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Photo l i thographic  processing of semiconductor  p rod -  
ucts requires  the  use of high qual i ty  masking  m a t e -  
r ia ls  to define cer ta in  fea tures  of the  device. Other  
than  the  r equ i r emen t  tha t  the mask ing  ma te r i a l  mus t  
be capable  of blocking the act inic rad ia t ion  (pre -  
dominan t ly  u.v.) necessary for  photores is t  work,  the  
requ i rements  for masking  mate r i a l s  can be qui te  va r -  
ied. The basic requ i rements  a re  tha t  the  film be du r -  
able, scra tch  resis tant ,  t h e r m a l l y  stable,  adhere  wel l  
to glass and ye t  be res is tan t  to a t tack  by  organic  
cIeaners or  solvents,  and  f ree  f rom pinholes  (1). 

The most  commonly  used ma te r i a l  is 700-1000A 
chromium on soda- l ime  or borosi l icate  glass plates.  
The Cr film mask  was or ig ina l ly  a subs t i tu te  for the  
photographic  emuls ion mask  because the  opaque layer  
was thinner ,  harder ,  and be t te r  defined. 

The t r end  toward  smal le r  geometr ies  in ve ry  la rge  
scale in tegra t ion  (VLSI) ,  coupled wi th  e l ec t ron -beam 
fabr ica t ion  of mas te r  masks  (2) and pro jec t ion  p r in t -  
ing~ have increased the demands  on the masking  m a -  
ter ial .  The t r end  t oward  VLSI  puts  a h igh  p r e m i u m  
on low defect  dens i ty  and pinhole  free mater ia l .  In-  
creasing complex i ty  and use of posi t ive resis t  has re -  
sul ted  in a g rea te r  number  of masks  which are  most ly  
opaque  and there fore  more  difficult to align. This has  
acce le ra ted  the  t r end  t oward  see - th rough  mate r i a l s  
which  a l low direct  observa t ion  of the  most  cr i t ical  
e lements  of a device pat tern .  In  addit ion,  ha la t ion  ef-  
fects a re  min imized  due to absorpt ion  of the  unwan ted  
l ight  r a the r  than  reflection. I ron  oxide  (3-5) ,  V205, (6) 
and NiO (6) a re  some of the  mate r ia l s  which have  
been  inves t iga ted  for see - th rough  masks.  Ant i ref lect ive  
chromium (7), chromium oxide, m a y  also be used to 
reduce reflect ivi ty,  bu t  i t  is not  t r anspa ren t  to vis ible  
radiat ion.  Other  ant i ref lect ive coatings of CeO2, TiO2, 
CeFs, PbTiO~, ZnO, and GaFeO3 have been inves t iga ted  
for  use in conjunct ion wi th  chromium masks  (8). 

F o r  any of these mate r ia l s  one must  ma in ta in  care-  
ful  control  of the  chemical  and  phys ica l  composi t ion .  
Smal l  changes in the  composi t ion of the  film may  r e -  
sul t  in large  var ia t ions  in the opt ical  dens i ty  of the 
deposi t  (9), or  var ia t ions  in etch ra te  (1). I f  the  etch 
ra te  is nonuni form over  the surface of the  mask  or 
var ies  f rom lot to lot, then pa t t e rn ing  of the  p l a t e s  m a y  
resul t  in remova l  of cer ta in  fea tures  due to overe tch-  
ing. The thickness  of the films (700-1000A) permi t s  
composi t ional  analysis  b y  only a few ana ly t ica l  t ech-  
niques for which  the s ignal  or ig inates  in the  top few 
hundred  angst roms of mater ia l .  Auger  and photoelec-  
t ron  spectroscopy combined wi th  i n -dep th  profi l ing 
have  been used to inves t iga te  composit ion var ia t ions  
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in Cr, SisN4, SiC, and Si pho tomask  coatings. In  both  
AES and XPS  the sampl ing  depth  is only  15-60A (10). 

