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 We  have developed a  new  STM  using  monolithie  parallel spring  mechanisms  with  fiexture hinges. The  STM  is equip-

ped with  a two-dimensional  epticat  interferometer to calibrate  the motion  of  the scanner  with  subnanometer  accuracy  in
real time.  Distortion-free images  of  a  grating  pattern have  successfully  been observed.
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gl. Introduction

  The  feature size  of  micropatterns  on  semiconductor

devices has already  been reduced  to submicrometer  range

by recent  progress in ultrahigh-density  semiconductoT

technology, For  exairLple, the minimum  linewidth of  64
Mbit  DRAM  devices which  are  under  development  is less

than  500nm.  The  linewidth measurement  with

nanometer  accuracy  is indispensable in the evaluation  of

microfabrication  technology,

  In this paper, we  report  on  a  new  STM  for nanometer
metrology.  The  STM  is equipped  with  a  two-dimensional
interferometer to measure  subnanometer  displacement,

g2. Tools  for Submicron Metrolegy

  The  scanning  electron  microscope  (SEM) is widely

used  to evaluate  submicrometer  patterns. The  SEM,
however, does not  directly give vertical  dimensions  of  the

pattern. In order  to obtain  actual  line shape,  the  ex-

perimental  data must  be compared  with  the result  of  com-

plicated Monte  Carlo computation])  which  requires  many

simulation  parameters  that cannot  be  decided accurately.
Therefore, the Iinewidth obtained  contains  some  uncer-

tainty of  the order  of  10 nm.

  The  scanning  tunneling microscope  (STM) has sub-

nanometer  lateral and  vertical  resolution.2)  lt is a  can-

didate for nanometer  metrology.  STM  profiIes sample

topography  by scanning  a  tip along  the surface  while

detecting tunneling current  between the  tip and  the  sur-

face. A  tripod or  a  tube  scanner  formed out  of  piezoelec-
tric material  is widely  used  in an  STM  for moving  the tip
in three dimensions. The Xand  Ycoordinates  parallel to
the  surface  are  derived frorn applied  voltage  to the scan-
ner.  Large  distortion is inevitable in the topography  ob-

tained by these scanners.3}  The  distortion mainly  results

from

  (1) interference in the motion  of  X,  Y, and  Z

piezoelements of  the scanner,

  (2) nonlinear  response  of  the  piezoelement  to the
applied  voltage,  and
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  (3) hysteresis and  creep  in the element.

  To  eliminate  the distortion, we  have developed an

STM  with  a  high-precision positioning stage,  Distortion-

free images of  a gratjng pattern have successfully  been
observed.

93. Positioning Stage

  A  monolithic  parallel spring  mechanism,`)  as  shown  in

Fig. 1(a), is used  as a  two-dimensional(X-Y)  scanner  for
the STM.  It provides pure  orthogonal  motion.  The tun-
neling  tip is guided  in the  Z-direction by another

monolithic  mechanism  (Fig. 1(b)). The  lowest
mechanisms  were  cut  from aluminum  alloy,  The  scan

area  is 15× 15ptm2 and  the mechanical  resonant  fre-

quency  is about  600Hz. The mechanism  is free from
stick-slip and  Iost motion  and  shows  negligible  pitching,
yawing  and  rolling. PZT2  and  PZTI  are  laminated

piezoelectric actuators  for X  and  Y  translation, respec-

tively, A  sample  is fixed at point C  in Fig. 1 and  is moved
in the J\LY  plane while  the tunneling tip is controlled  in
the Z-direction to  keep  the  tunneling  current,  i.e., tip-
sample  distance, constant.  The  motion  of  the  actuator  is
amplified  by a lever arm.  The  displacement of  Pl  in Fig,
1 produces  the resultant  displacement of  point C  with  a

gain of  ratio  l211i(=2,O). The Iargest displacement can  be
easily  expanded  by  changing  the ratio.
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Fig. 1 (a) A  new  STM  scanner  using  a  mono]jthic  parallel spring

 mechanism.P1,P2delletepiezoelectricactuator(hatchedregion}.fo)

