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AESSTRACT 

SIMION i s  a F o r t r a n  program t h a t  he lps design e l e c t r o s t a t i c  lenses. 
Roth equ ipo ten t i a l  and i o n  path p l a t s  can be obtained. The program has 
proven extremely useful  i n  numerous app l i ca t i ons ,  ranging f rom mass 
spectrometer i o n  sources t o  s e t t i n g  up pr imary beam o p t i c s  f o r  organic 
SIMS. This  r e p o r t  i s  a t u t o r i a l  an i t s  use, lead ing  the  user' step-by- 
s t e p  through the  var ious  op t ions .  Examples are  given,  and a sample lens 
i s  analyzed and re f i ned .  Anyone w i t h  an i n t e r e s t  i n  design o f  i o n  o p t i c s  
w i l l  b e n e f i t  from acqu i r i ng  and apply ing S I M I O N ,  e i t h e r  i n  i t s  F o r t r a n  o r  
i t s  IBM-PC form. It i s  the former t h a t  i s  descr ibed here. 

v i  i 





I .  DEVELOPMENT AND USE OF THE I O N  O P T I C A l  P R O G ~ ~  SIMIQN 

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

The i o n  o p t i c a l  program S I M I O N  was w r i t t e n  i n  i t s  o r i g i n a l  f ~ m  by 

D. C. McGilvery as p a r t  o f  h i s  undergraduate honors work and was subse- 
quen t l y  publ ished as p a r t  o f  McGi lvery 's  Ph.D, Thesis (Lat robe,  1978)-  
It was t h e  good f o r t u n e  o f  one o f  us (PJT) t o  have worked w i t h  McGilvery 
w h i l e  he occupied a pos tdoc to ra l  p o s i t i o n  a t  Corne l l .  Dur ing t h i s  t ime, 
a tape copy o f  t h e  o r i g i n a l  program was obtained which e v e n t u a l l y  found 
i t s  way t o  O R N L .  Extensive use ha5 been made o f  the or ig ina i l  program 

and elsewhere s ince  then, p r i m a r i l y  i n  t h e  design o f  mass 

spectrometer i o n  sources. We have made a few changes t o  the o r i g i n a l  
program, mos t l y  t o  f a c i l i t a t e  data i n p u t  and output ,  not  necessa r i l y  t o  

make t h e  program more use r - f r i end ly ,  j u s t  a l i t t l e  less user- tedious. I t  

i s  a t r i b u t e  t o  McGi lvery 's  e f f o r t s  t h a t  these changes have been l a r g e l y  
s u p e r f i c i a l .  Our main c o n t r i b u t i o n  t o  t h e  development o f  t h e  program i s  
expanded documentation contained i n  t h i s  repo r t .  For t h e  record, e 
request  t h a t  any publ ished r e p o r t s  on t h e  use o f  SIMIQN i n c l u d e  reference 
t o  McGi lvery 's  thes i s .  

By and la rge ,  t h e  requests for  t h e  program t h a t  we have received 
have been from chemists i nvo l ved  i n  mass spectrometry, and who have what 
might  be c a l l e d  a passable knowledge o f  i o n  o p t i c s .  I n  t h i s  regard, 
S I M I O N  can serve as an e x c e l l e n t  t u t o r i a l  device as wel l  as a t o o l  for  

c a l c u l a t i n g  s u r p r i s i n g l y  accurate i o n  t r a j e c t o r i e s .  I n  the hands o f  the 
n o v i t i a t e ,  SIMION makes poss ib le  development of  h i g h l y  soph is t i ca ted  i o n  
o p t i c a l  devices. As a tool f o r  t h e  more experienced, t h e  same r e s u l t  i s  
achieved, but  i n  a much s h o r t e r  pe r iod  o f  t ime. I n  t h i s  r e p o r t ,  we 

d e t a i l  t h e  i n s t a l l a t i o n  procedure requ i red  f o r  use o f  the  program and 
p rov ide  an example o f  t h e  use o f  t h e  program t o  develop a simple-miaded 
i o n  source. 

Program S t r u c t u r e  

A main program (SIMIQN) i s  used v i a  which var ious subrout ines are 
c a l l e d .  The i n f o r m a t i o n  which i s  passed from subrout ine t o  subrout ine i s  

1 
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a m a t r i x  c o n s i s t i n g  o f  5(J00 p o i n t s  which represents  a p o t e n t i a l  

d i s t r i b u t i o n .  Subrout ine NEW i s  used t o  d e f i n e  the  nzme and l i m i t i n g  
parameters (e.g. v o l t a g e  and dimznsions) o f  a p o t e n t i a l  a r ray  t o  he 

developed, B I L D  i s  t o  assign values t o  t h e  i o n  o p t i c a l  elements o f  t h e  
ar ray .  REFINE i s  employed t o  c a l c u l a t e  t h e  p o t e n t i a l  d i s t r i b u t i o n  o f  t h e  
ar ray .  SAVE i s  used t o  s t o r e  t h e  ar ray  on d isk ,  and OLD i s  used t o  
r e c a l l  a saved array.  TRAGIC and CONTUR use the  c a l c u l a t e d  p o t e n t i a l  
d i s t r i b u t i o n s  t o  c a l c u l a t e  and p l o t  t r a j e c t o r i e s  o f  charged p a r t i c l e s  and 
t o  p l o t  p o t e n t i a l  curves f o r  t h e  ar ray  respec t ive ly .  Subrout ine E N D  

prov ides a convenient e x i t .  

As a separate op t ion ,  t h e  program REAQPT ( r u n  independent ly from 
S I M I O N )  i s  inc luded which a l lows a p o t e n t i a l  a r r a y  t o  be r e t r i e v e d  f r o m  
d i s k  and p r i n t e d  out on standard computer paper. Th is  i s  p a r t i c u l a r l y  
u s e f u l  i n  a s c e r t a i n i n g  t h a t  an ar ray  has been entered c o r r e c t l y .  

Program L i m i t a t i o n s  -- 

S I M I Q N  i s  o n l y  useful  f o r  t h e  c a l c u l a t i o n  o f  charged p a r t i c l e  
t r a j e c t o r i e s  under t h e  i n f l u e n c e  o f  e l e c t r o s t a t i c  p o t e n t i a l s ,  and these 
t r a j e c t o r i e s  can be est imated o n l y  t o  w i t h i n  lOX.5 Our experience w i t h  

S I M I O N  i s  t h a t  10% i s  an upper l i m i t  t o  t h e  uncer ta in ty ,  and, more 
commonly, t h e  accuracy o f  vo l tage appl i ed t o  e lec t rodes  ca l  c u l  a ted t o  
b r i n g  about focus is  b e t t e r  than 5%. However, t o  o b t a i n  such accuracy 
r e q u i r e s  t h a t  long  per iods o f  t ime be dedicated t o  c a l c u l a t i n g  t h e  
p o t e n t i a l  d i s t r i b u t i o n  o f  i o n  o p t i c a l  elements. Furthermore, space- 
charge e f f e c t s  are not  computed by t h e  program so t h a t ,  a t  law i o n  
vo l tages  and w i t h  h igh  cur ren ts ,  s u b s t a n t i a l  d i f f e r e n c e s  would e x i s t  
between cal  cu l  ated and observed focus ing cond i t ions .  

Vost impor tan t ly ,  SIMIQN i s  not capable o f  generat ing a p o t e n t i a l  
a r r a y  necessary t o  b r i n g  about a s p e c i f i c  i o n  t r a j e c t o r y .  (E lec t rode 
c o n f i g u r a t i o n s  are generated by t h e  user; S I M I O N  mere ly  makes i t  poss ib le  

t o  a s c e r t a i n  what f i n a l  i o n  t r a j e c t o r i e s  such a c o n f i g u r a t i o n  o f  e lec-  
t rodes  w i l l  cause ions w i t h  t h e  s p e c i f i e d  i n i t i a l  t r a j e c t o r i e s  t o  have.) 



