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Spirit of n a n oM O S c od e

� nanoMOS i s  a s e t  of  Mat l ab r ou t i ne s  ( 1 8 )

� Ou r  p h i l os op h y  i s  t h at  i t  i s  m or e  i m p or t ant  t o f oc u s  
on t h e  p h y s i c s  t h an on t h e  p r og r am m i ng  !

� G e t  t h e  p h y s i c s  r i g h t  f i r s t  and  t h e n t h i nk  ab ou t  t h e  
i m p l e m e nt at i on

� A  s c r i p t i ng  l ang u ag e  l i k e  Mat l ab al l ow s  u s  t o d o t h at .

� P r og r am m i ng  i s  e as y  and  f as t ,  a l ot  of  p r e -b u i l t  
r ou t i ne s  ar e  av ai l ab l e .

� T h e r e f or e  Mat l ab w as  t h e  l ang u ag e  of  c h oi c e  t o 
i m p l e m e nt  ne w  t e c h ni q u e s  l i k e  N E G F … and  b u t t i k e r
p r ob e s .
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‘B i g  a n d  s m a l l ’  r o u t i n e s

� nanoMOS i s  ap p r ox i m at e l y  4 5 0 0  l i ne s  of  c od e .

� T h e  ‘ b i g  r ou t i ne s ’  ar e :

� E T . m …  e ne r g y  t r ans p or t  m od e l

� C h ar g e . m …  c om p u t e s  t h e  c h ar g e  d e ns i t y . . t r ans p or t  m od e l s  

� C u r r e nt . m …  c om p u t e s  t h e  c u r r e nt

� C u r r e nt _ m at . m …  c om p u t e s  t h e  f e r m i _ l e v e l of  t h e  b u t t i k e r p r ob e s  
(q d t e m od e l )

� Mai n. m …  s e l f -e x p l anat or y

� P ar s e r . m …  r e ad s  t h e  i np u t  d e c k

� P oi s s on. m …  s ol v e s  p oi s s on’ s e q u at i on

� R e ad i np u t . m …  p r e -p r oc e s s i ng

� Sav e ou t p u t . m …  s av e s  and  p l ot s  ou t p u t  d at a

� Sc h r e d . m …  s ol v e s  Sc h r od i ng e r e q u at i on i n t h e  t r ans v e r s e  d i r e c t i on
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‘B i g  a n d  S m a l l ’  r o u t i n e s

� The small routines are:

� D ummy . m …  C onv erts c harg e to a q uasi-f ermi lev el ( f or non-
linear P oisson solv er)

� A nti_ d ummy . m …  C onv erts q uasi-f ermi lev el to c harg e ( f or 
non-linear P oisson solv er)

� D ummy _ p rime. m … D if f erentiates d ummy  f unc tions

� D op ing . m … G enerates 2 D  d op ing  p rof ile

� F ermi. m …  C omp utes f ermi integ rals

� F p rime. m … D if f erentiates f ermi d irac integ rals ( f or P oisson 
solv er)

� I nteg ral. m … C omp utes the c lassic al c harg e d ensity  ( c lb te
mod el)

� N anomos. m …  The main routine that b eg ins simulations
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Post/pre-proc essi n g  rou ti n es

� Readinput.m

� A f ter  r eading  th e input dec k  us ing  par s er .m,  th e input v al ues  
ar e s to r ed w ith  th e r ig h t units  and pas s ed as  g l o b al  
v ar iab l es .

� S o me l imits  ar e s et to  r educ e th e c o mputatio nal  c o s t:  th in 
b o dies  ( < 2 nm)  s imul atio ns  o nl y  us e o ne s ub b and. H o w ev er ,  
th es e l imits  c an b e o v er r idden.

� S av eo utput.m

� P l o ts  and s av e al l  data s pec if ied in th e input dec k ,  c an b e 
eas il y  ex tended to  pl o t mo r e g r aph s … r ec ent ex tens io n:  D O S  
and tr ans mis s io n c o ef f ic ient

� P ar s er .m

� Reads  th e input dec k
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Computation routines

� The core of n a n oM O S i s  i n  m a i n . m

� Variables are initialized

� D o p ing  p ro f ile is c reated ( do p ing . m )

� P re-p ro c essing  f o r P o isso n so lv er ( f p rim e. m )

� I nitial g u ess is c o m p u ted u sing  c lbte m o del

� T h en so lu tio n is c o m p u ted  by  iteratio n o f  c alls to  
c h arg e. m  and P o isso n. m … self -c o nsistenc y

� I f  I -V are req u ired,  it enters a lo o p  o v er all bias p o ints

where same iteration scheme is used.
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Computation routines

� Charge.m computes the charge density depending on the 
chosen model

� If transport_model==….
� Solve Sc h r od i n g er eq u a t i on  i n  t h e c on f i n em en t  d i r ec t i on  f or  t h e 

s u b b a n d s en er g i es  a n d  d i s t r i b u t i on  f u n c t i on  ( ei g en en er g i es ,  
ei g en f u n c t i on )

� A p p li es  t r a n s p or t  m od el i n  t h e lon g i t u d i n a l d i r ec t i on

� Poisson.m solves Poisson’s equation using the non-linear  
sc heme

� Converting the charge density to an equivalent 
f erm i level

� Current.m computes the source and drain current for every 
different model

� Current_ mat.m computes the fermi l evel  of the b uttik er prob e 
to ensure z ero scatterer current
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Run na no M O S w i t h  na no m o s . m

� This is the starting file…

� Define global variables

� C alls read inp u t t o p arse t h e inp u t  d ec k  and  assign 
valu es t o variables

� C alls m ain. m  t o st art  c om p u t at ion

� M ain. m  c an be t im ed  at  t h is p oint …

� C alls saveou t p u t t o p ost -p roc ess t h e d at a.
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How to parallelize a M atlab applic ation  ?

