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Contour Maps Reveal Non-Uniformity
In Semiconductor Processing

D. S. Perloff, F. E. Wahl, and J. D. Reimer

Signetics Corporation, Sunnyvalie, California

Iso-sheet resistance and iso-thickness contour maps are presented which reveal distinctive
patterns of non-uniformity in some of the standard processes used for fabricating devices
in silicon wafers. Rapid data acquisition, analysis, and display techniques make it possible
to employ wafer mapping not only for process development and research but for control
purposes as well, An example is given of process control data obtained over a period of six
months for 3 in. diameter ion-implanted silicon wafers.

HE FABRICATION OF DEVICES in silicon wafers in-
T volves a series of doping operations in conjunction
with the growth and deposition of insulating films. In
order to assure that a maximum number of devices will
be functional and meet desired performance criteria, the
variation of critical process parameters such as sheet re-
sistance and film thickness must be carefully controlled.

An experimental assessment of the factors which in-
fluence the wafer homogeneity of a particular process
generally requires the use of automated wafer-test and
data processing equipment. Using values for the mean
and standard deviation, one may make a statistically
meaningful comparison between wafers processed under
different conditions. With the addition of computer
graphics techniques, the distribution of experimental data
may be displayed in the form of frequency plots (histo-
grams),? two-dimensional maps,?5 and three-dimen-
sional perspective drawings.!-? In this paper, two-dimen-
sional contour maps are employed for exhibiting the spa-
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tial variation of parameters such as sheet resistance and
film thickness. This approach presents measurement data
in a format which is easily comprehended not only by
those performing the wafer characterization but by those
responsible for maintaining or improving a particular
semiconductor process.

Figure 1a illustrates a simple two-dimensional presen-
tation of data which is the starting point for constructing
contour maps. The numerical values (. .. —2, —1, 0,
+1, +2, .. .) represent, rounded to the nearest integer,
the per cent deviation from the mean sheet resistance for
118 measurements (grid separation 0.222 in.) made on
a 3 in. diameter phosphorus-diffused p-type silicon wafer.
The mean sheet resistance p, is indicated at the lower left
and the uniformity, defined* as = 20/ps X 100% (< is
the standard deviation) is at the lower right of the map.
As the interested reader may verify, when equal nu-

*This definition of uniformity accounts for 95% of all readings
if the data are distributed normally.
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Fig. 1—(a) Deviation map and (b) contour map for a phosphine diffusion (middle of boat).
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Fig. 2. N-type substrate (7 ohm-cm).
— -

1026.94 OHM/SQ. + 7.35 %

Fig. 3—N-type epitaxial layer (I ohm-cm).
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merical values are grouped in Fig. la by sketching a
series of closed contours, a radial pattern of variation
emerges. Figure 1b illustrates this method of treating the
data using iso-sheet resistance contours constructed by a
specially developed computer program operating in con-
junction with a high-speed electrostatic plotter. The
heavy contour line (labeled 1.00) represents pz, while
the lighter contour lines (labeled . . . 0.98, 0.99, 1.01,
1.02 . . .) differ from p; in increments of 1%. The sym-
bols +(—) signify the location of experimental points
whose resistance values are greater (less) than ;. Values
of ps which fall outside of pre-assigned sorting limits are
represented by the symbol x.

The authors have found “1% ”-contour maps to be a
dependable and effective means of disclosing the spatial
distribution of impurities and the variations in film thick-
ness which are characteristic of semiconductor processes.
In the following sections, a brief process “inventory” is
presented which serves to reveal the non-uniformity in
some typical processes. In each case, the data have been
obtained from 3 in. diameter silicon wafers.

Non-Uniformity in Sheet Resistance

Sheet resistance is the parameter most widely used to
monitor impurity content because of the convenience with
which it can be measured both in and out of the wafer
fabrication area. Various test vehicles are used for this
purpose including the four-point probe, resistor geomet-
ries, and van der Pauw patterns.®

The data to be presented in this section were obtained
using standard in-line four-point probes either in con-
junction with photolithography defined rectangular test
patterns or on otherwise unprocessed wafers.* This ap-
proach facilitates the characterization of doped wafers
by minimizing the number of operations which must be
performed prior to testing.

The test system employed for the acquisition of sheet
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Fig. 4—Phosphine diffusion with flow from (a) right to left and (b) left to right (wafers faced each other in the

source end of a diffusion boat).
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