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The instructions in the folloviing sections enable the 

reac'er to use the anodic oxiciation apparatus in cor~junc tiorr 

with OLS-PROFILE:PROGRu to obtain'electrical3.y active concen- 

tration profiles of doped silicon wafers. Anodic oxidation 

technique is used here to grow S j - 0 2  (at rcom temper:ature) an 

a silicon wafer which has been previously doped with p or n 

type impurities. A subsequent etching of oxide is made which 

also removes a thin layer of doped silicon which has reactcd 

with oxygen to form above oxide. Next a four point probe 

measurement of V/I (keeping I at lma always) is made on the 

surface of silicon. The above procedure is repeated until 

enough layers of doped silicon are removed so that a change 

from doped impurity type to substrate impurity type has oc- 

curred. This change is detected by performing the hot p ~ i n t  

probe test at the end of each run. 

After a complete set of data (i.e. oxide thicknesses 

snd voltage readings) is obtained in the above manner, this 

information is fed into the OLS (see part I T ) .  OLC is ?rc- 

grammed to calculate and display both nurneric?l values snd tl-e 

curves of impurity concentration, mobility, and total s 1 r 2 ~ , 1 ~ c  

of impurities which have beendep:etedat each poi~t alcncj tia 

profile. In the last stage, after a specified number of profilts 

of different dopings have been obtained, the computer dis- 

plays them collectively on screen. This display facilitatfs 

the comparison and analysis of a set of profiles in reiati.9-I 

to each other. 



PROCEDURE 



I-. Put on white overall and gloves. 

2. Clean up Si Wafer: 

As indicated in manual or posted on hood. 

3, Clean the wafe'r holder completely: 

A. Remove all RTV from the previous run. 

B. Use a cotton simb and TCE to clean i-Ig 

channel thoroughly. Role the swab in 

a paper towel and discard! 

C. Wash holder under D.I. (~eionized) water. 

D. Use a paper towel to dry outside and use 

air pressure to dry the inside of Xg channel, 

4 .  Take wafer and the holder to the Lapping Room and apply RTV 

as shown in Fig. 1.b. 

A.  RTV may have dried at the tip of its container, 

This dried section should be removed an2 only 

the fresh RTV used. 

B. Do not allow excess RTV to plug the contact?.ng 

hole; but apply enough RTV so that the back of 

the wafer will be tightly attached to the holder, 

5. Place the wafer on top of the RTV and press very gently 

around the edges of wafer. Once the wafer is properly 

attached to the holder, cover the edges with more RTV 

-(hence, blocking any Hg from slipping from the corners), 
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Fig .  1 Anodic Oxidation Apparatus 



6 .  Allow RTV t o  d r y  f o r  15 minutes  u r ~ d c r  h e a t  gun which i s  

p l aced  a t  approximately  2 f t ,  from t h e  wafer .  

7 .  Clean t h e  undes i r ed  R T J  f r o 3  t h e  S i  s u r f a c e  by rubbing 

g e n t l y  w i th  a c o t t o n  swab (dipp-d i n .  TCE) on t h e  Si 

s u r f a c e .  

Check t h e  h o l e  on t h e  back of t h e  wafer  an6 make s u r e  that 

t h e  RTV has  n o t  covered t h e  back of  t h e  S i  Wafer (hence, 

p r e v e n t i n g  e l e c t r i c a l  connec t ion  of S i  w i t h  H g  which i s  t o  

be added n s x t ) .  

8. Screw on t i g h t l y  t h 3  p l a s t i c  screw i n  t h e  h o l e  l o c a t e d  on  

t h e  back of  t h e  t i a f e r  h o l d e r .  

9 .  Add Hg from t h e  t o p  h o l e :  

Using t h e  eyedropper  t h a t  has  been provided ,  v e q -  

c a r e f u l l y  draw some Hg from t h e  c o n t a i n e r  and add t o  ths 

t o p  h o l e .  