� Code parallelization is done through message passing 
b etw een proc essors.

� T his is possib le on standard super-c omputers or 
L inux  Clusters

� M essage passing is implemented b y  M P I  ( message 
passing interf ac e)  or P V M  ( parallel v irtual mac hine)

� H ow  to use M P I  or P V M  in M atlab ?

� Use MPITB or PVMTB
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PVMTB and MPITB for Mat l ab

� Javier B al d o m ero f ro m  t h e U n ivers it y  o f  
G ran ad a/ S p ain  h as  w rit t en  P V M T B  an d  M P I T B .

� A vail ab l e f o r M at l ab 5 . 3  an d  M at l ab 6 . x

� S t an d ard  U n ix  s y s t em s  an d  R ed H at 7 . *

� M ex f u n c t io n s  b in d in g s  o f  M P I  o r P V M  ro u t in es .

� Y o u  c al l  M P I  o r P V M  ro u t in es  t h e s am e w ay  y o u  
w o u l d  in  C / C + +  o r F o rt ran

� E as y  t o  u s e an d  a very  g o o d  t o o l  t o  l earn  
p aral l el iz at io n  u n d er M at l ab en viro n m en t .
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Superman Linux Cluster

200 processors, 1.2 GHz 

A T HL O N , 1 GB  R A M

B en ch m a rk ed  a t  13 0 GF L O P S  !
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An example: Detailed Scattering model

� To validate the b u ttik er p r ob e m odel u s ed in  
n an oM O S ,  a detailed s c atter in g  m odel c an  b e u s ed.

� This  is  ex tr em ely  c om p u tation ally  ex p en s ive.

� N on -s elf  c on s is ten t s im u lation … . 4-5  day s  ! ! ! ! ! !

� S elf -c on s is ten t s im u lation … . .  40  day s  ! ! ! ! !

� O n  40  p r oc es s or s u s in g  P V M  u n der  M atlab … a s elf  
c on s is ten t s im u lation  c an  b e p er f or m ed in  3 0  hou r s .  
A  n on  s elf -c on s is ten t in  2 -4 hou r s …
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How/Where to parallelize n an oM O S ?

� The main goal is to distribute the computational load of a code 
among processors

� I dentify  parts of the code/ algorithm than can be done 
simultaneously ,  for ex ample:

1- D i f f e r e n t  b i a s  p o i n t s  o r  d i f f e r e n t  s e t  o f  b i a s  p o i n t s .

2- I n t e g r a t i o n  o f  f u n c t i o n s

3- I n d e p e n d e n t  f o r  l o o p s  ( d i s t r i b u t e  t h e  e n e r g y  g r i d  i n  N E G F  

s i m u l a t i o n s  f o r  b a l l i s t i c  c a s e  o f  e l a s t i c  s c a t t e r i n g )

4-h a v e  a  d i f f e r e n t  p r o c e s s o r  f o r  e a c h  v a l l e y  a n d  s u b b a n d .  

C o u p l i n g  b e t w e e n  s u b b a n d s c o m p l i c a t e s  t h e  p r o b l e m  b u t  

c a n  b e  s o l v e d .

5-L i n e a r  s o l v e r s … MatPar f ro m  J PL  u s e s  PV M an d  s c al ap ac k .
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Where do we go from here ?

� Improvement is always possible and we welcome feedback/bug 
reports…

� S end bug reports to myself:  sebgoa@ purdue.edu

� S end general nanoM O S q uestion to th e F orums on th e 
nanoH U B .

� nanoM O S being open source it is in th e interest of everyone to 
sh are th eir enh ancement to th e code and maybe create a 
development group !

� W e will continue adding more transport model… D ensity 
gradient,  D E S S IS … and add new features to model more various 
types of devices… S ch ottky,  bulk,  S O I,  H B T … etc. 
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Where do we go from here ?

� A parallel version will be released soon, due to CPU 
req uirem ents th is won’ t be usable th roug h  th e H UB  
im m ediately  but only  available f or download.

� A a start two ty pes of  paralleliz ation will be possible:

� Sending different bias point to different processors

� Distributing the energy grid in ballistic NEGF
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Some useful links

� PVMTB home page (download,links)

http://atc.ugr.es/javier-b in /pvm tb _ en g

� PVM home page (links and t u t or ial)

http://w w w .csm .o rn l .go v/pvm

� PVM home page at  net lib (sou r c e c ode)

http://w w w .n etl ib .o rg/pvm 3 /

� MPI TB home page

http://atc.ugr.es/javier-b in /m pitb _ en g

� S u per man W eb -page @  C E L ab

http://ece.purd ue.ed u/cel ab


