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ABSTRACT 

The partitioned box reactor, a novel high throughput  CVD reactor, is presented. The reactor has good chemical and 
energy efficiency, and the large surface/volume ratio results in suppression of homogeneous nucleation. The scaling be- 
havior of gas flow and the various deposition regions (surface rate limited, diffusion limited, and depletion limited) are dis- 
cussed. Experimentally obtained maps of static and integrated deposition profiles are given for carbon and silicon films. 

The partitioned box reactor consists of a rectangular 
cross-sectional tube divided into narrow rectangular chan- 
nels by a series of partitions (Fig. 1). A similar reactor has 
been used to deposit  epitaxial GaAs in a multiwafer CVD 
reactor (1). Several of these boxes can be placed end-to- 
end in a mult ibox system, which is enclosed in a quartz 
tube to contain the reactant" gases (Fig. 2). A short furnace 
is scanned over the boxes to achieve uniform deposition 
over the internal surfaces of the reactor. 

The closely spaced partitions give the reactor a large sur- 
face to volume ratio, resulting in the following unique and 
desirable properties: (i) a large surface area is coated in a 
small volume reactor, (it) gases exit near thermodynamic 
equilibrium, implying efficient chemical utilization, (iii) 
homogeneous nucleation (particulate formation) is sup- 
pressed, (iv) insulation-of the reactor results in high energy 
efficiency, (v) pressure drop through the channels results 
in self-manifolding of the gas flow, (vi) coatings of high 
uniformity are possible by motion of the hot zone relative 
to the boxes. It is interesting to compare this reactor to a 
typical cold wall CVD reactor used to deposit  (for exam- 
ple) polycrystalline silicon on silicon wafers. The parti- 
t ioned box reactor utilizes far less reactant chemicals and 
far less energy to deposit a given amount of silicon, be- 
cause it efficiently brings together reactant gases, energy 
and surfaces for deposition in a small volume. 

In the body of this paper the scaling properties of this re- 
actor will be derived by dimensional analysis. Experimen- 
tal results will be presented on the deposition at atmo- 
spheric pressure of high purity films of carbon and silicon. 
These films were used as feedstock in a solar cell process 
(2, 3). Highly uniform films of Si3N4, SiO2, and SiC were 
also grown successfully in this reactor. 

Gas Flow in a Partitioned Box 
The gas flow in the channel formed between two parti- 

tions is shown in Fig. 3. The narrow spacing h (called the 
gap) causes a low Reynolds number  and  hence laminar 
flow. Using the simplifying assumption of constant tem- 
perature and neglecting edge effects where the partitions 
are held by the box, the Navier-Stokes equation (4) can be 
simplified to yield one-dimensional parabolic flow 

l dP (h  2 z2~ 
v~ - [1] 

where the coordinate system is shown in Fig. 3. ~ is the vis- 
cosity, and the origin is taken in the center of the gap. The 
peak velocity is 

dp h 2 
vo [2] 

dx 8~ 

while the average (or cup-mixing) velocity is <v> = 2/3 Vo. 
The total gas flow through one channel is 

V = ab<v>  . . . .  [3] 
121~ 

where zXp is the pressure drop along a channel of length c 
and width b. The pneumatic resistance of one channel is 
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Ap 12~c 
R - - - -  [4] 

V h3b 

Note that the resistance to flow varies as the inverse 
cube of the gap, whereas in a cylindrical pipe the flow is in- 
versely proportional to the fourth power of the diameter. 
Plexiglas partitioned boxes and smoke generators were 
used to aid flow visualization during the design process. 

Edge effects where the partitions are held in place by the 
box grooves perturb the flow for a distance of approxi- 
mately 2h from the edges at y = 0 and y = b (Fig. 4). A re- 
gion of uniform deposition (within 95% of center thick- 
ness) is observed experimentally over a width of b-4h. 
Reduced deposition in the edge region of width 2h is 
caused by the presence of the box side which reduces the 
gas velocity (reducing the supply of reactants) and com- 
petes for the depositing substance. 