3 

As a consequence, i f  a ser ious  study i s  not made o f  what  approximate i on  

o p t i c a l  p r o p e r t i e s  are requ i red  and what system o f  i o n  o p t i c a l  elements i s  
l i k e l y  t o  generate such t r a j e c t o r i e s  be fore  S I M I O N  i s  used, a g r e a t  deal o f  
t i m e  i s  wasted. Numerous t e x t s  e x i s t  regard ing charged p a r t i c l e  
o p t i c s . 6 ~ ~  These should be used i n  con junc t i on  wi th  the program, 

11. S I M I O N  INSTALLATION 

1 .O System Requirements 

1.1 PDP- I1  w i t h  a t  l e a s t  24K usab le  memory. 
1 .  RT-11 V3 o r  subsequent vers ions OPERATING SYSTEM. 

1.2 TRANSFER MEDIUM 
1.2.1 P re fe rab ly  DOUBLE DENSITY, SINGLE S I D E  FLOPPY. 
1.3 
1.4 
1.4.1 HARD COPY UNIT i s  des i rab le .  
1.5 PRINTER 
1.5.1 The keyboard on the  p r i n t e r  i s  used f o r  data i npu t .  
1.6 WARNING: S I M I O N  as w r i t t e n  on t h e  t r a n s f e r  medium i s  conf igured for a 

s i n g l e  user system. For m u l t i u s e r  systems, the  program MUST be modi- 
f i e d  t o  avoid system crash. READ ALL THE INSTALLATION INSTRUCTIONS 
BEFORE RUNNING THE PROGRAM. 

FILE STORAGE MEDIUM may be same as 1.2.1, bu t  p r e f e r a b l y  system d isk.  
TEKTRONIX 4010 o r  4012 keyboard d isp lay .  

2 .O Procedure 

2.1 Loading 
I f  the  system i n  use has a hard d i sk  u n i t ,  copy the  e n t i r e  f l oppy  
on to  t h e  hard disk,  e.g., (See System Documentation f o r  d e t a i l s ) ,  

.COPY DYO: DLO: 

N.B.: The program received i s  t he  SIMION source program as w r i t t e n .  
Since systems vary from l a b  t o  l ab ,  some mod i f i ca t i ons  o f  t he  source 
program w i l l  be necessary. These are e a s i l y  accomplished by reason- 
a b l y  experienced programmers (e.g., graduate s tudent )  * 
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2.2 E d i t i n g  

2.2.1 PLOT.MAC This  program conta ins the  addresses o f  the  Tek t ron ix  
s t a t u s  r e g i s t e r  and data b u f f e r  i n  l i n e s  5 and 6 .  It must be con- 
f i g u r e d  t o  t h e  p a r t i c u l a r  system us ing t h e  t e x t  e d i t o r  t o  chdnge 
t h e  e x i s t i n g  statement: 

VTPRS = 176524 ; address o f  4010 STATUS REGISTER 
t o :  VTPRS = - _ _ I _ -  ; address o f  4010 STATUS REGISTER 
and t h e  e x i s t i n g  statement: 

VTPRB = 176526 ; address o f  4010 DATA BUFFER 
t o :  VTPRB = ; address o f  4010 DATA BUFFER 

2.3 

4 

3 .O 

3.1 
3.2 
3.3 
3.4 

3.5 
3.6 
3.7 

4 .O 

A f t e r  - E x i t i n g  t h e  e d i t o r ,  en ter :  
@STMC t o  execute t h e  command f i l e  S I M C  

When t h e  computer f i n i s h e s  t h e  necessary compi la t ion  and 
assembly, en ter :  
@ S  I M  

-_ I F  YOU ARE USING A MULTIUSER SYSTEM, -- THE FOLLOWING MUST BE DONE 
BEFORE S I M I O N  - IS RUN. FAILURE TO DO SO WILL CAUSE A SYSTEM CRASH. 
If you are us ing a s i n g l e  user f a c i l i t y ,  no problem w i l l  occur. 

E D I T  REFINE.FOR 
Delete statements 7, 8, 9, 901, 999, 1001 and 1002. 
Change statement C902 t o  902. 
Opt ional :  L ine  12 may be changed t o  type every Nth l i n e  of t h e  

Ref ine  operat ion.  For  very f a s t  computers, e.g., VAX,  t h e  p r i n t i n g  
p o r t i o n  i s  the  slowest step. Since g e n e r a l l y  between 100 and 1000 
i n t e r a c t i o n s  are used i n  r e f i n i n g  t h e  p o t e n t i a l  contours o f  an i o n  
lens ,  i t  i s  advantageous t o  p r i n t  o n l y  every t e n t h  l i n e  o r  so. 
I_ € x i  t t h e  e d i t o r  
Enter  @SIMC 
Enter  @ S I M  

Now you are ready t o  use S I M I O N .  



111. CASE STUDY: DESIGN OF A MASS SPECTROMETER I O N  SOURCE 

1.0 S e t t i n g  up an E lec t rode Array 
Lay out on a p iece of graph paper a cross sec t i on  o f  t he  i on  lens 
system t o  be employed. F igu re  1 shows how t h i s  i s  done f o r  the 

example, an exper imental  i o n  source design. The graph can have u p  t o  
5000 po in ts ,  e.g., 50 x 100. The longer  ax i s  w i l l  genera l l y  be the  X 
ax is .  I f  the  system has r o t a t i o n a l  symmetry about the  X ax is ,  l a y  out 

o n l y  one s ide  w i t h  respect t o  the  X ax is .  The same i s  t r u e  i f  the  i o n  
a x i s  l i e s  w i t h i n  a cen t ra l  p lane o f  symmetry. If t he  lens system has 
n e i t h e r  symmetry, bo th  s ides must be drawn. Examples o f  t h e  th ree  
types o f  symmetry a re  shown i n  F ig .  2. 

The r a t i o n a l e  f o r  ass ign ing the  m a t r i x  t o  be one o f  t h r e e  symmetries 
i s  two- fo ld .  For c i r c u l a r  symmetry, t he  c a l c u l a t i o n  o f  t r a j e c t o r i e s  
i s  done using ( R , Z , f l ) ,  i.e., c y l i n d r i c a l  coord inates,  whereas when 
no c i  r c u l  a r  symmetry i s  present,  ( X  ,Y ,Z) coord i  nates are used S i  nce 
de terminat ion  o f  p o t e n t i a l  contours invo lves  s o l u t i o n  o f  t he  Laplace 
equat ion,  by i t e r a t i v e  approximat ion,  e.g., 

t h e  approximat ing equat ions are  d i f f e r e n t  depending upon coord ina te  
systems. Secondly, when p o t e n t i a l s  on e i t h e r  s ide  o f  t he  X a x i s  are 
equal ,  on l y  one-hal f  as many p o t e n t i a l  p o i n t s  need be ca lcu la ted .  
Th is  means t h a t  e f f e c t i v e l y  10,000 p o t e n t i a l  p o i n t s  may be ca l cu la ted  
i ns tead  o f  5,000. The g rea te r  t he  number o f  po ints /e lement ,  the  
g rea te r  w i l l  be the  accuracy of t h e  c a l c u l a t i o n s .  

Two p o i n t s  are wor th ment ioning regard ing choice o f  t he  m a t r i x  
dimension. F i r s t ,  i o n  t r a j e c t o r i e s  are general l y  impor tant  between 
one s l i t  and another. (Note t h a t  s l i t  here i s  de f i ned  as an aperture,  
through which ions  are t ransmi t ted . )  A s l i t  i s  not a lens element and 
i s  u s u a l l y  a t  ground and almost always i n  an area where no f i e l d  
( a V / a q ) =  0 i s  present.  The p o s i t i o n  o f  s l i t s  should be inc luded i n  
t h e  diagram. 
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Secondly, t h e  boundary o f  t h e  graph must represent regions where ( a )  
t h e r e  i s  no f i e l d  o r  ( b )  t h e  f i e l d  i s  sh ie lded from t h e  i o n  beam. The 
l a t t e r  case i s  p a r t i c u l a r l y  use fu l  when i o n  sources are b e i n g  studied,  
because 10,000 v o l t s  are o f t e n  appl ied.  

A sample l a y o u t ,  w i t h  app l ied  vo l tages,  i s  shown i n  Fig.  1. Note t h a t  
t h e  coord inates o f  the  g r i d  go from 0 t o  99 and 0 t o  49. Th is  i s  a 
5000 p o i n t  g r i d  because 0,O i s  a p o i n t .  A r b i t r a r i l y ,  we have assuined 
t h a t  t h e  system has c i r c u l a r  symmetry about t h e  X a x i s ,  and as a 
r e s u l t  o n l y  graphed h a l f  of  t h e  system. Note t h a t  we have inc luded 
t h e  lower l e f t  and upper r i g h t  coord inates o f  each e lec t rode.  Such 

i n f o r m a t i o n  i s  requ i red  by t h e  program. 

