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Abstract—This paper presents techniques for measuring a new
set of parameters used to describe the image forming properties of
positive photoresist [1]. Exposure is described by three optical pa-
rameters, A, B, and C, through which the process is modelled. De-~
velopment is described in terms of a rate relationship R(M) be-
tween the rate of removal of photoresist in the developer and the
degree of exposure of the photoresist. This set of functional param-
eters provides a complete-description of positive photoresist eXposure
and development, and is the basis for the theoretical process modell
dlscuuedintheaecompanyingpapon. ) T
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P - POSITIVE PHOTORESIST

POSITIVE actmg photoresists, of the type exemphﬁed
: by the Shipley Company’s AZ1350J, are composed
-+ of threé components: a photoactlve compound, a base
resin, and a suitable organic solvent system. The patent
literature [2] suggests that the structures shown in Fig. 1
are typical of these systems.

In the absence of the photoactive compound, a film
composed only of the base resin is moderately soluble
in the aqueous alkaline developer usually employed with
this system, with a removal rate of about 15 nm/s. When
the photoactive compound is present, typically in the

-amount of 25-30 weight percent, the dissolution rate
of unexposed photoresist film is reduced to the range of
0.1-0.2 nm/s. Hence the term “inhibitor” is introduced
to emphasize the functional role of the photoactive
component inhibiting dissolution. Radiant energy in the
wavelength range of 300450 nm destroys the inhibitor
component and results in an ¢ncreased film dissolution

~ “rate of up to 100-200nm/s in the déveloper system,
depending upon the fraction of inhibitor_ remaining.
Our choice of photoresist characterization parameters

has been dictated by the need for the parameters to be

useful in theoretical calculations of image profiles resulting
from exposure and development of a photoresist film
[3],[4]. Any set of parameters sufficient to predict
photoresist performance will be sufficient to glve quantita-
tive type to type and batch to batch comparisons. They
will also allow processing variations to be studied with the
aim of process improvement and optimization.

The need to convert optical exposure effects into
photoresist surface contours after development has led
us to characterization parameters with a strong physical
basis and only a weak link to the chemistry of the process.
The parameters we use to describe photoresist performance
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The 'photoresist process convemently sepa.rates |
two distinet parts: exposure and. development
is an optical process which chemically alters the
resist; development is a surface dissolution process
removes the photoresist at a rate which depends upon _
degree of alteration. sl

For positive photoresist, the absorptlon of light b 4
photoactive inhibitor can be used asa ‘tag for this €0
pound. This absorption decreases &5 the compoun
destroyed. The decrease is localized to the immedia
region where the destruction occurs. We find that we can
describe this behavior in terms of three paramef
A, an exposure absorption dependent term; B, an e
independent absorption term;and C, an optical sensi mt
term. We describe an exposed photoreslst film in"terms’
M, the fraction of inhibitor remaining after exposure rela-
tive to that before. The values of A, B, andC are dependent
on exposure wavelength; they must be measured over a
range of wavelengths to completely characterize the photo-~
resist for exposure by broad band radiation.

Development of positive photoresists under pra.ctlca.l’.
conditions can be described as a surface-limited etching . §
reaction. The rate of this reaction is controlled by the
resist chemistry, its degree of exposure (M), and the
developer chemistry. Holding the resist and developer
chemistry constant, we can measure the etching or re-
moval rate, B, as a function of relative inhibitor concen-
tration M. This function, R(M), fully describes the
development process for a given resist (composition and
processing) and developer (concentration and tempera-
ture) chemistry. In general, the rate is only weakly de-
pendent on developer flow-rate or agitation.

RESIST REQUIREMENTS FOR
CHARACTERIZATION

The characterization procedure described in this paper . :.
is valid only for positive photoresists, and even then with
qualifications required to make the resist parameters i
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Fig. 2. Optical transmittance of unex&losed AZ1350J photoresist as
a function of film
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fulfill the assumptions of the theoretical model. These
requirements can be met by the positive photoresists
we have studied to date provided suitable processing

" . conditions are used.

