school  s e s s i o n  and t r i -weekly d u r i n g  

summers. A t  t h e s e  meet ings p rogres s  r t l po r t s  on assignments were made 

and d i s c u s s i o n  o f  t o p i c s  i n  semiconductor t heo ry  were h e l d .  A d d i t i o n a l l y ,  

semiconductor terminology f a m i l i a r i z a c i o n  p r e s e n t a t i o n s  were g iven .  

Reading Assignments. The s t u d e n c s  i n  t h e  p r o j e c t  a r e  a t  v a r i o u s  

l e v e l s  i n  t h e i r  educa t iona l  programs. Our reading list cove r s  a wide 

range of a b i l i t i e s .  T h i s  growing list now inc ludes :  

-"Semiconductor Devices", by J a r e s  Brophy (an  o l d  book) .  

-Several  "A.1  .P .  N e w s  Release" a r t i c l e s .  These are t h e  
a u t h o r ' s  popular  v e r s i o n  of h i s , ' he r  s c i e n t i f i c  paper .  
They are d i s t r i b u t e d  by the  American I n s t i t u t e  of Phys ic s .  

-"Semiconductor I n t e r n a t i o n a l " ,  a magazine. 

-"Understanding S o l i d - s t a t e  E l e c t r o n i c s " ,  a Radio Shack pub- 
developed by T e x a s  In s t rumen t s  Learning Center. l i c a t i o n ,  

-"Microcornput er Dic t iona ry"  , by C . J . S i p p l  . 
-"Physics Today", pub l i shed  by American I n s t i t u t e  of Phys ic s .  

-"Physics of Semiconductor Devices", by S.H. Sze.  

- "E lec t ron ic  Education",  a magazine . 
- A r t i c l e s  i n  Phys ic s  J o u r n a l s .  

-"Thin-Films - I n t e r d i f f u s i o n  and Zeact ion",  e d i t e d  by J.X. Poate. 

-"Thin F i l m s  P rocesses" ,  e d i t e d  5;: .John L. ['ossen 5 Werner Kern. 

-":kindbook of L a t t i c e  Spacings cizC S t r u c t u r e s  of Fletals", by V . B .  Pear son .  

- Ins t run len ta t ion  i n  S c i e n t i f i c .  " , . . - ; C . ; I I . C ~ I " ,  by  K u r t  S .  Lion. II 

-"Guide t o  S a f e  Handling of Coiiiprc~ssctl Gases", 1983 'latheson Gas 
P r o d u c t s ,  I n c . ,  t h i r d  ed .  



-" In t roduct ion  t o  E l e c t r o n i c s " ,  b y  Donald M. Hunten. 

Experiments and P r o j e c t s .  S tuden t s  have been a c t i v e l y  involved i n  

a l l  a r e a s  of l a b  p rocedure ,  i n c l u s i v e  of assembl ing ,  appending and opera-  

t i n g  e x i s t i n g  and incoming equipment. P a r t i c i p a t i o n  i n  t h e s e  a c t i v i t i e s  

has enabled t h e  s t u d e n t s ,  u s u a l l y  i n  two-member teams, t o  s u c c e s s f u l l y  

perform t h e  fo l lowing  experiments and s p e c i a l  p r o j e c t s :  

-Perform d e p o s i t i o n  r u n s  of s i l i c o n  n i t r i d e  and s i l i c o n  
d i o x i d e  f i l m s  u s ing  t h e  PED system. 

-Perform P i n h o l e  Dens i ty  Experiments 

Experiments were conducted t o  de t e rmine  t h e  p i n h o l e  
d e n s i t y  of t h e  d e p o s i t e d  s i l i c o n  n i t r i d e  f i l m s  on n and 
p t y p e  s i l i c o n  s u b s t r a t e s .  
number of p i n h o l e s  a thin f i l m  of aluminum is d e p o s i t e d  
on to  t h e  s u b s t r a t e  f r e e  of t h e  s i l i c o n  n i t r i d e  f i l m .  On 
t h e  f i l m  a 11 x 11 array of aluminum d o t s  is d e p o s i t e d  
the reby  forming 121  d i e l e c t r i c  c a p a c i t o r s .  By app ly ing  
a v o l t a g e  across each  of the  d i e l e c t r i c  c a p a c i t o r s  and 
measuring t h e  amount of cu r ren t  f low through each  capa- 
c i t o r  t h e  p i n h o l e  d e n s i t y  is d e t e r m h e d .  Each of t h e  
aluminum d o t s  is 1 m i l l i m e t e r  i n  d i ame te r  and t h e  array 
cove r s  57 p e r c e n t  of t h e  depos i ted  t h i n  f i l m .  

I n  o r d e r  t o  de t e rmine  t h e  


