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A Flexible Multilayer Resist System Using Low Temperature Plasma- 
Deposited Silicon Nitride 

B. R. Soller,*" C. R. Snider, *'2 and R. F. Shuman 1 

Sperry Research Center, Sudbury, Massachusetts 01776 

ABSTRACT 

A three-layer resist system which uses positive photoresists  for planarizing and imaging and an intermediate  layer of 
plasma-deposi ted silicon nitride is described.  The planarizing layer is 2/~m-thick Shipley AZ | 2430. The silicon nitride 
transfer layer is deposi ted at low temperature  over hard-baked AZ 2430. Photon or electron imaging is done in a thin layer of 
resist spun on top of the transfer layer. The silicon nitride deposi t ion process is described,  and the propert ies  of the resulting 
film are detailed. The planarizing photoresist  is pat terned by oxygen reactive ion etching. The vertical etch rate and the 
degree of isotropy are measured as a function of rf power and oxygen pressure. Controllable and reproducible  undercut  is 
achieved with this mult i layer  resist  system. The resist  profile is demonstra ted to be suitable for lift-off applications or anise- 
tropic etching of the substrate. 

Mul t i l aye r  resists  have  been employed  by  many  to 
accomplish high resolut ion pa t t e rn  t ransfer  (1-6).  The 
mul t i l aye r  resists  descr ibed here  consist of three  layers  
(Fig. 1). The bot tom layer ,  the  one covering the sub-  
strate,  is a th ick po lymer  l aye r  which is used to p l ana r -  
ize the topography  of the  substrate.  A second layer ,  
the t r ans i e r  layer ,  separa tes  the  p lanar iza t ion  layer  
f rom the  imaging  layer .  The t ransfer  l aye r  keeps the 
imaging resis t  f rom mixing  wi th  the  p lanar iz ing  m a -  
terial ,  which m a y  also be a photoresist .  A thin imaging 
resis t  is then spun on top of the t ransfe r  layer .  Be-  
cause the resis t  is thin and flat, it  is possible to achieve 
high resolut ion pa t te rns  even over  complex  topog-  
raphy.  T h e  imaging  resist  is exposed and developed and 
then used as a mask  for etching the t ransfe r  layer .  The 
etched t ransfe r  l ayer  is subsequent ly  used as a mask 
for  reac t ive  ion etching (RIE) of the p lanar iz ing  layer .  
The t ransfe r  l aye r  is usual ly  an inorganic  ma te r i a l  
which forms a nonerodib le  mask  for oxygen  RIE. 

One advantage  of mu l t i l aye r  resists  is the i r  f lexibi l-  
i ty.  Because the p lanar iz ing  resis t  is p lasma or reac-  
t ive ion etched, the s idewal l  profile can be accura te ly  
and rep roduc ib ly  controlled.  The th ick resis t  may  be 
ve r t i ca l ly  e tched so the mu l t i l aye r  resis t  can be used as 
an etch mask for anisotropic  e tching of the  substrate .  
The mu l t i l aye r  resis t  is a be t t e r  mask  for subs t ra te  
e tching than s ing l e - l aye r  resis t  because the  t r ans fe r  
layer ,  r a the r  than  an organic  resist,  is exposed to the  
plasma.  A p rope r ly  chosen t r a n s f e r - l a y e r  ma te r i a l  wil l  
s t and  up to p lasma  etching be t t e r  than  photoresist .  
Mul t i l aye r  resists  can also be processed so tha t  the  
p lanar iz ing  resis t  is undercu t  benea th  the  t ransfe r  
layer .  This profile is ideal  for l i f t -off  applicat ions.  The 
meta l  thickness is contro l led  by  the thickness  of the  
p lanar iz ing  resist,  mak ing  l if t-off  of th ick meta ls  possi-  
ble. The pa t t e rn  resolut ion is control led  independen t ly  
b y  imaging  in the  thin top resist. 

