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 Aluminum  (Al) films have been  deposited selectively  en  Si at  a substrate  temperature from  270  to 3300C  under

1 × 10'3 Torr  employing  dirnethylaluminum  hydride (DMAIH). The  experiments  were  carried  out  in a reaction  ehamber

connected  to an  X-ray photoeleetron spectroscopy  (XPS) atialyzer.  The  origin  of  selectivity  was  studied  by in-situ XPS
analysis,  dopant dependency  and  surface  treatments. The  selectivity  was  independent ef  the dopant type  and  its concen-
tration in Si substrate.  in-situ XPS  measurement  revealed  that  the  Al-hydrogen  CH) bond  was  broken only  on  the  Si sur-
face. No  Al film grew  on  the Si surface  subjected  to Ar'  ion bombardment,  while  the  Si surface  expesed  subsequently  by
hydrogen  radica]s  was  allowed  to deposit the IV  film. Eventually, it is consideTed  that hydrogen  (H) andfor  fiuorine (F>
which  terminates  the  Si surface  after  dipping in HF  solutien  reacts  with  H  atoms  and  methyl  group  in DMAIH,  leading
to  the selective  deposition of  Al, Al  did not  grew  on  Si02 and  A1203 surfaees  because of  the easy  exidation  of  Al due te
the  reaction  

'of
 Al with  oxide  surfaces,  Al  courd  depesit on  the TiN surface  after the native  oxide  was  reduced  by

hydroden  radicals.
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gl. Introduction

  Multilevel metallization  is one  of  the key processes for
VLSI  to achieve  a  higher packing density. Continual
shrinkage  of  device size  requires  high aspect  ratio  struc-

ture and  subsequent  planarization of  the  topology,  A

tungsten (W) selective  CVD  technology  is developed in-
tensively for submicron  via-hole  filling.i'2} In recent

years, an  aluminum  (Al)-selective CVD  using  orgahic

sources  such  as  a triisobtylaluminum  (TIBA),3} a

diethylaluminum  chloride  (DEAICI)`) and  a

dimethylaluminum hydride (DMAIH)5) has also  been
studied.  In particular, the  latter DMAIH  is noted

because it dissociates easily  by replacing  CH3  in
trimethylaluminum  (TMA) by hydrogen bonding.
However,  the origin  of  this selectivity  in the  Al-CVD  is

not  understood  still, in contrast  with  the  W-CVD
mechanism.  In this paper, a  feaction process of  the Al-
selective  CVD  employing  DMAIH  is discussed using  an

in-situ X-ray photoelectron  spectroscopy  (XPS).

st2. Experimental

  Figure 1 shows  a  schematic  diagram of  the experimen-

tal system.  An  Al  CVD  reactor  was  connected  to a  XPS

system  (Shimazu ESCA-750)  through  a gate valve.

Samples of  Si and  Si02 with  5 ×  5 mm2  area  after  dipping
in a  diluted HF  solution  (5% H.F, 1 min)  were  set on  the

XPS  sample  holder whose  temperature  was  controlled

from R.T.  to 4000C,  The  reactor  was  evacuated  to

1× 10"'Torr  by  a  turbomolecular  pump  before ex-

periments, The Al  CVD  was  carried  out  by  introducing

DMA1H  (Tosoh Akzo  Co.) into the reactor  at a  pressure
of  1× 10-3Torr.  After the substrate  temperature  was

reduced  to room  temperature  by  contacting  a water-

cooled  Cu  block to the sample  holder, the sample  was

transported under  the high vacuum  to the  XPS  measure-

P,

 H,opNFt

Fig, 1, A  schematic  diagram of  the experimenta]  system.

ment  system.  Hydrogen  (H) oT  fiuorine (F) atoms

generated by a  remote  microwave  plasma  of  H2 or  NF3 at

a pressure of  1 Torr were  irradiated on  the samples  for 1
min  to investigate' the dependence of  the growth charac-
teristic on  the substrate  surface  condition.

g3. Results and  Discussion

  Figure 2 shows  the Al depesition rate  for p-type
Si(1OO) and  Si02 substrates  as a function of  the  substrate

temperature, TL.b. The  selective  growth  on  Si was

achieved  at substrate  temperature  Z.b from  270eC  to

330eC  and  had a  maximum  rate  of  1500  A/min around

300eC. Then  the selectivity  was  lost above  71.b=about

360eC.  The  selectiye  Al CVD  was  achieved  as shown  in

the SEM  micrograph  of  Fig, 3, The present filled Al  struc-

ture is observed  as  a  polycrystalline Al  consisting  ofIarge

Al  grains, while  a CVD  of  single-crystal  Al  with  DMAIH

is reported.`}  The  SEM  observation  of  as-grown  Al  sur-

face morphology  demonstrated  1arge grains developed
from micrograins  with  increasing deposition time. This
apparently  high deposition rate  results  from  low-density
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Fig. 4. The in-situ XPS  spectra  of  AJlp at varying  Tk.b of  240, 3eO qnd
 39eoc.