The photoresist film after application to the substrate

. and drying must be a uniform isotropic medium. It must .
. have uniform thickness (on both micro and macro scales)

ayer the region used for characterization. It should be

% chemieally isotropic so that its response to exposure and

development is uniform throughout the film. Particularly,

§{ . radial (starburst) thickness variations often associated

the application of photoresist by spinning must be

" avoided.

Since optical absorption measurements will be an

" important part of the characterization, several qualifica-

tions must be met. Optical scattering must be small so

that the material can be described optically by its.index.

of refraction and an absorption coefficient, a. Meas-
urement of the transmittance of unexposed Shipley
AZ1350J photoresist films as a function of thickness, as

shown in Fig. 2, shows the logarithmic dependence &x- .

pected from Beer’s law and indicates that this assumption
is reasonable for this photoresist. The inhibitor must
contribute significantly to the optical absorption of the

* resist at exposure wavelengths. Destruction of the in-

hibitor must change this absorption in a manner that can
be described by a single optical sensitivity term. Although
multiple photoactive species have been treated in theory
[5], we feel that it-is unlikely that more than a single
sensitivity term can be derived from practical measure-
ment techniques. o
The rate of destruction of the inhibitor must be pro-
portional to the local exposure intensity. This implies
exposure reciprocity (the effects of exposure depend on

. exposure energy), so that intensity and time can be ex-
‘changed freely. Fig. 3 shows that the effects of exposure

do depend on exposure energy, independent of intensity,
for Shipley AZ1350J photoresist [6]. As far as we know,
there are no verified deviations from reciprocity for posi-

- tive photoresists.

For characterization purposes, the photoresist films
must be on special glass substrates which closely match
the index of refraction n of the photoresist. This is
necessary to minimize reflections back into the photo-
resist from the resist-substrate interface. Such reflections
cause coherent optical interference effects which are
normally present with resist layers on silicon and signif-
icantly complicate any exposure calculations, as is seen
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Fig. 3. Resist thickness after develo, })ment as a functioh of exposure
energy for different values of illumination intensity.

in the accompanying papers. Ptactically, it is only possible
to match the real part of the index of refraction, but the
extinction coefficient typically is small enough (k¢ < 0.03)
that this introduces little error as long as n is matched.

For AZ1350J, polished disks of Schott SSKN5 optical
glass are used as substrates. These have an index of 1.70
at 404.7-nm wavelength; this matches the resist well.
A quarter wavelength coating of MgF; is used on the
back surface of the substrate to reduce reflection there
from nearly 7 percent to under 1 percent. For exposure
by anything but a laser source, this back-surface reflection
is incoherent, but it is convenient not to have to consider
it in the computations.

We postulate that the rate of dlssolutlon -of an exposed
photoresist film is only a function of the local inhibitor
concentration, M. Essentially we have described a surface
controlled etching reaction, rate limited by the local
concentration of inhibitor, M, at the film—developer
interface. We make no a priori assumptions as to the
detailed chemistry or mathematical form of this develop-
ment rate relationship, B (M). .

Diffusion and swelling at the resist interface, or local
changes in developer action due to developer byproducts,
could invalidate the surface-limited reaction assumption—
so could a chemical reaction rate controlled by the average
inhibitor concentration for some distance into the resist,
comparable to the variation due to interference effects
(50 nm).

Our experimental evidence indicates that the surface-
limited rate assumption is valid in the bulk photoresist
film. At the original film surface, initiation effects have
sometimes been seen. One might postulate such effects
near the vicinity of any dielectric discontinuity, e.g.,
in the vicinity of the substrate-photoresist interface.
We have not as yet investigated these aspects in detail,
but the model can be extended to include this type of
interface effect. ,

If one pays reasonable attention to recommended
processing conditions, many positive photoresists can be
characterized using our procedures. Optical scattering
is a small effect in most films. Extreme thermal processing
conditions can cause failure of the uniformity requirement.
Multiple photoactive species could be present in some
resists, but we have not seen any evidence of this in resists




thus far studied. Major changes in developer chemistry

might invalidate the surface-limited rate assumption,
but again we have no problems to date.