Addi t iona l  f lexibi l i ty  is gained by  being able  to i m a g e  
in any  type  of resist.  Photo- ,  E-beam,  or x - r a y  resists  
can be used as the  imaging resis t  wi thout  r ega rd  to fu-  
ture  ha r sh  processing steps. The resis t  is used on ly  for  
l i thography  and as a mask  for etching 1000A of *.he 
t ransfe r  mater ia l .  The imaging resist  is usua l ly  r e -  
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moved dur ing  reac t ive  ion etching of the p lanar iza t ion  
layer .  The mul t i l aye r  resis t  system descr ibed here  is 
being used in the appl ica t ion  of s ame- l eve l  mixed  
l i thography  (7). In  this appl ica t ion  the resis t  is both 
opt ica l ly  and E - b e a m  exposed. As a consequence, it  is 
necessary  to be able to opt ica l ly  al ign th rough  the 
resist. Fo r  this reason, a t r anspa ren t  ma te r i a l  is neces-  
s a ry  for  the  t rans fe r  layer .  Sil icon n i t r ide  was chosen 
as the t ransfe r  mater ia l .  

Sil icon n i t r ide  is compat ib le  wi th  both si l icon and 
GaAs technologies.  I t  is cu r r en t ly  used in both tech-  
nologies as a final pass ivat ion  layer  because i t  serves 
as an excel len t  ba r r i e r  to a lka l i  diffusion. I t  also has 
appl ica t ion  as an in te r leve l  dielectr ic  in mu l t i l aye r  
metal l izat ion.  Because i t  has such widespread  use in 
the industry,  processing with  si l icon n i t r ide  is routine,  
and  its p roper t ies  a re  wel l  character ized.  Sil icon n i -  
t r ide  can be p lasma deposi ted at  low t empera tu res  un i -  
fo rmly  across a wafer.  I t  is also easi ly etched in fluoro- 
carbon plasmas.  This ease in handl ing  makes  sil icon 
n i t r ide  a good choice for the t r a n s f e r - l a y e r  mater ia l .  

This paper  wi l l  descr ibe  a mu l t i l aye r  res is t  sys tem 
composed of p lasma-depos i t ed  silicon n i t r ide  and posi-  
t ive photoresists .  The processing steps wi l l  be descr ibed 
and the appl icat ions  wi l l  be demonst ra ted .  

Exper iments  
The mul t i l aye r  resist  (Fig. 1) was appl ied  on 3 in. s i l i -  

con wafers.  The p lanar iza t ion  l aye r  was typ ica l ly  1.7- 
2.0 #m of AZ| 2430, 8 which was baked  at  200~ for 30 

s AZ is a registered trademark of American Hoechst Corpora- 
tion, Somerville, New Jersey, for their photeresist products. 

IMAGING RESIST I AZ3000-18 

TRANSFER LAYER I ~ / ~  ~ X ~ V ~ ' ~ / ~  PLASMA DEPOSITED Si3N 4 / 
PLANARIZING RESIST 1 AZ2430 

SUBSTRATE ~ 

Fig. 1. Muhilayer resist structure suitable for E-beam and optical 
exposure. Reactive ion etching of the planarizing resist leaves 
either vertical sidewalls or an undercut profile for Uft-off 
applications. 
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re_in in a convection oven. The silicon ni t r ide  t ransfer  
layer  was applied on t o p  of the hard-baked  resist. 
Thickness of this layer  was general ly 0.1 ~m. 

The silicon ni t r ide  was plasma deposited in a modified 
Technics P lanar  Etch II reactor, as shown schematically 
in Fig. 2. The two electrodes, 20.3 cm in diam, were 
separated by 3.0 cm. Samples were uni formly  spaced 
on the heated platen. The reactant  gases entered the 
chamber through an annu l a r  plate, passed a diffusion 
ring, and flowed radial ly inward  over the samples. The 
reaction by-products  were exhausted through the cen- 
ter hole of the heated deposition plate. 

PresSure and  gas flow into the reactor were controlled 
independent ly.  Reactant  gases were controlled by a 
three-gas flow/ratio mass flow controller. This system 
provided closed-loop flow control and the capabili ty of 
slaving any  two of the gases to a third. Indiv idual  gas 
flows, as well  as total-flow rate, were accurately main-  
tained wi th in  the chamber. The desired process pres-  
sure was controlled independent ly  by using a throttle 
valve and controller  on the exhaust  port. Depositions 
were made at a substrate temperature  of 125~ The 
pla ten was heated by a resistance heater sandwiched 
between the twu a luminum plates comprising the 
platen. Tempera ture  moni tor ing and control were ac- 
complished by a thermocouple positioned between the 
plates. 

