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Fig. 9. Epitaxial layer without overgrowth at 8 A/cm 2 for 6 min. 
Well etched at 8 A/cm 2 for 3 rain. 

Fig. 10. Typical surface morphology of selectively grown epilayer 

rections, a microorientation of the original window 
edges from the <110> directions causes the edges of 
the grown layers not to be exactly parallel to the edges 
of SiO~-masked edges. 

Although ion implantation is at present widely used 
for GaAs IC structures, the potential of preferential 

epitaxial growth for this purpose does not appear to  
have been fully explored as yet. 

Summary 
It was shown that selective dissolution on GaAs 

windows can be successfully carried out and controlled 
by controlling the current density across the substrate- 
solution interface. Reversing the current polarity l e a d s  
to electroepitaxial growth, which again can be c o n -  
t r o l l e d  by controlling the current density. Both dis- 
solution and growth are in fact linearly dependent o n  
current density. Selective electroepitaxy (without 
overgrowth) is best carried out at relatively low cur- 
rent densities (less than about 15 A/cm2). The present 
results indicate that it might be worthwhile to pursue 
selective electroepitaxy in achieving IC structures. 
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Optical Absorption of Thin SIPOS Films 
Y. Kwark and R. M. Swanson* 

Btanford Electronics Laboratories, Stanford University, Staniord, California 94305 

ABSTRACT 

Optical techniques were used to extract refractive index and absorption co- 
efficient from thin film transmittance and reflectance data for a family of 
CVD SIPOS films as-deposited and subsequent to a .i hr 1000~ N2 anneal. 
Optical measurements in the 0.5-2.5 eV range indicate a dependence of ab- 
sorption on both oxygen content and annealing conditions. 

SIPOS (semi-insulating polycrystalline silicon) is an 
acronym applied to a family of glasses whose composi- 
tion can be written SiOx (x ~ 2). The technological 
significance of these films has been demonstrated by 

* Electrochemical Society Active Member. 
Key words: amorphous films, silicon oxides, absorption. 

their utilization as a passivation layer for high voltage 
power devices (l, 2) and as a field oxide for channel 
stopperless (MOS technologies) (3). 

Investigations utilizing field effect conductance 
modulation and thermal activation of electrical con- 
ductivity (4) indicate that the mobility gap in these 
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films is a s t rong funct ion of oxygen  concentrat ion.  The 
discovery tha t  wi th  sui table  anneal ing  t rea tments  
SIPOS films can be doped n -  and p - t y p e  in conjunct ion 
wi th  the low in ter fac ia l  recombina t ion  veloci ty  of 
S IPOS/S i  interfaces has led to the  fabr ica t ion  of 
S I P O S / S i  he te ro junc t ion  bipolar  t ransis tors  (5, 6). 

In  general ,  the  opt ical  and e lect r ica l  p roper t ies  of 
mater ia l s  a re  ind i rec t ly  re la ted  th rough  the densi ty  of 
states. Since opt ica l ly  active states are  not  necessar i ly  
those involved  in electronic conduction, the "bandgaps"  
deduced f rom optical  and  e lect r ica l  measurements  can-  
not be expected to y ie ld  the same values;  yet,  a qual i -  
ta~tive corre la t ion  be tween  these quanti t ies  exists, and 
measurements  of the  opt ical  absorpt ion should indicate  
an absorpt ion  edge in these SIPOS films which displays  
a blue  shift  for  h igher  oxygen concentrat ions.  

Exper imenta l  Procedure 
T h e  films used in this s tudy were  deposi ted at  665~ 

o n  fused si l ica subs t ra tes  in an rf  heated,  horizontal ,  
a tmospher ic  pressure ,  cold wal l  reactor .  The si lane and 
ni t rogen car r ie r  flows were  he ld  constant  whi le  the 
ni t rous  oxide  flow ra te  was ad jus ted  to va ry  the oxygen  
concentrat ion.  Table  I l ists the values for the var ious  
processing parameters .  

Af te r  ex t rac t ing  total  (specular  and  diffuse) t r ans -  
mi t tance  and reflectance data  using a Beckman DK-2 
double  beam spectrophotometer ,  the samples  were  an-  
nealed in  a n i t rogen ambien t  at  1000~ for 1 hr. Subse-  
quent  to opt ical  measurements  these annealed  films 
were  waxed  and etched in a 20:1 HNO3: NH4F solut ion 
to produce  a s tep sui table  for mechanical  step height  
measurements  wi th  a Tencor  s-s tep.  