CAUTION: This  s t e p  should be 

performed under t h e  hood i n  t h e  

s t a i n l e s s  s t e e l  box and w i t h  

g r e a t  c a r e .  Note t h a t  Hg i s  

poisonous and ha rd  t o  c l e a n .  

If any Hg i s  drcpped ,  be s u r e  t o  

p ick  it up comple te ly ,  u s i n g  t h e  

eyedropper .  

10. F i l l  approximately  l-mlf of  a 6 0 0  m l  be&;er w i t h  e l c c t r o l - [ t i c  

s o l u t i o n  (15  graias p o t a s s l u x  x i t r a t e  d i s s o i v e d  i n  1 y a l l s ~ r  

e t h y l e n e  g l y c o l  by sp inn ing  fc r  2 4  h o u r s ) .  P l a c e  a  cEezn 

screen a 2 p a r a t u s  i n  t h e  be,:kcr and s e e  t h a t  s o l u t i o n  c o v ~ l - ~  

the sqcare p o r t i o n  cf t h e  s c r e z n .  



1.1. Insert the holder into the screen apparatus in the el-ectro- 

lytic solution and insert the connector into the IIg channel 

(Fig. 1.c.). 

12. Put the beaker into the ultrasonic vibrator and turn it an, -- 

(Cover the remaining area of ultrasonic vibrator with its top) 

1 3 .  Connect the positive-potential clip to the vire inserted into 

the Hg and connect the negative-potential clip to the screen, 

Turn on constant current supply. 

15. Set current monitor to 30 ma. 

Set voltage monitor to V. REF. (Reference Voltage) 

Set reference voltage to 200V by adjusting REF.ADJ. knob, 

Switch back voltage mon tor 

Push the reset knob and observe output voltage rising on the 

meter. 

Check the constant current flow by pressing the red knob 

occasionally. . 

Once the output voltage reaches reference voltage, s u p p l : ~  

shuts itself off. 

22.  Turn off supply mannually. 

23. Turn off ultrasonic vibrator. 

24. Take the positive wire out of the Bg channel and place ~t in 

the stainless steel container. 

25. Screw the top hole tight in order to avoid spillage of Hg in 

the next few steps. 



26.  Take t h e  h o l d e r  o u t  of t h e  s o l u t i o n  and wipe o f f  t i e  excess 

s o l u t i o n  on t h e  h o l d e r  w i ih  a  paper  tov?el. 

27 .  Blow a i r  ove r  t h e  wafer  u n t i l  t h e  co'or of  t h e  ex id?  shotis,  

2 8 .  Compare c o l o r  w i t h  t h e  c o l o r  c h a r t  and mark ox ide  thickness, 

29. Take t h e  wafer  t o  t h e  HF hood and p u t  a few drops  of buffered 

HF on t h e  wafer  w i t h  a  c o t t o n  swab, a l low 3 0  s ec .  and t h e n  

wash wi th  D.I. wate r  thoroughly .  

CAUT.ION: Be s u r e  t o  wear g loves  

and t o  keep them d r y  and c l ean .  

Don' t  a l l o w  any chemica ls ,  espe-  

c i a l l y  HF,  on your  hands.  Wash 

your g loves  wi th  soap and wate r  

a t  t h i s  p o i n t  and d r y  them. 

30. D r y  h o l d e r  and wafer  w i t h  a i r  thoroughly.  

;.<tcp 31. Take wafer  t o  f o u r - p o i n t  probe s t a t i o n  and measure -- I ' 

m e t e r ) ,  I (bottom meter ,  whlch should be s e t  a t  1 ma, always), 

3 2 .  Take wafer  t o  t h e  h o t  probe s t a t i o n  and t e s t  f o r  p o r  n t y ~ c .  

(Ente r  above r e s u l t s  i n  p roper  column.) 

33. Take back t h e  h o l d e r  t o  t h e  anodic  o x i d a t i o n  s t a t i o n  an2 r e -  

mcve t h e  s a f e t y  screw from t o p  of Hg channel .  