The product ion of silicon ni tr ide (SiaN4) was 
achieved by coreaction of n i t rogen (N2), ammonia  
(NHa), and silane (Sill4). Silane was introduced in an 
argon carrier gas, where the S i H J A r  ratio was 10/90. 
Ammonia  was added because it  is more easily dis- 
sociated than nitrogen. The larger  concentrat ion of 
free ni t rogen atoms in the plasma resulted in silicon 
ni tr ide films, which are less silicon rich than the films 
deposited from N2/SiH4 plasmas. The use of ammonia  
resulted in mater ia l  having a more uniform index of 
refraction and thickness. 

Under  typical  deposition conditions, input  gas-flow 
rate ratios were N2/NH3/SiI~ equal to 37/4.5/33.5 
sccm. A total chamber  pressure of 700 mtorr  was main-  
tained with the throttle valve. The plasma was sus- 
ta ined with 50W rf power applied to the top electrode 
from a 30 kHz generator. Under  these conditions the 
deposition rate was 120 A/rain.  

The properties of the silicon ni t r ide film were char-  
acterized using a Rudolph AutoE1 ellipsometer. The 
silicon ni t r ide film was deposited directly on silicon 
substrat.es to determine the index of refraction and film 
thickness. The film thickness un i formi ty  over a 3 in. 
wafer was determined by using the ell ipsometer to 

COOLING WATER RF POWER GASES 

WAFER 
HEATER FOR 
DEPOSITION PLATEN 

1 
VACUUM 
PUMP 

Fig. 2. Schematic drawing of planar reactor for the plasma depo- 
sition of silicon nitride. Material is deposited at 125~ by coreac- 
tion of N2, NH3, and Sill4 with flows 37, 4.5, and 33.4 sccm, 
respectively, and a total pressure of 400 retort. The power is 50W. 

measure thickness at n ine  points on a wafer. The etch 
rate in Transene-buffered HF was measured by  deter-  
mining  the film thickness before and after a t imed etch. 
Etching in buffered HF was done for several  different 
times, and the etch rates were calculated. The etch rate 
of the silicon ni t r ide  film in a CF4/O2 plasma could not 
be calculated in this way because the plasma changes 
the reflecting properties of the silicon nitride. 

The imaging resist layer  was spun on the silicon 
ni tr ide ~transfer layer over HMDS adhesion promoter.  
Generally,  0.5 #m-thick  AZ 2415 or Microposit 3000-18 
was used for pat tern  definition. These resists could be 
either optically or E-beam exposed. After  the pa t te rn  
was developed in the imaging resist, it was used as a 
mask to etch the silicon nitride. 

The silicon ni t r ide was etched in  a second Technics 
p lanar  system. The etch gas was 97.5% CF4 and 2.5% 
02. T h e  pressure was determined by the gas flow and 
main ta ined  at 400 mtorr. The wafer was placed on a 
20.3 cm grounded electrode, and etching was completed 
in 48s using 50W applied power. The wafers were given 
a 9s dip in Transene  buffered HF before n i t r ide  etch- 
ing. Following the ni t r ide etch, the wafers were baked 
at 100~ for lh. 

Reactive ion etching of the planar izat ion layer was 
done with 13.56 MHz rf power applied to the bottom 
electrode of a Plasma Therm PK 1241 reactor. The elec- 
trode was 25.4 cm in diam, and the chamber volume 
was 13.5 liters. The applied power was varied between 
50 and 450W, while the gas pressure and flow rate were  
held constant. 