 Tip  positioner.
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ff4. 0pticaE lnterferoivxctev

  Heterodyne  interferometry Is applied  to displacement
Tneasurement  of  the  sca"ner,  Figure  2 shows  a schematic

diagram of  the bvgich:isen interferometer. M3(M2)  is a

refiecting  mirror  attached  to the moving  element  of  the

X(Y)  scanner.  M4(M:)/ is a reference  mirror.  A  beam

from  the acoustogptic  modutiators  has two  orthogonally

poiarized frequency  covnponents.  The frequency
difference between th:s:  eomponents  is 10CkHz.  A

polarization beam  spl/iltteff (PBS2) separates  the  com-

Donents  into the  ffneasureifiient  and  reference  arrns,  amd

ihe two  components  are  cembined  col]ineariy  by th.e
same  PBS1  after  refiecting  fr, om  M3  and  M4,  X-displace-

ment  of  mirror  M3  correspends  tc phase  change

(2nrad =  316.4 mxn)  i'n th･g beat signal  from photodetector
D2.  YZdisplacement  is rnea.sured  by the same  procedure.
:Jhus, the motion  of  the piezoactuators is calgbrated  tu

real  time, Currently, the, vneasured  output  phase  noS.se  as
6 ×  10-Srad!  v'AJt, aitd  the smailest  detectabl¢  clisplace-
rnent  corresponds  to ICC pm  in 1kHz  bandwidth. The

periodic error  of  the  phase,j'6) which  is the difference
f' rom  the  liRear devendence on  the dispiacemept, is reduc-

ed  to 0.15%  by the ba.ganced detection. Thus  the ac-

curacy  is better than  C,S nffm,

  A  bEock diagram oi"'･ the STTvX and  optical  in･-

terferometry  syst'em  is shown  in Fig. 3. X, Yphase  data

and  Z-controEled vo:/tugc  V2 ticat corresponds  to verticafi

i.nformation are  digitize･rf. slmultaneously  and  ssored  in
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                 the memory  of  the computer.  Thus, each  Ve  has accurate

                 two-dimensional  coerdinates.  Consequently, the  distor-

tion  due to the pi.ezoelements is corrected.

gS. Performzance

  The  STM  is operated  in the ambient  atmosphere  of  a

Iaboratory environrnent.  The room  temperature  was  con-

trolled  within  O.1 K  ts reduce  thermal drift,

  Firstly, graphite (OOOI) surface  was  observed  tc checlc

the resolution,  Figure 4 shows  the  STM  image of

graphite. Dark(H)  and  bright(B) spots  represent  hollow

sites and  B-atom  sitcs, respectively,  This hcp structure
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Fig. 4. An  STM  iTnage of  t･he graphite (OOOI) suifaL'e.
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Fig. 5, (a) A  
``raw''

 STM  image  of  the grating pattern on  the  corzpact

 disk surface  and  Co) the  laterally caLibrated  image.
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has a  good  three-rotational symmetry.  This means  or-

thogonality of  the motion  of  the scanner.  Secondly, a

grating pattern on  a compact  disk surface  was  observed.

The  sample  surface  was  coated  with  a  thin  iayer of

platinum. The grating grooves were  adjusted  to  be

perpendicular to the scan  axis. Figure 5(a) is a  
"raw"

STM  image of  the grating pattern. The horizontal axis  is
applied  voltages  to the piezoelement. A  sawtooth  waye  in
the lower  part of  the figure is the  phase  output  from  the

interferometer. The  spacing  of  the  wave  is one  half-
wavelength  of  the laser. The spacing  in the left side  of  the

figure is clearly  wider  than  that in the right  side, The

distortion is caused  by hysteresis of  the piezoelement.
  Figure  5(b) is an  STM  image  where  the  horizontal axis

is the displacement measured  with  the  interferometer.
Distortion due to hysteresis is clearly  corrected.  The

pitch size of  the grating is 1570± 5 nm.  These results

demonstrate the ability  of  the STM  to measure  micropat-

terns with  nanometer  accuracy,
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