Fig. 2, The  Al deposition rate  of  p-type Si(100) and  Si02 substrates  vs

 the  substrate  temperautre, 71.b.
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Fig. 3. The  SEM  micregraph  ofthe  selective  Al  CVD  at TL.b= 3000C.

Al film due to the roughly  grown  Al grains.

  The in-situ XPS  Qf  A12. and  Ci. was  measured  on  the'Si
 and  Si02 surfaces  when  Tk.b's were  varied  at  200, 240,

300 and  390eC, as shown  in Figs. 4 and  5, respectively,

The  exposed  time of  DMAIH  to both surfaces  was  fixed
at 2 min.  At 4.b of  200eC in which  appreciable  Al film
growth  did not  occur,  the Al-H  bond  was  not  observed

on  the Si surface  but on  the  Si02  surface,  while  the Al-

CH]  peak  (this peak  is also assigned  as  AI-O  because ox-

ygen is usually  detected, however, it may  originate  from
an  oxidized  Al  surface)  was  detected clearly  on  both  sur-

faces. When  7k.b was  elevated.to  240eC, the A12. spectra
of  73 eV  binding energy  appeared  for both Si and  Si02
surfaces.  The  Ci. peak  shows  adsorbed  carbon  (C). With
increasing Z.b to 3000C,  the metallic  Al  peak increased
and  the Al-CH3  peak  decreased on  the Si surface.

However,  AI-CH3  and  Al-H  peaks  were  observed  still on

the Si02  surface.  The  Ci. spectrum  at  3000C  also  in-

dicates that a  part of  Al  reacts  with  carbon.  At  390eC,
where  selectivity is iost, Al  strongly  bonded  to C  or  Al-C

alloy  is formed froM shiftings  of  Al and  C peaks  to

higher and  lower binding energies,  respectively.

  A  possible mechanism  for the  Al-selective CVD  is dis-

cussed  briefiy focusing on  an  epposite  behavior  of  the  Al

peaks on  both surfaces.  The  AI-H  bond  is observed  cer-

tainly on  the Si02 surface  on  which  Al does not  grow.
This result  demonstrates  that  DMAIH  does not  decom-

pose  as  long as the  Al--H bonding exists in adsorbed

DMAIH.  In the case  of  the Si surface,  the Al-H  bond  is
not  seen  even  at 2ooeC, where  only  a few monolayers  of

DMAIH  are  assumed  to be adsorbed  on  the surfaces.

Hence,  a  possible mechanism  in which  any  driving force
on  the Si surface  easily breaks  the  hydrogen  bond  of

DMAIH  and  Al grows  as a result of  the pyrolytic decom-
position of  dimethyl  Al  at  240eC  should  be  considered.

  For deeper insight into the origin  of  this selective reac-

tion, the dopant dependence of･the  deposition rate  was  in-
vestigated  for the  Si substrates  of  n'  (<O.O15 n･cm),  n

(7.5-12,5 fl ･cm), undoped  (>500 9･cm), p (9.8 
--

 11.8
9･cm) and  p'  (O.O13-O,O18 9･cm) types at Z.b=300eC,
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as  shown  in Fig. 6. However, significant  dependence was
not  obtained,  Also, no  deposited Al film was  obtained

for the insulator surfaces  of  Si]N4 and  A1203, and  the Al,
Cr  and  TiN  surfaces  which  are  usually  covered  by oxide

fiIms,

  Much  carbon  contamination  was  observed  by XPS  on

a Si sample  subj  ected  to the 1O-minute-long  water  rinsing

after  diluted HF  solution.7)  In addition,  the Al CVD  did
not  occur  when  the Si-O bond  was  observed  in the Si2.
spectrum  after  such  long rinsing.  Therefore, the  Si sam-

ple was  dipped in diluted HF  solution  and  subsequently

dried by nitrogen  gas fiow. It was  found  that this H  or F
terminated  Si substrate  enabled  us  to realize  the Al CVD
only  on  the  Si surface.