The etch gas used was MOS pur i ty  oxygen from 
Matheson. The flow of gas into the chamber  was con- 
trolled by mass flowmeters, The pressure was held 
constant  by an automatic vene t i an -b l ind  valve con- 
trolled by a capacitance manometer .  Pressures between 
5 and 100 mtor r  were studied. All  etching was done 
with both electrodes main ta ined  at 40~ 

In  order to determine the etch rate, the samples 
were etched for varying time periods such that  none 
of the etches completely removed the resist. Measure-  
ments  were made from SEM photos of the etch depth 
and the amount  of undercut .  Etch rates were calcu- 
lated from these data. The average etch rate and the 
s tandard deviation from the mean  are reported. The 
amount  of resist undercut ,  as measured at the resist-  
ni t r ide interface, divided by the etch depth <for the 
same t ime period is defined as the degree of isotropy. 
The degree of isotropy is a quant i ta t ive measure of the 
resist profile. 

Silicon Nitr ide 
The silicon ni tr ide film that  was plasma deposited in 

the system described above had an index of refract ion 
of 1.81 ___ 0.02. This should be compared to the index 
of refraction of stoichiometric SiaN4, which is 1.98. The  
lower index of the film deposited in  our syste m sug- 
gests that  it is n i t rogen-r ich  material .  This mater ia l  
can be deposited with a thickness un i formi ty  of bet ter  
than 5% over the surface of the wafer and less than  
3.5% between three 3 in. wafers in  the same run. The 
mater ia l  which is deposited is more chemically reactive 
than either thermal ly  deposited silicon ni t r ide or 
plasma-deposited nitride,  which is deposited at a 
higher  temperature.  The mater ial  being described 
etches in Transene-buffered HF at 700 A/rain.  For 
comparison, plasma ni t r ide  deposited at 250~ etches 
at 500 A/min ;  the etch rate of mater ia l  deposited at 
325~ is 300 A/min ;  750~ thermal  ni t r ide etches at 
100 A / m i n  in BHF. In  a CF4/O2 plasma which is 2.5% 
O2, the etch rate of the 125~ plasma ni t r ide is 1400 
A/rain.  The etch is near ly  isotropic, but  since only 
1000A of ni t r ide is being defined, the pa t te rn  dimensions 
can be preserved by stopping the etch just  as the end-  
point  is reached. 

Pr ior  to silicon ni t r ide  deposition, the planar iz ing 
resist was ha rd-baked  in a convection oven where the 
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min imum bake condit ions were  200~ for 80 min. Bak-  
ing at a t empera tu re  lower  than 200~ resul ted  in a 
wr ink led  photoresis t  l ayer  wi th  a t ex tu red  sil icon n i -  
t r ide  layer  on top of it. This is i l lus t ra ted  in Fig. 3. 
Dur ing  p lasma deposi t ion of sil icon ni tr ide,  the surface 
of the AZ 2430 p lanar iz ing  resist  was hea ted  to t em-  
pera tu res  grea ter  than 125~ At  these tempera tures ,  
cellosolve acetate  is volat i l ized f rom AZ resists  and 
n i t rogen gas is also re leased f rom decomposi t ion of 
the photoact ive compound (8). If  the p lanar iz ing  re -  
sist is not prebaked,  these gases will  be re leased  dur ing  
the silicon n i t r ide  deposi t ion resul t ing  in a wr ink l ing  
of both films. Shaw et al. (8) de te rmined  tha t  for  
AZ 1350J photoresist ,  samples  had to be heated to 
160~ to remove al l  vola t i le  components.  For  AZ 2430, 
samples  must  be hea ted  to 200~ to p reven t  wr inkl ing.  

Under  some conditions,  the si l icon n i t r ide  film be-  
came comple te ly  res is tan t  to a CF4/O2 p lasma etch. I t  
is be l ieved that  the sil icon n i t r ide  surface becomes 
oxidized af te r  i t  is deposi ted.  This oxyni t r ide  surface 
layer  can be removed  in Transene-buffered  HF. It  was 
found that  a 9s dip in buffered HF is the min imum 
t ime requi red  to comple te ly  e l iminate  this unwanted  
film. Af te r  9s the  "oxide" l aye r  was removed  and a l -  
most al l  1000A of the sil icon n i t r ide  film remained.  
The source of this oxide contaminat ion is st i l l  being 
invest igated.  

