gobooooooooooobooooo

H

goododdooooodooooddnd VLSI

oo 0 ta) oo oof

A High-Density Dynamic Optically Reconfigurable Gate Array VLSI
Minoru WATANABE® and Fuminori KOBAYASHI

oooo ObOoooooooooooOooboOoOoOoOooOoOoOoOoOoOOOOOOOOOOOOOOOODOOO
000o0ooooooooooooooooooooooonoooooonooooooooooooogoooo
000o0ooooooooooooooooooooooonoooooonooooooooooooogoooo
goo00o0o0ooooooooooOo0oO0oOoO0oOooOoOooooOoOoOOO0OO0OO0O0O0O0O0O0O0O0oOooOooOoO0O0000
000oooooooooooooooooooodooooooooooooooooooooonoooagn
goooooooooooooooOoOoOoOOOOooO000oooooooob0o3swm-300000000
000000o0o0ooooooooooooooooooooooooooooooooooooooobooo
0o0oodod42mm 00000 26,35000000000000000000O0O0OO0OOOOOOOOOO
000oooooooooooooooooooodofdooooonoooooooooooooooooagn

ooooooooooo

00000 FPGAOASICOORGAODOOODOOOOOODOOODOO

1. 0D OO0

1.1 FPGAOOOO

OO0 VLSIOOO Gordon Moore 0O OO OO
0000000000 1802400000000000
godooooooooooo vesigoooooo
0000000000000 00 FPGAO Field Pro-
grammable Gate Array0 000000000000
poboobobobooboobooooboobon
0o00ooooooooooooo o

O000O00OO0OFPGAODOOODOOOOOOOO
0000000000000 LUTO Look Up TableO
0000o0ooooooooooooooooDoo
00000000000 ASICO Application-Specific
Integrated Circuit00 0 0000000000000
pbooooobooboooooobobbboooobobDb
00000000 Uoooooo FPGAOOOOO
JooOoOooASICOO0OUOOOoOooooooooo

t000D0D00D0000O00000
Faculty of Computer Science and Systems Engineering,
Kyushu Institute of Technology, 680-4 Kawazu, lizuka-shi,
820-8502 Japan

a) E-mail: watanabe@ces.kyutech.ac.jp

poboobobooboobobooboobob
ooo

gobooooooobooobooooboboooodg
gobooooobooooboooboobooboobobogo
gobooooobooooboooboobooboobobogo
gobooooooooooobooooboboooobboo
00000000 ALUO Arithmetic Logic UnitO O
gobgoobobooboobobooboobon
gobgoobobooboobobooboobon
poboobooboooooooooobobobobon
gobooobooooobobooobooobooooboooo
FPGAOOOOOOOOOOOOOUOOOOOOOO
goboooboooboooobooobooboboobobogo
gobooooooboooobobooboobobo
gobooobooooooooboooboobooboobobogo
gobooboobooboobobobbobbon
goooobooboobobobooboobbon
goboobobooon

1.2 000000000

goboobobooboobobbooboobo
pobooboobbobooooboobbooboobo
00000000000000DAP/DNAOOO [20
DRPOOO (300000000000 FPGA [4] 0

1082 0oooooDooooOd D Vol J89-D No.6 pp.1082-1090 ©UO M O0OODODOOO 2006



ooooooOo0oooOoooOo0oooOoO0oooO0 VLS

J000U00dd0000oOoOOoOFPGAOOOOOOOO
Jooooooo SRAMOOOOOOOOoOOooog
poooooobobooboooooobooboboboobooga
pooboooboboobbooobboobooobo
J0000o00duooooouooo ALUOOoooog
oooo0oooUoooooOooooOoooooooo
ooooOoOoOoOooOoOoOoOooooooboooooo
000o0o0ooOooooooOooObD 40160000
000000ooooooooooovesIooono
poooooobobooboooooobooboboboobooga
opoood