  Hence,  surface  treatment conditions  prior to the Al

CVD  were  investigated concerning  their effect  on  the

selectivity. Table I shows  the comparison  for capabilities
of  the  Al  CVD  on  Si and  Si02 whose  surface  conditions

are  altered  by the  diluted HF  dipping, the Ar' ion sput-
tering (2 kV, 5 x 10-6 Torr, 1 min),  and  the Ar"  ion sput-

tering and  subsequent  H  oT  F treatment at 7k.b=room

temperatuTe. Ar'  ion sputtering  was  performed  by an

ion gun  set in the  XPS  analysis  chamber.  These  ex-

periments were  investi,gated by  means  of  XPS,  SEM  and

Taly  step. For  the HF  dipped samples,  Al deposits on  the

Si surface  as a film, but Al grows as a  large nucleus  on  the

Si02 surface,  When  the F or  H  termination was  removed
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Fig, 6. The  dopant dependence  of  the deposition rate  for the  Si

 substrates  of  n+,  n,  undoped,  p and  p+  types  at  Z.b=3000C.

Table  I. The  comparison  for surface  morphologies  of  Si and  Si02

 which  adsorb  a  DMAIH  after  various  surface  treatments.

Ar"  sput-  Ar"  sput-

tering+H  tering+F

treatment**  treatment**

by Ar' sputtering,  a  small  amount  of  Al signal  was  ob-

served  for both Si and  Si02 samples,  while  no  film deposi-
tion occurred  even  on  the Si at Tk.b =300eC.

 In general,
the Si surface  which  was  subjected  to Ar'  ion bombard-
ment  is altered  to the amorphous  suTface  and  is liable to
be oxidized  due to theresidual oxygen  during heating up
to 3000C.  However,  the Si-･O peak which  resulted  in the

formation  of  the native  oxide  was  not  detected even  in a

surface-sensitive  XPS  measurement  for the heated Si sam-

ple. Once  H  or  F radicals  were  exposed  to the  sputtered

sarnples  at room  temperature  for 1 min,  the  Al fiIm was
found to be deposited again  on  the Si surface  and  the

samll  AI  nucleus  was  observed  for the Si02 surface.  It

was  considered  that H  radicals  reduced  the oxygen-adsor-

bing Si surface  to terminate the Si surface,  and  F radicals

etched'  Si in the thickness  of  about  one  hundred
angstroms  to generate also  a  fluorinated surface  con-

sisting of  SiF. Cx=1-4) whose  surface  was  terminated  by

F atoms.

 Based on  these results, the above-mentioned  driving
force for the Al-selective CVD  on  Si is discussed. At  first
H  or  F atoms  which  terminate Si surface  dangling bonds
react  with  hydrogen  of  the DMAIH,  desorbing it as H2

or  HF,  Thus,  the  Al  film deposits selectively on  the Si sur-
face. The dependence of  the cpncentration  of  HF  in
diluted water  on  the Al deposition rate  was  not  observed,

as shown  in Fig. 7, This is understandable  from the re-

cent  result that at Ieast 80%  of  the Si surface  is always  ter-

minated  by  H  atoms  in spite of  the widely  changed  HF

concentration.')  Once the Al film is deposited, CH3  bond-
ed  to Al surface  may  react  with  hydrogen  in DMAIH.
Then, CH3  is desorbed as  CH4  to grow  Al on  Al suc-

cessively. Deposition  thickness was  measured  as a  func-

tion  of  tirpe for Si and  Si02 surfaces  treated  by  the

diluted HF  dipping, Ar' ion sputtering  and  subsequent

H  or  F radical  exposure,.  as shown  in Fig, 8. The  deposi-
tion rate  decreases after  a  rapid  increase at the initial
stage.  This may  be attributed  to contamination  of  a  part
of  the  Al  surface  with  carbon  liberated from  DMAIH  or

residual  gases. Regarding  Si02, a  similar  reaction  be-
tween  the DMAIH  and  chemisorbed  H  or  F  atoms  in-
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  2000-e<Cw

 m
 en
 v
 =M,y=H

 1000E･nt-L

Film ･depesitedFilm' not

clepositedFilmdepositedFilmdeposited
sisurfaceSi02surfaceNucleusebservedFilm-

 net

depositedFilm*

 not

depositedFilm'

 not

depesited'

 
'However

 small  nuclei  which  do not  grow  subsequent  DMAIH

 adsorption  were  observed.
**A

 diluted HF  dipping is performed  before these  treatments,

%    20  40
HF  Concentration  (Oto)60

/

Fig. 7. Dependency  ofconcentiation  ofHF  in diluted'water on  the  

'Al

 deposition rate.