The closely spaced channels in a partitioned box offer 
considerable resistance to flow. This causes the boxes 
themselves to be self-manifolding, so that the reactant 
gases divide themselves evenly between all available chan- 
nels. This in turn places demands on the dimensional 
tolerances of the partition thickness, flatness, and grooved 
box machining. As Eq. [3] shows, a 1% variation in h could 
cause a 3% variation in gas flow and therefore deposit 
thickness. In a later section of this paper thickness maps of 
actual depositions on nonparallel partitions will be shown 
which demonstrate the influence of h on deposit thickness. 

The pneumatic resistance of a box increases rapidly with 
temperature. Assuming that the gas expands in proportion 
to temperature, and that the viscosity is proportional to 

Fig. I .  Cross-sectional view of a partitioned-box reactor, showing 
grooved box, partitions, and one empty slot. Gas flow is out of the page. 
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Fig. 3. Laminar, parabolic flow in the channel formed between parti- 

tions. 
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Fig. 4. Central region of uniform deposition has width b-4h due to 
edge effects (drawing not to scale). 
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Fig. 2. Partitioned-box reactor, showing (a) stack of partitioned 
boxes, (b) quartz containment tube, and (c) short moving furnace. 

T 112, (i.e., ideal  gas), t h e n  t he  p n e u m a t i c  r e s i s t ance  in- 
c reases  as T 3/2. For  a gas h e a t e d  f rom T = 0~176 th i s  
causes  a t en- fo ld  i nc rease  in r e s i s t a n c e  a n d  p r e s s u r e  drop.  
Th i s  is a g rea t ly  s impl i f i ed  v i ew  of  t he  p r o b l e m  b e c a u s e  
t h e  t e m p e r a t u r e ,  t he  c h e m i c a l  compos i t i on ,  a n d  t he  vis- 
cos i ty  of  t he  r eac t ing  gases  h a v e  a c o m p l e x  t h r e e - d i m e n -  
s iona l  d i s t r ibu t ion .  No a t t e m p t  at  a c o m p l e t e  ana ly t i ca l  or 
f ini te  e l e m e n t  m o d e l  was  made ,  however ,  i m p o r t a n t  con-  

c lus ions  a b o u t  sca l ing  b e h a v i o r  can  be  r e a c h e d  w i t h  a rela- 
t ive ly  s i m p l e  model .  

Experimental  
P a r t i t i o n e d  b o x e s  were  m a c h i n e d  f rom graph i te ,  puri-  

fied b y  1200~ t r e a t m e n t  in  HC1, a n d  t h e n  coa ted  w i th  py- 
ro ly t ic  c a r b o n  to r e d u c e  c o n t a m i n a t i o n ,  su r face  area,  a n d  
adso rp t ion .  Var ious  pa r t i t i on  ma te r i a l s  we re  used.  S i l icon  
pa r t i t i ons  were  s l iced f rom W a c k e r  Silso cas t  ingots .  SiC 
ma te r i a l s  f rom a p p r o x i m a t e l y  t en  v e n d o r s  were  invest i -  
ga ted ,  i n c l u d i n g  ho t -p ressed ,  r eac t ion  b o n d e d ,  s i l icon 
filled, a n d  s in tered .  The  s i n t e r e d - a l p h a  ma te r i a l  (Hexoloy)  
f r o m  C a r b o r u n d u m - S o h i o  p r o v e d  b y  far  t h e  m o s t  d u r a b l e  
a n d  one  of  the  m o s t  pure ,  a l t h o u g h  a b o r o n  c o m p o u n d  is 
a d d e d  to aid s in ter ing .  B o r o n  a u t o d o p i n g  f rom the  par t i -  
t i ons  was  m u c h  smal le r  t h a n  t he  i n t e n t i o n a l  b o r o n  d o p i n g  
to 1 t2-cm. T h e s e  pa r t i t ions  we re  c l e aned  u s i n g  so lven t  de- 
g reas ing ,  H2SO4-H202 ba ths ,  1200~ HC1-H20 ox ida t ions .  
Th i s  p roce s s  c rea ted  an  ox ide  coa t ing  a n d  a n  impur i ty -  
d e p l e t e d  sur face  sk in  by  out-di f fus ion.  The  d i f fus ion  coef- 
f ic ient  of m o s t  i m p u r i t i e s  t h r o u g h  SiC at  t e m p e r a t u r e s  
b e l o w  1100~ is so smal l  t h a t  s i l icon shee t s  d e p o s i t e d  on  
t he  SiC pa r t i t i ons  we re  i n d i s t i n g u i s h a b l e  f rom shee t s  
g r o w n  on  s e m i c o n d u c t o r  g r ade  Si par t i t ions .  Ana lys i s  by  
SIMS,  NAA, XRF,  a n d  s p a r k  source  m a s s  s p e c t r o m e t r y  
s h o w e d  t h a t  t he  p u r i t y  of  po lys i l i con  g r o w n  on t h e s e  sub-  
s t ra tes  was  c o m p a r a b l e  to  t h a t  of  f loat-zone Si wafers .  The  
eff ic iencies  of solar  cells f ab r i ca t ed  f rom t h e s e  s i l icon 
shee t s  also fa i led to d i s t i n g u i s h  b e t w e e n  the  two  pa r t i t i on  
mate r ia l s ,  w i t h  the  be s t  cel ls  s h o w i n g  a 13% efficiency.  

