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UNGLASSI  F I  ED 

TASK 8b 

I n t r o d u c t i o n  

The t a s k  o b j e c t i v e  was t h e  development and d e l i v e r y  of 

an RJ? s p u t t e r i n g  system t o  be used i n  con junc t ion  wi th  t h e  

CVC High Vacuum Evaporator and t h e  RE' power supply  a t  NASA- 

MSC. The system was shipped from Westinghouse-Baltimore t o  

NASA-Houston on 1 5  June 1970.  

Procedure 

The fo l lowing  i t e m s  should be a v a i l a b l e  a t  NASA-Houston 

f o r  use  w i t h  t h e  RE' s p u t t e r i n g  system when it is  se t  up by 

Westinghouse personnel :  

(1) An RF power supply  o p e r a t i n g  a t  13.56 MHz, p r e f e r a b l y  
c r y s t a l  c o n t r o l l e d  (al though t h i s  is no t  n e c e s s a r y ) ,  
and o p e r a t i n g  w i t h  a 50 ohm ou tpu t  impedance (Type N 
connec t ion)  . 

( 2 )  An argon gas  supply.  Oxygen and n i t r o g e n  f o r  
r e a c t i v e  s p u t t e r i n g  should be a v a i l a b l e  f o r  f u t u r e  
use .  A gas  mixing and flow measuring system is  
p r e f e r r e d  (F igure  1). T h i s  arrangement mixes the 
g a s e s ,  i f  r e q u i r e d ,  and exhaus ts  t h e  argon o r  
mix tu re  t o  a i r ,  w i th  a p o r t i o n  of t h e  flow be ing  
d i v e r t e d  through a needle  va lve  i n t o  t h e  be l l  j a r .  
By p e r m i t t i n g  t h e  gas  t o  flow b r i e f l y  b e f o r e  
opening t h i s  v a l v e ,  any a i r  which may have leaked 
i n t o  t h e  mixing system is exhausted.  F l u c t u a t i o n s  
i n  t h e  flow r a t e  i n t o  t h e  be l l  j a r  a r e  a l s o  
minimized by t h i s  system. 

( 3 )  A water  supply  wi th  about 50 PSIG p r e s s u r e  capable  
of two s e p a r a t e  v a l v i n g s ,  one f o r  t h e  water  h o i s t  
r e q u i r e d  t o  l i f t  t h e  t o p  p l a t e  of t h e  s p u t t e r i n g  
system and one f o r  t h e  water  c o o l i n g  of t h e  t a r g e t s  
and s u b s t r a t e  t a b l e s  e 
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U N C L A S S I F I E D  

It is  a l s o  suggested t h a t  a B i r d  Wattmeter be 

purchased f o r  use wi th  t h e  RF system. The u n i t  is  a YChruline" 

Wattmeter Model 43 (50 ohm impedance) manufactured b y  Bi rd  

E l e c t r o n i c  Corpora t ion  of Cleveland,  Ohio. The i n s e r t  

r e q u i r e d  i s  500 w a t t ,  2-30 MHz r ange ,  t ype  500H. 

Upon r e c e i p t  of t h e  system it  should be unpacked and 

checked f o r  damage. It  should then  be mounted on t h e  

a p p r o p r i a t e  vacuum s t a t i o n  and the t i e  downs, which a r e  found 

a t t a c h e d  t o  the feedthrough r i n g ,  should be b o l t e d  t o  t h e  

b a s e p l a t e  of t h e  vacuum s t a t i o n .  The h o l e s  through t h e  

t i e  downs a r e  used f o r  alignment and h o l e s  (1/4-20) one-half 

i nch  deep should be d r i l l e d  and tapped i n  t h e  b a s e p l a t e .  