Experimental 
Both AES and XPS analysis  were  pe r fo rmed  in a 

combined A E S / X P S  spectrometer ,  wi th  a double  p a s s  
cyl indr ica l  m i r r o r  ana lyzer  p roduced  by  Phys ica l  
Electronics Incorpora ted .  Auge r  exci ta t ion  w a s  a c -  
c o m p l i s h e d  using a 5 keV, 5 ~ e lec t ron beam wi th  
a spat ia l  resolut ion  of 25~. The spec t ra  were  recorded  
using a 3 or  6 eV pp modula t ion  voltage,  0.3 sec t ime  
constant,  and 3 eV/sec sweep rate.  Photoe lec t ron  
spec t ra  were  exci ted  wi th  A1Kal,2 rad ia t ion  wi th  the  
x - r a y  anode opera ted  at  10 kV and 60 mA. Su rvey  
scans were  taken  at  200 eV pass energy and high reso-  
lu t ion da ta  were  taken  at  25 or 50 eV pass energy.  

Af te r  sampl ing  the surface composition, i n - d e p t h  
profi l ing was accompl ished by  spu t t e r ing  wi th  2 keV 
Kr  + at  3.8 • 10 -3 Pascal .  

Chromium films were  spu t t e r -depos i t ed  f rom a Ma-  
ter ia ls  Research Corpora t ion  Model  8800 spu t te r ing  
system onto 60-90 rai l  soda- l ime  glass plates.  The Cr 
source was an 18 in. Marz -g rade  chromium ta rge t  
spu t te red  in an argon ambien t  of 8~. The base p res -  
sure p r io r  to deposi t ion was less than  1 X 10 -5  Tor t .  
The main  chamber  was turbomolecular ,  pumped  wi th  
a l iquid n i t rogen cold- t rap .  The load lock was me-  
chanica l ly  pumped  to 70~ before  the glass plates  were  
t r ans fe r red  into the  ma in  chamber .  The t a rge t  w a s  
wate r  cooled and the plates  were  not in ten t iona l ly  
hea ted  dur ing  deposit ion.  

Results and Discussion 
The compat ib i l i ty  of chromium wi th  photo l i tho-  

graphic  processing has kep t  i t  one of the leading  mask  
mater ia ls .  I t  has versa t i le  e tchabi l i ty  and good edge 
definition. Yet careful  control  mus t  be m a i n t a i n e d  
over  the deposi t ion process in o rder  to insure  a un i -  
form etch ra te  e i ther  by  convent ional  wet  e tching or  
p l a sma  etching. Unt i l  recent ly ,  res i s t iv i ty  m e a s u r e -  
ments  were  used as the  main  means  of de te rmin ing  
the effect of deposi t ion and postdeposi t ion condit ions 
on thin  film variat ions.  Janus  (11) has inves t iga ted  
the  deposi t ion pa rame te r s  of r f  spu t t e red  chromium 
using chemical  etch ra te  studies. Al though  chemical  
etch ra te  tests p rovide  va luab le  in format ion  on depo-  
s i t ion parameters ,  t hey  do not  de t e rmine  the ac tua l  
film composition. 

Both phys ica l  and chemical  changes m a y  occur i n  
the  deposi ted chromium films which m a y  affect the 
etch ra te  and subsequent ly  complicate  pa t t e rn ing  for  
pho tomask  product ion.  Chemical  composi t ion of the  
films may  be de te rmined  by  e i ther  AES or  XPS. Both 
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AES and XPS  are  sensit ive to carbon ( low molecular  
weight  hydrocarbons)  oxygen  and nitrogen,  the most 
common impur i t ies  which  m a y  be incorpora ted  in the 
deposi ted Cr. An  examina t ion  of the surface reveals  
l i t t le  in format ion  because of the tendency  to form a 
t h in  nat ive  oxide on exposure  to air: I t  is not unt i l  the  
surface oxide has been removed  by  ion sput te r ing  tha t  
var ia t ions  in film composi t ion can be observed.  F igure  
1 shows the Auger  spect ra  of Cr films deposi ted wi th  
and wi thout  the  use of a co ld - t r ap  in a tu rbomolecu la r  
pumped  MRC system. The use of a co ld - t rap  and or i -  
fice in a system pumped  to a base pressure  of 5 • 
10 -6  Torr  is sufficient to p reven t  the  incorpora t ion  of 
o ther  than  t race  C and N in the  Cr. The O(510 eV) 
t rans i t ion  occurs be tween the Cr(529 eV) and Cr(571 
eV) t ransi t ions  but  appears  to be v i r t ua l ly  absent.  Even 
wi thout  the use of a l iquid  N2 co ld - t rap  a n d  orifice, 
the level  of C and O incorpora ted  in the  Cr increases 
only s l ight ly  when a low base pressure  is ma in ta ined  
in the  sput te r ing  system. Near  the  Cr /g lass  in ter face  
the re  is a sharp  increase  in the  amount  of  O in the  film. 