An impor tant  f a c t o r  i n  graphing t h e  system i s  sca l ing .  It does not 
m a t t e r  what actua l  s i z e  t h e  lens i s ,  b u t  you do want t o  keep t h i n g s  t o  
scale.  The temporal sca le  used i n  SIMION assumes t h e  m a t r i x  p o i n t s  
a re  1 mrn apart .  I f  on your  g r i d  you wish t o  have a 10 mm d is tance 
between po in ts ,  no e f f e c t  i s  observed i n  t r a j e c t o r y  c a l c u l a t i o n s  
unless you want t o  know t h e  t i m e  elapsed f o r  t h e  t r a n s i t  of an i o n  
through the  lens.  

1.1 S e t t i n g  Appl ied Vol tages t o  t h e  Elect rodes.  - Assign p o t e n t i a l s  t o  t h e  
e lec t rodes .  Th is  i s  done r a t h e r  a r b i t r a r i l y  unless you know something 
about i o n  o p t i c s .  For example, a sec tor  mass spectrometer uses about 
an 8 keV source. Hence, e l e c t r o d e  A i s  a t  +8OOOV. Fur themore ,  e lec-  
t r o d e  E must be a t  ground; i .e., i t  has zero p o t e n t i a l .  We w i l l  a1 so 
make the p o t e n t i a l  on e lec t rodes  B and C zero. This  makes t h e  lens 
subsystem, C,D,E, what i s  c a l l e d  an E inze l  o r  u n i p o t e n t i a l  lens.  To 
element 0 we w i l l  assign a p o t e n t i a l  o f  5000V. 

S I M I O N  can handle both p o s i t i v e  and negat ive  p o t e n t i a l s .  The maximum 
p o t e n t i a l  t h a t  would be entered would be t h e  most p o s i t i v e .  I f  a l l  
p o t e n t i a l s  were negat ive,  then t h e  most p o s i t i v e  p o t e n t i a l  would be 0. 
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To many people t h e  vo l tage  reference system used f o r  i o n  lenses causes 
confusion. For i o n  sources, l e n s  p o t e n t i a l s  are actual  appl jed 
For o the r  lenses, t h e  p o t e n t i a l  l i s t e d  i n  t e x t s  and references i s  referenced 
t o  t h e  p o t e n t i a l  a t  which t h e  i o n s '  k i n e t i c  energy would be zero; t h j s  
would, i n  general,  be d i f f e r e n t  from t h e  app l i ed  p o t e n t i a l  For example, a 
two-element lens w i t h  respec t i ve  p o t e n t i a l s  l i s t e d  as 2000 and 3000 V i n  the 
t e x t  a c t u a l l y  has app l i ed  p o t e n t i a l s  o f  0 and 1000 Y, r e s p e c t i v e l y ,  and i s  

meant t o  operate on 2000 eV ions. SIMION uses actual  app l i ed  vol tages and 
ac tua l  i n i t i a l  i o n  k i n e t i c  energies.  

1.2 E n t e r i n g  t h e  Data. The f o l l o w i n g  i s  app l i cab le  t o  t h e  design 
shown i n  Fig.  1. I n  t h e  f o l l o w i n g  d e s c r i p t i o n ,  we w i l l  use the 

des igna t ion  CTRL/X t o  i n d i c a t e  simultaneous pressing a f  the  CONTROL 
and X keys; t h i s  i s  t h e  convent ion fo l lowed I n  most manuals. 

1.2.1 Key i n :  
R S I M I O N  [Carr iage Return, CR] 

1.2.1.1 

1.2.1.2 
1 .2.1.3 

1.2.1.4 
1.2.1.5 

1.2.1.6 

1.2.1.7 

1.2.1.8 
1.2.1.9 

The system responds: 
OPTIONS AVAILABLE, SPECIFY BY TYPING FIRST LETTER CILD, NEW, END, 
SAVE, MODIFY REFINE, TRAJECTORIES, CONTOURS, AREA 
Enter  N [CR] ( f o r  new). 
The system responds: 

SYMMETRY, +l. 
Enter  0 [CR],  s ince we are doing t h e  example. 
The system responds: 
MAX ELECTRODE POTENTIAL? 
Enter  12000 [CR]. We g e n e r a l l y  add 1000 v o l t s  t o  t h e  h ighes t  

p o t e n t i a l  we expect t o  use - o r ,  say, 1 O V  for  low energy systems, 
b u t  i t  i s  o f t e n  useful t o  use up t o  t w i c e  t h e  maximum expected 
v o l t  age . 
The system responds: 
ARRAY DIMENSIONS ( I X ,  X Y )  
Ente r  100,50 [CR] 
The system responds : 
SPECIFIC SCALE FOR flULTIPlE PLOTS? USE 0 (zero)  I F  OKAY. 

PLANAR GEOMETRY, TYPE-1, CYLINfHICAL SYMMETRY, 0, PLANAR 

(See Step 1.0) 



10 

T h i s  query i s  used f o r  determin ing t r a j e c t o r i e s  f o r  a number o f  

successive, independent lenses which are j o i n e d  by f i e l d - f r e e  
reg ions ( a V / a q  = 0) and f o r  which S I M I D N  c a l c u l a t i o n s  are  done 

independent ly.  F o r  example, i f  you have a ser ies  o f  independent 
lenses, you do t h e  p o t e n t i a l  and t r a j e c t o r y  c a l c u l a t i o n  f o r  t h e  
f i r s t  lens,  then use t h e  f i n a l  t r a j e c t o r i e s  o f  t h e  f i r s t  lens as 
t h e  i n i t i a l  t r a j e c t o r i e s  i n  t h e  design o f  t h e  second lens,  e t c .  
Each lens would be entered and evaluated using a d i f f e r e n t  run of 

t h e  program and each ar ray  would be s tored on d i s k  as a separate 
f i l e .  By using a constant  scale,  c a l c u l a t i o n s  f o r  each independ- 
e n t  lens may be done and t h e  hard copies o f  the  p l o t s  a1 1 con- 
nected t o  make an impress ive f i g u r e .  The l a r g e s t  element i s  used 
t o  determine t h e  scale f a c t o r  by t h e  use o f :  

443 - SF - I Y - 1  
- 

and 

where I X  and I Y  a r e  the ar ray  dimensions f o r  t h e  p a r t i c u l a r  
element. Whichever SF i s  smal lest  i s  t h e  one t o  use. Once t h e  
s c a l e  f a c t o r  i s  chosen, i t  can be used t o  make each successive 
p l o t  on t h e  Tek t ron ix  t o  t h e  same scale ( t h e  same d is tance 
between p o i n t s  from lens  t o  l e n s ) .  For a s i n g l e  p l o t ,  j u s t  type 
a 0 (zero)  as we do, t o  l e t  t h e  computer do the  graphic sca l ing .  

1.2.1.10 Enter  0 (zero)  [CR]. 
1.2.1.11 The system responds: 

For X+Y SCALES EQUAL TYPE E, OR TOTAL SCREEN, T. Th is  p a r t i c u l a r  
command i s  necessary because, i n  general,  t h e  m a t r i x  dimensions 
w i l l  not  have t h e  same r e l a t i v e  X and Y dimensions as t h e  
Tek t ron ix  d isp lay .  I f  you use E ,  a p o r t i o n  o f  t h e  screen w i l l  be 
unused, bu t  t h e  X and Y dimensions o f  t h e  computer p l o t t e d  
diagram w i l l  be t h e  same, e.9. 1 mm between dots i n  v e r t i c a l  and 
1 mn between dots  i n  t h e  h o r i z o n t a l .  I f  you use T, t h e  computer 
w i l l  f i l l  t h e  screen w i t h  your mat r ix ,  but  the  spacing between 
d o t s  w i l l  be d i f f e r e n t  along t h e  v e r t i c a l  and hor izon ta l  axes. 
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1.2.1.12 Enter  E [CR]. 
1.2.1.1 3 The system responds. 

1.2.1.14 Enter  M [CR]. This  o p t i o n  i s  mere ly  f o r  graphic purposes. Since 
most i o n  o p t i c a l  systems are  symmetric, graphics t y p i c a l  l y  o n l y  
show one-hal f  o f  t he  system. For convenience, SIMIOhI p l o t s  t h i s  
one-hal f  and i t s  m i r r o r  image. I f  you don ’ t  want i t , s imply  h i t  

C C R l  , b u t  M 1 ooks b e t t e r .  