Thin film analysis.--For absorptance  and ref rac t ive  
index studies in the 0.5-2.5 eV region, the films used 
were  in the 1-2 ~m thickness range. Thinner  films 
would  not  y ie ld  useful  informat ion  on the low energy  
absorpt ion  and the lack of a ~ufficient n u m b e r  of in-  
te r ference  fr inges would  have compounded the diffi- 
cul ty  in ex t rac t ing  the ref rac t ive  index. Thicker  films 
would  yie ld  t ransmi t tance  values too small  to be re -  
l iab ly  dis t inguished f rom background  noise. A single 
compromise  thickness was chosen to cover the ant ic i -  
pa ted  absorpt ion  edge. 

In te r fe rence  effects appear  when the wave leng th  of 
the incident  rad ia t ion  is comparable  to the film th ick-  
ness. For  shor ter  wavelengths ,  the increased absorpt ion  
and the var ia t ions  in the  film thickness wil l  damp the 
in ter ference  fringes, a l lowing s impler  l imi t ing  forms 
for the t ransmi t tance  and the reflectance to be used. 

For  the films used in this study, the wavelengths  can 
be d iv ided  into three  reg ions - - long  k, negl igible  ab-  
sorption, and  dispersion; modera te  ~, modera te  absorp-  
tion, small  dispersion;  shor t  k, s t rong absorption,  and 
absence of in ter ference  pat terns.  The formulas  for R 
and T, the  reflectance and t ransmit tance ,  in thei r  full  
form do not  lend  to s t ra ight  fo rward  ext rac t ion  of the 
real  re f rac t ive  index (n) ,  the absorpt ion  coefficient (~), 
and the  film thickness (d) .  In pr inciple  these three  
quant i t ies  can be un ique ly  de te rmined  f rom the ex-  
pe r imen ta l  quant i t ies  R, T, )~, and the f r inge  order,  but  
in practice,  s impl i fy ing assumptions  are  usual ly  ap-  
plied. 

In  the  low absorpt ion  regime where  ad < <  1, the 
formula  presented  in Abeles  (9) for a t ransmission ex-  

Table I. Processing parameters. Deposition temp. ---- 665~ 
N2 = 23.6 slm; Sill4 = 28 sccm 

Sample N~O flow (sccm) 

1 18 
2 25 
8 34 
4 43 

fi5 
6 89 

t r e m u m  can be used to ex t rac t  n, ~, and d. Since the  
value  of R at  a reflectance min imum is small ,  and is 
comparab le  to the  subs t ra te  back-ref lectance,  e r ror  in-  
t roduced in the  measurement  is minimized  by  ut i l iz ing 
R values  at reflectance maxima,  i.e., the t ransmi t tance  
minima.  If we let  R1 be the  corresponding reflectance 
and T1 the t ransmi t tance  then  

n ~ = n s  1 - x / N  

where  ns = subs t ra te  re f rac t ive  index,  n, k = re f rac-  
t ive index,  ext inct ion coefficient for the  thin film, and 
k --  wavelength .  

S imi lar ly ,  we have for T1 

n +  n - - =  (1 - t -ns )  - - k  ~. . 

where  To = 4ns/(1 + ns) e is the t ransmi t tance  of the  
bare. 

Given the fr inge order,  which can be read i ly  de te r -  
mined  in this d ispers ion-f ree  region, and making  the 
subst i tu t ion 

2~d (2m -t- 1)~ 
- -  m = fr inge order  = 0, 1, 2, 3, 

2n 

the equations can be solved s imul taneous ly  for n and k; 
knowledge  of the  f r inge order  then yields d. The ef-  
fects of subs t ra te  back-ref lec tance  were  taken  into ac-  
count using the "effective medium" technique ut i l ized 
by  Goodman (11). The value  for d, the film thickness,  
can be independen t ly  confirmed from mechanical  step 
height  measurements .  Once d has been determined,  the 
dispers ion re la t ion for  n can be de te rmined  for the low 
and modera te  absorpt ion regimes f rom the wavelengths  
at which successive ex t r ema  occur in the t ransmi t tance  
curve. If  Tm~x, Train denote t ransmi t tance  m a x i m a  and 
minima,  then 

For  Traax: n = - ~  {1 + m} 

Train: n = -i" + T 

where, as before,  m is the f r inge order.  For  r e l a t ive ly  
d ispers ion-f ree  regions, these values wi l l  concur; how-  
ever, in regions of s trong dispersion, t hey  will  d iverge  
and an average can be used. 