Af t e r  the CF4/O2 p lasma etch of the n i t r ide  t ransfer  
layer ,  the wafer  was baked  at  100oC in a convection 
oven for lh.  The baking  step was pe r fo rmed  to p re -  
vent  the n i t r ide  erosion seen in Fig. 4, which is a scan-  
ning electron micrograph  of the mul t i l aye r  resist  af ter  
the  p lanar iza t ion  l aye r  has been etched using the 
silicon n i t r ide  layer  as a mask.  This n i t r ide  erosion 
resul ts  in images subs tan t ia l ly  smal le r  than those 
or ig ina l ly  defined in imaging resist,  as wel l  as ragged 
edges on those features.  I t  is be l ieved that  the erosion 
is caused by  the presence of fluorine in the p lasma at  
the beginning of the oxygen RIE step. This fluorine 
may  be t rapped  on the surface of the imaging resist  
dur ing  the CF4/O2 p lasma etch of the ni t r ide.  Micro-  
probe analysis  has indica ted  the presence of fluorine 

Fig. 3. SEM plots of silicon nltrlde transfer layer which was de- 
posited on AZ 2430 which was not hard baked. Temperature in- 
crease during the deposition process causes both the resist and 
the nitride film to wrinkle. 

S C I E N C E  A N D  T E C H N O L O G Y  Apri l  I984 

Fig. 4. Multilayer resist after nitride layer and planarization 
layer are etched. Ragged edges are caused by unwanted fluoride 
etching of the silicon nitride. The fluorine contamination can be 
removed by baking the wafer after the nitride etch. 

in this layer ,  while  Dobkin  and Cantos (9) also found 
evidence for this in thei r  work.  Oxygen RIE removes  
the  top imaging resis t  as wel l  as the bot tom p lanar iz -  
ing resist,  an in terac t ion  which releases the t r apped  
fluorine to react  wi th  the silicon n i t r ide  t ransfe r  layer .  
The fluorine is only  presen t  at  the beginning of the 02 
etch, because i t  is only re leased f rom the surface of 
the imaging resist.  

The p rob lem arises when the imaging resis t  does 
not  have a square profile. Poor  resis t  profiles are  dome 
shaped,  being th inner  near  the edges of the fea tu re  
than in the middle.  I f  the edges of the imaging resis t  
are  removed very  ea r ly  in the oxygen etch, the si l icon 
n i t r ide  wil l  be  exposed to react ive  fluorine. This is 
p robab ly  the cause of  the n i t r ide  erosion. One solution 
to the p rob lem would be to have resis t  profiles which 
do not  have sloping walls,  since this would assure tha t  
al l  fluorine is removed  f rom the surface of the  photo-  
resis t  and pumped  away  before  any  silicon n i t r ide  is 
uncovered.  An empir ica l  solut ion to the p rob lem has 
been to bake  the sample  before  the  oxygen RIE step 
is done. I t  is be l ieved tha t  the  baking  releases the  
fluorine f rom the surface of the  photoresis t ;  however ,  
we have been unable  to confirm this wi th  a microprobe  
exper iment  because the  fluorine signals  are  ve ry  small .  

React ive ion Etch ing and  Prof i le  Cont ro l  
Once the  fea tures  were  defined in the silicon n i t r ide  

layer ,  i t  was used as a mask  for  etching the th ick  
p lanar iz ing  resist. This resist  was etched in a low 
pressure  oxygen  plasma.  The wafers  were  p laced on 
the powered  e lect rode so that  they  received high ion 
bombardment .  F igu re  5 shows the measured  d e g r e e  
of i so t ropy as a function of chamber  pressure  and r f  
power.  The degree of i so t ropy is a quant i ta t ive  w a y  
to describe the profile of the e tched resis t  and sil icon 
n i t r ide  mask,  and is defined as the  l a te ra l  etch ra te  
d iv ided  by  the ver t ica l  etch rate.  F igure  5 shows tha t  
power  has very  l i t t le  effect on changing the degree  
of isotropy.  Large  var ia t ions  in the  degree  of i so t ropy 
do occur when the pressure  is varied.  Comple te ly  
anisotropic  etching occurs only at pressures  be low 5 
mtor r  and powers  grea te r  than  150W. The dependence  
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Fig. 5. Degree of isotropy of hard-baked AZ 2430 after oxygen 
RIE. The ratio of lateral to vertical etch rate is shown as a function 
of rf power for several system pressures. 

of the  degree  of i so t ropy on oxygen  pressure  and rf  
power  wil l  be discussed ~urther in another  pape r  (10). 