FUNCTION DATA PLEASE? 

M FOR MIRROR DISPLAY, 

1.2.1 .15 The system responds: 

1.2.1.16 Now canes the  fun pa r t .  Take a look a t  the  elements shown i n  
F ig .  1 . They are a1 1 rec tang les .  They represent but one o f  f o u r  
poss ib le  e l  e c t  rode con f igu ra t i ons .  

1.2.1.16.1 To descr ibe a rec tang le ,  en ter :  
I?, l ower  l e f t  coord inates,  upper r i g h t  Coordinates, e.9. f o r  
e lec t rode  C i n  F ig .  1: 
R, 30, 10, 32, 49 

1.2.1.16.2 To en te r  a r i g h t  t r i a n g l e ,  en te r :  
T, coord inates o f  acute angle ver tex,  t he  x l e n g t h  (which i s  
negat ive  i f  moving toward X = 0) and t h e  angle (degree) w i t h  
respect  t o  the  X axis .  I f  t he  hypotenuse i s  between the  base 
and the  X ax is ,  t h e  angle i s  negat ive.  (Th is  goes against  
convent ion,  bu t  i s  t he  system employed here.) 

C, coord i  na te  o f  the  center ,  rad ius.  

P, coord ina te  o f  p o i n t .  

R, O , O ,  10,lO [CR] 

E, 8000 [CR] (See Note 1 below) 
E, 30, 10, 32, 49 [ C R l  
E, 0 [ C R l  
R, 40, 10, 42, 49 CCR] 
E, 5000 [CR] 

1.2.1.16.3 To en te r  a c i r c l e ,  en te r :  

1.2.1.16.4 To en te r  a po in t ,  en ter :  

1.2.1.17 For the  problem a t  hand, en te r :  
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R, 50,10,52,49 CCR] 

E ,  0 C C R I  
R ,  52, 30, 99, 30 [ C R l  
E ,  0 C C R l  
R, 99, 0, 99, 50 [CR]  Th is  l a s t  e n t r y  ensures t h a t  t h e  ions are 
E ,  0 C C R l  passing i n t o  a f i e l d - f r e e  reg ion  w i t h  V=O. 
Y [ C R I  
I-_.__ Note 1. A f t e r  e n t e r i n g  t h e  coord inates o f  an e lec t rode,  and 
h i t t i n g  t h e  [ C R ]  key, t h e  system w i l l  "echo" E, 0. _. o r  t h e  l a s t  
entered value f o r  an e lect rode.  I f  t h a t  p a r t i c u l a r  p o t e n t i a l  i s  
s u i t a b l e ,  h i t  [ C R ]  and i t  w i l l  be entered; i f  not,  e n t e r  E ,  poten- 
t i a l ,  as ind ica ted .  

1 .3 Saving t h e  F i l e  
1.3.1 The X[CR] command causes t h e  e n t r i e s  t o  be p l o t t e d  on t h e  T e k t r o n i x  

t e r m i n a l .  I f  you have entered t h e  coord inates proper ly ,  t h e  screen 
w i l l  appear as i n  F i g .  3 and t h e  p r i n t e r  w i l l  echo OPTION? Compare 
t h e  screen w i t h  your  graph; you w i l l  note t h a t  the  rec tang le  bounded 
by (0,O) and (10,lO) i s  complete ly  enclosed, This  i s  not what t h e  
graph i n  F i g .  1 shows. Hence, t h e  screen must be modi f ied.  How- 
ever,  be fore  doing t h a t  we recommend t h a t  you "save" the  present 
p l o t  i n  i t s  own f i l e .  

1.3.2 Accomplish t h i s  by en ter ing :  

S [ C R I  
1.3.3 The system echoes: 

1.3.4 You can then name t h e  ar ray  as you choose. T y p i c a l l y ,  you w i l l  use 
t h e  abbreviated name o f  the  subject  e lec t rode system and t h e  t h r e e  
i n i t i a l s  o f  the  designer.  

1.3.5 The "SAVE" o p t i o n  i s  a very impor tant  command. It not o n l y  s to res  
on d isk  the  e lec t rode c o n f i g u r a t i o n ,  bu t  a lso the  c a l c u l a t e d  poten- 
t i a l  contours.  These contours are c a l c u l a t e d  using an o p t i o n  
"REFINE," which has not been executed so f a r  i n  t h i s  exerc ise,  bu t  
f o r  accurate detern i inat ion o f  t h e  contours anywhere between 30 
minutes and 12 hours are requi red.  F i l e s  can always be deleted as 
p rogress ive  steps are taken, h u t  i f  t h e r e  i s  no backup made between 

---I.- 

POTENTIAL ARRAY, OUTPUT FILNAM.EXT 
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successive o p t i o n  commands i n  running S I M I O N ,  da ta  can be ' lost if 

t h e r e  i s  a system f a i l u r e  dur ing  operat ion.  Hence, we recommend 
i n  t h e  i n i t i a l  steps o f  s e t t i n g  up an e lec t rode system t h a t  the 
f i l e  be saved between each major op t ion  command. 

1 .3.6 The system echoes 
" OPT I ON? " 

1 .3.7 Enter  E [ C l i ]  

1 .3.8 This r e t u r n s  t h e  console t o  RT7 1 ,  which echoes w i t h :  . 
1 .4 P r i n t i n g  t h e  E lec t rode Arrax. Refore m d i f y i n g  the  e lec t rode array,  

we recommend t h a t  t h e  p o t e n t i a l  a r ray  coord inates be p r i n t e d  out on 

t h e  p r i n t e r .  'This i s  accomplished by t h p  program READPT. 
Hence, en ter :  

1 .4.1 RUN READPT [ C R ]  

1.4.1.1 The system responds: 

1.4.1.2 Enter  the  FILNAM.EXT you saved from 1.3. The system responds: 
ENTER POTENTIAL ARRAY, FILNAM.EXT 

KCYL = o ELECT = 12000.00 IX = IY = 50 

DATA OR ELECTRODE PLOT? 
1.4.1.3 The KCYL = 0 i s  symmetry employed i n  1.2. 

ELECT = 121300.00 i s  the  maximum e lec t rode p o t e n t i a l ,  and I P  and I Y  

are the  ar ray  dimension. The query can be answered by e n t e r i n g  E 

o r  D. Enter  E t o  get a p r i n t o u t  o f  the  e lec t rode array as 
f o l l o w s :  E [ C R ]  

1.4.1.4 The system responds: 
ENTER 6 FOR OUTPUT ON LINE PRINTER.  
ENTER 7 FOR OUTPUT ON CONSOLE TERMINAL. 
Genera l ly ,  you w i l l  en te r :  7 [ C R ]  

1.4.1.5 The system responds w i t h  a p r i n t o u t  o f  the e lec t rode array,  w i t h  
p o i n t s  on the axes numbered. When modi fy ing t h e  e lec t rode array,  
these coord inates are very handy. Note t h a t  t h e r e  i s  a d i f f e r e n c e  
i n  d is tance between p o i n t s  on t h e  X and Y axes. This  i s  a p r i n t e r  
f u n c t i o n .  Occasional ly ,  depending on t h e  opera t ing  system, 
c a r r i a g e  r e t u r n  on the  p r i n t e r  w i l l  cause the p r i n t e d  e lec t rode 
a r r a y  t o  be confusing. I f  t h i s  happens, e n t e r  CTRL C and, when 

back t o  t h e  moni tor ,  en ter :  SET I T :  NOCRLF [ C R ]  t o  suppress 



ca r r i age  re tu rn .  Then begi 11 again a t  I .4.1 . When t h e  p i - i  ntorst 
has been completed, t he  system w i l l  p r i n t :  
DATA o r  ELECTRODE PLOT? 

1.4.1.6 H i t  CTRL/C t o  i n t e r r u p t  READPT and get back t o  the  program 
moni tor .  The p r i n t o u t  for  p o i n t s  entered so f a r  i s  shown i n  F i g ,  

4. Compare i t  t o  F ig .  3. 
1.5 Mod i fy ing  t h e  E lec t rode  Array. Two p o i n t s  are worth ment ioning here. 

