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effect of photosensor dark current. 

12 
~10 

18 
□□□□ 

□□□□ 
20 24 

□ □□ t 
□□ 22 

14 



Patent Application Publication Jun. 25,2026 Sheet 1 of 12 US 2026/0177883 Al

W
14

FIG. 1

FIG. 2

Patent Application Publication Jun. 25, 2026 Sheet 1 of 12 US 2026/0177883 Al 

12 
~10 

18 
□□□□ 

□□□□ 
20 24 

□ □□ 1 
□□ 22 

14 

FIG. 1 

GND P2 

THRUl 

GND P4 VDD 

FIG. 2 



Patent Application Publication Jun. 25,2026 Sheet 2 of 12 US 2026/0177883 Al

7 43t ~6 pt
THROUGH bot

| 42a

30 | ©) ANINet
I i I

INPUT 34 DROP ! . |
32 40,41~ Ah

\ VV /

ee IN

ce
oO

oy

_-
-<

-&

|

THROUGH
() edb | 42a

—_ o | | A2b30 | |

INPUT log DROP . 1
40 —NN

\ /

Patent Application Publication Jun. 25, 2026 Sheet 2 of 12 

THROUGH l 
30..--.. 

INPUT 

THROUGH 

30..--.. 

INPUT 

32 34 
DROP 

32 34 
DROP 

Pdb 

FIG. 3 

Pdb 

FIG. 4 

43 

~ 

I 40,41~ 
I 

I I 
40~ 41--{ 

I , 

US 2026/0177883 Al 

43 1 

~ 
I 
I 
I 



Patent Application Publication Jun. 25,2026 Sheet 3 of 12 US 2026/0177883 Al

GND P2 QB p} VDD
Sd 7 > Sqs

DROP1
32 33 @ THRU]

~ iN THRU2 D FIG. 5

>. xi x

GND P4 Q P3  -vpD

Patent Application Publication Jun. 25, 2026 Sheet 3 of 12 US 2026/0177883 Al 

,14 

GND P2 QB Pl VDD 

DROPl 
THRUl 

THRU2 
~ FIG. 5 r--------

18 DROP2 I 50 /5 
i-<= SPLITT 

------

GND P4 Q P3 VDD 

GND P2 

DROPl 
32 33 

FIG. 6 
IN 

r - - - - - - - - - -, 
I 50 /50 I DROP2 
: -c SPLITTER : 

GND P4 Q P3 VDD 



Patent Application Publication Jun. 25,2026 Sheet 4 of 12 US 2026/0177883 Al

gi

VDD

THRU1

THRU2 FIG. 7
ect rtrcstcclo 1

I! 50 /50 |> |__—_ SPLITTER

DROP1
N 32 33 (wn) THRU1

THRU2
ect rtrtsscclo 1

I| 50 /50| SPLITTER! propa (w2)

Q
— ee ee

T4 13

GND T | oo 3] y VDD

Patent Application Publication Jun. 25, 2026 Sheet 4 of 12 US 2026/0177883 Al 

,14 

GND P2 QB Pl VDD 

DROPl 
THRUl 

THRU2 FIG. 7 
.-----------, 
I 50 /50 I 

: --c: SPLITTER : 

GND P4 Q P3 VDD 

DROPl 
THRUl 

FIG. 8 



Patent Application Publication Jun. 25,2026 Sheet 5 of 12 US 2026/0177883 Al

14

WBLB | \ > -
56b

t 215
Gl = |

QB) Pl VDD
DRIVERcs OY

p—2Z S< THRU

i 50/50|
| SPLITTER!

