
HAL Id: jpa-00225708
https://hal.science/jpa-00225708

Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

A SCANNING TUNNELING MICROSCOPE FOR
SURFACE MODIFICATION

M. Mccord, R. Pease

To cite this version:
M. Mccord, R. Pease. A SCANNING TUNNELING MICROSCOPE FOR SURFACE MODIFICA-
TION. Journal de Physique Colloques, 1986, 47 (C2), pp.C2-485-C2-491. �10.1051/jphyscol:1986274�.
�jpa-00225708�

https://hal.science/jpa-00225708
https://hal.archives-ouvertes.fr


JOURNAL DE PHYSIQUE 
C o l l o q u e  C2,  s u p p l k m e n t  au n03, Tome 47, mars 1986 page c2-485 

A SCANNING TUNNELING MICROSCOPE FOR SURFACE MODIFICATION 

M.A. McCORD and R.F.W. PEASE 

Solid State Electronics Laboratory, Stanford University, 
S t a n f o r d  , CA 94305, U.S.A. 

ABSTRACT 

With t h e  r ecen t  success  f o r  t h e  scanning tunne l ing  microscope (STM) has  come 
t h e  ques t ion  of whether the  ins t rument  might be used f o r  m a t e r i a l  mod i f i ca t ions  
and l i t hography .  We embarked on t h e  des ign  of an STM wi th  t h i s  a p p l i c a t i o n  i n  
mind. Its f e a t u r e s  inc lude  a wide X-y p i e z o e l e c t r i c  scan range of 10  o r  more 
microns,  p l u s  coa r se  mechanical motion i n  t h e  X d i r e c t i o n  t o  a new reg ion  on t h e  
sample whi le  i n  vacuum. Coarse motion i n  the  z d i r e c t i o n  is  accomplished wi th  a 
micrometer d r i v e ,  whi le  f i n e  movement is done wi th  a p i e z o e l e c t r i c  t r a n s d u c e r .  
Both the  sample and t h e  t i p  can be qu ick ly  changed. F i n a l l y ,  t h e  ins t rument  is 
mounted on t h e  s t a g e  of a scanning e l e c t r o n  microscope which a l lows real-t ime 
obse rva t ion  whi l e  i t  i s  ope ra t ing .  

Using t h i s  ins t rument  we were a b l e  t o  p a t t e r n  sub-micron gold  l i n e s  on 
s i l i c o n  s u b s t r a t e s  by s p u t t e r  e t c h i n g  through a contamination r e s i s t  p a t t e r n  l a i d  
down by t h e  tunne l ing  e l e c t r o n s  polymerizing o rgan ic  molecules p resen t  on t h e  
t a r g e t .  We were a l s o  a b l e  t o  expose l i n e s  us ing  a Langmuir-Blodgett f i l m ,  which 
c o n s i s t s  of s e v e r a l  molecular monolayers of a m a t e r i a l  known t o  a c t  a s  an  e l e c t r o n  
beam r e s i s t  depos i t ed  i n d i v i d u a l l y  on t h e  s u r f a c e  of t h e  s u b s t r a t e .  