C a r b o n  fi lms we re  typ ica l ly  d e p o s i t e d  f rom 2% m e t h a n e  
or  5% iso-propyl  a lcohol  (IPA) in  n i t r o g e n  a t  l l00~ g r o w n  
to a t h i c k n e s s  b e t w e e n  1 and  2 ~m. T h e  sho r t  f u rnace  
(30 c m  long) was  s c a n n e d  over  a s t ack  of  e igh t  b o x e s  (total  
l e n g t h  142 cm) at  a ra te  of  1 c m / m i n  un t i l  all t h e  b o x e s  
we re  in t e rna l ly  coated.  

S i l icon  was  d e p o s i t e d  in t he  s ame  r eac to r  w i t h o u t  un-  
l oad ing  t he  subs t ra t e s ,  by  s w i t c h i n g  in le t  gases  to  SiHC13 
8% in  H2. The  SiHCI~ was p rec i se ly  m e t e r e d  u s i n g  a micro-  
m o t i o n  l iqu id  flow mete r ,  a n d  t h e n  fed in to  a h e a t e d  vapor -  
izer  c h a m b e r  w h e r e  i t  was  e v a p o r a t e d  in to  t he  H2 s t ream.  
All  gas  s t r e a m s  were  m e t e r e d  b y  m a s s  flow cont ro l le rs .  
T h e  en t i r e  d e p o s i t i o n  run,  i n c l u d i n g  m a s s  f low cont ro l le rs ,  
f u r n a c e  s can  speed,  a n d  t e m p e r a t u r e  was  m e a s u r e d  and  
c o n t r o l l e d  by  an  I B M  PC u s i n g  Ke i th l ey  in t e r f ace  elec- 
t ronics .  

T e m p e r a t u r e  was  m e a s u r e d  v ia  a 2 ~ m  in f r a red  opt ica l  
p y r o m e t e r  (Vanzet t i  Corpora t ion)  u s i n g  a f iber  opt ic  l ink  
to t he  m o v i n g  furnace .  The  2 ~ m  d e t e c t i o n  w a v e l e n g t h  
was  se lec ted  to be  nea r  t he  p e a k  e m i s s i o n  of  t h e  g r a p h i t e  
b o x e s  at  1100~ The  peak  e m i s s i o n  of  t he  fu rnace  quar tz-  
h a l o g e n  h e a t e r  e l e m e n t s  was  a t  1 ~tm. T h e  c h o i c e  of  de-  
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tector wavelength, the high emissivity of the graphite 
boxes, and the use of a sight tube combined to give good 
rejection of spurious furnace radiation. Furnace induced 
temperature error, measured by suddenly shutting off the 
furnace, was less than 20~ and was compensated by cali- 
brating the pyrometer during test runs with thermocou- 
ples embedded in the boxes. Thus box temperature could 
be controlled to within 10~ 

After silicon deposition, the boxes were unloaded and 
the partitions were loaded in stacks into semiconductor  
oxidation furnaces at 1000~ There, the carbon layers 
were oxidized, freeing the silicon sheets (2). The polysili- 
con sheets were zone melted with CO2 lasers to increase 
grain size, and then used as feedstock in a solar cell pro- 
cess. The partitions and boxes were repeatedly cycled 
through the process. 