3 4 .  Repeat s t e p s  11 through 33 u n t i l  t h e  h o t  p o i n t  probe indicates 

complete r e v e r s a l  i n  t h e  i n p u r i t y  t y p e .  

35. A t  t h e  end of  your work, t a k e  sc reen  a p p a r a t u s  o u t  of the 

beaker  and \\:ash under D . I .  wa te r  and d ry .  Cover t h e  solution 

i n  t h e  beaker  and p l a c e  eve ry th ing  i n  t h e  s t a i n l e s s  stczl box 

under t h e  hood. 



Now you are ready to fee2 abcve d ~ i t a  into the OLS and o b t a i : ~  

profiles. See instructions on hovr to 'use OLS-.Prof ile-I1ro9rc?ln. 





P R E S S  TEE FOLLOIt7ING 

KEYS IN SEQUENCE 

Scope Turn on Procedure :  -- -- 

An u n d e r l i n e  means a  

b u t t o n  p r e s s .  

1) - ON ( l o c a t e d  on s cope )  

2 )  ERASE ( l o c a t e d  on s cope )  

DISPLAY 

Wait u n t i l  d i s p l a y  

i s  b r i g h t  g r e e n  

Screen  i s  c l e a r e d  

OLS Turn on Procedure :  - 

1) SYST -- ENTER USER NUlI3CII 

2 )  7 7 RETURN - - 

3 )  E E 2 3 0 R E T U R N  - - - - -  --- - USER h'AP.13 = 

5 )  P R 0 F I L  E RETURN - - - - - - - -  - 
PRO!? ILE 

AUTOSAVE CODE 1, 2 etc, 

LOAD 

6 )  P F RETU3N - - -- F I L E  LOADED 

Turn o f f  P rocedure :  .------- 

1) SYST 

3 )  - OFF ( l o c a t e d  on s c o p e )  

WORK AREAS UPDATEC 

WORK AREAS PURGZi?  

D i sp l ay  i s  t u r n e d  off, 



PRESS THE FOLLOij!ING 

KEYS IN SEQUENCE 

(1) Turn on Scope and OLS 

(see previous page) 

(2) USER LII REFL 
, ---- 

(3) P or N ENTER -- - -- 
This step selects the 

proper mobility vs . 
conc. data: P for hole - 

mobility (from 500 to 
a 

45 L cm ) and N for - 
set. volt 

electron mobility (from 
.-, 

CORRESPONDING 

DISPLAY 

1350 to 82 L cm 1 
set. volt 

vs. total impurity 

concentration (from 10 12 

Upon the correct display 

of impurity type press 

(4) ENTER -- 



ENTE R I M P U R I T Y  I Y C E  

DISPLAY 1 

ENTER I M P U R I T Y  TYPE P 

( 1 )  HQLC M~BILITY VS. 
TBTAL I M P U R I T Y  C ~ N C E N T R A -  
T I ~ N  ( L ~ G ) .  

( 2 )  HQLE M~BILITY ( L ~ G )  
VS. T 6 T A L  I M P U R I T Y  CQN- 

CENTRATIQN ( L 5 G ) .  

DISPLAY 3 



PRESS THE FOLLOP71NG 

KEYS IN SEQUENCE 

(5) ENTER 

Enter the number of 

profiles on the key- 

board, e.g. 2 - 

(6) ENTER 

CORRESPONDING 

DISPLAY 

(Check the desired 

number of profiles 

displayed; otherwise 

make correction by 

pressing 

USER LI MOD and repeat --- 

steps (5 )  and (6) ) .  

(7) ENTER 7 

Enter the nu~3er of 

points on the keyboard, 

(8) ENTER 8 

If number of points 

displayed is not 

correct press USER 

LI @, enter the - -  

correct number and 

press ENTER. 



( 1 )  E L E C T R ~ N  M ~ B I L I T Y  
VS. T6TAi IKPURITY CQN- 
C E N T R A T S ~ N  ( L ~ G ) .  