INTRODUCTION 

The scanning tunne l ing  microscope (STM) has  shown i t s e l f  t o  be a remarkable 
ins t rument  capable  t o  imaging i n d i v i d u a l  atoms on conducting s u r f a c e s  [ l ] .  How- 
e v e r ,  t h e  p o s s i b i l i t i e s  of t h e  ins t rument  f o r  modifying s u r f a c e s  r a t h e r  than  j u s t  
looking a t  them a r e  only beginning t o  be exp lo red .  In  previous  work we have 
shown t h a t  when operated i n  t h e  f i e l d  emission mode it  can g e n e r a t e  an  i n t e n s e  
submicron beam of low energy e l e c t r o n s  [ZJ. I n  the- t h e o r e t i c a l  s tudy  we modelled 
t h e  e m i t t e r  t i p  a s  a sphere  and s t u d i e d  t h e  beam diameter  which r e s u l t e d  from 
d i f f e r e n t  geometr ies .  It turned out  t h a t  f o r  any given v o l t a g e  t h e r e  is  an 
optimum t i p  d iameter  which r e s u l t s  i n  a minimum beam diameter  (Figure  1 ) .  
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Figure  1. Minimum beam r a d i u s  f o r  a f i e l d  emiss ion t i p  i n  c l o s e  proximity  t o  a 
t a r g e t  p l ane  . 
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Because of absence of space charge and lens aber ra t ions ,  the  STM can produce 
submicron beams of a few hundred v o l t s  o r  l e s s  with cur ren ts  much higher  than a r e  
poss ib le  using more conventional technologies .  We f e l t  t h a t  beams of a t  l e a s t  a 
few eV would be needed i n  o rder  t o  e f f e c t  various chemical and physical  changes 
on the  surface of a sample, although recent work ind ica tes  t h a t  0.1 v o l t s  is 
capable of some e f f e c t  [31 . 

The requirements f o r  an STM intended mainly f o r  surface modification a r e  
q u i t e  d i f f e r e n t  from those required of an instrument capable of imaging atoms. 
Most important is a l a rge  scan f i e l d .  Fields  l e s s  than severa l  microns on a 
s i d e  a r e  extremely d i f f i c u l t  t o  loca te  with a microscope ( o p t i c a l  o r  e lec t ron)  
once the  sample has been removed from the  STM. The other  requirement is  the 
a b i l i t y  t o  vary the  beam voltage and current  over severa l  orders  of magnitude. 

Since t h e  instrument i s n ' t  necessar i ly  required t o  resolve atoms, t h e  design 
can be much simpler i n  severa l  ways. Much higher noise l e v e l s  can be Tolerated,  
and an ultra-high vacuum is not required.  Since t h i s  instrument was intended 
mainly f o r  use a t  higher vol tages and thus a l a r g e r  gap between the t i p  and 
sample, a much higher  v ibra t ion  l e v e l  can be to le ra ted .  

SCANNER DESIGN 

A p iezoe lec t r ic  scanner s imi la r  t o  those i n  o ther  STMs, was chosen a s  t h e  
most p r a c t i c a l  way of achieving three-dimensional, e lec t ron ica l ly -cont ro l lab le  
motion on a nanometer s c a l e .  In  order  t o  provide a l a rge  scan a rea ,  one design 
shown i n  F ig .  2a used orthogonal one inch PZT tubes driven with a 900 v o l t  scan 
s i g n a l ,  s u f f i c i e n t  t o  provide a 10x10 micron scan range. 

PIEZOELECTRIC TUBES 

PIEZOELECTRIC TUBE 

Figure 2 .  

(b)  

P iezoe lec t r ic  tube scanner, b)  p iezoe lec t r ic  bimorph 



Tubes provide good mechanical s t i f f n e s s  as  wel l  a s  l i g h t  weight.  An a l t e r n a t e  
design using p iezoe lec t r ic  bimorphs is shown i n  Fig.  2b. Bimorphs a re  made from 
two s t r i p s  of opposi tely poled p i e z o e l e c t r i c  mater ial  joined such tha t  one s ide  
con t rac t s  while the o ther  expands when an e l e c t r i c  f i e l d  is  applied, with the  
r e s u l t  t h a t  the  s t r i p  bends r e l a t i v e l y  la rge  d i s tances .  Using t h i s  design a 
compact scanner could be b u i l t  with a range of hundreds of microns. Our design 
used .5 inch s t r i p s  and gave a 30 micron range f o r  a 150 v o l t  scan s i g n a l .  A PZT 
tube continues t o  provide motion i n  the  z d i r e c t i o n .  An e a r l i e r  version used a 
bimoPph i n  t h e  z a s  well  a s  t h e  X and y d i rec t ions .  This design suffered from 
severe mechanical resonance a t  a frequency of 1.2 k i l o h e r t z  . The scanner could 
be made usable by adding damping cons i s t ing  of a th ick  f i l m  of vacuum grease, but 
i ts performance was s t i l l  i n f e r i o r  t o  the  o ther  designs.  Emitter t i p s  were made 
by electrochemical ly etching tungsten wire t o  a sharp point with a radius of 
curvature of s e v e r a l  hundred t o  severa l  thousand angstroms. Tips were mounted on 
these scanners using a small metal block with a s e t  screw, holding them securely 
while allowing them t o  be quickly changed, usefu l  s ince the t i p s  a r e  e a s i l y  
destroyed. 