/

NII-Electtohi'c  



The Japan Society of Applied Physics

NII-Electronic Library Service

The  JapanSociety  of  Applied  Physics

Reaction dechanism  ofAt Selective CVD 221

6000fie<[w

 an
 ut

 m  4ooO
 [M.y=eE=tu

 2000

o

DMAIH:1X1OTUTorr
T,.,:3OO ℃

oo

oo

siSi02

diluteriHF oH

Ar'sputteringxh

Ar"+HtreatmentAA

Ar'+FtreatmentDpa

o2468
Tlme (rnin)10

Fig. 8. Deposition thickness  vs  deposition time for Si and  Si02 sur-

 faces treated by the  diruted HF  dipping and  Ar+ ion sputtering  and

 subsequent  H  radical  exposure,

 AoS

 6000
enen2i

 400o

f
E 2ooo
[

o

DMA1H:1X1O-3Torr
T,..:300℃  o

/
o'

o

o

o2468

Time  (min)

10

Fig. 10. Al  Mm  deposition thickness  vs  time  at 7k.b==3000C.

n=･UL.>'HmZtuFZNzocreUhlJmuoPoza

"O  460
    BINDING ENERGY(eV)450

Fig. 9. Variation in Tilp XPS  spctrum  with  exposure  time ofhydrogen

 radical  at  Z.b==room temperature.

itiates primarily the nucleation  of  Al, but the  oxygen

dangling  bond  generated  after  the rernoval  of  H  or  F
atoms  on  the Si02 readily  exidizes  Al to prevent the subse-

quent nucleatien  process.
 The  selective  CVD  of  Al on  Al or  barrier metals  such

as titanium nitride  (TiN) is required  for the  actual

metallization  process. The TiN  film was  made  by reactive

sputtering  of  a  Ti target  in nitrogen  arnbient  at the

pressure of  2 × 10-3Terr.  At  first, Ar' ion sputtering
was  performed  on  the Al  surface  at 3000C employing  the

ion gun  shown  in Fig. 1, and  then Al  deposition on  the AI
surface  was  attempted  immediately after  exposure  of  H
radicals.  However, this AI-on-Al  growth was  not

achieved  because of  the rapid  oxidation  of  the Al  surface

due to a trace amount  of  water  in the vacuum  system.

The  Al CVD  on  TiN  was  also  attempted.  Figure 9 shows

the  variation  in XPS  spectrum  of  Tilv of  the  TiN  with  sur-

face hydrogen radical  exposure  time as  a  parameter.  The
TjN  surface  which  first was  covered  by  a  native  oxide  was

removed  with  H  radical  exposure.  When  the Al CVD  was

carried  out  immediately  after  IO-min exposure,  Al

started  to  grow  as  shown  in Fig. 1O, while  the  same  CVD

tendency  as  Al on  Si was  observed,  The  Al  CVD  on  TiN
is considered  as  a  result  of  the  reduction  of  the TiN  sur-

face with  the hydrogen exposure,

g4. Conclusions

 The  reaction  mechanism  of  the selective Al  CVD  on  Si

with  DMAIH  has been studied  employing  a  reactor  di-
rectly combined  with  a  XPS  analyzeT.  The  selective  CVD
was  not  realized  on  a  Si surface  until  the surface  was

treated by diluted HF  solution  without  following water

rinse.  No  Al  CVD  took  place foT the  Si surface  bombard-
ed  by Ar" ion, while  H  or  F  radicals  exposed  to this sur-

face enabled  us  to produced  the Al CVD  again.  Accord-

ingly, H  and1  or F terminated  on  the Si was  considered  to

subtract  the hydrogen  or  methyl  in DMAIH,  achieving

the selective  Al  CVD  on  Si. Qn the other  hand,  even  if
DMAIH  reacts  with  the Si02 surface,  the produced Al  is

oxidized  easily by  oxygen  in Si02. The  CVD  of  Al  on  Al

was  diMcult because  of  the rapid  oxidation  ef  AI  surface

by the residual  water,  while  Al  was  deposited on  TiN
whose  oxide  was  reduced  by hydrogen.

'
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