The ver t ica l  etch ra te  of the p lanar iz ing  resis t  is 
p lo t ted  agains t  power  for constant  pressure  values in 
Fig. 6. Except  for the .data taken  at 100 mtorr ,  the etch 
ra te  increases l i nea r ly  wi th  power  input.  At  100 mtorr ,  
the etch ra te  increases wi th  power,  but  not  l inear ly .  
As the r f  power  input  into the  sys tem increases over  
the  range studied,  the electrons in the p lasma acquire  
a h igher  average  energy.  As the e lect ron energy  in-  
creases, the  number  of ionizing collisions increases 
(11). Ionizat ion of the oxygen molecules produces  
posi t ive ions, which  are accelera ted  ve r t i ca l ly  toward  
the wafer  by  the shea th  potent ial .  Increas ing the rf  
power  increases both  the  number  of posi t ive ions and 
the sheath  poten t ia l  so tha t  the ver t ica l  etch ra te  is 
seen to increase  wi th  the power.  

The  effect of va ry ing  the system pressure  on the 
etch ra te  is more  complicated.  At  low pressures  (less 
than  ,-, 100 m t o r r ) ,  the etch ra te  increases with in-  
creasing pressure  because the n u m b e r  of react ive  
species increases wi th  the increas ing n u m b e r  of elec-  
t ron -molecu le  collisions. (There are  more O2 molecules 
ava i lab le  for  collisions at  h igher  pressures.)  As the 
n u m b e r  of molecules increase wi th  increas ing p res -  
sure, the  t ime be tween  e lec t ron-molecu le  collisions 
decreases.  This shor tened  t ime resul ts  in lower  ave r -  
age e lec t ron energy  because the electr ic  field has less 
t ime to accelera te  the e lect ron before  i t  coll ides (12). 
The  lower  average  e lec t ron energy  resul ts  in fewer  

collisions energet ic  enough to ionize the molecu la r  oxy-  
gen. At  pressures  g rea te r  than  ,-, 100 mtorr ,  the n u m -  
ber  of ionizing collisions s tar ts  to decrease  as the  pres -  
sure  is increased,  as seen in Fig. 6. 

React ive ion-e tch  pa rame te r s  can be chosen based 
on the informat ion  in Fig. 5 and 6. Gas pressure  and 
r f  power  de te rmine  the degree  of i sot ropy obta ined 
in the  p lanar iz ing  resis t  profile. The e tch ra te  da ta  
a re  used to de te rmine  the etch t ime to endpoint .  F igure  
7 shows the m ~ t i l a y e r  resis t  which has been defined 
anisotropical ly .  The imaging resis t  l ayer  is r emoved  
dur ing  the oxygen  RIE so the SEM photograph  only  
shows the etched t rans fe r  and  p lanar iza t ion  layers .  
The imaging  resist,  Microposi t  3000-18, was exposed 
with  electrons.  By using e lect ron beam l i thography ,  
fea tures  as smal l  as 0.3 ~ have  been processed wi th  
this mu l t i l aye r  scheme. Etching beyond endpoint  p ro -  
duces a film on the s idewal ls  of the  p lanar iz ing  resis t  
on si l icon substra tes .  I t  is be l ieved tha t  these films are  
s imi la r  to those descr ibed by  Kinsbron  (13). On sil icon 
substrates ,  the s idewal l  film is p robab ly  some s i l icon-  
oxygen  compound and is easi ly removed  in buffered 
HF. 