SAMPLE MOUNT 

The sample mount shown i n  Fig.  3 is  a spring loaded s t e e l  s t r i p  connected t o  
a micrometer d r i v e .  This provides a coarse motion i n  the  z d i r e c t i o n  t h a t  allows 
the  sample t o  be brought within t h e  range of the z piezoe lec t r ic  t ransducer .  
This design is  much simpler than the  "louse" or "walker" used i n  o ther  STMs 
although it makes it  d i f f i c u l t  t o  provide v ibra t ion  i s o l a t i o n  i n s i d e  t h e  vacuum 
chamber. The sample is held on the sample mount by spring c l i p s  which a l s o  
provide e l e c t r i c a l  contact t o  the  f r o n t  surface of t h e  sample. This allows f o r  
simple and quick sample changes. The sample mount a l s o  provides coarse motion i n  
the  X d i rec t ion  by means of a l i n e  connected between a second micrometer d r ive  
and the  end of the  s t e e l  s t r i p ,  which pivots  a t  the  other  end. This allows 
severa l  d i f f e r e n t  exposures t o  be made on a sample without having t o  bring t h e  
system up t o  atmospheric pressure between each exposure. 

COARSE D R M  

COARSE X DRNE 

Figure 3 .  STM configurat ion . 
SYSTEM DESIGN 

'IC 

Since noise and sur face  c lean l iness  were not severe cons t ra in t s ,  an u l t r a -  
high vacuum was not required and i t  appeared tha t  a vacuum of a few times 10E-5 
t o r r  should be s u f f i c i e n t  [ 4 ] .  Thus t h e  system was designed t o  be placed on the  
s tage  of a scanning e lec t ron  microscope. This not only s a t i s f i e d  the vacuum 
requirements, but a l s o  allowed i n  s i t u  examination of t h e  t i p  and the  sample, and 
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enabled us  t o  watch a s  the sample was brought up t o  the t i p  using the coarse z 
motion. The SEM a l s o  provides a s i n g l e  s tage of v ibra t ion  i s o l a t i o n  which proved 
t o  be adequate f o r  vol tages down t o  1 v o l t  and l e s s .  Figure 4 shows t h e  control  
c i r c u i t r y .  The beam voltage,  VB, is s e t  with a regulated var iab le  DC supply. The 
current  is  sensed across  a r e s i s t o r  i n  s e r i e s  with the t i p  and compared with a 
reference s i g n a l  t o  produce an e r r o r  s i g n a l .  The e r r o r  s i g n a l  i s  f i l t e r e d  t o  
remove frequencies around the resonance of the  scanner. The e r r o r  s i g n a l  and its 
i n t e g r a l  a r e  then fed  through var iab le  gain amplif iers  t o  the z p iezoe lec t r ic  
t ransducer ,  forming a PI  c o n t r o l l e r  t h a t  keeps the beam current  constant and tbus 
s e t s  the t i p  a constant height above t h e  sample. 

PIEZOELECTRIC 
TRANSDUCER 

EMITTER T IP  

l L y j  TARGET I 

Figure 4 .  STM cont ro l  c i r c u i t r y .  

