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Abstract We have been developing Optically Reconfigurable Gate Arrays (ORGAs) which can be reconfigured
optically. The ORGAs consist of a laser array, a hologram memory, a programmable gate array VLSI. ORGAs can
realize a large virtual gate count that is much larger than those of current VLSI chips by exploiting the large storage
capacity of a holographic memory. Also, ORGAs can realize fast reconfiguration through use of large bandwidth op-
tical connections between a holographic memory and a programmable gate array VLSI. Among such developments,
we have proposed a dynamic optically reconfigurable gate array using a photodiode memory architecture to realize
huge gate count VLSI, an optically differential reconfigurable gate array using a differential reconfiguration strategy
to achieve a fast reconfiguration capability, and an inversion/noninversion optically reconfigurable architecture that
combines both architectures to realize both advantages of rapid configuration and high gate count. This paper
shows the estimation results of the three architectures under a same condition and fast configuration experimental
results of the inversion/noninversion optically reconfigurable architecture.
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Fig.1 Basic constitution of an Optically Reconfigurable Gate Ar-
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Fig.2 Circuit diagram of optically differential reconfiguration ar-
chitecture
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Fig.3 Conventional circuit diagram using static configuration
memory and dynamic optically reconfiguration architec-
ture without static configuration memory.
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Fig.4 Circuit diagram of inversion / non-inversion dynamic op-
tically reconfiguration architecture
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Table 1 Effectiveness of the inversion/non-inversion method.

RE74+ b HAA—FRL | REE7 4 b4 A—FED

F4F3F2F1 Finv F4 F3 F2 F1
0000 00000
0001 00001
0010 00010
0011 00011
0100 00100
0101 00101
0110 00110
0111 11000
1000 01000
1001 01001
1010 01010
1011 10100
1100 01100
1101 10010
1110 10001
1111 10000

¥ 2€w b T 1.526 € b

leRE7 + P A A — ROFERERTR LicK D, HFEk
EHRELAEECLTVS. B1IKT4 FEAA—R4DER
B74 A4 —REET 1 DD J NV—FOREEDEIE RS
Rl ZB1HEHDB LS, RE7+ M AA4A—F2ER
LIRE, HERDEEIZ 2 ¥y bH 5 1.526 v MEIEEHhT
BH, ThickhBELBEBEASAIEL XS,

3. REHRESMTI Y INBEERT—+77
FyDIZal—YaVvER

3.1 MEEMES— b7 L1 VLSI

FROHERTHEALENBREES— 74 VLSI &
0.354mCMOS Fat X &2ERL, Fv YA X 4.9mm &
TH5B. 7+ FEAA— RRHMOKREE 25.5 X 25.5pm T
»0, 90pum R TEHEINTWVS. TONXBEMRES—F7
LA VLSLicRBRERERTIRETOy YW 4 fE, BROY)
VBIREBS SHADAAYF I MV VAN 4, 357
DALY FVITI VI IAN1ME, [JOB 12y bEEETH
T3, 5—Me#L 68 THB. £1T DNFHERES—
TLAIE, ERICIZBNEATYLNEEEATVSH, T

S————— i
LR ROSSA EMRREY—TLA
5 ®ATILAEYOHE
Fig.5 Calculation for a hologram memory
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Fig.6 Experiment system.
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Fig.8 Implementation result of a NAND circuit. Figure(a) shows

the timing diagram of a configuration without inversion

photodiodes. Figure (b) shows the timing diagram of

a configuration using inversion photodiodes. Figure(c)
shows the timing diagram of operations of a NAND cir-
cuit

b BREBABEROBIEERDS L, NAND HEET1.22 4%, OR
EIBET 1.52 £, YH9T 1.37 %, BREAERLINET 2R
b2 3o

Lo TTDHERT, RiET7+ LA — REAVTV 3R
RS A F Iy INEBRT —F7 7 Fr I EEERICE
A3 T LBRLE. EARRBHCELTESERTIR
200pus ~ 300us DEEREBEN, 1 ruy ZBACOBKNER
BEERLTVAINBERRES— T LAicBVwTi, +297%
L EX 5.

4. VLSIEEHER

FRTRIREIERELAF Iy INBERT—F 77 F+D
HEBEMEORIC, FROXAF Iy INHERRT—FT 7 F v,
BEONBEEET—F T 7F %, KBVWTHE—Y A XD LSI D
BEtRiTol. £2, 3, 4 ICHEHSRERT. VLSI DR&EHIC
i 0.35umCMOS Fut AZFHHAL, Fv YA X 9.8mm
ATRERITo . KEIERELA Iy I HEEET—F
TOF ¥, BEANBRERT —FT7F Y CAVTWARET +
F ¥ A A — RiZ—BAHSRIECRETOY Z DLy I T v
TTF—TNVERCDHEE L. El2NNEEBRT—F572
F ¥ ORHERRICETETNHHH ATV XL TOERIC TR
L.

_48 -



9 OR EMEREER (a) RET 4 M4 — FREAROBTY
(b) REET7 + b ¥4 A4 — FHEAROER (c)OR BEEDAHS
317
Fig.9 Implementation result of an OR circuit. Figure(a) shows
the timing diagram of a configuration without inversion
photodiodes. Figure (b) shows the timing diagram of
a configuration using inversion photodiodes. Figure(c)
shows the timing diagram of operations of an OR circuit
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Table 3 Specifications of an optically differential reconfigurable
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Table 4 Specifications of a dynamic optically reconfigurable gate

array VLSI
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