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Background

• 20 years ago, FPGA’s performances were much lower than
those of ASICs.

• However, currently, the performance difference between 
FPGAs and ASICs became smaller
 ASICs cannot use the latest VLSI technologies due to 

an initial cost issue
 FPGAs can use the latest VLSI technologies

 However, FPGA’s performances are still not good 
compared with ASICs

 Therefore, we are aiming at increasing the performances of 
programmable gate arrays 
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Overview of an optically reconfigurable gate array
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Storage capacity of a holographic memory 

One sugar‐size memory 
can include over 1T bits.1cm

1cm
1cm

1cm3

In the case of fine‐grained gate array, 
1 gate programming requires 3 bits.

Theoretical limitation 

Storage amount[bit]=

V:volume, λ:wavelength

If 3 cm  memory can be implemented 
onto an ORGA, 1 Tera gates can be 
achieved. 

3

Current VLSI’s gate array is less than 
one billion gates. 

The gate array is at least 
1000 times larger than that 

of current VLSI
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Holographic memory



Table 1: Specification of a fabricated 
ORGA‐VLSI chip.

Photograph of a fabricated 
ORGA‐VLSI chip. 

Optically reconfigurable gate array VLSI
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Optically Reconfigurable Logic Block

Photograph of a configurable Logic block.
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Junction area : 
4.45 × 4.40 μm2
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Block diagram of a configurable logic
block.



Optically Reconfigurable Switching matrix
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Block diagram of a configurable
switching matrix.

Photograph of a configurable
switching matrix.



16 configuration context ORGA system
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Performance of ORGAs

We have demonstrated
 over 100 MHz reconfiguration
 256 reconfiguration contexts in ORGA

Such dynamic reconfiguration can increase the gate array 
performance!
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Mono-Instruction Set Computer (MISC) concept

Parallel 
computation

Single Function 
Unit

Multi-Functions Unit
or General purpose Unit
works at low clock frequency works at high clock frequency

■Microprocessor history
・Famous change is from CISC to RISC

Complex instruction => single step instruction
A number of instructions => a small number of instructions

Operating clock frequency is increased, power consumption is decreased, and die
size is also decreased.

・This success : simplest circuit is the best

★Such success can be adopted into programmable devices

Static implementation Dynamic implementation
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An example of MISC implementation

Instruction 
Change 

• While reconfiguration is executed, values on all registers 
are kept

• Since an optical reconfiguration operation can be 
executed as a background operation, overhead of the 
reconfiguration can be out of consideration
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MISC implementation result
Implementation results of mono-instruction set computers (MISCs) of 11 kinds.
The bottom line shows a conventional RISC soft-core processor including all instructions of 
the MISC processors described above, which is a comparison target under the same conditions.
Here, the target process technology is a 40 nm process on VTR.
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FFT implementation
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We have implemented a 16‐point Fast Fourier Transform (FFT) onto a 40 nm process 
technology using the MISC architecture. For this MISC implementation for the 16‐point FFT, a 
16‐bit fixed point calculation was applied. The number of digits after the decimal point is 8 
bits.



8-step FFT operation using MISCs

11:20 AM – 12:00 AM: New/Exploratory paradigms , 25 February, WPPP201814



Performance comparison of 16 point FFT in 
each part by MISC implementation
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Conclusion
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• ORGA architecture allows a very high-speed dynamic 
reconfiguration

• By using the capability, we can implement MISC 
processors inside the programmable gate array

• Its operation on a programmable gate array can be 
accelerated to about 2-3,000 times faster than static
implementations

• The total performance of the MISC FFT was 
estimated as about twice performance compared with
a full-hardware implementation without any 
reconfiguration