These a r e  r equ i r ed  t o  prevent  t i p p i n g  of the system when the 

t o p  p l a t e  i s  i n  the r a i s e d  p o s i t i o n .  The water  and gas  should 

be connected t o  the a p p r o p r i a t e  p o i n t s  and the vacuum 

c a p a c i t o r s  i n s t a l l e d .  A P i r a n i  gauge, f o u r  f ive- inch  d iameter  

aluminum s u b s t r a t e  p l a t e n s ,  t w o  t a r g e t s  and an i n s t r u c t i o n  

manual a r e  provided wi th  the system. Once the system i s  ready  

f o r  o p e r a t i o n  a Westinghouse engineer  w i l l  demonstrate  t h e  

o p e r a t i o n  of the system. 

T h e  fo l lowing  procedure should be followed when 

o p e r a t i n g  the  s p u t t e r i n g  u n i t :  

(1) Plug i n  f a n .  

(2 )  Plug i n  P i r a n i  Gauge. 

3 



U N C L A S S l F l E D  
.I) 

(3) Turn on a l l  w a t e r s ,  

(4)  Turn on power supply.  

(5)  Turn P i r a n i  Gauge t o  t h e  100 s c a l e .  

(6 )  Align s u b s t r a t e  and s h i e l d  t o  proper  t a r g e t .  

(7) Turn on proper  g a s .  

(8) Turn on exhaus t  e 

(9)  Turn off i o n  gauge. 

(10) Set gas  flow t o  proper  s e t t i n g .  

(11) L e t  gas  f l o w  f o r  1 minute .  

( 1 2 )  Open b l e e d .  

(13) S e t  power c o n t r o l  t o  40-45. 

(14) Close h igh  vacuum va lve  u n t i l  a glow d i scha rge  i s  
e s t a b l i s h e d ,  then  open va lve  u n t i l  d e s i r e d  p r e s s u r e  
i s  read  on P i r a n i  Gauge. 

(15) Maximize glow c o l o r  w i t h  load  tun ing .  

(16) Turn power c o n t r o l  t o  proper  forward power s e t t i n g  - 
w i l l  be given i n  w a t t s .  

(17) Minimize r e f l e c t i v e  power (closest t o  zero)  wi th  load  
tun ing  

(18) Set  t i m e r .  

(19) Maintain forward power, r e f l e c t i v e  power and p r e s s u r e  
a t  correct va lues  du r ing  run .  

(20) A t  end of r u n ,  t u r n  down power t o  ze ro .  

( 2 1 )  Move s u b s t r a t e  and s h i e l d  and swi t ch  t o  other t a r g e t .  

( 2 2 )  Make s u r e  proper  alignment i s  main ta ined .  

( 2 3 )  Set s c a l e  on P i r a n i  Gauge t o  100. 

4 



m- U N C L A S S I F I E D  

W 

S e t  power c o n t r o l  t o  40-45. 

Follow s t e p s  14-20. 

Turn off main swi tch  on power c o n t r o l  u n i t .  

Turn s c a l e  on P i r a n i  Gauge back t o  100.  

Turn off P i r a n i  Gauge. 

C l o s e  b l eed  and gas  supply .  

Turn off water .  

Open g a t e  va lve .  

This  procedure has  been used for a l l  Westinghouse RF 

s p u t t e r i n g  t r i a l s .  

5 



U N C L A S S I F I E D  

TASK 8c 

I n t r o d u c t i o n  

The t a s k  o b j e c t i v e  was t o  develop a process  for  

s p u t t e r i n g  h i g h  ohms/square r e s i s t i v e  f i l m s  t o  form t h i n  

f i l m  resistors.  Thin f i l m  resistors a r e  p r e f e r a b l e  t o  

d i f f u s e d  resistors i n  i n t e g r a t e d  c i r c u i t s  because of t h e i r  

l o w e r  t empera ture  c o e f f i c i e n t  of r e s i s t a n c e ,  lower p a r a s i t i c  

c a p a c i t a n c e ,  and g r e a t e r  i s o l a t i o n  from t h e  rest of t h e  

c i r c u i t .  These c h a r a c t e r i s t i c s  become e s p e c i a l l y  important  

i n  an i o n i z i n g  atmosphere where d i f f u s e d  resistors may be 

e f f e c t i v e l y  s h o r t e d  due t o  pho tocur ren t s .  A s  t h e  r e s i s t a n c e  
1 

of t h i n  f i l m  resistors depends on t h e i r  length/width r a t i o ,  

t h e  h igh  ohms/square f i l m s  y i e l d  l a r g e r  va lue  r e s i s t o r s  i n  

a s m a l l e r  a r ea  a s  compared t o  l o w e r  s h e e t  r e s i s t a n c e  f i l m s .  