(2) ELECTR6N MQDILITY 
( L ~ G )  VS.T~TAL IMPURITY 
CQNCENTRATIQN (L~G). 

DISPLAY 4 

ENT 6. @F PRQFILES) 

DISPLAY 5 

ENTER NQ. @F PRQFILES) 2 

DISPLAY 6 



PRESS TIIE FOLLOTVING ' C O R R E S P O N D I N G  

KEYS IN SEQUENCE 

( 9 )  E N T E R  

Enter voltage reading 

(in volts) on the 

keyboard e.g. 3 . 7 0 4 - - - - -  

( l o )  E N T E R  -- 

D 1 SPLAY 

Above voltage should 

appear on screen. If 

not, make correction 

by pressing USER LI O ,  - - -  

entering correct voltage 

and pressing E N T E R .  

If the display is 

correct press E N T E R  

again. Continue enter- 

ing all voltage readings 

by repeating steps (9) 

and (10) 

Press E M S E  when the last 

line on scope is used. 

Scope will continue 

dzsplay from the top of 

the screen. 

After the last entry, 

"ENTER O X I D E  T H I C K N E S S  

R E A D I N G S  (CEI) " is 

displayed. 



ENTER N6 .  6 F  P61NTS1  

DISPLAY 7 

ENTER N@. 6 F  P 6 I N T S  1 6  
ENTER V ~ L T A G E  READIAGS) 

DISPLAY 8 

ENTER NQ. 6 F  P 6 I N T S  1 6  
CNTCR V6LTAGC REIDI A G S ~  
1 ) 3.704 t o 0  

ENTER N5. %F PmINTS> 1 6  
ENTER VQLTAGE READINGS) 
1 ) 3.704 4-00 
2) 4.2 400 
3) 5. 4-0 0 
4) 6. i-00 
5 )  6.9 -too 
6 8.5 +OO 
7 )  1.05 4-01 
8 )  1.34 401 
9 )  1.65 
lo) 2 . 1 5  4-01 
1 1 )  3. 4-01 
1 2 )  4 . 1  +01 
1 3 )  6.4 + O I  

DISPLAY 10 

17 



P R E S S  THE FOLLOTIVING 

KE:YS IN SEQUENCE 

(11) Repeat steps (9) and 

(10) as discussed above 

but this time enter oxide 

thicknesses instead of 

voltage re?-dings. Note : 

Always enter zero for the 

first oxide thickness 

CORRESPONDING 

DISPLAY 

reading. After entering 

the last oxide thickness 

check to see all correct 

information is entered, 

if any mistakes are made 

start over from step (7) 

by pressing U S E R  LI @ - - -  
Note: In  isp play 12 after 

line 13) an error message, 

"SUBSCRIPT OVERFLOW" is 

written. This message 

usually appears using an 

old keyboard where upon 

pressing a number once 

actually that number 

is entered many times, 

(due to unstable b u t t 0 2  

contact). 



14) 1.1 +02 
15) 3.5 +02 
16) 8.7 3.02 

ENTER QXIDE T H I C K N E S S  
- R E A D I N G S  (CM) 
1) 0. +A0 
2 )  9. -06 
3 )  9 -  -06 
4) 7.515 -06 
5 )  7.02 -06 
6 )  5.895 -06 
7) 5.9'4 -06 

DISPLAY 11 

ir) 4 . 2 7 5  -06 
15) 6.4575 -06 
16) 5.r  -06 

DISPLAY 12 



PRESS TIIE E'OItL,O??ING 

KEYS I N  S E Q U E N C E  

(11) continued 

This series entry, when 

exceeds the allocated 

'storage area in working 

register, causes the above 

message to appear. Ho~rever, 

correction is made simply 

by entering the intended 

number again. 

(12) E N T E R  

CORRESPOND I I J G  

D I S P L A Y  

Wait 

After calculations here 

terminated screen is 

erased and profiles 

(both linear c,onc. and 

log. conc.) are dis- 

played with vertical 

and horizontal scales 

optimize for best display. 