Measurements of carbon film thickness were made with 
a surface profiler (Tencor alpha-step) on carbon coated 
partitions. Carbon film thickness was also inferred from 
four-point probe sheet resistance data using the measured 
resistivity of the pyrocarbon (1.3 • 10-3~t-cm). Silicon 
sheet thickness was measured after the oxidation under- 
cut process using a dial gauge. Thickness maps of silicon 
and carbon depositions will be shown in the static and in- 
tegrated deposition sections. Homogeneous nucleation 
during carbon deposition was found to be a problem, 
hence a separate section on its suppression has been in- 
cluded. 

Suppression of Homogeneous Nucleation 
During the CVD of pyrocarbon films, homogeneous nu- 

cleation (soot) can be a serious problem. Particles on the 
substrates during silicon deposition are engulfed in silicon 
and may not be oxidized during the burnout step, leading 
to undesirable carbon contamination in the product solar 
cells. The formation of pyrocarbon is an extremely compli- 
cated process, typically involving the formation of many 
thousands of organic compounds of increasing molecular 
weight  and decreasing hydrogen/carbon ratio (6, 7). There 
still exists disagreement on the precise mechanisms of car- 
bon formation, however, by varying the experimental  con- 
ditions one can produce smooth films of pyrocarbon, soot, 
or tars and oils. Heterogeneous nucleation is favored over 
homogeneous nucleation because of the reduced energy 
barrier to nucleation. Sooting can be suppressed if the re- 
acting gas is not required to diffuse too far to find a deposi- 
tion surface. The following techniques were found useful 
in eliminating this problem. 

1. Increasing the surface/volume ratio, by decreasing the 
partition spacing. 

2. Decreasing the concentration of the hydrocarbon pre- 
cursor. In practice, to gain a high deposition rate, the con- 
centration is run just  below the threshold for soot for- 
mation. 

3. Choice of hydrocarbon precursor: many gases were 
studied, including CH4, C3H8, C2H3C13, and C3HTOH. Of 
these, isopropyl alcohol (IPA) was found to give the fastest 
soot-free deposition. 

4. Furnace length and hot zone must  be greater than sev- 
eral characteristic deposition lengths (derived in the next 
section), so that the exhaust gas contains no condensible 
hydrocarbons. If oil or tar vapors exit the furnace, they will 
condense as soot or oil films on the downstream partitions. 

5. Increase the diffusion coefficient: a, LPCVD: some ex- 
periments were successfully carried out in vacuum, how- 
ever, it was desired to deposit the carbon and the silicon in 
the same reactor, and the additional cost and complexity 
of a vacuum process made this seem unattractive, b, Use of  
He rather than N2 as the carrier gas: The cost of He was 
considered prohibitive. It is interesting that H2 used as a 
carrier gas suppresses pyrocarbon formation. 

6. Heat the gases more slowly, allowing more time for 
diffusion to the walls. This can be achieved with a smaller 
thermal gradient at the furnace entrance, and by reducing 
the inlet gas velocity. 

7. Avoid all contamination, especially from transition 
metals. It is well-known that traces of certain metals cata- 
lyze graphitic nodules and fibrous growth (7). It was essen- 

tial to purify the graphite boxes with high temperature 
HC1 treatments, and to avoid stainless steel tweezer marks 
on the deposition substrates. 

Static Deposition Profiles 
This section discusses deposition in a partitioned box in 

which the furnace is stationary with respect to the boxes. 
Surface reaction rate limited, mass transport limited, and 
depletion limited deposition zones are described. A char- 
aeteristic deposition length L is derived, and data on static 
deposition of  carbon and silicon are presented. 