PRELIMINARY RESULTS 

Beam voltages from 1 t o  200 v o l t s  a t  currents  from 1 t o  severa l  thousand 
nA have been produced. Careful s e t t i n g  of the gain parameters k l  and k2 i s  
important,  s ince  too l i t t l e  gain l i m i t s  the  response time and thus t h e  maximum 
scan speed and a l s o  increases noise,  while too much gain causes o s c i l l a t i o n s .  
A t  beam voltages above 20 v o l t s  the  current  was noisy and unstable ,  possibly due 
t o  s p u t t e r  etching of the t i p .  A s  the voltage was reduced below 20 v o l t s  the 
current  became much l e s s  noisy, presumably due not only t o  a reduction i n  the 
energy of spu t te r ing  ions but a l s o  t o  a t r a n s i t i o n  from the  f i e l d  emission regime 
t o  the  MVM tunneling regime. 

The f i r s t  attempt a t  l i thography used contamination r e s i s t  where hydrocarbons 
present i n  the vacuum are  polymerized on the surface of the sample by the beam 
[ 5 ] .  Figure 5a shows a micrograph of l i n e s  of contamination on a 100 nm gold 111 
f i l m  on s i l i c o n .  The exposure was done with a 10 v o l t ,  60 nA beam and a scan 
speed of .25 microns/second. The sample was then s p u t t e r  etched t o  remove the 
gold reveal ing l i n e s  of gold shown i n  F ig .  5b. Lines were a l s o  made by exposing 
a Langmuir-Blodgett f i l m  of docosenoic acid [ 6 ] .  This is  a f i lm s e n s i t i v e  t o  an 
e lec t ron  beam deposited a s i n g l e  monolayer a t  a time. The f i l m  was 10 nm th ick  
on top of 100 nm of aluminum on s i l i c o n .  It was exposed with a 25 v o l t  15 nA 
beam a t  a scan speed of .5 microns/second, developed i n  alcohol  and the  aluminum 
wet etched away. The r e s u l t  was coarse aluminum l i n e s  shown i n  F ig .  6 .  

[ l ]  These r e s u l t s  were presented a t  the 29th In te rna t iona l  Conference on Electron,  
Ion, and Photon Beams . 



Figure 5.  a )  Lines of contamjnation on gold.  Dark squares a r e  add i t iona l  con- 
tamination caused by the  SEM taking the micrograph, b)  a f t e r  s p u t t e r  
e tching the  gold. 
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Figure 6 .  Lines of aluminum on s i l i c o n  formed by exposure of a Langmuir- 
Blodgett  f i l m .  

DISCUSSION 

We have demonstrated tenth-micron l i thography using t h e  STM descr ibed above. 
Other poss ib le  uses  f o r  the  instrument inc lude  l o c a l i z e d  hea t ing  o r  melting f o r  
microfabr icat ion o r  extremely dense mass s t o r a g e .  Another i n t e r e s t i n g  p o s s i b i l i t y  
would be t o  reverse  t h e  appl ied vo l t age  and operate  a s  a l i q u i d  o r  gaseous i o n  
source.  One s e r i o u s  problem t h a t  an ion  source would need t o  overcome would be 
f i e l d  emission of e l e c t r o n s  from t h e  sample back t o  t h e  source.  

Future  plans  include moving t h e  STM t o  an u l t r a - h i g h  vacuum system t o  lower 
noise ,  reduce undesired contamination, and t o  allow s t a b l e  operat ion a t  h igher  
vo l t ages .  Experiments w i l l  inc lude  a t tempts  t o  expose novel r e s i s t  systems 
including metal h a l i d e s  a s  w e l l  a s  more ordinary polymeric r e s i s t s .  

Before t h i s  could ever become a commercial system, a g r e a t  d e a l  of engi- 
neer ing is  needed t o  allow reasonable  wr i t ing  speeds. Both t h e  bandwidth of the  
feedback loop and su r face  f l a t n e s s  must be g r e a t l y  improved i n  o rder  f o r  the  t i p  
t o  fol low sur face  topography a t  h igher  speeds.  However, modern d i s c  mass s to rage  
technology employing head f l y  he igh t s  of a few thousand angstroms o r  l e s s  o f f e r s  
hope t h a t  t h i s  might n o t  be an u n r e a l i s t i c  g o a l .  
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