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1. Introduction

In fabrication of semiconductor devices, increase in
mask cost and mask turn-around-time (TAT) becomes se-
rious problem. Furthermore, it is frequently necessary to
change the design for circuit correction and additional
function after the mask production. Consequently, devel-
opment cost becomes high and production period becomes
long. On the other hand, the market is diversified by infor-
mational globalization. In order to fill it, the product cycle
must be in short-period extremely. The semiconductor
manufacture industry is demanded to make large-item
small- volume products with shorter TAT and lower price.

In order to solve these problems, several approaches for
maskless lithography have been proposed [1]-[4]. Among
them liquid crystal display (LCD) in place of the mask for
the optical lithography have been demonstrated [2]-[4]. In
our previous work, the method of exposure with LCD pro-
jection image and the algorithm of circuit pattern data con-
version have already been reported as reticle-free exposure
method [3][4]. However, actual semiconductor device fab-
rications by reticle-free exposure method have not been
discussed.

The purpose of this paper is to verify the reticle-free
exposure method being applicable to LSI manufacturing.
The design and fabrication results for n-MOS transistor
process with reticle-free exposure method shown in order
to compare with conventional design and fabrication.

2. Reticle-free exposure method

Fig. 1 shows the configuration of the system for the re-
ticle-free exposure method. An LCD was used in place of
the conventional reticles. The light source was g-line
(wavelength: 436nm). The pattern designed by CAD can be
converted to bitmap format image, and displayed on the
LCD. The image on the LCD is directly projected onto a
wafer through the reduction lens (1/5) of a stepper. Fig. 2
shows the exposure sequence for pixel fill-in. The LCD
active area is smaller than the pixel size because each sec-
tion has a black matrix region. When the image displayed
on the LCD is projected onto a wafer, some portion of the
circuit pattern can not be exposed. This corresponds to
(A-B) in Fig. 2 because of the existence of the black matrix.
In order to simplify the data generation, one pixel is ex-

posed by two steps movement for the X and Y directions to
fill in the black matrix region of the pixels. This sequence
is also illustrated in Fig. 2. Sequence #1 through #4 shows
each step of the active area exposure, with subsequent wa-
fer-stage step-motion. The distance of the wafer stage
movement corresponds to one fifth of the exposed size of
the active matrix (i.e., (A-B)/5).
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Fig. 1 LCD Reticle-Free Exposure system overview
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Fig. 2 Exposure sequence for pixel fill-in

3. Circuit pattern data conversion

The circuit pattern data is designed with a common
CAD system. The pattern data conversion algorithm and
the flow from CAD data into a bitmap format data are il-
lustrated in Fig. 3. The structure of the circuit data is gener-
ally defined as polygons with a hierarchical structure. The
first step of the conversion is to collapse the hierarchy to a
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flat database and extract the polygons point coordinates
data. The second step is to generate bitmap data by fitting
the polygon data to their respective pixels.
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Fig. 3 Circuit pattern data conversion algorithm

4. Experiment

The fabrication of a semiconductor device was demon-
strated for an n-MOS transistor process, which include four
design layers. The test circuits, i.e. multiplier, ring- oscilla-
tor, test-element-groups, and so on, was designed by CAD
with chip size of 5.0x3.0mm, that corresponded to the
1024x768 pixels on LCD. Alignment patterns were also put
on each layer. The feature size was 5.2um that is defined by
the pixel size of 26um of the LCD.

The process was following. Field oxide was formed on
the 4” p-Si(100) wafer. The Ist patterning for active layer
was conducted on the filed oxide. After gate oxidation, the
gate material was deposited on the wafer. Then the 2nd
patterning for gate was carried out. After formation of n+
source/drain, interlayer was formed on the gate pattern fol-
lowed by the 3rd patterning for contact. Finally, metal in-
terconnect was formed by the 4th patterning.

5. Results and Discussion

The comparison results of the design rule for reti-
cle-free exposure method and general design rule (Arule)
are shown in Table 1. The patterning units is identical with

the one fifth of LCD pixel size; a 5.2-pum square in this case.

Therefore, 0.5% patterning or sizing are impossible. As re-
sults, layout area will be larger than general design method.
As one method for solving this problem, how to apply off-
set of 0.5 to the center coordinates of a wafer stage at the
2nd layer exposure.

Fig. 4 shows the test device exposure results. Fig. 4 (a)
shows a 4” wafer overview exposed by g-line stepper. Fig.4
(b) shows the photomicrograph of the gate after etching.
The alignment mark can be automatically detected and the
global alignment sequence was able to execute. Fig. 4 (c),
(d) shows the photomicrograph of metarization results.

In these results, the design rule for Reticle-Free Exposure
Technology has verified, and it filled global alignment ac-
curacy.

Table I Comparison of the design rule

Reticle-Free

Arule Design rule

1. Poly

1.1 Minimum size 1A 1A

1.2 Minimum spacing 1A 1A

1.3 Spacing to Active 0.5h 1A

1.4 Gate Extension 1A 1A
2. Contact/Via

2.1 Minimum size 1A 1A

2.2 Minimum spacing 1A 1A

2.5 Minimum overlap of Metal 0.5 1A
3. Metal

3.1 Minimum size 1.5% 1A

3.2 Minimum spacing 1.5 1A

Fig. 4 Overlap exposure results of the test device.

4. Summary and Conclusions

This paper was examined the design and manufacturing
of LSI which allied reticle-free exposure method. The de-
sign rule was verified, and filled the global alignment ac-
curacy. Therefore, this LCD reticle-free exposure method
has the potential of replacing conventional reticles in opti-
cal stepper lithography.
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