As the reactant gases pass upward through the parti- 
t ioned boxes, almost nothing deposits until a min imum ac- 
tivation temperature is reached (Fig. 5). The deposition re- 
action then increases rapidly with temperature, typical of a 
thermally activated Arrhenius dependence. This low tem- 
perature entrance region is the surface reaction rate- 
limited region. As the temperature rises the surface reac- 
tion rate becomes faster than the diffusion of reactant to 
the surface, and the mass transport l imited region is en- 
tered. The length of the surface reaction limited region is 
determined by the temperature gradient }n the x direction. 
After a characteristic deposition length L (derived below), 
the gas becomes depleted. The exhaustion of all available 
reactant gas leads to an exponential  decay of deposition of 
deposition rate, in contrast to t h e  inverse square-root de- 
pendence typical of a boundary layer mass-transport limi- 
tation. This is called the depletion region, and is not found 
in most semiconductor CVD reactors. In most CVD reac- 
tors the characteristic deposition length L is larger than 
the reactor, gas depletion is not achieved, and most of the 
reactant gases are wasted. This large excess of reactant 
gases is necessary to achieve uniformity. In contrast, the 
gases exiting the partitioned-box reactant are close to ther- 
modynamic equilibrium at the exit temperature, resulting 
in max imum gas utilization. Uniformity is achieved by 
moving the furnace relative to the boxes to integrate the 
static deposition. 

The characteristic deposition length L is derived with 
reference to Fig. 3. An exact solution of the problem of 
deposition in a tube, annulus, or channel is known as the 
Graetz problem (5). The gas moves with average velocity 
<v>  through a channel of width h. The gas is assumed to 
react infinitely fast at the channel  walls. Mass transport in 
the z direction is by diffusion only. The t ime required for a 
gas molecule to diffuse a distance h/2 is h2/4D, where D is 
an average diffusion coefficient for the gas mixture. In this 
t ime the gas travels the characteristic deposition length 

h 2 <v> 
L - [5] 

4D 

In the exact solution of the mass transport problem, dis- 
tances are  nondimensionalized by th i s  characteristic 
length. Equation [5] shows again the critical importance of 
the plate spacing in determining the deposition zone 
length. For example, suppose  that to increase reactor 
throughput  it is proposed to halve the plate spacing. In 
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Fig. 5. Diagram indicating surface rate-limited entrance region (a), 

and mass-transfer and depletion-limited region (b). 
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Fig. 6. Static deposition profile for carbon from IPA in N2. Peak 
height is 8 I~m after 45 rain deposition. 
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Fig. 7. Static deposition profile for silicon from TCS (trichlorosilane) 
in H2. 

order to deposit the same product thickness at the same 
furnace scan rate, the gas velocity must  double. Assuming 
unchanged diffusion coefficients, we see that the length of 
the mass transport-limited and depletion-limited regions 
will be cut in half. The length of the surface rate limited re- 
gion, determined by the steepness of the entrance thermal 
gradient, would not be affected. 

Figures 6 and 7 show static deposition profiles for  car- 
bon and silicon, respectively. Much higher mass flow rates 
were used during silicon deposition than during carbon 
deposition, because of the necessary thicknesses of silicon 
(250 ~m) and carbon (2 ~m) to be deposited in comparable 
times. In addition, trichlorosilane (TCS) has a much higher 
heat capacity than  IPA. Carbon and silicon static deposi- 
tion profiles are therefore characteristic of low and high 
flow regimes, respectively. In the 10w flow regime, (Fig. 6), 
temperature varies little in the y direction, giving an al- 
most one-dimensional deposition profile. 

Deposition in the high flow regime can be best under- 
stood after a brief description of heat transfer. The parti- 
t ioned box is heated mainly from the grooved sides, in 
order to make each partition see the same thermal environ- 
ment. Heat conduction through the partitions is the largest 
component  of heat transfer inside the box. Radiative heat 
transfer is inhibited as the partitions are packed closer 
together, because the mean free path for radiative transfer 
is proportional to the partition spacing. The result of heat- 
ing the partitions at the edges and flowing cold gas up 
through them is U-shaped isotherms and deposition pro- 
files, as can be seen in Fig. 7. In the entrance region, depo- 
sition occurs first at the hot partition edges, giving the inlet 
double peak. On the exi t  side, the edge gases are depleted 
first, resulting in a single peak in the center. 