The common negative photoresists do not fit this
picture at all. Exposure occurs via cross-linking large
molecules, not destruction of a single photoactive species.
Development usually involves diffusion of developer into
the resist and considerable swelling of the resist film. The
characterization and modeling of these materials has not
been attempted.

OPTICAL ABSORPTION OF POSITIVE
PHOTORESIST

For photoresist films on oi)tically matched substrates,

- the mathematics of exposure is significantly simplified.
With light passing through the resist without reflections
we can use 8 Lambert—Beer Law to descnbe the optlcal _

absorption

dl
dx

I the light intensity

z  the distance from the resist—air interface

m; the molar concentration of the 7th component

a; the molar absorption coefficient of the sth com-
ponent.

For positive photoresists, we need to consider three

“absorbing species: the inhibitor, the base resin, and the

reaction products. Exposure converts inhibitor to reaction
products, reducing the total absorption of the film. We
use these changes to characterize the photoresist for ex-
posure.

For positive photoresist,

oI (xt
B8 I lam(ed + am(at) + am(s)]
(2)
where
I(z,t) light intensity at any depth (z) in the film
and exposure time (t)
a: . molar absorption coefficient of inhibitor’
a; ~  molar absorption coefficient of base resin
as molar absorption coefficient of reaction prod-
ucts
my(z,t) molar concentration of inhibitor
me(z,t) molar concentration of base resin
ms(z,t) molar concentration of reaction products.

The destruetion of inhibitor is given by

 omy(a,t)

= ~m@)I()C (3)

where C is the fractlonal decay rate of inhibitor per unit
intensity.

I (2,8 : . SR
a_g:_) = —I(z)[m(zt) {a — aa} + azma + amas
Norinal';zing relations,

M(z,t) =-ﬁ‘(—3’2 fractional inhibitor con-
' centration ... .
= (a1 — G3)Myo [A4] = L7 (um™) = (10)

implicit:
1(0,t)

m1($,0) = M

= I,

initial inhibitor uniformity

®)

resin uniformity and con~

stancy (resin does not
bleach) 6)

1-mole inhibitor — 1-mole
reaction produect. (7

ma(2,) = may

m‘(z:t) = my — ‘ml(z:t)

Substituting into (2),

B = (ayma + asmo)
c=C

[B] = L7 (um)  (11)
[c1= I2E\(em?/mJ). -

Substituting these into (2) and (3) yields the workmg'_"
equations

% = _I(z,t)\EAM(z,t) + BJ | (13)
9%@ = —I(zt)M(z,)C. e

These equations are subject to the following initial
conditions (before exposure):

M(z0) =1 (15)

1(z,0) = Iyexp [—(4 + B)z] (16)

and boundary conditions (at the resist—air interface):
I(0¢) =1 : (17) .3

M(0,t) = exp (—I,Ct). - (18)

Equations (13) and (14) can be solved by stra.ight—
forward numerieal integration techniques for I(z,f) and
M (z,t) once A, B, C, and I, are specified.

RELATION OF 4, B, AND C TO RESIST
OPTICAL TRANSMITTANCE

The internal transmittance, T, of a photoresist film ' -
on a matched substrate is given generally by {
i

T(t) = exp [—/: (4M(zf) + B) d?] a L
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M where d is the resist film thickness. For an unexposed film,

N

" this reduces to
T©) =exp[— (4 +B)d] - (20)
and for a completely exposed film
‘: T(w) = exp [~ Bdl (21)
! ~ Therate of change of transmittance is given as
| 29[ ure+mz]
{ 2=~ Ty | [ aMen +Bra] @)
. dT(2) f’ OM (z,t)
—= = - = dg, 2
)7 TA o dx (23)