1.3 00000O0ODOO0ODbOOoOooOo

godoooobbooboooooooboboboooa
OOoboooooobobooooboobooboooooa
000D000D000000000000 [6)0([12)00
pooooooboboboboooooobooboboobooga
0oo0ooooOoDoDoOooOoD p)oboooooooo
00000 D0OPLDO Programmable Logic DevicelT]
00oo0o0ooooooOoOooooo 1ooooooo
ooooobOooeCob0bDOoDOobOObooOoDO
gooooO0ooO0obOOobO10000000000ooon
pooooooboboobuoooooobooboboobooga
goooooooooooo vVesIoooooooo
0000 VCSELD Vertical Cavity Surface Emitting
Laser0 0000000 1000000000000
O00oo0oooo VeSELooooooooooo
ooooOo0oO0oOoooooooOoooooooooo
o0oo0o0oooo0ooO0Oo 20000000000
00000000OPGADO Optically Programmable
Gate Array0[7],[8) 00 0000000000000
gooboboobooboboobooboboboooboo
goobobooboobooobooboboboobooa
0ooooDooo VCSELODOoOoooooooo
ooo0o0oooUoooooOoOooOoOoOooooooo
vViSIOOoOooooooooooooooooooo
o0oo0ooUoooOooooooooooooo
ooo0o0oooUoooooOoOooooOooooooo
ooo0o0oooUoooooOoOooooOooooooo
go0odoOoobo0obOOobDOo0obOoboOo 200000
poooooobobobboooooo

1.4 00O0OO0ODOOODOOOO VLSIOOOOO

goboboobooobobooboboobobooboobooo
goooooooo vhSsIoooooooooooo
poobddobuooooooobobobobbooooda

000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000O0VLSIOOOOOOOO00000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000 [11],[12)0
000000000035um-3000000000
000000000000000000000000
000000000000000000000000
0000000142mm 00000 26,350 0000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000

2, JO00OO0O0ODOOODOOODOOODOO

2.1 0DO0oOOoOoooooooooo

gooooooobobooooo 100ob0oob00oo
VCSELOOOOOOOOOO0O000000 VLSIO
0o0o0oooovLSIoooooooooooooo
goooooooooooooooooooooboo
O00OVCSELOOOOOO0Oooooooooooo
0000o000000o0ooooo0n VCSELOO
gooooooooooooooboooooooboa
000o0oo0 vLSIoDoooooooooooo
0000000o00oo0ooooooooooo VLS
000000000000 PDO PhotodiodeO O OO

Laser Array Light

Holographic
memory

Photodiode
Array

Optical Connection

Gate Array VLSI

01 0oboooooooooooo
Fig.1 Overview of an optically reconfigurable gate
array[]

1083



00000000000 2006/6 Vol. J89-D No. 6

000000000000000000000000
0000000000

2.2 000000000

00000000000 VLSIOOOOoOooOoO
000000000000000000000000
0000000 [7],[8|00000000000000
000000000000000000000000
000000000000000000000000
000000000000000 1602000000
0000000000000 00000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000
2.3 0000000000D00O000

0000000000000000000FPGADO
000000000000000000000 VLSI
0000000000000000000 20000
0000000 400-100 LUTO Look-Up Tablel
000000000000 PIOP160 400 LUT
016000000000000000000000
00000000000000000000000
0000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000

Memory Function to store
Configuration Contexts

P1

LuT

o

T T R
:
— | P16
it

Input (4 bits)

02 0OO0O000O0O0O0O00000
Fig.2 Concept to keep the configuration of a pro-
grammable gate arrayl

1084

0oooovLSIooooooooooooooono
gbooboooooboobooboooooooboooboaoon
gbooboooboooobooboobobooobooon
goooooooooOoOoOoOOOOO0O0O000 ICO
LSIODFPGAOOODOUOOOUOODDOOOOOOO
goooooooooooooboboooooooboa
gooooooooooooooboooooooboa
goooooooooooooobooooooboboo
02/30000000000000DO0O00O0DOOOO
pbooboooboooboobooobooobooooa
2.4 0OO0OO0OO0OO0OOOCOOO
gobooooooooooobooOooooooboo
gooooooooooooooooooooon
pgooooobobooooooobobooooooo
vLSIO0oooOooo0o0ooooooooooooo
govLsSIooooooooooooooooooo
gboooboooobooooboobooboboooboaoon
gboooboooobooooboobooboboooboaoon
gooooooooooooooboooooooboo
goooooooooooooooooboooooa
gooooooooooooooboooooooboo
0000o0ooo0o vVLSIoooooooooooo
000000000o000ooooooo0ovLSIoo
gboooboooobooooboobooboboooboaoon
goooooooo 3boboocoooooooobboo
gbooboooboooboobooboobooobogoon
gbooobooooboooobooboobooobooboaoon
000000000 vVLSIoooooooooooo
vLSIOOoOoOoOooooooooooooooooo
oooooooooooooI/ooooooooon
goooobooooboooobooooooooood
gboobooobooobooboobooooboaoon
gbooboooboooobooboobobooobooon
gboobooobooooboobooboboooboboaoon
gbooboooboooobooboobobooobooon
gbooboboboboboboobooooobooobooobooon
gooooooooooooooboooooooboo
ooooooooooooo
goboooooooooooooooooooboo
gooobobooboooooooobooooobooooo
gboobooobooobooboobooooboaoon
gbooboooboooobooboobobooobooon
gboobooobooooboobooboboooboboaoon
gbooboobooboobooboobooboooboooboaoon