Integrated Deposit ion Profiles 
The effect of scanning the furnace is to integrate the dep- 

osition profile and produce uniform deposition thickness. 
The same effect can be obtained by moving the boxes 
through a stationary furnace, which has the advantages of 
continuous rather than batch operation. The severe corro- 
sion problems encountered with stainless steel exposed al- 
ternately to chloro-silanes and moist air made the scan- 
ning furnace system preferable by allowing all moving 
parts to be external to the corrosive gas stream. 

The instantaneous deposition rate can be assumed to be 
some function S(x, y) where x is in the reference frame of 

GAS FLOW 
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Fig. 8. Integrated silicon deposition profile with parallel partitions 
(gap = 2 mm). 
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Fig. 9. Integrated silicon deposition with nonparallel partitions 

the furnace. Under the simplifying assumption that at 
steady state this function is constant and gets "dragged" 
along with the furnace, the integrated deposition thick- 
ness can be written 

'f I(y) = - S(x, y) dx  [6] 
V 

where the limits of integration extend over the entire non- 
zero portion of the instantaneous deposition rate. The in- 
stantaneous deposition rate S(x, y) is different in the static 
and dynamic cases, because of the different thermal pro- 
files resulting from the relative motion of furnace and 
boxes. The integal [6] is proportional to the quantity of re- 
actant gas flowing over each part of the partition, and to 
the deposition efficiency of the reactor. The self-manifold- 
ing property of the partitioned box ensures equal gas 
flow over every part of t h e  partition (neglecting the ex- 
t reme edges, as mentioned previously). The effect of scan 
ning the furnace in the x direction is to integrate out the 
variations in the static profile and give a highly uniform in- 
tegrated deposition profile. 

Figure 8 shows an integrated silicon deposition profile. 
In this deposition, a uniform gap of 2 mm was used. To in- 
vestigate the effect of nonuniform gap, partitions were 
shimmed to give a gap of 5 mm at one grooved box edge 
(y = 0) and a gap of 8 mm at the other edge (y = 6 cm) re- 
sulting in the deposition shown in Fig. 9. In this case, a gap 
ratio of 1.6:1 has resulted is a deposition ratio of only 1.4:1. 
Although Eq. [3] predicts a cubic dependence on gap, the 
observed typical variations are close to linear. This is be- 
cause the gas flow in each channel is strongly influenced 
by th e gas flow in the channels above and below it. During 
the experimental  deposition shown in Fig. 9, only one box 
was shimmed, and in ribbon production the variations in 
gap spacing in one box were statistically uncorrelated with 
variations in the surrounding boxes. The cubic depend- 
ence on gap is therefore a worst-case which is rarely seen. 
Figure 9 clearly shows the need for tight tolerances on the 
partition and groove machining. 

The most significant error made in the simplifying as- 
sumptions leading to [6] is that S(x, y) remains constant. At 
startup and shutdown (top and bottom boxes) variations in 
S(x, y) are unavoidable. The lack of thermal conduction at 
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the breaks between boxes distorts the thermal profile, 
tending to make each box isothermal. The net result is a 
slightly thicker deposit on the upstream side of each par- 
tition. 

Conclusions 
A novel CVD reactor for the growth of semiconductor 

polysi]icon sheets and carbon films is reviewed. Gas flow 
through the reactor is analyzed to predict the effect of par- 
tition spacing on deposition uniformity. The scaling be- 
havior of the deposition zones is examined as a function of 
process parameters. Techniques for avoiding homogene- 
ous nucleation are presented. Thickness maps for both 
static and integrated depositions are shown. Silicon sheets 
produced in this reactor and released by the pyrocarbon 
oxidation undercut  process (2) were used as feedstock for 
a solar cell process. 