56a

Patent Application Publication Jun. 25, 2026 Sheet 5 of 12 US 2026/0177883 Al 

,14 

56b 

DROP 
33 

THRUl 

r----------, 
I 50 /50 I 

: --c: SPLITTER : 
DROP 

56a 
r--------
1 --C: I 

: COMBINER J 

FIG. 9 



Patent Application Publication Jun. 25,2026 Sheet 6 of 12 US 2026/0177883 Al

p+ THRUL=<_<i 50/50
SPLITTER:

—— ee ee ee ee

FIG. 10

Patent Application Publication Jun. 25, 2026 Sheet 6 of 12 US 2026/0177883 Al 

GND P2 QB Pl VDD 

DROPl 

r----------, 
I 50 /50 I 

: --c SPLITTER : 

GND P4 58b P3 VDD 

FIG. 10 



PatentApplication
Publication

Jun.
25,2026

Sheet
7

of
12

U
S

2026/0177883Al

pond
rod

C5Laden
i

i
i

i

i
i

a!
1

tay
|

1
ay!

iV
ool}

Yen
1

o'*;
1

i
La}

ii1iiiiiiiiii11111iiiiii1
yy

38Lopes
=

5
©

1
Bs

—
J

I
I

ao

V
=

I
i

Le
w

eaw
—

!
=<

]

w
oe

4aa
eee

~
*

=
m

o
ZA

a
a

=
a

BLB 

IN 

32 

BLB 

WLB 

,------------------------------------
WBLB---c::::=-----------..._ 

6~~------1 
: VDD 
I 

, I l 2S P5 

w 
,., I I ; C. P6 

I 
1 GND I 

~ 
(.) 

....J 
0 
c:::: 
1-z 
8 
....J 

~ 

------, 
~ - - - - 50 I 50 : 
I -c: SPLITTER I I 

DROPl 

WBL---<::::::i;;.---------✓ 

WL 

THRUl 

r--------
1 -C: I 

:coMBIN~RJ 

co 
....J 
co 
c:::: 

1r-62a 
) 

I 
I 
I 

~ 
: 14 
I 
I 
I 
I 
I 
I 
I 
I 
I 
) 

1'---62b 

....J 
co 
c:::: 

c:::: w 
co 
c:::: 
0 
<./) 
co 
<( 

FIG. 11 

""O 
~ ..... 
('D 

= ..... 
> "e 

"e -.... (') 

~ ..... .... 
0 = 
""O = O" -.... (') 

~ ..... .... 
0 = 
~ = ? 
N 

~Ul 
N 
0 
N 
O'I 

rJJ =-('D 
('D ..... 
-....J 
0 .... .... 
N 

c 
rJJ 
N 
0 
N 
O'I 

---0 .... 
-....J 
-....J 
QO 
QO 
~ 

> .... 



Patent Application Publication Jun. 25,2026 Sheet 8 of 12 US 2026/0177883 Al

NI
gored

cDLi
“WagNOSaV

ws

ma
ox

@| ee 7=

a
cD=

naw
pee =
bea, I

SE
Bas <

t i om

mA i V =
ad rit

Patent Application Publication Jun. 25, 2026 Sheet 8 of 12 US 2026/0177883 Al 

cc 
....J 
cc 

....J 
£D 
er:: 

0 
0 
> 

,....., 
a.. 
0 
er:: 
0 

l>iJ l0cllN0J lM 

N 
a.. 
0 
er:: 
0 

0 
0 
> 

0 
z 
(.!:, 

cl38cl0S8V 

l>fJ l0cllN0J lM 

....J 
£D s: 

£D 
....J 
O'.l 
er:: 

N 
r-t 

. -----~---1---+---+--_..::==::::>-l--<I 
-----------~-+----=====::::>-1--<l 

z 
N 
CV) 

....J 
£D 

cc 
....J s: 



PatentApplication
Publication

Jun.
25,2026

Sheet
9

of
12

U
S

2026/0177883Al

RBL

L374

P4DROP2
(2)Q

50 /50

SPLITTER

TAN

Ga)

4-™.