Sample chromium d i s i l i c i d e  r e s i s t o r s  w i t h  aluminum c o n t a c t s  

were f a b r i c a t e d  and t e s t e d  a s  desc r ibed  below. 

Procedure 

T h e  RF  s p u t t e r i n g  system was used according t o  the  

i n s t r u c t i o n s  i n  t h e  f i n a l  r e p o r t  f o r  Task # 8b. Nominal 

1 
S t a f f o r d ,  K.  R .  and Ober l in ,  D. W . ,  S o l i d  S t a t e  Technology, 
May 1970, p.  68.  
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U N C L A S S I F I E D  
.II 

s p u t t e r i n g  c o n d i t i o n s  were a s  fo l lows:  

Micrometer l e a k  va lve  s e t t i n g  19.5 

Argon flow 10 c f h  

P res su re  8 microns 

Power 100 w a t t s  

A l l  runs inc luded  a one-hour pump-down and f i v e  

minutes of p re - spu t t e r ing  wi th  the  s u b s t r a t e s  s h i e l d e d .  

Both m a t e r i a l s  were depos i ted  i n  t h e  same c y c l e .  A 

d e p o s i t i o n  t i m e  of 30 seconds fo r  chromium d i s i l i c i d e  

y i e l d e d  f i l m s  w i t h  sheet r e s i s t a n c e s  of 1000 f 50 ohms/ 

squa re .  This  t i m e  i s  c r i t i c a l  and a few seconds more or 

less w i l l  r e s u l t  i n  f a r  d i f f e r e n t  r e s i s t a n c e  v a l u e s .  

Aluminum must be s p u t t e r e d  f o r  30 minutes t o  o b t a i n  a 5000 2 

f i l m . ,  The power may be inc reased  t o  200 w a t t s  and the t i m e  

reduced t o  15 minutes w i t h  approximately t h e  same r e s u l t s .  

Aluminum f i l m s  s p u t t e r e d  a t  the  lower power were s h i n i e r  i n  

appearance e 

Oxidized s i l i c o n  wafers  were used a s  s u b s t r a t e s  f o r  t h e  

r e s i s t o r s .  They were c leaned  p r i o r  t o  d e p o s i t i o n  i n  hot 

s u l f u r i c  a c i d ,  hot n i t r i c  a c i d ,  and hot de ionized  water .  

A f t e r  d e p o s i t i n g  C r S i  and aluminum, t h e  c o n t a c t  and 

resistor p a t t e r n s  w e r e  photoengraved. 

f o r  30 seconds i n  the fo l lowing  s o l u t i o n :  

2 

The C r S i 2  was e tched  



U N C L A S S I F I E D  
111 

1 p a r t  95-5 (95% HNO 5% HF) 3' 

3 p a r t s  a c e t i c  a c i d  

The etch des igna ted  i n  the l i t e r a t u r e 2  f o r  C r S i 2  i s  a mixture  

of concen t r a t ed  phosphoric ,  n i t r i c  and h y d r o f l u o r i c  a c i d s  

(60-5-1 by  volume). H o w e v e r ,  when t h i s  s o l u t i o n  was used on 

the C r S i  depos i t ed  on g l a s s  s u b s t r a t e s  it proved t o  be 

slower than  s t a t e d  even when hea ted  and had a tendency t o  

2 

etch t h e  g l a s s .  