C A L C U L A T I ~ N S  I N  P R G C E S S  
W A I T  

DISPLAY 13 

DISPLAY 14 



PRESS TIIE E'OLLO'CdlNG 

KEiYS IN SEQUENCE 

(13) ENTER 

I n  t h i s  s t ep '  t h e  a r e a  

under p rev ious  p r o f i l e  

i s  i n t e g r a t e d  and t h e  

r e s u l t  i s  displ-ayed.  

P h y s i c a l l y  each p o i n t  

shows t h e  t o t a l  impur i ty  

p e r  u n i t  a r e a  which has  

been taken  away from 

s i l i c o n  up t o  t h a t  

p o i n t  by r e p e a t e d  

o x i d a t i o n  and e t c h i n g .  

( 1 4 )  ENTER 1 6  

Same as  Display 1 4  

e x c e p t  h e r e  t h e  i c a l e  i s  

f i x e d .  . Impuri ty  concen- 

t r a t i o n  (LOG) : 

Depth i n t o  wafer :  



DISPLAY 15 

2 2  -3  . 
10 (CM ) 

IMPU. C ~ N C .  VS. 
DEPTH ( F I X E D  
SCALE DISPLAY) 

DISPLAY 16 



PRESS TIIE FOLLOI\?ING 

KEYS IN SEQUENCE 

(15) ENTER 

Numerical values of depth 

CORRESPCNDIEG 

DlSPLAY 

and concentration corre- 

sponding to each point on 

profile (Display 14 or 16) 

are shown. 

Note: Since there are 

more numerical values than 

maximum lines available on 

scope the program is 

modified to stop display 

after the last possible 

line is written. Conse- 

quently information PRESS 

ERASE AND ENTER is shown 

(Display 17) indicati~y 

that there are more values 

which will be written after 

pressing ERASE and ENTER -- 

(Display 18) 

Ndte: In Display 17, eighth 

line, the 2 of exponent +20 

has jumped to top of the 

display next to -3. This is 

caused by the scops malfunction- 

ing. 



2-3 
rPTW (CM) C ~ N C .  (CM 

0. +001 1,091 05+20 
9. -06, 1.30363+20 
1 .8  -05)  1 e36608920 
2.5515 - 0 s 9  9 - 5 1  7764-1 9 
3.25349-05$ 1.Y2526-i-20 
3.SY299-051 1.1 6188+20 
Y.Y3699-05$ 1.0851 1 f  0 
5.021 93-05) 1.10298420 
fj.Yl3Y3-05, 1.1 0877+20 
5.80Y99-65) 9*6853q+19 
6.22349-05) 6.91974+19 
6.61 499-059 6. 425Y9+19 
7.02674-052 4.5Y1673-19 
7.Y5Y23-052 2.80599913 

PRESS ERASE AND ENTER 

DISPLAY 1 7  

DISPLAY 18 



PRESS TEIE FOLLOB7ING 

KEYS IN SEQUENCE 

(16) ENTER 

The first column shotrs 

the numerical values of 

Q, total impurities 

deplete5 up to each' 

point on profile. 

Second column shows 

mobilities corresponding 

to concentrations along 

D I S P L A Y  

the profile. 

Note: The last mobility 

value in the 2nd column is 

a negative value which 

obviously is not correct. 

This information is useful 

to determine if at any point 

along the profile concen- 

tration actually has fallen 

below 10~'(crn-~) which is 

the minimum concentration 

possible to be displayed. 



7.5573 4-1 5; 4.591 59+01 
7.8218 +15) 4.6GY17+01 
8.01 6 +15) 4.76805+01 

PRESS ERASE AND ENTER 

DISPLAY 19 

DISPLAY 20 



P R E S S  THE FOLIJOVYING 

K E Y S  I N  SEQUENCE . 

(17) ENTER 

I n  t h i s  s t e p  OLS checks 

t o  s e e  i f  a l l  p r o f i l e s  

have been loaded. I f  

n o t ,  . t h e  messa.ge shown 

i n  Display 2 1  appears .  