F i r s t ,  commands used i n  en te r ing  data c1 .21  a r e  e s s e n t i a l l y  t h e  same 
commands used i n  modi fy ing the  system. Secondly, i f  you de tec t  an 
e r r o r  dur ing  the  actual  en te r ing  of data,  s imply  re -en ter  the elec- 

t rode coord i  na te  and po ten t  i a1 and every th ing  w i  1 I be f i n e ,  presurni ng 

of cour tse  t h a t  you d o n ' t  make the  same mistake again, o r  a new one. 

This  presumes a g rea t  deal ,  as our exper ience ind ica tees .  
1.5.1 To begin the  m o d i f i c a t i o n ,  e n t e r  
1.5.1.1 RUN S IMION [ C R ]  

1.5.1.2 When quer ied as t o  OPTION?,  e n t e r  

1.5.1.3 When quer ied, e n t e r  t he  FILNAM.EXT se lec ted  i n  1.3. 
1.5.1.4 When quer ied as t o  OPTION?, e n t e r  

1.5.1.5 The system responds: 

1.5.1.6 We have a new opera t ion  t o  en te r  here, t he  "NONELECTRODE," The 
p o i n t  o f  t h i s  opera t ion  i s  t o  "remove" e lec t rode  ma te r ia l ;  i t  con- 
v e r t s  an e x i s t i n g  e lec t rode  o r  space i n t o  a new space. It can be 
thought  of as an e lec t rode  eraser ,  bu t  i t  does more, because i t  
has a p o t e n t i a l  t h a t  must be associated w i t h  it. Remember t h a t  i n  

t h e  design o f  i o n  o p t i c a l  systems, each p o i n t  i n  m a t r i x  space has 
an actual  p o t e n t i a l  assoc iated w i t h  i t .  The c a l c u l a t i o n  o f  these 
p o t e n t i a l s  i s  what i s  performed by the  program. You can he lp  t h e  
program do t h i s  by ass ign ing p o t e n t i a l s  t o  nonelectrodels which are 
rough ly  what  t h e  p o t e n t i a l s  should be. This  reduces the  number o f  
i t e r a t i o n s  requi  red f o r  convergence. For example, you can see 
t h a t  e lec t rode  A needs t o  be hol lowed out .  Th is  i s  accomplished 
by en ter ing :  

0 [ C R l  ( f o r  OLD) 

[ C R ]  

FUNCTION DATA PLEASE? 
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1,:I 

0 I . .  ......... 
! ............ 
.? I ........... 
3 I ........... 
4 ........... 
: I . . . . . . . . . . .  
6 I . .......... 
7 I ........... 
El I ........... 

10 I ........... 
11 I 
12 I ........... 

4 .  . . .  I . . . . , . .  .. 

a I . .......... 

13 I 
14 I 
15 I 
:!3 I 
17 I 
16 I 
13 I 
26 I 
21 1 
iL I 
23 I 
24 I 
25 I 
IG I 
2 7  I 
26 I 
23 I 

30 
31 
3 2  
3 3  
3 4  
3 5  
36 
3 7  
38 
3 9  
40 
4 1  
42 
4 3  
44 
45 
46 
4 7  
4 8  
43 I 
5 0  I 
J l  I 

._. 

s2 I 
53 I 
54 I 
55 I 
56 I 
57 I 
5 8  I 
59 I 
GO I 
G 1  I 
62 I 
6 3  I 
6 4  I 
65 I 
G 6  I 
07 I 
138 I 
R 9  I 
7 0  I 
71 I 
72 I 
73 I 
7 4  I 
75 I 
76 I 
7 7  I 
7 8  I 
7 9  I 
80 I 
81 I 
82 ' 
8 3  I 
84 I 
85 I 
BS I 
87 I 
88 I 
I39 I 
90 I 
31 I 
92 I 
33 I 
3 4  I 
35 I 
OE i 
c17 I 
38 I 

. . . .  
30 4 0 5 0  G O  7,) Q 4 

80C.'). 
80l;u. 
BOOO. 
81.,.,0 ' 
B 0 0 0 .  
80I:m. 
8011tJ. 
8000.  
R O U O .  
81?O'J . 

2 (I 
. I  .... 1..../....I....1....I..............I....,.........l....l....I... 

aooo. 

............................... 0. 

........................................ 0. ........................................ 0. ........................................ 0. 

........................................ s o q 0 .  ........................................ 5000. ........................................ 5 0 0 0 .  

................................... ................................... ................................... 
... 0. ... 0. 

* .  

0. 
0. 
0. 
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0. 
0.  
0. 
0. 
0.  
0 .  
0 .  
u. 
0 .  
0. 
0.  
0 .  
0. 
0. 
0. 
0 . 
0. 
0. 
0. 
I l  . 
0. . 
i l  . 
$1. 
0 .  
0. 
0. 
0. 
0 . 
0. 
0. 
I). 
0 . 
0. 

351 .................................................. 0. 

I . . . .  I....I.........I..../..../....I....I....i....I....I....I....I....l....,....l.... 4 0 5 $1 G 0 7 0 80 I .  
o 1 (J 2 ,:, 30 

F i g .  4. READPT d i s p l a y  o f  e lec t rodes  
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R,3,0,7,7 C C R 3  

N,8000 [CR] 
R,8,0,10,5 CCR1 
N,4000 [CR] 
R,12,0,12,3 [ C R I  (Used t o  c o r r e c t  e lec t rode  B aperture.)  
N,O. [CR] 
X [ C R I  
The f i r s t  R and M e n t r i e s  i n d i c a t e  that  the  p o t e n t i a l  i n  t h ~  

r e g i o n  hol lowed ou t  i s  8000V, which i s  approximately what i t  w i l l  

be.  S i m i l a r  approximations are  used f o r  t he  subsequent e n t r i e s ,  

You w i l l  no te  t h a t  when e lec t rodes  are  hol lowed out t h a t  the 
extreme coord ina tes  are  one l e s s  than where we wish the f i n a l  
e l e c t r o d e  t o  remain. This i s  because e lec t rodes  are  i n d i c a t e d  as 
p o i n t s  on the  ma t r i x ,  as are nonelectrodes. A p o i n t  cannot be 
b o t h  an e lec t rode  and a nonelectrode a t  the  same t ime, and the  
1 a s t  command has precedence. 

1.5.2 A f t e r  t h e  d i s p l a y  on t h e  T e k t r o n i x  i s  as shown i n  F ig .  5,  respond t o  
t h e  OPTION? query w i t h  a SAVE command again (See 1.3). Note t h a t  
f i l e s  c rea ted  and s to red  by SAVE cannot be changed. If an e lec t rode  
a r r a y  f i l e  i s  c a l l e d ,  and subsequently mod i f i ed  as above, a new f i l e  
must be created o r  t h e  o r i g i n a l  da ta  w i l l  be l o s t .  I f  your m o d i f i -  
c a t i o n s  c o n s i s t  merely i n  c o r r e c t i n g  i npu t  e r r o r s ,  you may choose 
no t  t o  change f i l e  names t o  reduce c l u t t e r  i n  your d isk  d i r e c t a r y .  
P r i n t  ou t  on the  l i n e - p r i n t e r  using t h e  program READPT, as shown i n  
F ig .  6. Compare the  ou tpu t  t o  the  o r i g i n a l  graph shown i n  F i g .  4 

2 .o 

2.1 

C a l c u l a t i o n  of P o t e n t i a l  n i s t r i b u t i o n .  The hear t  o f  t h i s  program i s  
t h e  c a l c u l a t i o n  o f  t h e  p o t e n t i a l  d i s t r i b u t i o n .  Depending upon the  
des i  red  accuracy, t h e  t ime  requ i  red  f o r  cal CUI a t i o n  va r ies  from about 
one-ha1 f hour (100 successive approximations t o  s o l u t i o n )  t o  days. 
Genera l l y ,  between 100 and 1000 approximate s o l u t i o n s  w i l l  be requ i red  
t o  o b t a i n  s a t i s f a c t o r y  r e s u l t s .  En t ry  i s  as follows: 
R SIFIION [CR] 
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2.2 I n  answer t o  the  "OPTION?" query, e n t e r  t he  a lphabet ic :  

2.3 I n  answer t o  the  query FILENAME.EXT, en te r  t he  name assigned t o  t h e  
f i l e  i n  Step 1.5.2. 

2.4 Answer t h e  usual quer ies which f o l l o w ,  as you choose, bu t  they a re  
l a r g e l y  i r r e l e v a n t  u n t i l  t h e  OPTION? query, w t i ch  i s  answered by: 

R CCRI 

9 C C R l  

2.5 The system responds: 
NO. OF ITEREATIONS, OVER-RELAXATION FACTOR, LOWER LIMIT 30,000, 
.4, 10. 

2.5.1 No. o f  I t e r a t i o n s :  This i s  the number o f  successive approximat ion 
s o l u t i o n s  which w i l l  be completed be fo re  t h e  computer stops, unless 
t h e  system reaches a s p e c i f i e d  accuracy (See Lower L i m i t ,  below). 