(by volume) etched the C r S i 2  a t  the  r a t e  of 250 R/second 

Unbuffered HN03 - HF i n  a 95-5 combination 

a t  room tempera ture  which is t o o  r a p i d  f o r  the t h i n  ( ~ 2 0 0  8) 

f i l m s .  The a d d i t i o n  of a c e t i c  a c i d  slowed t h i s  r a t e  down t o  

about  6 g/second. 

Following r e s i s t a n c e  'and tempera ture  c o e f f i c i e n t  of 

r e s i s t a n c e  measurements, t h e  wafers  w e r e  annealed i n  n i t r o g e n  

0 f o r  10 minutes  a t  500 C and t h e  TCR measurements were r epea ted .  

R e s u l t s  

S i n t e r i n g  b e f o r e  photoengraving r e s u l t e d  i n  chromium 

d i s i l i c i d e  f i l m s  which w e r e  n o t  e l e c t r i c a l l y  cont inuous .  It 

is p o s t u l a t e d  t h a t  t h e  aluminum a l loyed  w i t h  t h e  s i l i c o n  i n  

2 
Waits ,  R .  K . ,  T rans ,  M e t .  SOC.,  A I M E ,  242, March, 1968, 
p. 491, 
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U N C L A S S l F l E D  - 
C r S i  and t h a t  t h e  a l l o y  was s o l u b l e  i n  aluminum e t c h .  

Other  i n v e s t i g a t o r s  have observed r e a c t i o n s  between t h e  
2 

resistor f i l m  and aluminum c o n t a c t s  dur ing  annea l ing  

which produced a l o w  r e s i s t i v i t y  phase a long  t h e  resistor, 

a l though t h i s  e f f e c t  was n o t  observed wi th  f i l m s  con ta in ing  

m o r e  t han  twenty-f ive atomic p e r  c e n t  chromium. 3 

Attempts t o  d e p o s i t  t h e  chromium d i s i l i c i d e  f i l m  

over  a photoengraved aluminum p a t t e r n  were unsuccess fu l ,  

the C r S i Z  b e i n g  t o o  t h i n  t o  cover  the s t e p s  i n  t h e  aluminum. 

Lack of conduct ion could have been caused by t h e  forniation of 

an aluminum oxide l a y e r  on t h e  s u r f a c e  of t h e  aluminum. 

However, 50 2 of aluminum oxide  would have broken down 

under t h e  app l i ed  100 v o l t s ,  so  it i s  more probable  t h a t  

there was no c o n t i n u i t y  over  the aluminum s t e p s .  

Four wafers  were processed ,  t h e  sheet r e s i s t a n c e s  

measured w i t h  a f o u r  p o i n t  probe ,  and resistor measurements 

made by us ing  an o s c i l l o s c o p e .  The s h e e t  r e s i s t a n c e s  show 

a 10% v a r i a t i o n  over  t h e  s u r f a c e  of each wafer .  Ta lysur f  

measurements on t h e  1000 ohms/square f i l m s  i n d i c a t e  

t h i c k n e s s e s  i n  the  200 2 range .  The t e s t  p a t t e r n  c h i p  

3 
Wai t s ,  R .  K . ,  I 

6 ,  NO. 2 ,  pp. 309-310. 
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- 
Table 1 

R R R R 
Squares 11 1 2  1 3  1 4  

152 52-53 68-69 84-85 100-101 
1 5  53-54 69-70 85-86 101-102 

85-87 101-103 25 53-55 69-71 
85-88 101-104 35 53-56 69-72 

45 53-57 69-73 85-89 101-105 
55 53-58 69-74 85-90 101-106 
65  53-59 69-75 85-91 101-107 
75 53-60 69-76 85-92 101-108 
85 53-61 69-77 85-93 101-109 
95 53 -6 2 69-78 85-94 101-110 

105 53-63 69-79 85-95 101-111 
115 53 -64 69-80 85-96 101-112 
125 53-65 69-81 85-97 101-113 
13 5 53 -66 69-82 85-98 101-114 
148 53-67 69-83 85-99 101-115 