COR.RESPONiI3.NG 

DISPLAY 

If a l l  p r o f i l e s  have 

been loaded t h e  message 

" P R O F I L E S  LOADED, P R E S S  

ENTER TO CO?IPARE" appears  

( s e e  s t e p  1 9 ) .  

E N T E R  2nd 

cont inue  t o  load t h e  

second s e t  of d a t a  f o r  t h e  

second p r o f i l e .  The s t e p s  

t o  be fol1oa:ed a r e  t h e  sane 

a s  s t e p s  ( 7 )  through s t e p  

through 



TQ LQAD NEXT PRQFILE 
PRESS ENTER 

DISPLAY 21 

PRQFILE 2 

. 6F PdINTS 16 
LTAGE READI b ~ s ,  

1 )  4. 4-00 
2 )  Y.7 4-0 0 
3 )  6. 4-00 
4 6.7 3 0  0 
5 )  7.85 400 
6 )  1.  4-01 
7 )  1.3 4-01 
8 )  1 . 7 5  4-01 

DISPLAY 22 





DISPLAY 

DISPLAY 2 6  



DISPLAY 2 7  



2-3 
'PTH (CM) 8 CdNCa (CM 1 

0 ,  SO#, 1 .41  573-l-20 
8 .1  -063 1 + 75281+20 
1.62 -05)  1.61 722120 
2.03+ --05, 1.31 I 894-20 
2.YY575-053 2 ,02G~/Cf20 
2.86199-05, 1 .70746+20 
3.2762*t-C11 1,137624- 0 
3, $1374-05; 9.Y7688-I-19 
Y.225Y9-051 1.05775420 
Y.63724'-052 5.51 5954-1 9 
5. 04899-051 8.03067-i-19 
5.4652Y-050 3-08896+19 
5. 87699-053 2.. 6552?.+19 
6.28874-05, 1.48972919 

PRESS ERASE AND ENTER 

DISPLAY 28 

DISPLAY 29 



4.5 +o1 
r .5 i-01 
q . 5  d-01 
4 .5 +01 
5 4-01 
4'.5 +01 
9 5 +01 
4.51 01 5S01 
r c .  5 +o 1 
Y.622874-01 
4. 5Y5134-01 
Y .  7"d02+01 
Y.780"u"6101 
4.908534-01 

AND ENTER 

D I S P L A Y  3 0  

DISPLAY 3 1  



PKESS. THE FOLILOVJING 

KEYS IN SEQUENCE 

' ( 1 9 )  ENTER 

DISPLAY 

3 2  

This step is similar 

to s t e p  (17) ; however, 

the message displayed 

indicates tha. t  a t  this 

point all profiles are 

loaded and ready for 

comparison. 

( 2 0 )  ENTER 33 

Simultaneous display 

of all concentration 

profiles loaded (fixed 

scale). 



PRQFILES L ~ A D E D  PRESS 
ENTER T Q  C ~ X ~ A R ~  

DISPLAY 3 2  

1 
IM2U. 
DEPTH 
SCALE 

ce51ac. vs. 
( F I X E D  

DISPLAY > 



PRESS THE FOLLOWJNG CORRESPONDING 

KEYS IN SEQUENCE . DISPLP,Y 

(21) ENTER 34 

" END " 

If the program is to be used again for a neb7 set of profiler 

having the same type of impurities as the previous s c t ,  just pre;s 

USER -- - LT MOD -- and repeat the above procedure starting at step (5). 

However, if the impurities of the new set are different press USFR 
a-- 

LII REFL and begifi at step (3). In either case, w h e ~  a new s e b o f  --- 

profiles are loaded, all the data and results cf the previclis  set 

are erased. 

At the end of your work do not forget to turn o f f  the CLS an3 

the scope as shown on the first page of this OLS proced~~re, Eve:-y 

hour that the system remains on it costs the depart~r1er.t $6,5'?!! : i  



DISPLAY 3 4  