2.5.2 Over-Relaxation Factor:  This f a c t o r  ranges from 0.6 t o  0.4, w i t h  
0.4 being t h e  d e f a u l t  value. When s o l u t i o n s  t o  p o t e n t i a l  d i s t r i b u -  
t ions are determined by re1 axa t  i o n  techniques , d i  f ferences between 
t h e  ( n - 1 ) t h  s o l u t i o n  and t h e  n t h  s o l u t i o n  are m u l t i p l i e d  by over- 
r e l a x a t i o n  f a c t o r  and added t o  the  n t h  t o  generate the  n t l  solu- 
t i o n .  The ove r - re laxa t i on  f a c t o r  should be l a r g e  ( . 6 )  a t  f i r s t  
when t h e r e  i s  a vast  d i f f e r e n c e  between t h e  p o t e n t i a l  o f  t h e  n and 
n+l so lu t i on .  As successive s o l u t i o n s  become c lose r ,  and i f  t o o  
l a r g e  an ove r - re laxa t i on  f a c t o r  i s  used, t he  s o l u t i o n  w i l l  o s c i l -  
l a t e  about the  c o r r e c t  one bu t  never reach it. We genera l l y  
recommend using an over r e l a x a t i o n  f a c t o r  o f  0.6 f o r  t he  f i r s t  50 
t o  100 s o l u t i o n s ,  then reducing t o  0.4 as  the  so lu t i ons  approach 
des i  red degree o f  accuracy. 

i n  t h e  f o l l o w i n g  way. The abso lu te  d i f f e r e n c e  between each poten- 
t i a l  ca l cu la ted  f o r  t h e  ( n - 1 ) t h  s o l u t i o n  and t h e  p o t e n t i a l  o f  each 
p o i n t  ca l cu la ted  i n  t h e  n t h  s o l u t i o n  i s  summed and i s  a measure of 
how f a r  away from the  f i n a l  s o l u t i o n  the  cu r ren t  s o l u t i a n  i s .  
Suppose t h e  n t h  s o l u t i o n  were t h e  exact s o l u t i o n .  Then the  

( n t 1 ) t h  s o l u t i o n  would be t h e  same, and t h e  t o t a l  d i f f e r e n c e  
between p o t e n t i a l s  i n  t h e  n t h  and ( n t 1 ) t h  s o l u t i o n  would be zero. 
A t  t h i s  p o i n t ,  which, by t h e  way, i s  genera l l y  we l l  on t h e  way t o  

2.5.3 Lower L i m i t :  This term s p e c i f i e s  the  des i red  degree of accuracy 
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Doomsday, t he  computer can do no more. Genera l ly ,  using a value o f  
between 1.  and 100. w i l l  y i e l d  an adequate s o l u t i o n .  Vhen t h e  
s p e c i f i e d  accuracy i s  reached, t h e  computer w i l l  e x i t  REFINE and you 

can move on. 
2.5.4 I f  no e n t r i e s  are made, j u s t  h i t  [ C R l  and the  p r i n t e d  numbers wi l l  

be used as d e f a u l t  values f o r  R E F I N E .  If  you want t o  use d i f f e r e n t  
values, en te r  t h e  number o f  i t e r a t i o n s ,  r e l a x a t i o n  f a c t o r ,  and lower 
l i m i t  i n  t h a t  order ,  as, f o r  example, 100, .6, 10 [CR]. 

2.5.5 The te rmina l  responds:* 
^C, *o  & ^P 
1 125.5 0.4 
2 120.8 0.4 

. 
e . 
* . 

2.5.6 The 4 ,  ~ 0 ,  AP i n d i c a t e  opt ions which you can en ter  t o  e f f e c t  
e i t h e r  the  ref inement  o r  p r i n t i n g  o f  ( a )  t h e  i t e r a t i o n  number 
( b )  t h e  e r r o r  between i t  and t h e  prev ious s o l u t i o n ,  and ( 6 )  the  

over - re laxa t i on  f a c t o r ,  which are  p r i n t e d  by d e f a u l t  i n  the  respec- 

t i v e  t h r e e  columns above. These op t ions  are amp l i f i ed  below. 
2.5.6.1 C ( C T R L / C ) .  This  terminates the  running o f  R E F I N E ,  l eav ing  the  

program i n  S I M I O N  so t h a t  t he  SAVE o p t i o n  may be u t i l i z e d .  - You 
should h i t  t h i s  key ONLY ONCE - t o  te rm ina te  - t h e  - -__.  r e f i n e  o p t i o n  
w i thout  l o s i n g  - t h e  c a l c u l a t e d  p o t e n t i a l s .  We recommend p e r i o d i c  
sav ing o f  t he  a r ray  dur ing  opera t ion  o f  R E F I N E  t o  avoid loss o f  
t o o  much computing t ime i n  case o f  (gasp!)  power f a i l u r e .  Th-is 

-- 

2.5.6.2 

key i s  p a r t i c u l a r l y  useful  f o r  l eav ing  the  computer work over- 
n i g h t .  You w i l l  note t h a t  t he  d e f a u l t  value f o r  the  number o f  
i n t e r a c t i o n s  i s  30,000, which would r e q u i r e  10-20 days, so i t  
w i l l  j u s t  keep running and r e f i n i n g  i n  your absence. When you 
come back, h i t  C T R L / C  and get onto more e x c i t i n g  th ings .  

0 ( C T R L / O ) .  Th is  suppresses p r i n t i n g  the  r e s u l t s  o f  each 

i t e r a t i o n - - a  dec ided ly  useful  o p t i o n  f o r  long runs (30,000 
i t e r a t i o n s  would take  up about 500 pages o f  paper). 

*This  fea tu re  o n l y  app l ies  t o  s i n g l e  user  systems. It i s  the  fea tu re  
de le ted  i n  Par t  11.3.0. o f  S I M I O N  I N S T A L L A T I O N  on m u l t i u s e r  f a c i l i t i e s .  
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2.5.6.3 P (CTRL/P). Th is  command r e s t a r t s  p r i n t i n g .  When you have run 
over a n i g h t  o r  weekend, etc., and wish t o  see what was accari- 
p l i s h e d  i n  your absence, h i t  CTRL/P t o  view the  ongoing c a l -  
c u l a t i o n s  be fore  you decide whether o r  not t o  te rmina te  the  sub- 

rout, i ne. 
2.5.7 Whether you te rmina te  t h e  run w i t h  a CTRL/C o r  R E F I N E  terminates 

i t s e l f ,  i t  ends w i t h  the  OPTION? query. Almost always, you should 
e n t e r  

S C C R l  
f o r  SAVE and s t o r e  t h e  determined p o t e n t i a l  d i s t r i b u t i o n .  You 
can subsequently d e l e t e ,  us ing RT-11, e a r l i e r  f i l e s  r e l a t i n g  t o  t h e  
same e lec t rode assembly and keep o n l y  the  l a t e s t  ref inement.  
However, i f  you do no t  SAVE, i n  a new f i l e  t h e  r e s u l t s  ----I- obta ined - by 
-I_ . _ _ -  _ _ - _ _ - _ _ _ _ _  
REFINE, a l l  t h e  r e f i n e d  p o t e n t i a l s  w i l l  be l o s t  i f  t h e  system goes - - ----I- 

down o r  you i n a d v e r t e n t l y  erase a p o r t i o n  - - o f  i t .  Furthermore, a f t e r  - - I_ .----I. ____- 

ref inement , changes can be made us ing the  M O D I F Y  r o u t i n e  d i  scussed 
e a r l i e r ,  bu t  any new p o t e n t i a l s  and e lec t rode c o n f i g u r a t i o n s  added 
o r  de leted w i l l  r e q u i r e  going through REFINE again.  Changes made 
t o  p o t e n t i a l s / e l e c t r o d e s  w i l l  not be w r i t t e n  i n t o  t h e  f i l e  from 
which t h e  working ar ray  was r e t r i e v e d  unless you keep t h e  same f i l e  
name and thus dest roy t h e  o r i g i n a l  values. 