At the start of exposure, (14) and (16) can be combined
to give

oM (z,0)

py = — Clyexp[— (4 4+ B)z] (24)

so that the initial change in transmittance is

vy

dT(0)
Tde

dT(0)

IC. 26
= o (26)

= T(0)[1 — T(0)]

A+B

his leads us to a set of asymptotic relationships for
L, B, a.nd C based on. the transmittance of a resist film

= (1/d) In [T(»)/T(0)] 27
"B=— (1/d) In T() (28)

A+B dT(0)
ALT(0){1—T(0)} adt

= (29)

MEASUREMENT OF A, B, AND C

e optical transmittance of photoresist films during
sure is easily determined. Fig. 4 shows a typical
megsurement environment. A uniform monochromatie
~light beam is used to expose the resist film, and the
intensity transmitted through the resist film and sub-
" strate is measured using the detector. In practice, we use’a
. calibrated incident-flux meter which can be moved to the
. - position of the resist sample to determine the light in-
[ tensity incident on _the resist film. We generally use a
- digital computer to acquire and store transmittance data;
- this is a considerable convenience for calculating and re-
- fining A, B, and C values.
" The reflectance from the resist—air interface is accounted
or by measuring the intensity transmitted through an
uncoated glass substrate. Since the glass and the resist have

- T(O)A/ Clyexp [— (A + B)z]dz (25)
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Fig. 5. Optical transmittance of a 2.2-um film of AZ1350J photo- :

resist as a function of exposure time.

the same index of refraction, they have equal front-sur-
face reflections. Fig. 5 shows the optical transmittance
of a 2.2-um film of AZ1350J photoresist. This measure-
ment was made at a wavelength of 404.7 nm with an in-
cident flux of 0.5 mW/em?.

We use (27), (28), and (29) to calculate initial values
of 4, B, and C. Better values can be calculated ‘using

Mo &
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the entire transmittance curve. This is done by a computer
program which modifies the estimated A, B, and C values
to give a best fit to the transmittance curve. Equations
(13) and (14) are used with the initial estimates of 4, B,
and C and the measured film thickness d to calculate the
transmittance of the resist film T, (¢) over the experimental
time interval. This is used to find the mean square de-
viation, MSD, from the experimental curve T,(f):

N
MSD = (1/N) E [T.(t) — T.(t:) 2.

One variable such as A is incremented and decremented
by a small amount such as 1 percent, and MSD ecal-
culations repeated as is shown in the plot of MSD as a
function of 4 in Fig. 6.

A refined -estimate of A is determined by ﬁndmg the
minimum of the parabola drawn through the three cal-
culated points. This new value of A is used with the
previous B and C values to obtain a refined value for B.
Similarly, the new A and B values are used with the pre-
vious C value to refine that term. This refinement is
repeated until the MSD is small enough or no longer de-
creases with repeated calculations. Typically one needs
to recalculate A, B, and C values twice to obtain better
than 1-percent rms fit, i.e., MSD < 0.0001. The refined
values of A, B, and C typically differ from the initial
estimates by approximately 5 percent.

These values of A, B, and C together with the real part
of the index of refraction can be used as a specification
of the exposure properties of a photoresist film for a
particular wavelength. Complete specification requires
measurement for the wavelengths or wavelength ranges
used for practical resist exposure. Table I gives typical
values of 4, B, and C, and -index of refraction n for
AZ1350J photoresist at the three principle mercury
spectral lines used for exposure.