A l t e rna t ive ly  the technique of Goodman (11) can 
be used to evalua te  n and d in the long wave leng th  
regime; however,  because of the assumptions of t rans-  
parency  and nondispersion,  it  is not  appl icable  to the 
modera te  absorpt ion regime. 

Given d and the dispers ion re la t ion for n in the  low 
and med ium absorptance  regimes,  ~ can be calcula ted 
f rom just  the t ransmi t tance  curve. To faci l i ta te  ex-  
t ract ion of a f rom T, a sui table  averaging  of the  t rans-  
mi t tance  curve envelope was used in conjunct ion wi th  
Connel 's  formula  (10) 

T ---- {(1 --  R1) (1 --  R2) (1 --  Rs)e-~d}/{1 -- R~R3 

~- (2RIR2R~ -- RIR~ -- RIRs)e - ~ a }  

where RI, R2, R3 are the reflectances of the air-film, 
film substrate, and substrate-air interfaces, respec- 
tively. 

This formula is valid when the summation of the 
various interference components is incoherent; this is 
equivalent to defining an "average" transmittance Tavg 

1 fE§ 
T a r s ( E ) - "  AE .JS--~E/~ T(E)dE 
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where •E covers some energy region centered around E 
covering at least several fringe orders (this scheme is 
only appropriate for thicker films where the density 
of fringes is high). This integration can be performed 
graphically by tracing the envelope of the interference 
fringes, and, since the correction for substrate back- 
reflectance is approximately constant, taking some 
average of this amplitude. NormalIy this average value 
will not be 50% due to the asymmetrical nature of the 
interference patterns. In general, the averaging factor 
is a weak function of both n and k; for larger values 
of refractive index, the deviation from 50% will be 
greater. 

For the purpose of this investigation, a semi- 
empirical approach was adopted. The low absorption 
values for n, d, and k obtained from Abeles' equations 
were substituted into the Connel formula. From this 
value, a value for the envelope averaging was derived. 
The variation of the averaging factor due to dispersion 
were sufficiently small and the envelope amplitude suf- 
ficiently small in the high dispersion regions to allow 
a constant averaging factor to be utilized over the spec- 
trum of interest. 

For the high absorption regime, the fringes are no 
longer present and simpler formulas can be used 

R = { [ ( n -  1 )~+  k~]/[(n+ 1) 2 +  k~]} 

T = {[16ns(n~ + k2)e-4"rkcZ/X]l[(n + 1) 2 + k ~] 

[(n, + n)~ + tr 

where ns = substrate refractive index, and n, k = film 
refractive index, extinction coefficient. These equations 
can be numerically solved with a simple iteration 
scheme to yield n and a. 

There is a small gap between the moderate and high 
absorption regimes whose reliable extraction of n, 
are not possible using the Connel formula and graphi- 
cal averaging. In this case, one must resort to a solution 
of the complete equations using algorithms such as 
those suggested by Tomlin (12). In this study, since 
the gap was small, of the order of 0.2 eV, such calcula- 
tions were not deemed necessary. 

Results 
The film thickness as determined by ~-step measure- 

ments consistently exceeded those predicted by the 
optical equations, but the discrepancy was on the 
order of 2%, and is attributable, in part, to undercut- 
ting of the quartz substrate by the etchant. 

Figure 1 displays the spectral dependence of a for 
the as-deposited specimens with relative oxygen con- 
tent as a parameter. As expected, there is an overall 
blue shift of a for the higher oxygen content films. 
Sample 5 exhibited an unexplained, anomalously high 
absorption for photon energies below 2 eV, although 
for higher energies, the absorption was in accordance 
with the overall trend. Values for a less than 2-3 • 
102 cm -1 are below the confidence threshold. The shift 
toward higher energies is essentially a pure transla- 
tion, with no gross alteration of overall structure. The 
curves are characterized by piecewise exponential en- 
ergy dependence, although they appear to approach a 
weaker, perhaps power law dependence at higher en- 
ergies. 

The absorption coefficient of the films subsequent to 
annealing are plotted in Fig. 2. There is decreased 
absorption at higher energies, but a noticeable increase 
at moderate energies. The annealed curves approach a 
single exponential dependence upon energy with a re- 
duced slope in the high high energy region as com- 
pared to the as-deposited curves. The curves for sample 
4 are shown in Fig. 3. 

The refractive index for as-deposited and annealed 
films evaluated in the relatively dispersion-free low 
absorption regime is displayed in Fig. 4 as a function 
of nitrous oxide flow rate. The higher oxygen content 
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Fig. I. Optical absorption vs. photon energy for as-deposited 
films; the parameter is nitrous oxide flow rate used during film 
deposition. 