2.7 Step 7. Obta in ing  t h e  P o t e n t i a l  D i s t r i b u t i o n .  Th is  i s  obtained by 

f i r s t  e n t e r i n g  t h e  R S I M I O N  command, t a k i n g  t h e  O L D  o p t i o n ,  s p e c i f y i n g  
t h e  p a r t i c u l a r  f i l e  and answering t h e  OPTION? query w i t h :  

c C C R I  
2.7.1 The system responds w i th :  

1 FOR AUTOMATIC, 2 FOR MANUAL ENTRY, 3 FOR PREVIOUS CONTOURS 

These t h r e e  opt ions make i t  poss ib le  t o  en ter  t h e  p o t e n t i a l  contours 
you wish t o  see i n  a way which i s  most convenient t o  t h e  user.  
Automatic. Enter ing  a 1 [ C R ]  r e s u l t s  i n  t h e  query 

2.7.1 .1 START I NG POTE NT I AL : 
The response i s  t o  en ter  the  lowest p o t e n t i a l  whose curve i s  
des i red;  f o r  example f o r  1000 V, the  e n t r y  i s :  
1000 [CR] 
The system responds w i t h :  
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2.7.1.2 NO. OF INCREMENTS, S I Z E  OF INCREMENT (12,F10.0) 
The number o f  increments i s  the  number o f  p o t e n t i a l  curves you 
wish p l o t t e d  (up t o  Z O ) ,  and t h e  d i f f e r e n c e  i n  vo l tage between 
successive p o t e n t i a l  contours.  For example, we have entered 
6 ,  1000 [CR] 
t o  o b t a i n  s i x  contours,  t o  w i t :  1000 V, 3000 V, 3000 V, 4000 V,  

5000 V and 6000 V. 
The system responds w i t h :  

If you wish t o  have t h e  X and Y coord inates o f  a p a r t i c u l a r  
p o t e n t i a l  contour ,  say 3000 V,  you en ter :  

Th is  s imply  means t h a t  t h e  ( X , Y )  coord inates w i l l  be p r i n t e d  on 
t h e  p r i n t e r  f o r  t h e  T H I R D  p o t e n t i a l  contour you requested above, 

- i.e., -- t h e  t h r e e  here i s  c o i n c i d e n t a l  t o  t h e  3000 V contour .  

2.7.1.3 ENTER CONTOUR NUMBER FOR LIST 

3 C C R I  

The value o f  t h i s  o p t i o n  i s  apparent i f  you wish t o  l ook  a t  
contours i n  a small  reg ion  o f  the  e n t i r e  system. The p o t e n t i a l  
contour  coord inates can be m u l t i p l i e d  by a f a c t o r  o f  ten ,  t r e a t e d  
as  e lect rodes,  and used t o  generate a new f i l e .  The new system 
c o u l d  then be used t o  o b t a i n  t h e  residence t ime o f  ions i n  t h e  
p a r t i c u l a r  reg ion  of i n t e r e s t ,  such as, say, a source b lock.  

The system responds by d i s p l a y i n g  on t h e  T e k t r o n i x  the  p o t e n t i a l  
contours as shown i n  Fig. 7. 

2.7.1.4 To suppress the  l i s t i n g  op t ion ,  s imply  e n t e r :  [CR] 

2.7.2 Manual Entry .  This o p t i o n  i s  ef fec ted  by e n t e r i n g :  

2 C C R l  
T h i s  system responds w i t h :  

2.7.2.1 CONTOUR POTENTIALS, LEAST TO LARGEST, X ENDS LIST 
Th is  o p t i o n  i s  d i f f e r e n t  i n  both t h e  way contour p o t e n t i a l s  are 
entered and t h e  requirements o f  the  e n t r i e s .  F i r s t ,  t h e  vo l tage 
d i f f e r e n c e  between contours need not be the  same f o r  a1 1 contours,  
bu t  t h e  lowest p o t e n t i a l  must be entered f i r s t ,  and each 
successive e n t r y  must be grea ter  than i t s  predecessor. Second, 
each contour i s  entered independent ly,  fo l lowed by a [ C R J  a s  

f 01 1 ows : 
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F i g .  7 .  Terminal display o f  potential can tou rs  
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6000 [CRJ 
6500 [CR] 
7000 [CR] 

7500 [ C R I  

X C C R l  
2.7.2.2 The X [CR]  causes the  system t o  respond w i t h  the  CONTROL NUMBER 

FOR LIST prompt, which can be answered as descr ibed above t o  s t a r t  
p l o t t i n g  the  des i red  contours on t h e  Tek t ron i x  as shown i n  F i g .  8. 
Note t h a t ,  a l though the contour  p o t e n t i a l s  are a l l  separated by 

500 V ,  t h i s  s imply  i s  coincidence. 
2.7.3 Previous Contours. En te r ing  3 [CR]  accesses a t ime-sav ing op t i on  

t h a t  a l lows you t o  use a s e t  o f  contours a l ready p l o t t e d  f o r  a 
p rev ious  con f igu ra t i on .  Th is  e l im ina tes  the  need t o  re -en ter  con- 
t o u r  values f o r  each i t e r a t i o n  i n  t h e  approach t o  a f i n a l  design. 

3.0 P l o t t i n g  T r a j e c t o r i e s .  T r a j e c t o r i e s  are determined, p l o t t e d ,  and 
p r i n t e d  by t h e  subrout ine  TRAGIC. It may be entered v i a  the  query 
OPTION? a f t e r  t h e  execut ion o f  any o f  t he  p rev ious l y  mentioned 
subrout ines,  by responding w i th :  

T C c R l  
The system responds w i t h :  

3.1 1 TO USE PREVIOUS TRAJECTORY PARAMETERS, 
0 OTHERWISE: 

3.1.1 Genera l ly ,  t h i s  query i s  answered w i t h  l [ C R ]  o n l y  i f  you want a new 
p l o t  of r e c e n t l y  p l o t t e d  t r a j e c t o r i e s  on the  screen; o therwise [CRJ 

shoul d be entered. 
The system responds t o  a [CR] w i th :  

3.2 G R I D  SPACING (MM), VOLTAGE SCALING, TIME INT. 
3.2.1 _I_ G R I D  SPACING. Th is  r e f e r s  t o  the  d is tance between g r i d  p o i n t s  and 

depends on how b i g  the  actual  system would be. For example, i f  i n  
t h e  example shown t h e  l e n g t h  o f  t he  assembled lens  along t he  X a x i s  
were t o  be 20 cm = 200 mm, t he  response t o  G R I D  SPACING would be 2. 
Genera l ly ,  f o r  roughing out  an i o n  o p t i c a l  system, sca l i ng  i s  
i r r e l e v a n t  and any number (such as 1) can be entered. 
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F i g .  8. Example o f  a contour "close-up" 
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3.2.2 VOLTAGE SCALING. To convert ,  say, a l l  t he  p o t e n t i a l s  t o  one-ha l f  
t h e i r  p rev ious  values as entered i n  Steps 1-5, e n t e r  0.5 and so on. 
Again, t h i s  o p t i o n  i s  l a r g e l y  i r r e l e v a n t  i n  ion o p t i c a l  design, bu t  
does a f f e c t  i o n  residence t ime  i n  any p a r t i c u l a r  l o c a t i o n  on the  
g r i d ,  and, unless a study o f  residence t imes i s  underway, a 1 may be 

entered. 
3.2 - TIME INTERVAL. This  v a r i a b l e  y i e l d s  t h e  t ime i n t e r v a l  between 

successive f o r c e  c a l c u l a t i o n s .  Th is  i s  p r i m a r i l y  a p l o t t i n g  t o o l  , 
which s p e c i f i e s  how long a delay i s  desired between successive 
c a l c u l a t i o n s  o f  i o n  t r a j e c t o r y .  General ly,  a 1 i s  entered. A s m a l l  
number such as .01 w i l l  r e s u l t  i n  a l e s s  accurate p l o t  and a l a r g e  
number w i l l  r e s u l t  i n  t a k i n g  f o r e v e r  t o  p l o t  a t r a j e c t o r y .  