An  in -dep th  profile of a Cr film to the Cr /g lass  in-  
ter face  shows the composit ion of a film that  was de-  
posi ted under  good conditions. F igure  2 shows the dis-  
t r ibu t ion  of C, N, O, Cr, and  Si in the 700A Cr films 

AUGER SPECTRA SHOWING THE PRESENCE OF OXYGEN IN 
Cr SPUTTERED ONTO SODALIME GLASS SUBSTRATES 
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Fig. 1. The Auger spectra of chromium photomask show the low 
levels of C, N, and O incorporated in the Cr during deposition with 
and without the use of a liquid nitrogen cold-trap and orifice. The O 
signal increases near the Cr/glass interface due to reaction of Cr 
with the substrate during depositioa. 
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Fig. 2. An in-depth profile of a Cr film to the Cr/glass interface 
shows the distribution of C, N, O, Cr, and Si. The inlt~al surface is 
covered with a native oxide and some C r~sidue. The interior of the 
Cr is virtually free of any C, N, and O. Near the interface the O 
signal begins to increase before the Si increases, suggesting that a 
layer of Cr oxide is formed during deposition. 

by  plot t ing the Auger  p e a k - t o - p e a k  in tens i ty  as a 
function of sput te r ing  time. The ini t ia l  surface is 
covered wi th  a nat ive  o x i d e  and some C residue. The 
surface C and 0 are  qu ick ly  removed,  reveal ing  a Cr 
l aye r  which is v i r tua l ly  free of any  C, N, or  O. Near  
the in terface  the  O signal  begins to increase  and does 
not  level  off unt i l  wi th in  the  glass substrate.  

The increase in O before  the  appearance  of Si sug-  
gests the format ion  of an oxide layer  of Cr at  the  in-  
terface. F r iese r  (12) found the or iginal  glass surface 
may  have  become modified dur ing  the chromium depo-  
sit ion process, in which case an  in ter fac ia l  region 
r a the r  than  a sharp  interface  is expected.  Fr ieser  
made  his observat ions  by  measur ing  the contact  angle  
that  drops of wa te r  form wi th  the respect ive surfaces. 
In  the  Auger  profiles the  change in going f rom sur-  
face oxide, to meta l l ic  Cr, to Cr oxide, to mixed  Cr 
oxide-glass ,  then to glass m a y  be observed b y  fol low- 
ing the intensi t ies  of the var ious  Auger  t ransi t ions  
while  ion mi l l ing  the  surface. In  addit ion,  the  ox ida -  
t ion s tate  of the  Cr m a y  be de te rmined  b y  ESCA 
analysis.  With in  the 700A Cr film a photoelect ron 
b inding  energy  of 574.7 eV is observed for the  Cr 
2p3/2 t rans i t ion  which is in agreement  wi th  tha t  of 
Cr meta l  (13). At  the  Cr /g lass  interface,  the  Cr 2p3/2 
binding energy  shifts f rom 2.3 to 577.0 eV which  cor-  
responds to Cr2Om The adhesion of Cr to glass is en-  
hanced  b y  the chemical  reac t ion  of the  me ta l  to the  
substrate ,  and resul ts  in a bond that  is s t ronger  than  
the cohesive forces in the  glass (12). Most theories  
of meta l  film adhesion consider  a m e t a l - o x i d e - s u b -  
s t rafe  in ter face  l aye r  to be a dominant  factor  wi th  
a number  of o ther  pa rame te r s  affecting thin  film ad-  
hesion to a smal le r  extent.  These include the subs t ra te  
c leaning procedure,  the  ra te  of deposit ion,  the  film 
thickness,  the type  of substrate ,  the subs t ra te  t e m p e r a -  
ture, the  pu r i ty  of source mater ia l ,  and the pressure  
in the evapora tor  dur ing  deposi t ion (14). The a t t ack  
on Chromium oxide at  the  Cr /g lass  in ter face  by  soda-  
l ime glass subs t ra tes  can also lead  to long t e rm in-  
s tab i l i ty  (7). 