CVD SIPOS (Annealed) 
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Fig. 2. Optical absorption vs. photon energy for the films subse- 
quent to a 1000~ 1 hr N2 anneal; parameter is nitrous oxide flow 
rate used during film deposition. 

films displayed a lower refractive index; annealing the 
films caused an increase in refractive index for all 
the samples. 
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Fig. 3. Optical absorption vs. photon energy for sample 4, com- 
paring as-deposited and postanneal characteristics. 
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D iscuss ion  
SIPOS films prepared at 650~ are amorphous; TEM 

examination indicates no structural features larger 
than 10A (7). Since the properties of these films are a 
smooth function of their oxygen content, the silicon 
and oxygen atoms appear to be interspersed in an 
atomically homogeneous distribution. For the rela- 
tively high deposition rates associated with atmo- 
spheric pressure CVD films, the distribution of oxygen 
atoms appears to be determined primarily by statistics 
(14). Consequently the most favored configuration i nn  
tetrahedral structure will vary from Si-(Si4) to. Si- 
(SisO) to Si-(Si20~) to Si-(SiOs) to Si-(O4) as x is 
varied from 0 to 2. 

High temperature annealing converts these amor- 
phous films into a multiphase network. The presence of 
islands of a-Si and SiO~ (x < 2) which are gradually 
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annealed into crystalline ~-Si and SiO2, embedded in a 
connective matrix has been postulated (7, 8). This con- 
nective matrix is probably ~-Si for films with low 
oxygen content, gradually changing to SiO=, where x 
increases with increasing oxygen concentration, but 
remains below the stoichiometric value of 2. Sheet 
resistance studies indicate that the films used in this 
study are predominantly of the former type. 

For the amorphous, as-deposited films, if we assume 
that optical properties are dominated by short range 
order, as in Philipp (18), then the absorption in this 
low energy range should be dominated by the density 
of Si-Si bands and by the nature of their local e n -  
v i r o n m e n t ,  For higher oxygen concentrations, the den- 
sity of Si-Si bonds decreases, and the local environ- 
ment of these Si-Si bonds is likely to be dominated by 
Si-O bonds. The absorption coefficient in these SIPOS 
films does display a slight blue shift corresponding to a 
shift in Si-Si absorption to higher energies; the marked 
reduction in absorption can be attributed to the re- 
duced density of such bonds. 

Annealing these films increases the probability of 
clustering of Si-(Si4) tetrahedra in the form of mi- 
crocrystallites. If short-range order dominates optical 
behavior, then these microcrystals should display ab- 
sorption characteristics similar to that of bulk amor- 
phous silicon. Since the local environment of the Si-Si 
bonds is different in these microcrystals, the absorp- 
tion is expected to move to lower energies, while keep- 
ing the total contribution to the oscillator strength 
relatively constant. The increased absorption at mod- 
erate energies at the expense of higher energy absorp- 
tion observed for these films is consistent with such a 
model. 

It is also observed that for samples 4 and 6, with 
higher oxygen concentration, annealing decreased ab- 
sorption in the 1.0-1.5 eV range. For this range of 
energies, absorption is probably attributable to defect 
states, potential fluctuations, etc. in the material, An- 
nealing usually decreases the concentration of such 
defects and would be expected to lower the contribu- 
tion from this mechanism. However, the lower oxygen 
content films did not display a significant change in 
characteristics in this energy range suggesting a possi- 
ble dependence of defect density and type on oxygen 
concentration. 

For these samples, it did not prove feasible to extract 
an "optical gap" from a ~/ahu vs. h~ plot of absorption 
coefficient; a linear relationship can be expected if one 
assumes a momentum matrix element insensitive to 
energy and a density of states that has a parabolic 
dependence on energy. While such conditions may hold 
for higher energies, they do not appear to do so for the 
range of energies covered by this study. 

Manuscript submitted Nov. 10, 1980; revised manu- 
script received March 16, 1981. 

Any discussion of this paper will appear in a Dis- 
cussion Section to be published in the December 1982 
JOURNAL, All discussions for the December 1982 Dis- 
cussion Section should be submitted by Aug. 1, 1982. 

Publication costs 05 this article were assisted by Stan- 
fo~'d University. 