ooooooOo0oooOoooOo0oooOoO0oooO0 VLS

‘ Timing Control ‘

%Pl

§ .

= | Hip-Hop
ARt |

L|Ps
it

Input (4 bits)

Clock is synchronized with
Configuration Clock

Refiesh signal U J

Laser Light Light Light

](;If'clll: E— >

xecution { L

Clock of I—‘ “

Flip-Flops ‘
U3 booooooooooooooooooooo

oo

Fig.3 Concept to keep the calculation results gen-
erated from a programmable gate array and
timing diagram of optical reconfiguration.
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Table 1 Specification of an dynamic optically recon-
figurable gate array.

Technology 0.35 pm double-poly
triple-metal CMOS process
Chip size 4.9 x 4.9 [mm]

Supply Voltage
Photodiode size
Distance between

Core 3.3V, I/0 3.3V
20.1 x 18.9 [pm]

Photodiodes h.=99 wv.=99[pm]
Number of 605
Photodiodes

Number of 4

Logic Blocks

Number of 5

Switching Matrices

Number of 16

I/0O bits
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Fig.5 Layout of dynamic optically reconfigurable
gate array.
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Fig.6 Chip photograph of dynamic optically recon-
figurable gate array.
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Fig.10 CAD layout of a logic block.
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Fig.11 CAD layout of a switching matrix.
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Table 2 Evaluation of the implementation area of a
dynamic optically reconfigurable gate array
using PDs of 9.1 yum X 9.5 pm.

Technology 0.35 pm double-poly
triple-metal CMOS process
Chip Size 14.2 X 14.2 [mm]

Core 3.3V, 1/O 3.3V
9.1 X 9.5 [um]

Supply Voltage

Photodiode size

Horizontal Distance between
Photodiodes

Vertical Distance between
Photodiodes

33.0 or 39.0 [pm]

12.0 or 21.0 [um]

Number of 141,200
Photodiodes

Number of

Logic Blocks 1,550
Number of

Switching Matrices 1,634
Number of 64
I/0 bits

Logic Gates 26,350

03 J0OoOoooooooooo
Table 3 Implementation area comparison of a logic
block.

Flip-Flop Type Dymamic Type

Implementaiton Area of 25,740 [pm?] 14,207 [pm?]
Configuration Circuits (69.2%) (55.3%)
including Photodiodes

Implementaiton Area of 11,481 [um?] 11,481 [pm?]
Gate Array (30.8%) (44.7%)
Total Area 37,221 [pm?] 25,688 [um?]
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Table 4 Implementation area comparison of a
switching matrix.

Flip-Flop Type Dymamic Type

Implementaiton Area of 30,888 [um?] 16,979 [pm?)
Configuration Circuits (89.2%) (82.0%)
including Photodiodes

Implementaiton Area of 3,737 [um?] 3,737 [um?]
Gate Array (10.8%) (18.0%)
Total Area 34,625 [um?] 20,716 [um?]

05 26350000000000000000O
Table 5 Implementation area comparison in a 26,350
gate count ORGA.

Flip-Flop Type Dymamic Type

Implementaiton Area of 90.368 [mm?]  49.765 [mm?]
Configuration Circuits (79.0%) (67.5%)
including Photodiodes

Implementaiton Area of 23.962 [mm?] 23.962 [mm?]
Gate Array (21.0%) (32.5%)
Total Area 114.330 [mm?]  73.727 [mm?]
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