MEASUREMENT OF THE DEVELOPMENT
RATE CURVE

Once we have determined 4, B, and C, we can numer-
ically integrate (13) and (14) to determine the inhibitor
distribution for similar resist films on matched substrates
exposed in our experimental environment for " specific
lengths of time. Fig. 7 shows normalized inhibitor con-

(30)

-to allow 4n-situ resist thickness measurements during’

A,B,C ExrosuRE PaRaMETERS FOR AZ1350J PHOTORESIST AT THE
Y MERcURY LINES USED FOR EXPOSURE %
(70°C, 1-h PREBAKE)

Wavelength A B C
(nm) (@m™) (m=) (cm?/mJ) n
435.8 0.54 0.06 0.014 1.68
404.7 0.86 0.07 0.018 1.70
365.0 0.74 0.20 0.012 1.72
1.00 °

H

M - RELATIVE INUIBITOR GOMCENTRATION
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120

200 mi/ca?
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0.0 0.50 1.00 150

DEPTH INTO PHOTORESIST (um)

Fig. 7. Relative inhibitor concentration as a function of depth into
a photoresist film on a matched substrate for d1ﬂ"erent €Xposure
energies. v

centration as a function of distance from the resist—air
interface for different total exposure energies. In the
matched environment, the inhibitor distribution does not
depend upon resist thickness, making these calculations
useful for films up to 2 um. .
- Note that even for this relatively simple exposure.
environment, inhibitor concentration is never uniform
once exposure has started. With relatively thick films, a
considerable exposure (inhibitor concentration) range
may be contained within a single photoresist film. Meas-
urement of the development rate of such a film as a func- |
tion of depth into the film then allows characterization ..
of development for that inhibitor range.
As we said before, we make no assumptions about the
form of the relationship between inhibitor and develop-
ment rate. This relationship is measured during develop-- . :
ment of films with known inhibitor distribution. Use of the
optically matched substrate greatly simplifies calculation
of inhibitor distribution; it also, however, makes an optical -
determination of film thickness during development a f
challenge.
The development apparatus used is specifically dwgned
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‘development. The development cell shown in Fig. 8 holds
the sample during development. The fiber-optic probe
s the sensor for the IOTA scanning spectrophotometer [7]
used for thickness measurements. The absorbing surface
behind _the substrate prevents unwanted reflections.
eloper is provided at a controlled and flow rate during
easurement. . :
Ithough the substrate has been chosen to be optically
hed to the photoresist at exposing wavelengths,
cient mismatch occurs in the 550-800-nm wavelength
e to permit repeated thickness measurements of the
film during development. The accompanying paper
in-sity measurements describes the measurement
ique in detail. Typically 200-500 thickness measure-
‘aré made of resist thickness during development.
t measured thickness values are subtracted and
he time between readings to determine rate,
eh associsted with the inhibitor concentration
that Jocation in the resist film.
ore resist samples are used to determine an
experimental development rate curve as shown in Fig. 9.
This curve is for AZ1350J photoresist developer at 20°C.
*The development rate of unexposed photoresist can be
% geparately measured to get a value for M = 1. This is
] usually done with a resist film on bare silicon, making
(¥ thickness measurements much easier.
" For modeling purposes, we generally need an analytic
" relationship between inhibitor concentration and rate
of removal. We presently are using a least-squares fit
.to the experimental data of the form:

R = exp (B, + EaM + EM). (31)

good agreement to the experi-
ues of M. It often, however,
m in rate at some low M
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Fig. 9.
. developer: HyO at 20°C (70°C prebake).

value, Maia below which the fit is unreasonable. This

can usually be ignored since the development rate for.

small M values is so high that it can be considered infinite.

RESULTS

A number of photoresist materials have been charac-
terized for their use under typical processing conditions.
Table I shows the A, B, and C exposure parameters
typical of Shipley AZ1350J photoresist processed with a
70°C prebake before exposure for 1 h. These 4, B,and C
values represent a characterization of the photoresist
as prepared for exposure. Thermal treatment for drying
photoresist can alter these values as shown in Table IL

Here A, B, and C are measured for 404.7-nm exposure

wavelength with prebake temperatures of 70, 100, and
130°C.

The reduction in A indicates that about one-half of the
photoactive compound is destroyed by the 100°C bake

and over 95 percent by the 130°C bake. The invariance of .