REFERENCES 
1. T. Aoki, T. Matsushita, H. Yamoto, H. Hayashi, and 

Y. Kawana, Abstract 148, p. 352, The Electro- 
chemical Society Extended Abstracts, Toronto, 
Canada, May 11-16, 1975. 

2. T. Aoki, H. Hayashi, T. Matsushita, H. Yamoto, M. 
Okayana, and T. Kawana, Electron. Eng., 44 (Jan. 
1976). 

3. T. Yamaguehi, K. Seavcard, J. Saehitano, D. Ritchie, 
and S. Sata, IEEE J. Solid State Cir., se-13, 472 
(1978). 

4. M. Hamasaki, T. Adachi, S. Wakayama, and M. 
Kikuchi,, Solid State Corn?nun., 21, 591 (1977). 

Petitioner Canadian Solar (USA) Inc., Ex. 1025, p. 200



Voi 12g, No. I THIN SIPOS FILMS 201 

5. N. Oh-uchi ,  H. Hayashi ,  H. Yamoto, and T. 
Matsushi ta ,  IEDM, 522 (1979). 

6. T. Matsushita ,  N. Oh-uchi ,  H. Hayashi ,  and H. 
Yamo~o, Appl. Phys. Lett. ,  35, 549 (1979). 

7. M. Hamasaki ,  T. Adachi ,  S. Wakayama ,  and M. 
Kik~chi,  J. Appl. Phys., 49, 3987 (1978). 

8. T. Adachi  and C. R. Helms, This Journal, 127, 617 
(1980). 

9. F. Abeles,  Prog. Opt., II, 251 (1963). 
10. G. Connel, W. Paul,  and R. Temkin,  Adv. Phys., 22, 

643 (1973). 
11. A. Goodman, Appl. Opt., 17, 2779 (1978). 
12. S. G. Tomlin,  Brit. J. Appl. Phys., 1, 1667 (1968). 
13. H. R. Phil ipp,  J. Phys. Chem. Solids, 32, 1935 (1971). 
14. W. R. Knol le  and H. R. Maxwel l ,  This Journal, 127, 

2254 (1980). 

Evaluation of Pure Novolak Cresol-Formaldehyde Resins 
for Deep U.V. Lithography 

E. Gipstein, A. C. Ouano, and T. Tompkins 
IBM Corporation, Research Laboratory, San Jose, California 95193 

ABSTRACT 

A series of pure,  isomeric  c reso l - fo rmaldehyde  novolak  resins have been 
synthesized and eva lua ted  with  respect  to the i r  u t i l i ty  as ma t r i x  resins for 
deep u.v. resis t  formulat ions.  One of the cresols, the p- isomer ,  provides  a resin 
which has far  g rea te r  opt ical  t ransmiss ion at  254 nm than  the commercia l  
cresylic  acid novolaks  used to formula te  the classical posit ive photoresists .  
Syn the t ic  procedures  were  developed which a l low reproducib le  p repa ra t ion  
of the p-cresol  novolak  over  a wide range  of molecular  weights  inc luding that  
region which displays  base  dissolution kinet ics  tha t  a re  compat ib le  wi th  l i tho-  
graphic  processing, 

The need for  h igher  dens i ty  c i rcu i t ry  in microelec-  
tronic devices has promoted  in teres t  in a va r i e ty  of 
l i thographic  techniques which are  designed to provide  
h igher  resolut ion than  the opt ica l  exposure  tools 
p resen t ly  in use throughout  the industry.  The cur ren t  
tools accomplish resis t  exposure  ut i l iz ing radia t ion  
f rom a m e r c u r y  source in the 404 nm region. A number  
of theore t ica l  and expe r imen ta l  studies have shown 
tha t  ut i l iz ing the 254 nm ra the r  than the 404 nm mer -  
cury  emission resul ts  in app rox ima te ly  a twofold in- 
crease in resolution,  o ther  factors remain ing  constant  
(1-4).  L i thog raphy  based on rad ia t ion  at  254 nm has 
been t e rmed  deep u.v. l i t hography  (1). 

Severa l  manufac tu re r s  have  made  or p lan  to make  
avai lab le  sophis t ica ted  al igners and exposure  tools de-  
s igned to provide  deep u.v. rad ia t ion  at  the resis t  sur-  
face. In  o rder  to ut i l ize  this rad ia t ion  and to real ize 
the  potent ia l  resolut ion enhancement ,  new mask sys-  
tems and new resists must  be  developed.  Supers i l  
quar tz  masks  wi th  th ick chromium or i ron  oxide  con- 
t ras t  e lements  are  p resen t ly  avai lable .  However ,  a• this 
t ime,  the re  is no resis t  ava i lab le  which funct ions sat is-  
fac tor i ly  in the deep u.v. 