10 54-55 70-71 86-87 102-103 
13  66-67 82-83 98-99 114-115 

300 52-67 68-83 84-99 100-115 

R R R R 
Squares  2 1  2 2  23 24 

74 116-117 124-125 132-133 140-141 
6 117-118 125-126 133-134 141-142 

16 117-119 125-127 133-135 141-143 
26 117-120 125-128 133-136 141-144 
36 117-121 125-129 133-137 141-145 
46 117-122 125-130 133-138 141-146 
6 1  117-123 125-131 133-139 141-147 
11 118-119 126-127 134-135 142-143 
15 122-123 130-131 138-139 146-147 

13 5 116-123 124-131 132-139 140-147 
~ _ _  ~~ 

R R R R 
Squares  3 1  32 33 34 

1 5  148-151 152-155 156-159 160-163 
5 148-149 152-153 156-157 160-16 1 
5 149-150 153-154 157-158 161-162 
5 150-151 154-155 158-159 162-163 

R 168-169 R 174-17 5 1 
1/2 R 4 1  166-167 R 4 2  172-173 

164-165 R5* 170-171 62 
R 5 1  

6 1  1/3 



U N C L A S S I F I E D  - 
s e l e c t e d  f o r  t h e  r e s i s t o r  t e s t i n g  is  shown i n  F i g u r e  1, 

The  number of s q u a r e s  between s p e c i f i c  pads can  be 

o b t a i n e d  from T a b l e  1. Data from t h e s e  samples appea r s  

below. 

T a b l e  2 
R e s i s t a n c e  Measurements 

Wafer S h e e t  R e s .  R e s  is t o r  N o  e R e s i s t a n c e  Exper imenta l  
No. ( ohms / s  q u a r  e ) N o  .) Squares  (ki lohms) S h e e t  R e s .  

(ohms/sq.) 

11 1 704 R 

2 

3 

4 

733 

740 

775 

R13 

R51 

11 
R 

R13 

R51 

R 
11 

R13 

R51 

R1l 

R13 

R51 

25 
95 
LO 
25 
10  

1 / 2  

1 2  

25 
95 
10 
25 
10 

1 /2  

25 
95 
10  
25 
10 

1 / 2  

25 
95 
10  
25 
LO 

1 / 2  

20 - 0  
71.5 

8.6 
20 .o 

8.6 
-360 

20 .o 
71.5 
8 .!3 5 

18:5 
7.9 

.37 

18 - 6  
67.6 

8.0 
18.0 
8 -0 

.375 

18.5 
70 .O 

8.0 
17.8 

7 .5  
.376 

800 
7 53 
86 0 
800 
86 0 
720 

800 
7 53 
83 5 
743 
794 
740 

744 
712 
800 
721 
800 
750 

740 
738 
800 
715 
750 
7 50 



U N C L A S S l F l E D  
ID 

The temperature coefficient of resistance 

(ppm/OC) is equal to lo4 6(R /R1) - 13 where R1 is 
2 

the resistor value at 5OoC and R is the resistor value 

at 150 C. Diode sputtered chromium disilici.de reportedly 
2 

0 

has a positive temperature coefficient (2500 - 2900 
ppm/OC) below 350 C and is negative at higher temperatures. 

0 4 

Other sources list RF sputtered films 500 2 thick with 

sheet resistances of 300 ohms/square and temperature 

coefficients of -275 ppm/ C. The temperature coefficients 0 

of the films sputtered were predominantly negative prior to 

annealing. 

Table 3 
TCR Measurements 

Wafer 
No. 

1 

2 

3 

4 

R1 R2 Sheet Res. No. 
(ohms/square) Squares (kilohms) (kilohms) 'g1 (ppm/OC) 

704 25 
95 

733 25 
95 

740 25 
95 

775 25 
95 

1/2 

1/2 

1/2 

1/2 

16.7 
62.5 

18 .O 
66.7 

18.4 
66 -6 

18.0 
50.0 

.291 

-322 

,368 

.3 57 

16,7 
60.0 

18.0 
66.7 

16.7 
64.0 

17.6 
64.0 

.281 

.312 

-352 

.347 

1.00 
.960 
,965 
1.00 
1 .oo 
.968 
,908 
-960 
.956 
.977 
1 e 280 
,973 

0 
-400 
-3 50 
0 
0 

-3 20 
-920 
-400 
-440 
-230 

e2800 
-270 

4 
Waits, R. K., I 

6, No, 2, pp. 