C indicates that what inhibitor remains is probably the
same cormpound since its sensitivity is unchanged. The
increase in B would indicate that the thermal destruction
of the photoactive material is different from the optical
process. In all three cases, the relative inhibitor concen-
tration at the start of exposure is taken as unity. Thus
M has chemical meaning only relative to the state of the
photoresist as prepared for exposure. There will be a
significant difference in these three samples for any value
of M produced by exposure.

Table III shows comparative 4, B, and C values for.

other typical positive photoresist materials. Exposure

properties of these resists are seen to vary widely.

In Fig. 9, we have shown the development rate curve,
R(M), for AZ1350J photoresist, prebaked at 70°Cforlh
and developed in 1:1 AZ developer: H:O at 20°C. This
curve, like the exposure parameters, is affected by pre-

exposure processing. Fig. 10 shows R(M) for the same - '

resist processed under the same conditions except for a
100°C prebake. Developer chemistry is another parameter
in the resist description. Fig. 11 shows a R(M) curve
for AZ1350]J resist under conditions equal to Fig. 9 except

D1 S




DILL . POSFTIVE PHOTORESIST
' TABLE II .
A,B,C ExposvrE PAraMeTERS FOR AZ1350] PHOTORBSIST

PrEBAKED POR 1 h AT THREE TEMPERATURES (404.7-nm
’ ExposURE WAVELENGTH)

TABLE IV .
DeveLoPMENT RATE Frr ParaMETERS FOR TYPICAL HIGH-
ResoLuTioN ProToRBSISTS (21°C DEVELOPMENT TEMPERATURE

Prebake Developer

Prebake .| B C Photoresist (1 h) Dilution E;
Temperature (em™) (um™) (cm?/mJ)
AZ13507 70°C 1:1 5.63
70°C 0.89 0.077 0.018 AZ1350J 70°C cone. 2.24 16.92
100°C 0.48 0.114 0.019 AZ1350J 100°C 1:1 4.39 .
130°C 0.026 0.131 0.019 AZ111 70°C 1:1 59 -1.1
"TABLE III
A,B,C Exrosure ParaMETERS FoRr Tyricar Hrea-REsoLuTioN 10 : .
PrOTORESISTS (404.7-nm ExrosurE WAVELENGTH) T
Prebake A B c gy
Photoresist (1 h) (um™?) (um™?) (cm?/mJ) v
AZ1350] 70°C 0.86 0.07 0.018 i f, et
AZ1350F 100°C 0.48 0.114 0.019 E : ST
AZ111 70°C 0.510 0.023 0.016 M
GAFT PR207 70°C 1.13 0.14 0.018 E ’
- g
100 g ! -
! “
C 1 T R
Ry ) .2 . .6 R
£ o M - RELATIVE INHIBITOR CONCENTRATION
£ Fig. 11. Develogment rate curve for AZ1350J photoresist in ‘
2 centrated AZ developer at 20°C (70°C prebake). Analytic fit
g Fig. 9 shown for comparison. - LT o
g‘ l 1 -
g 100
3 —
£
1 R
0 .2 .4 .6 8 1 " g
M - RELATIVE INHIBITOR CONCENTRATION

Fig. 10. Development rate curve for AZ1350J photoresist in 1:1
AZ developer: H:O at 20°C (100°C prebake). Analytic fit to
Fig. 9 shown for comparison.

for the use of concentrated AZ developer at 20°C. The
fit to Fig. 9 is shown for comparison. ‘

Fig. 12 shows the R(M) curve for Shipley AZ111
photoresist. This is another high-resolution positive
photoresist. Prebake was 70°C for 1h and development
in 1:4 AZ303 developer: H;O at 20°C. It shows signifi-
cantly less range in its development rate than AZ1350J as
shown by the fit to Fig. 9. The range of parameter varia-
tion presented in this paper has a significant effect on
images made with photoresist—measurement and control
of resist performance parameters is just as important
as control of other parameters such as exposure and
development times, uniformity of exposure illumination,
and developer concentration and temperature.