Occasionally,  impur i t ies  become incorpora ted  in the  
Cr deposi t  affecting both the  Cr adhesion to the  glass 
subs t ra te  and the etching character is t ics  of the  film. 
The two most  common sources of impur i t ies  are  r e -  
s idual  contaminat ion  on the glass subs t ra te  or spu t t e r -  
ing ta rge t  surface, and background  gases in the spu t -  
ter ing ambient .  These are  usua l ly  low molecular  
weight  hydrocarbons  f rom solvents, pump oil, oxide  
films or  02 and H20 background  gases. In  Fig. 3 are  
the Auger  spect ra  of two different  Cr films on glass 
subs t ra tes  tha t  were  spu t t e red  unt i l  any  na t ive  oxide  
was removed.  I t  can be seen tha t  qui te  h i g h  con- 
centra t ions  of C, N, and O m a y  become incorpora ted  
in the  Cr deposit.  The contaminants  are  not  mere ly  
t r apped  in the  film but  react  chemical ly  jus t  as the  
Cr reac ted  wi th  the  glass substrate .  This is demon-  
s t ra ted  by  the shape of the  C Auger  t rans i t ion  which  
is character is t ic  of carb ide  format ion  (15). 

The load lock of the  sput te r ing  sys tem is backfi l led 
wi th  N2 then evacuated  to 70~ when  f resh subst ra tes  
are  loaded into the  spu t te r ing  chamber.  I t  is sus-  
pected tha t  some N2 passes into the ma in  chamber  
and is mixed  wi th  A r  dur ing  the  sput te r ing  of Cr. 
Ra ther  than  sput te r ing  at  8~ of pure  Ar,  spu t te r ing  
occurs in a N J A r  mixture ,  resul t ing  in the incorpora-  
t ion of N into the  Cr film as in Fig. 3B. An  a i r  l eak  
is not  suspected because the O signal  is st i l l  ve ry  
small .  Since the  chemical  reac t iv i ty  of O is much 
grea te r  than  N, an a i r  l eak  would  resul t  in the  incor-  
pora t ion  of more  O than  N in the  Cr. 

Profi l ing of the  film, Fig. 4, reveals  the presence of 
N throughout  the  Cr deposit.  The C concentra t ion is 
high at  the surface but  is reduced wi th in  the  Cr, then  
increases again at  the interface.  The increase of C at  
the  in te r face  m a y  be due to imprope r  c leaning of the  
glass plates  pr ior  to loading into the spu t te r ing  sys tem 
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Fig. 3. The Auger spectra of two different Cr films show the 
incorporation of C and N in the film during deposition. The char- 
acteristic shape of the C signal is that of a carbide which indicates 
the contaminants are not merely trapped in the film but react 
chemically with the Cr. 
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Fig. 4. An in-depth profile of the photomask from Fig. 3B shows 
the distribution of N, C, and O throughout the Cr film. The dis- 
tribution of N throughout the film is a result of N2 in the sample 
load lock mixing with the Ar sputtering gas when the sample is 
moved into the deposition chamber. The presence of a high C 
signal at the Cr glass interface is attributed to contamination of the 
Cr target or solvent residues on the glass plate. 

or solvent residues on the glass surface. In  this par -  
t icular  example, the source of C is suspected to be 
wi th in  the sput ter ing chamber  since C is found 
throughout  the Cr deposit. 

Instead of Cr203 then Cr2Os/SiO2 at the interfacial  
region, there is a layer  rich in C, N, O, and Cr. Whereas 
rup ture  of a clean Cr deposit on glass is expected to 
occur wi th in  the glass, the weak point  in systems like 
this is f requent ly  the region of highest C concentration. 
Plasma etching or wet chemical etching of the film 
is difficult to control due to the varying  chemical com- 
position of the film as a funct ion of depth. 

The excitat ion of AES transi t ions with an electron 
beam can become difficult wi th  insula t ing  samples. 
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Fig. 5. Silicon is used as a see-through photomask material since 
it is transparent in the visible yet blocks the actinic radiation. 
Silicon on glass is a good insulator so excitation of Auger spectra 
with an electron beam becomes difficult. Shown here is an x-ray 
excited photoelectron spectrum of a Si photomask showing both the 
Auger and photoelectron transistors of O, Ha, C, N, and Si. 