P o l y ( m e t h y l  me thac ry la t e )  (PMMA) was repor ted  
to be sensi t ive to deep u.v. rad ia t ion  (5) and ve ry  high 
resolut ion images have  been contact  p r in ted  in this 
res is t  using 254 nm rad ia t ion  (1, 2). However ,  the  dose 
requ i red  to achieve good image qual i ty  and useful  
processing is v e r y  high. Also, the flux at 254 nm pro-  
v ided by  exposure  sources based on mercu ry  emission 
is so low that  exposure  t imes  using PMMA are  ex-  
cessive. 

The classical  photoresis ts  are  also unsat is fac tory  in 
the  deep u.v. These resists consist of a rad ia t ion  in- 
sensit ive novo lak - type  ma t r i x  resin in which is dis-  
solved a rad ia t ion  sensi t ive organic compound. This 
type  of fo rmula ton  is the basis of many  of the  commer -  
cial posi t ive resists. The photoact ive  compound (PAC) 
is a subs t i tu ted  diazo naphthoquinone  and the ma t r i x  
is a cresylic  ac id - fo rma ldehyde  resin (6, 7). The PAC 
acts as a dissolut ion ra te  inhib i tor  for the ma t r i x  resin 
in the unexposed imaging  layer .  In the  exposed regions, 
the PAC undergoes  a r ad ia t ion- induced  s t ruc tura l  
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t ransformat ion  which g rea t ly  a l ters  its efficiency as a 
dissolution ra te  inh ib i tor  for the novolak  resin (8). 
Consequently,  the exposed  regions are  rendered  more  
soluble than  the unexposed regions and the difference 
in solubi l i ty  rates  is ut i l ized to genera te  the  l i tho-  
graphic  pat terns .  

Two impor tan t  factors contr ibute  t oward  l imit ing 
the u t i l i ty  of such resists  in the deep u.v. Firs t ,  the 
PAC absorpt ion  at  254 nm, though intense, does not 
bleach as it  does at  404 nm. The photoproducts  absorb 
at  254 nm. Secondly,  the ma t r ix  resin which is essent i -  
a l ly  t r ansparen t  at  404 nm has a s trong absorpt ion  at 
254 nm. The combined absorpt ion  of the PAC and the 
resin renders  films more  than  1 .~m thick v i r t ua l ly  
opaque at  254 nm. No rad ia t ion  reaches the  PAC at  the  
resist  subs t ra te  interface.  At t empts  to photodecompose 
the PAC by  ex tend ing  the exposure  t imes serve only  
to overexpose  the upper  levels of the resist  and resul t  
in degrada t ion  of the profiles. 

Dur ing  the last  severa l  years,  there  has been a con- 
cer ted effort by  researchers  th roughout  the semicon-  
ductor  indus t ry  to develop a usable  deep u.v. resist  
system. In al l  repor ts  ava i lab le  to date, these efforts  
have centered around systems s imi lar  to PMMA. In 
par t icular ,  poly  (methyl  i sopropenyl  ketone)  (PMIPK)  
doped wi th  cer ta in  sensit izers has demons t ra ted  a us-  
able sens i t iv i ty  (9). However,  PMMA and its de r iva -  
tives, and al l  a l iphat ic  polymers ,  including PMIPK,  are  
unsui tab le  masks  for RIE or  p lasma  processing. These 
mater ia l s  are removed  under  p lasma  condi t ion at ra tes  
severa l  t imes tha t  of convent ional  photores is t  (10). 

We have a t t empted  to design a deep u.v. resist  sys-  
tem which is comparab le  in both  speed and etch re -  
sistance to the commercia l  photoresists.  The e tch re -  
sistance of these mater ia l s  is a reflection of the aro-  
mat ic  s t ruc ture  of the ma t r i x  resin whi le  the radia t ion  
sens i t iv i ty  is dependent  upon the s t ructure  of the 
sensitizer.  However ,  commercia l  photores is t  fo rmula-  
tions are  ve ry  complex mix tures  of novotak  resins, 
sensitizers,  addit ives,  and solvents (11). Therefore,  i t  
was our contention that  a single high pu r i t y  novolak  
resin with a control led molecular  weight,  when com- 
bined with a compat ib le  sensitizer,  would  more r ead i ly  
pe rmi t  the  opt imizat ion potent ia l  for  control  of the 
l i thographic  process (12). 
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