©
WL

70

2

<—

BLB

IN>

3

<>

WLB
A

""O 
14 

<I> 
~ ..... 
('D 

= ..... 
BLB I 

~ r RBL 
WBLB 

> "e 
"e -.... (') 

~ --------1 ..... .... 
VDD~ I 

•!;2 
0 = 

0 
P5 : ....1 

0 
I 11 GND 0:: 

I-z 
P6: 8 

""O = O" -.... (') 

~ ..... .... 
0 = 

I ...J 

GND~ 13:: 
I ~ 

IN I I I ------"\:_""' 60 = ? 
N 

~Ul 

32 I I I 
,------------, 
I 50 /50 I DROP2 
: -c SPLITTER : 

~ND 

P4 &..------------ -. r--------
I -C I 

I 
:_C_Q_NJ 8LN _EB~ 

N 
0 
N 
O'I 

rJJ =-('D 
('D ..... 
1,0 

0:: 

I 
0 

w .... 
cc .... 
0:: N 
0 
U) 

72 WBL J r _,.,"' 7 j 
.,,--.... 

RBLB 

cc 
<X: c 

rJJ 
N 
0 
N ..,,... O'I 

---0 .... 
74 

-....J 
-....J 

FIG. 13 QO 
QO 
~ 

> .... 



Patent Application Publication Jun. 25,2026 Sheet 10 of 12 US 2026/0177883 Al

pA >< THRUZ
1 50/50!| SPLITTER! propa (w2)

FIG. 14

Patent Application Publication Jun. 25, 2026 Sheet 10 of 12 US 2026/0177883 Al 

,14 

WBLB 

GND P2 QB VDD 

DROPl 
THRUl 

r----------, THRU2 
I 50 /50 I 

: --c SPLITTER : DROP2 ._ __________ _, 

GND P4 Q VDD 

WBL 

FIG. 14 



Patent Application Publication

RW
L

RB
L<

ec
cc

cc
c-

.4

L-
--—

-—
-—

-—

W
BL

B
PS

2

G
N

D

G
N

D

56
b

56
a

Jun. 25, 2026 Sheet 11 of 12

_P
S3

__
W

BL
ee

ee

US 2026/0177883 A1

FI
G

.15

RB
LB<

j

Patent Application Publication Jun. 25, 2026 Sheet 11 of 12 

_J 

~ I.>---------.... 
c::: 

r 
I 
I 
I 
I 
I 
I 
L ..0 

U) 
_J (D LO 
(D _J 

c::: (D 

~ 

0 
0 
> 

....--1 
a.. 

(D 

CJ 

N 
a.. 

0 
z: 
(.!J 

<( 

, _______ 

z: 

<( 

--------

N 
(Y') 

:§ 

0 
0 
> 

(Y') 
a.. 

CJ 

-.:::I" 
a.. 

0 
z: 
(.!J 

ro 
U) 
LO 

US 2026/0177883 Al 

LO 
.---I 

C, 
LL 

, 
I 
I 
I 
I 
I 
I 
~ 

_J (D 
(D _J 

~ 
(D 
c::: 



Patent Application Publication

RW
L

RB
L<

Jun. 25, 2026 Sheet 12 of 12

ee
—

—
=

—
=

—
=

-4

Le

W
BL

B

G
N

D

PS
2

56
b A 32

US 2026/0177883 Al

\<e)
ci

©
Li

Qa
at
oO

aiIUi
~~ 1 Ia! fiIa

tL I
oO 7 V

= fF

Patent Application Publication Jun. 25, 2026 Sheet 12 of 12 

_J 

~ I.>---------.... 
c::: 

r 
I 
I 
I 
I 
I 
I 
L ..0 

U) 
_J co LO 
co _J 

c::: co 
~ 

0 
0 
> 

....--1 
a.. 

co 
CJ 

N 
a.. 

0 
z: 
(.!J 

<( <( 

N 
z: (Y') 

0 
0 
> 

(Y') 
a.. 

CJ 

-.:::I" 
a.. 