If an insula t ing  layer  is used in  the manufac ture  of  
photomask over the 60-90 mil  glass, then XPS be-  
comes the technique most useful  for analysis. Figure  
5 shows the photoelectron spectrum of a Si see- 
through photomask. The XPS spectrum of the outer 
Si surface reveals the presence of a nat ive oxide, re-  
sidual hydrocarbon contamination,  and Na, which may 
originate from handling.  The t ransparency  of Si in  the 
visible region of the spectrum allows see- through 
a l ignment  of the mask while blocking the actinic 
radiation. 

Even  though Cr fulfills the major  requi rements  of 
a photomask coating, there are ways to protect the 
Cr surface from damage dur ing  contact p r in t ing  and 
extend its useful  life. One method is to apply a soft 
or lubr icat ing mater ia l  to the surface (16) or a l te rna-  
t ively through the use of an u l t rahard  protective over-  
coat such as SiaN4 or SiC. R. S. Horwath et al. (17) 
have demonstrated that  react ively sputtered SisN4 re-  
duces star cracking c a u s e d b y  epi spikes by 30% wi th-  
out adversely affecting images produced in photore- 
sist. The basic requi rements  of such a film is that  i t  
protects the mask from damage, that  it be t ransparen t  
between 330 and 550 nm, and that  it  is near ly  defect- 
free. 

In  this s tudy sputtered silicon ni t r ide and silicon 
carbide films were invest igated for overcoating photo- 
masks. Auger  spectroscopy combined with ion sput-  
ter ing was found as one of the best means of moni-  
toring the composition of the films. Carbon and oxy-  
gen were usual ly  f o u n d  as impuri t ies  in the ni t r ide 
films, and oxygen was found as an impur i ty  in  car-  
bide films unless extreme care was taken to clean 
the deposition chamber. This is a problem which is 
f requent ly  encountered with plasma-deposi ted (18) 
and chemically vapor-deposited films (19). 

The Auger peak- to-peak  intensi ty  ratio of Si to C 
in the carbide films and Si to N in the ni t r ide films 
was found to vary  depending on the Ar sput ter ing 
pressure. In  actual practice the sputtered silicon 
carbide was not satisfactory as a coating material .  
At 6~ sput ter ing pressure in  Ar, the deposited silicon 
carbide resisted abrasion but  absorbed too much in  
the u.v. region. At higher sput ter ing pressures the 
coating was easily abraded but  had acceptable optical 
transmission. At the s ame  sput ter ing pressure, silicon 
ni t r ide has approximately  the same abrasion resistance 
as silicon carbide but  the ni t r ide is less opaque in  
the u.v. Also, the optical characteristics of the ni t r ide 
films can be adjusted by  sput ter ing in an Ar-N2 mix-  
ture. The refractive index of films sputtered in  an  
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Table !. Silicon nitride sputtered from silicon nitride target in 
N~/Ar mixture 

A u g e r  peak- to-  
P r e s s u r e  Index of p e a k  i n t e n s i t y  

%N2 ( m  T o r t )  r e f r a c t i o n  r a t i o  S i / N  

0 6 2.35 0.51 
2(} 6 1.85 0.35 
25 6 1.88 0.39 
33 6 1.81 0.32 
25 6 1.88 0.39 
25 10 1.77 0.34 
25 25 1.68 0.47 

At-N2 mix tu re  fol lows the  t r end  observed  in the  
Si to N Auger  in tens i ty  ratio. The resul ts  for  a series 
of runs at  different  Ar-N2 composit ions are  l is ted in 
Table I. A mix tu re  of 25% N2 in A r  at  6~ was found 
to give the op t imum optical  t ransmiss ion and abras ion  
resistance.  

Conclusion 
Auger  and photoelec t ron spectroscopy have  been 

ut i l ized in the evalua t ion  of a va r ie ty  of thin film 
coatings used in the  manufac tu re  of photomasks.  The 
shal low sampl ing  depth  and sens i t iv i ty  of these tech-  
niques for low atomic number  e lements  were  ins t ru -  
menta l  in ident i fy ing  the presence of C, N, and O 
res idues  in Cr photomasks  which affect the etching 
character is t ics  of the  pho tomask  dur ing  pat terning.  