L. E. Terry, Final Report, AD 827212 (February 1968) , p.36. 
5 
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UNCLASSI  F l  ED m- 
Measurements on the same resistors a f t e r  a t e n  

minute s i n t e r i n g  a t  5OO0C i n d i c a t e d  an i n c r e a s e  i n  

the r e s i s t o r  va lues  r a t h e r  t han  t h e  expected dec rease  

due t o  aluminum migra t ion .  Large widely vary ing  p o s i t i v e  

va lues  appear  f o r  the TCR. The inc reased  r e s i s t i v i t y  

could  be explciined by  t h e  formation of l a r g e r ,  more 

wide ly  s e p a r a t e d ,  i s l a n d s  i n  t h e  t h i n  f i l m  a s  a r e s u l t  of 

annea l ing .  Th i s  would i n c r e a s e  t h e  d i s t a n c e  electrons 

must t u n n e l  i n  o rde r  t o  move from conglomerate t o  

conglomerate.  This  c o n f i g u r a t i o n ,  however, u s u a l l y  

e x h i b i t s  a nega t ive  temperature  c o e f f i c i e n t .  

Table  4 
TCR Measurements A f t e r  Annealing 

Wafer 
N o  

1 

2 

Shee t  R e s .  
(ohms/square) 

704 

733 

740 

775 

N o .  
Squares 

25 
95 

25 
95 

25 
95 

25 
95 

1 /2  

1 / 2  

1 / 2  

1 / 2  

i.; 

R1 
(kilohms) 

27.2 
100.0 

32.0 
116.5 

33.3 
120.0 

37 .o 
120.0 

-416 

.562 

. 2 8 1  

., 240 

14 

(kilohms R 2  ) "'A, 
28.0 1.032 

100.0 1.00 
.800 1.92 

33 - 3  1.040 
120.0 1.028 

.666 1.185 
35.0 1.050 

150.0 1.25 
,875 3.12 

134.0 1 . 1 2  
50.0 1.350 

+3 20 
0 

+9200 

+280 
+400 

+1850 
+500 

+2500 
2 1  , 200 
+3 500 
+1200 

.626 2.6 +16,000 



U N C L A S S I F I E D  - 
Conclusions: 

Chromium d i s i l i c i d e  resistors having s h e e t  

r e s i s t a n c e s  a s  h i g h  a s  1000 ohm/square can be depos i ted  

by RE' s p u t t e r i n g  i n  argon.  Devices annealed a t  5OO0C 

i n  n i t r o g e n  e x h i b i t  an approximate doubling of 

r e s i s t a n c e  and a t r a n s i t i o n ' f r o m  a nega t ive  t o  a 

p o s i t i v e  tempera ture  c o e f f i c i e n t  of r e s i s t a n c e .  

S e v e r a l  a r e a s  of f u r t h e r  s t u d y  sugges t  

themselves .  The e f f e c t s  of s p u t t e r i n g  power and 

p r e s s u r e ,  c o n t a c t  meta l  and annea l ing  tempera ture  

on t h e  f i l m  r e s i s t i v i t y  and tempera ture  c o e f f i c i e n t  

should be i n v e s t i g a t e d  i n  o r d e r  t o  e x p l a i n  and 

minimize t h e  v a r i a t i o n s  i n  f i l m  p r o p e r t i e s  a s  a 

r e s u l t  of annea l ing .  L i f e  t e s t i n g  of t h e  chromium 

d i s i l i c i . d e  r e s i s t o r s  should a l s o  be undertaken b e f o r e  

t h e y  a r e  inco rpora t ed  i n t o  a working system. 