The rate curves shown in Figs. 9-12 can be summarized
by the three exponential fit parameters of (31), shown
in Table IV. The exponential fit parameters to the BR(M)
curve, E,, F;, and E;, are not useful for M values less than
the Muni, shown. For M greater than Mo, however, the
analytic fit is much more convepient than an experimental
curve.

R - DEVELOPMENT RATE {nm/sec}

a1 i
) 2 ) .6

M - RELATIVE INHIBITOR CONCENTRATION

Fig. 12, Development rate eurve for AZ111
AZ303 developer: H;O at 20°C (70°C preb
Fig. 9 shown for comparison.

hotoresist in 1:4
e).lAnalytic fit to L

CONCLUSIONS

The parameters presented in this paper provide an -
adequate mathematical description of the image-forming
properties of positive photoresist; this is demonstrated
through their use in photoresist modeling in the ac-
companying papers. Variation of preprocessing, resist
materials, developer type and . concentration, exposure
time, and development time can result in considerable -
variation of image-forming performance. With the auto- "
mated techniques presented, characterization of photo-f :
resists can become a routine matter. Used in conjunction



¥ with process models, these measurements become a
powerful tool for evaluating potential performance
differences given by different resist materials and proc-
‘esses, and their implications for the microelectronics

manufacturing industry.
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¢ Abstract—A system has been developed which permits the mea-
M. “gurement of dielectric film thicknesses in-sifu during development
or etching processes. This can be extended to growth or deposition
ﬁrocesses. Two examples of its uses are presented: the determination
=" ‘of the thickness of phosphosilicate glass layers on silicon dioxide
... coated silicon wafers by making use of the etch rate differences, and
he monitoring of photoresist thickness during development to char-
acterize the photoresist development process.

INTRODUCTION

A: . CONSIDERABLE amount of information about the
A properties of thin films can be obtained by measuring
tch rate as a function of depth into the film. This pro-
a8 some particularly important applications in the
nductor industry. For example, inhomogeneities or
daries between films of essentially identical optical
perties can be located by examining the changes in the
‘of etch. Another important application is in the
characterization of the etching (developing) processes in
# .photoresist materials.
" Until recently, measurement of etch rate was tedious and
f time consuming. Conventional thickness measurement
B - techniques were too slow to permit ¢n-sifu measurement of
:: film thickmess during the process under investigation.
Therefore, such determinations generally used multi-
measurement techniques. Either one sample was etched
::for & short period of time, the thickness measured and the
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'

etching and measurement processes repeated, or multiple

"identical samples were etched for differing periods, then-
measured. Such procedures are tedious and inaccurate .

when compared to in-situ thickness measurements while

MEASUREMENT EQUIPMENT
'AND TECHNIQUE

The instrument used for performing sn-sifu measure-
ments is a computer-controlled spectrophotometer pre-
viously described in the literature for static thickness meas-
urements [1]. A brief discussion of the apparatus is pre-
sented here; the reader is referred to the literature for a
detailed presentation on the equipment as well as the analy-
gis techniques employed. '

- Fig. 1 shows a block diagram of the spectrophotometer.
The heart of the instrument is a circular interference filter
whose transmission wavelength is dependent upon its an-
gular position. The 180° filter segment is alternately
rotated through two optical paths, thus producing a wave-
length scan from 400 to 800 nm in each. During the first

180° of rotation, light from the source is directed through

the rotating filter and then to a photomultiplier by means
of fiber optics. During the second half of the rotation,
another set of fiber optics conducts the light through the
filter and onto the sample under investigation. The light
reflected from the sample is then channeled to the photo-
multiplier. By the use of an analog-to-digital converter
triggered from the optical encoder on the filter shaft,

- readings can be obtained of the photomultiplier signal cor-