F igure  8 shows the mu l t i l aye r  res is t  processed wi th  
an undercu t  so it can be used for l i f t -off  definit ion of 
metals .  The degree of i so t ropy is 0.25, and 0.4 ~m of 
a me ta l  a l loy has been deposi ted over  the mu l t i l ay e r  
resist. The degree of i so t ropy is reproducib le  wi th in  
the e r ror  bars  shown in Fig. 5. This r eproduc ib i l i ty  
leads to we l l -con t ro l l ed  l i f t -off  profiles. The th ick  
p lanar iza t ion  layer  makes  i t  possible  to define ve ry  
ta l l  features.  The silicon n i t r ide  t ransfe r  l ayer  has 
suppor ted  as much as a 1.5 ~m laye r  of T i / A u  a l loy  
wi thout  any  signs of s train.  Af te r  the  meta l  has been 
deposi ted over  the  mul t i l aye r  resist,  the p lanar iz ing  
resist  must  be dissolved to ca r ry  away  the excess 
metal .  Resists baked  at  200~ are net  soluble in ace-  
tone, the  usual  l i f t-off  solvent.  A commercia l  epoxy  
remover ,  Uresolve Plus  (Dynaloy,  Incorpora ted) ,  is 
sui table  for removing  the h a r d - b a k e d  resis t  in the 
final l i f t-off  step. Uresolve Plus  is s t rong ly  a lka l ine  
and is not  su i tab le  for l i f t -off  d i rec t ly  on GaAs. Other,  
less caustic solvents a re  being sought for this  app l ica -  
tion. 
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Fig. 6. Etch rates for hard-baked AZ 2430 in an oxygen plasma. 
The etch rates are given as a function of rf power for several 
system pressures. 

Fig. 7. Anlsotroplcally etched AZ 2430 with a SI3N4 mask. The 
imaging resist which was removed in the oxygen RIE step was pat- 
terned using E-beam lithography. 
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Fig. 8. Multilayer resist processed with an undercut suitable for 
lift-off metal deposition. 0.4 Fm of Ti/Au is deposited on the resist 
structure. 

Summary 
A very flexible mult i layer  resist system has been 

developed using positive resists and plasn~a-deposited 
silicon nitride. The low temperature plasma nitrlde 
can be uniformly deposited over the surface of the 
wafer, resulting in a three- layer  system which is com- 
pletely transparent, making optical alignment possible. 
The imaging resist can be either optically or E-beam 
exposed, and no charging occurs during the E-beam 
exposure. 

Reactive ion etching of the planarizing resist pro- 
duces controllable profiles. The profile can be varied 
from vertical wall to any degree of isotropy desired 
for a lift-off application. Characterization of the etch 
rate and degree of isotropy as a function of pressure 
and  power has led to predictable and reproducible re-  
sist profiles. 
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Effective Segregation Coefficient of Boron in Silicon Ingots Grown by 
the Czochralski and Bridgman Techniques 

P. S. Ravishankar,* I.. P. Hunt,*  and R. W.  Francis* 

Exxon Research and Engineering Company, Solar Electric Conversion Unit, Linden, New Jersey 07036 

ABSTRACT 

Hall measurements and four-point probe resistivity measurements were used to determine the concentration profile of 
boron in doped semiconductor silicon ingots grown by Czochralski and Bridgman techniques. The concentration profiles 
were fitted to the normal segregation equation and the effective segregation coefficient, kef~, w a s  calculated. The average 
value of keff for boron was 0.786 -+ 0.036 in Czochralski single crystals and 0.803 -+ 0.036 in Bridgman polycrystals. 

Silicon made by carbothermic reduction of silica in 
an arc furnace is becoming increasingly important  as a 
source of low cost silicon for solar cells (1-3). The 
arc furnace-derived silicon normally contains both 
boron and phosphorus doping impurities which are 
difficult to assay rel iably by chemical analysis. Multi- 
ple recrystallization of the arc furnace silicon and Hall 
measurements on the crystals thus obtained has been 
suggested as an accurate method of determining boron 
and phosphorus concentration in arc furnace silicon 

* Electrochemical Society Active Member. 

(4). The method, however, requires an a c c u r a t e  
knowledge of segregation coefficients for these impuri-  
ties. This information is also necessary to estimate the 
extent of purification achievable by crystal growth. 

An equilibrium distribution coefficient is based 
strictly on thermodynamic considerations. It is nor-  
mally calculated from a phase diagram as the ratio of 
the slope of solidus to liquidus. However, in practice, 
this value of the distribution coefficient can be ap-  
proached only at slow growth rates and for solidifica- 
tion from well stirred melts. Therefore, it  is c u s t o m a r y  
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