I n - d e p t h  profi l ing reveals  the in ter rac ia l  composi-  
t ion of Cr on glass consists of mixed  oxides of Cr 
and Si. The deposi t ion of Cr results  in oxida t ion  of 
a th in  l aye r  of Cr which  promotes  adhesion of the 
Cr to the glass. 

Ha rd  pro tec t ive  overcoats  of sil icon carb ide  and 
si l icon n i t r ide  were  eva lua ted  by  AES and e l l ipsom-  
e t ry  to a r r ive  at  the p roper  sput te r ing  pressure  and 
gas composit ion to give the op t imum optical  t r ans -  
mission and abras ion  resistance. 

Manuscr ip t  submi t ted  Nov. 6, 1978; revised m a n u -  
scr ipt  rece ived  Dec. 11, 1978. 

A n y  discussion of this paper  wil l  appear  in a Dis-  
cussion Section to be publ i shed  in the December  197'9 
JOURNAL. Al l  discussions for  the December  1979 Dis-  
cussion Section should be submi t ted  by  Aug. 1, 1979. 

Publications costs of this article were assisted by 
Texas Instruments, Incorporated. 
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A Method for Reducing the Hole and Electron 
Trapping Densities in Thermal SiO  Films 

S. Iwamatsu and Y. Tarui 
VLSI Technology Research Association, Cooperative Laboratories, 

4-1-1, Miyazaki, Takatsuku, Kawasaki, 213 Japan 

The t rapp ing  of charges in insula t ing  films on semi-  
conductors  can be a po ten t i a l ly  ma jo r  problem,  l imi t ing 
the  min ia tur iza t ion  of VLSI  circuits  (1, 2). We have 
been s tudying a method  for the  reduct ion  of t rapp ing  
densities.  In  this paper ,  we presen t  new expe r imen ta l  
resul ts  to es t imate  and reduce the charge  t r app ing  den-  
sities in  the rmal  SiO2 films. 

Trapping and Detection Method 
A corona charging method to produce  hole and elec-  

t ron  t raps  in SiO2 film on Si has been developed (3). 
The corona charging method is based on the deposi t ion 
of negat ive  or  posi t ive ions f rom the corona charging 
gr id  on the insula t ing  film of a sample  at  a tmospher ic  
pressure .  This resul ts  in the  appl ica t ion  of a high field 
in  the  insula t ing film wi th  no electrode,  and introduces 
the  f ie ld- induced charge t raps  in the  insula t ing film on 
the semiconductor .  T rapped  holes a re  produced  by  
negat ive  corona charging,  and t r apped  electrons are  

K e y  w o r d s :  VLSI,  corona charging,  C-V c u r v e ,  phosphorous 
doping, a n n e a l i n g .  

produced  b y  posi t ive  corona charging  of an insula t ing 
film. The densit ies  of e lec t ron and hole  t raps  are  est i -  
ma ted  by  measur ing  the C-V curve shif t  a f te r  corona 
charging,  using an I n - G a  l iquid  probe.  

F igure  1 shows C-V curves before  and a f te r  corona 
charging of (a) 2 min at  -}-8 kV corona charging,  (b) 
2 rain at  --8 kV corona charging,  and (c) 2 min at  + 8  
kV corona charging af te r  2 min  at  --8 kV corona 
charging of a the rmal  SiO2 film which  has app rox i -  
ma te ly  50 nm grown in d ry  oxygen  ambien t  at 1O0O~ 
As can be seen, a high concentra t ion of hole t raps  is 
a lways  present  in t he rma l ly  grown SiO2 and the con- 
cent ra t ion  of e lec t ron t raps  can be made  r e m a r k a b l y  
small .  But once holes are  t r apped  b y  negat ive  corona 
charging,  a high concentra t ion  of e lec t ron  t raps  are  ob-  
served. 

The d is t r ibu t ion  of the t raps  is es t imated  by  C-V 
measuremen t  of the  sample  for severa l  different  oxide  
thickness obta ined by  successive etching steps. Analys is  
of the data  gives the  posi t ion of the centroid  of t r apped  
charges. The centroid  of the t r apped  holes lies wi th in  