Acknowledgments 
This work was performed at Solavolt International, 

which was a partnership of Motorola Solar Energy and 
SES (a subsidiary of Shell Oil), and to whom thanks are 
due for permission to publish. Thanks are also due to the 
Solavolt Equipment  Engineering Group, especially Bill 

Smith and Larry Grenon, who designed four generations 
of CVD reactors, and to the Poly-Dep Group (Charles 
Chanley, T. Bruce Koger, and John Rice) for valuable dis- 
cussions and experimental  assistance. 

Manuscript received Nov. 18, 1988. 

REFERENCES 
1. K. M. Lau and R. Dat, IEEE Trans. Electron Device, 

ED-31 1086 (1984). 
2. J. J. Bernstein and T. B. Koger, This Journal, 135, 2086 

(1988). 
3. R.W. Gurtler, A. Baghdadi, R. J. Ellis, and I. A. Lesk, J. 

Electron. Mater., 7, 441 (1978). 
4. R. B. Bird, W. E. Stewart, and E. N. Lightfoot, "Trans- 

port Phenomena," pp. 80-81, John  Wiley & Sons, New 
York (1960). 

5. J. S. Newman, "Electrochemical Systems," pp. 311-322, 
Prentice Hall, Englewood Cliffs, NJ  (1973). 

6. M. H. Back and R. A. Back, in "Pyrolysis: Theory and 
Industrial Practice," L.F.  Albright et al., Editors, 
p. 21, Academic Press, Inc.; New York (1983). 

7. D. E. Brown, J. T. K. Clark, A. I. Foster, J. J. McCarroll, 
and M. L. Sims, in "Coke Formation on Metal Sur- 
faces," L.F.  Albright and R .T .K .  Baker, Editors, 
pp. 23-43, A.C.S. Symposium Series no. 202, Washing- 
ton, DC (1982). 

Flow Characteristics of Novolak and PMIPK Type Photoresists in 
Baking Treatment as Related to Pattern Curvature 

Makoto Morijiri,* Shinji Norishige, and Masanobu Hanazono 

Hitachi Research Laboratory, Hitachi, Limited, Hitachi City, Ibaraki 319-12, Japan 

Shin-ichi Hara, Harunobu Saito, and Masayuki Hayashi 

Odawara Works, Hitachi, Limited, Odawara City, Kanagawa 256, Japan 

ABSTRACT 

We studied cross-sectional shape changes of two types of photoresists in postbaking treatment as related to the radius 
of pattern curvature, thickness, and postbaking temperature. Using a 140~176 postbaking treatment, novolak based 
photoresist patterns (thickness: 3-4 ~m) lean and hang over toward the center of the pattern curvature. These phenomena 
were reflected in the small radius pattern curvature. On the other hand, for the same treatment the cross-sectional shape of 
the PMIPK type photoresist (thickness: 2.5-3.5 ~m) was symmetric in the curvature. These phenomena were probably 
caused by the difference in surface tensions between the two types of photoresists. The PMIPK type photoresist was 
found to be well suited to use in redepositionless mask patterns for ion milling processing. 

The ion milling method has come to be widely used in 
microelectronic circuit fabrications. Hanazono et al. (1) 
have fabricated thin film magnetic heads based on a dry 
process using the ion milling method. We have applied the 
ion milling method for the conductor coil windings of thin 
film magnetic heads. 

Figure 1 shows a plane view of a thin film magnetic head, 
which is used in the Hitachi DK815-10 disk storage system. 
This head has double layered, 17-turn conductor coil wind- 
ings with a pair of upper and lower magnetic yokes. The 
conductor coil windings are in the form of an elliptical oval 
shape. The radius of the pattern curvature of the con- 
ductor coil is the smallest in the innermost coil winding 
and the largest in the outermost one. 

Using the ion milling method, there is a redeposition 
layer problem (2). When the angle of the cross-sectional 
shape of the photoresist pattern is large, the redeposition 
layer grows on the sidewall of the photoresist pattern. The 
redeposition layer is left behind on the etched pattern after 
the photoresist pattern is removed. To avoid this layer, the 
photoresist patterns are baked to round them and to de- 
crease the angles of the cross-sectional shapes of the mask 
patterns (3). 

*Electrochemical Society Active Member. Fig. I. A plane view of the thin film magnetic head 
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