3.2.3.1 For t h e  example i n  progress, t h e  e n t r y  is  

2,1,1 CcRl 
t o  which t h e  system responds 

3.3 M/E O f  Ion ,  M/E o f  Fragment 
3.3.1 M/E o f  Ion.  The mass-to-charge r a t i o  o f  ions does not have any 

e f f e c t  a t  a1 1 on t r a j e c t o r i e s  i n  e l e c t r o s t a t i c  p o t e n t i a l s  except as 
discussed below. However, t h e  m/z value o f  an i o n  does a f f e c t  t he  
residence t ime  i n  any p a r t i c u l a r  element and the t o t a l  f l i g h t  t ime. 
I f  t h i s  is o f  i n t e r e s t ,  e n t e r  t h e  approp r ia te  m/z value. I f  not, 
e n t e r  1. Note that  m/e imp l i es  a + o r  - sign. + i s  the  d e f a u l t  
value, bu t  negat ive  m/e values can be used f o r  n e g a t i v e l y  charged 
p a r t i c l e s  . 

3.3.2 M/E o f  Fragment. I f  an i o n  fragments dur ing  t r a n s i t  o f  t he  i o n  
o p t i c a l  system, t h e  i o n  f ragment 's k i n e t i c  energy w i l l  be a f r a c t i o n  
o f  t he  k i n e t i c  energy o f  the  parent;  hence the  t r a j e c t o r y  o f  t he  
daughter i o n  w i l l  be d i f f e r e n t  from t h e  p a r e n t ' s  i f  t h e  i o n  
t rave rses  an e l e c t r o s t a t i c  f i e l d .  

I f  t h e  f ragmentat ion i s  o f  i n t e r e s t ,  e n t e r  both parent and fragment 
i o n  M/z values, such as 100, 50 [CR]. 

If t h e  fragmentat ion i s  not o f  i n t e r e s t ,  s imply e n t e r  t h e  m/z value 
of t he  parent,  e . g . ,  100 [CR] 
The system responds: 
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3.4 STARTING COBRDS X, Y ,  INCREMENTS DX, DY 
S t a r t i n g  coordinates are  the  s t a r t i n g  caordinates i n  u n i t s  o f  your 
a r r a y  o f  p o i n t s  o f  any ion,  e i t h e r  where the  ions are  formed - o r  where 
they  en te r  t h e  i o n  o p t i c a l  system under cons idera t ion .  The increments 
DX, DY a r e  the  s t a r t i n g  coordinates f o r  t he  f i r s t  ca l cu la ted  t r a j e c -  
t o r y  p lus  the  increments f o r  t h e  next successive t r a j e c t o r y  c a l c u l a -  
t i o n .  For example, t h e  e n t r y  

3,0,0,1 C C R l  
would s t a r t  the  f i r s t  c a l c u l a t e d  t r a j e c t o r y  a t  p o i n t  (3,O) and the  
second t r a j e c t o r y  c a l c u l a t i o n  a t  p o i n t  ( 3 , l )  and so on. 
The system responds: 

Since a l l  ions genera l l y  have a k i n e t i c  energy, be i t  thermal ( . l  eV) 

o r  otherwise, they  must have a t r a j e c t o r y  which i s  s p e c i f i e d  by the 

angle w i t h  respect t o  the  X ax is .  The increments DE, DTHET a r e  s im i -  
l a r  t o  t he  incremental add i t i ons  made t o  i n i t i a l  p o s i t i o n s  descr ibed 
above. For example, i n  t h e  case a t  hand, t h e  e n t r y  i s  

1 ,O [ C R l  
t o  which the  system responds: 

This i s  se l f -exp lana to ry ,  but i t  i s  worth mentioning t h a t  i f  i nc re -  
mental values, DE, DTHET, DX, DY a r e  used, a l l  are incremented a t  each 

a f t e r  t he  
x a new d i s p  ay of t he  

The e n t r y  f o r  t h r e e  

3.5 I O N  ENERGY , ANGLE WRT X A X I S  (DEG), I N C R S  DE, DTHET 

3.6 HOW MANY TRAJECTORIES, FOR NEW PLOT TYPE N 

successive p l o t .  The t y p i n g  an N, preceded 
number o f  t r a j e c t o r i e s ,  redraws on t h e  Tek t ron  
e lec t rodes  as we l l  as p l o t t i n g  t r a j e c t o r i e s .  
t r a j e c t o r i e s  shown i n  F ig .  9 i s  

3,N [ C R l  
a t  which p o i n t  t he  t r a j e c t o r i e s  a re  p l o t t e d  on 

by a comma 

the  screen and var ious  
c h a r a c t e r i s t i c s  o f  t he  t r a j e c t o r i e s  a re  p r i n t e d  out as shown bel ow 
along w i t h  i n p u t  e n t r i e s  f o r  t h e  problem a t  hand. 
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4.0 Resu l ts  

I t  i s  c l e a r  t h a t  t he  i o n  o p t i c a l  system shown i n  Fig.  9 does not focus 
p a r t i c l e s  emi t ted  from the  sur face  o f  t he  source. However, we clo note t h a t  
t h e r e  i s  a cross-over a t  X = 13. From F i g .  7, we can see t h i s  p o i n t  l i e s  
i n  a f i e l d - f r e e  reg ion  (dV/dx = 0). Furthermore, i t  appears t h a t  the  lens 

system o f  elements C, 0, E i s  t oo  weak t o  focus these ions.  We need t o  
know what  vo l tage need be app l ied  t o  the  center  element, e lec t rode  5, t o  
make t h i s  lens  system focus. 

Now the  focus ing c a p a b i l i t i e s  o f  an E inze l  lens are determined, i n  
p a r t ,  by t h e  r a t i o  o f  t he  mid-element vo l tage t o  the  k i n e t i c  energy o f  the 
ion .  For example, t he  k i n e t i c  energy o f  t h e  i o n  a t  t he  crossover (18,O) i s  

8000 eV, The mid-element vo l tage i s  5000 V. Hence, the  r a t i o  i s  8/5. 
Suppose we s t a r t e d  w i t h  an i o n  a t  t he  crossover p o i n t ,  and var ied  i t s  
k i n e t i c  energy u n t i l  focus ing occurred. Such t r a j e c t o r i e s  a re  p l o t t e d  i n  
F ig .  10 where ( a f t e r  some t r i a l  and e r r o r )  we entered i n t o  TRAGIC param- 
e t e r s  the  i n i t i a l  coord inates 18,0, i n i t i a l  k i n e t i c  energy 3500 eV, t h e t a  
as 7" and an incremental  energy of 500. Hence, the  t r a j e c t o r i e s  p l o t t e d  
a r e  for ions o f  3500 eV and 4000 eV. C lea r l y ,  t he  3500 e l e c t r o n  v o l t  ions 
a r e  focussed by t he  5000 V p o t e n t i a l  o f  t he  midelement. Th is  r a t i o  
3500/5000 br ings  about focus f o r  ions t h a t  are e i t h e r  formed a t  (18,Q) or 

a r r i v e  the re  w i t h  a divergence angle < 7'. For 8000 eV ions,  t h e  app l ied  
p o t e n t i a l  requ i red  f o r  focus would be 

8000 x - 5000 = 11,400 v o l t s .  3500 

Using the  subrout ine  MODIFY, e lec t rode  D was given the  p o t e n t i a l  
11,400 V.  The new e lec t rode  assembly p o t e n t i a l  d i s t r i b u t i o n s  were then 
c a l c u l a t e d  us ing t h e  program REF1 [E. Last,  t he  t r a j e c t o r i e s  were p l o t t e d  
on the  Pek t ron i x  and are  shown i n  Fig.  11. As can be seen, the  ions 
formed a t  p o s i t i o n  (3,O) and ( 3 ,  ) a r e  brought t o  a focus, bu t  t h a t  ions 
formed a t  p o s i t i o n  (3,2) a r e  not q u i t e  focussed. It i s  c l e a r ,  o v e r a l l ,  
t h a t  on l y  a modest success was achieved. To use t h e  g iven e lec t rode 
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F49. 9. Original ion trajectories 
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Fig .  10. Modif ied ion t ra jector ies  
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F i g .  11. F i n a l  ion t ra  j ectar  i es 
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assembly as an i o n  source, o n l y  those ions formed w i t h i n  a spot s i r e  

diameter o f  2 mm would be e f f e c t i v e l y  t r a n s m i t t e d  i n t o  the mass s p e c t r m -  
e t e r .  A c t u a l l y ,  t h i s  compares favo rab ly  w i t h  most commercial ins t ruments ,  
b u t  cou ld  be improved. We l eave  t h a t  exerc ise  t o  the  reader. 
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