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Abstract— We have continued development of Optically Re-
configurable Gate Arrays (ORGAs) to realize larger virtual
gate count VLSIs than currently available VLSIs. The grain
and structure of ORGAs must be changed depending on their
dynamically reconfigurable applications. Therefore, an ORGA
development tool must be easily customizable for changes of the
grain and structure. This paper presents an easily-customizable
logic synthesis, and a place-and-route environment of ORGAs
using appropriate software tools (Design Compiler and Apollo;
Synopsys Inc.).

I. INTRODUCTION

Optically Reconfigurable Gate Arrays (ORGAs) with a
holographic memory have been developed to realize virtual
gate counts that are much larger than those of currently
available VLSIs [1], [2]. To use ORGAs, development of tools
is extremely important.

However, synthesis, and place-and-route tools for many pro-
grammable devices are specialized for specific target devices.
Customizing them for other devices is usually difficult. Of
course, FPGA tools, as well as SIS and VPR tools are available
[3], [4], [5]. However, to adapt to a wide variety of fine
grain architecture to coarse grain architecture, much effort is
required.

Therefore, this paper presents an easily-customizable logic
synthesis, place-and-route environment of ORGAs for any
target using a logic synthesis tool and the place-and-route tool
(Design Compiler and Apollo; Synopsys Inc.).

II. TooL ENVIRONMENT FOR ORGAS

Apollo, Design Compiler, and Perl Script language are
used to realize an easily-customizable logic synthesis, and
place-and-route environment. The overall environment of our
customized tool is shown in Fig. 1. In this environment, VHDL
and Verilog languages are useful to produce reconfiguration
contexts of an ORGA. Of course, C and C++ languages can
also be used to develop the contexts by introducing a C or C++
compiler tool such as SpecC or SystemC in addition to them.
The procedure progresses according to the following steps.
First, a behavioral VHDL or Verilog design file is given to
Design Compiler and the behavioral HDL design is converted
to a structural HDL design in Design Compiler. Then, the
structural HDL design is provided into Apollo and a place re-
port file is output from Apollo. Finally, optical reconfiguration
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Fig. 1.

TABLE I
VARIETY OF LEAF CELLS IN LEAF-CELL LIBRARY.

Function Pin LUT type
NAME Input-Output Input-Output
INV X-Y 1-1-LUT
NAND2 X1,X2-Y 2-1-LUT
NOR2 X1,X2-Y 2-1-LUT
XOR2 X1,X2-Y 2-1-LUT
NAND3 X1,X2,X3-Y 3-1-LUT
NAND4 X1,X2,X3,X4-Y 4-1-LUT
WIOBIN X 10BI
WIOBOUT Y I0BO

format is generated by converting the place report file using
Perl Script Language. Design Compiler functions to convert a
behavioral HDL design to a structural HDL design based on
the use of a leaf-cell library. Customizing the Design Compiler
involves the production of a leaf-cell library that is suitable
for a Look-Up Table (LUT) structure of ORGAs. A Look-Up
Table (LUT) of target ORGA-VLSI chips can be programmed
as a four-input one-output type. Therefore, often-used LUT
patterns are defined as leaf cells that are stored in the leaf-cell
library.

A place-and-route environment is constructed using Apollo.
The customization of the tool is to define design rules and to
design metal guards, and via guards.

Frame data corresponding to each leaf-cell in Design Com-
piler is constructed. The frame of a leaf-cell with one-input
one-output is shown in Fig. 2. All vertical wiring is prohibited
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Fig. 2. Design of a Look-Up Table (LUT) frame.

by placing a vertical metal guard. Therefore, the LUT con-
nection is realized using only horizontal wiring. In addition,
because one horizontal channel is surrounded by horizontal
metal guards, wiring across channels is not allowed. Although
many leaf-cells are defined in Design Compiler, the necessary
frame types of LUTs are only four: a one-input one-output
LUT; a two-input one-output LUT; a three-input one-output
LUT; and a four-input one-output LUT. Leaf-cells are placed
into dedicated places of gate arrays. For the unplaced rest area,
dummy leaf-cells are placed after leaf-cell placement.
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Fig. 3.  Design of an Input-Output Cell frame including a LUT cell.

Input-Output Buffer Frame cells are placed outside of the
gate array. The placement area is defined on dedicated places
of the gate arrays. These cells are constructed using forbidden
via areas and the wiring guard.

Fig. 4. Design of a switching-matrix frame.

The frame of a switching matrix is shown in Fig. 4. Each
transmission gate corresponds to a via. The wiring channel
of a switching matrix is guarded by a horizontal guard for
the first metal layer and vertical guard for the second metal
layer. Therefore, each wire is drawn along a wiring channel
between the metal guards and does not jump across each
wiring channel. The horizontal wire and vertical wire can be
connected only through a via. Therefore, because via guards
are implemented in seven places, except for one place, the

four-direction wiring and one-to-one connection of switching
matrix structure can be realized.

III. SYNTHESIS AND PLACE-AND-ROUTE RESULTS

Place-and-Route Result.

Fig. 5.

Using these tool environment, we have demonstrated a
single inverter with a 2 x 2 logic block structure. The result
is shown in Fig. 5. The correct routing is confirmed.

IV. CONCLUSION

This paper has presented easily-customizable logic synthesis
and a place-and-route environment for ORGAs using a logic
synthesis tool and a place-and-route tool (Design Compiler
and Apollo, respectively; Synopsys Inc.). This is the first step
of ORGA development environment. The implementation of
an optimization between dynamically reconfiguring contexts
remains as a task for future work.
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