0 
z: 
(.!J 

ro 
U) 
LO 

, 
I 
I 
I 
I 
I 
I 
~ 

_J 

co 
~ 

US 2026/0177883 Al 

co 
_J 

co 
c::: 

~ 
.---I 

(!J 

LL 



US 2026/0177883 Al

PHOTONIC STATIC RANDOM ACCESS
MEMORY

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

CROSS REFERENCE TO RELATED
APPLICATION

BACKGROUND OF THE INVENTION
[0001] The present invention relates to static random-
access memories (SRAM) and, in particular, to a photonic
SRAM employing a differential or balanced photodiode
structure.
[0002] High-speed random-access memory is a fundamen-
tal component ofmodern computer systems andmay operate
by storing binary data as electrical charge, for example, in a
capacitor element. Such electrical memory systems are
limited by slow and energy expensive data access and the
limiting speeds of electrical interconnection buses.
[0003] For this reason there is considerable interest in
photonic or optical random-access memory. These memo-
ries can provide instantaneous, low-energy data access and
extremely high interconnection bandwidth comparable with
light communication.
[0004] US patent application 2024/0170055, assigned to
the University of Southern California and hereby incorpo-
rated by reference, describes a high-speed optical random-
access memory employing a combination of optical modu-
lators (micro resonant rings) and photosensors operating to
provide bistable elements that can store data. The photosen-
sors, which may be photodiodes or photo transistors, must
be specially selected to have low leakage or dark currents in
order to ensure that they quickly and consistently optical
modulators to turn off the optical modulators as needed.
Such devices can be expensive and/or difficult to fabricate
using preferred integrated circuit processes such as those
used for complementary metal-on-oxide (CMOS) fabrica-
tion.

SUMMARY OF THE INVENTION
[0005] The present invention provides an optical memory
architecture using series-connected photosensors, such as
photodiodes, to reduce the effect ofdark or leakage current
allowing improved manufacturability of a high-speed pho-
tonic memory while allowing better cross-coupling between
optical modulators.
[0006] In one embodiment, the invention provides a
memory cell having a first and second optical modulator.
Each optical modulator has a light input and at least one light
output and receives an electrical input determining a switch-
ing state of the optical modulator defining a switching of
light between the light input and light output. A first pho-
todiode is connected to conduct current to a first node when
illuminated, and a second photosensor is connected to con-
duct current away from the first node when illuminated.
Sunilarly, a third photosensor is connected to conduct cur-
rent to a second node when illuminated, and a fourth
photosensor is connected to conduct current away from the
second node when illuminated. The first and second optical
modulators control light directed to at least one ofa respec-
tive photosensor and have their electrical inputs connected
to one of the first and second nodes to provide bistable
switching states.

Jun. 25, 2026

[0007] Itis thus a feature ofat least one embodiment ofthe
invention to use balanced pairs ofphotosensors to reduce the
effect of photosensor current leakage.
[0008] In one embodiment, the memory cell may further
include a first electrical switch operating to block current
flow through the first photosensor when the first node is
below a threshold voltage and a second electrical switch
operating to block current flow through the second photo-
sensor when the first node is above the threshold voltage.
Sunilarly, a third switch may operate to block current flow
through the third photosensor when the second node is
below the threshold voltage, and a fourth electrical switch
may operate to block current flow through the fourth pho-
tosensor when the second node is above the threshold
voltage.
[0009] Itis thus a feature ofat least one embodiment ofthe
invention to further reduce dark current leakage through
auxiliary blocking transistors causing status power dissipa-
tion.
[0010] Optionally, the first and second electrical switches
may communicate with a first electrical buffer amplifier
having an input attached to the first node, and the third and
fourth electrical switches may communicate with a second
electrical buffer amplifier having an input attached to the
second node.
[0011] Itis thusa feature ofat least one embodiment ofthe
invention to provide a low impedance driver for the elec-
trical switches improving switching speed and to provide a
high gain switching against a threshold for rapid switching
transition.
[0012] In this embodiment, the memory cell may further
includea fifth electrical switch operating to shunt the first
electrical switch and a sixth electrical switch operating to
shunt the second electrical switch and a seventh electrical
switch operating to shunt the third electrical switch and an
eighth electrical switch operating to shunt the fourth elec-
trical switch. The fifth, sixth, seventh, and eighth electrical
switches are adapted to receive a write signal to move them
to a shunting state during a writing of data to the memory
cell, such writing as operates to change the bistable switch-
ing state.

[0013] Itis thus a feature ofat least one embodiment ofthe
invention to allow a bypassing ofthe leakage current block-
ing transistors when fast writes to memory are required.
[0014] In one embodiment, the first and second optical
modulators each have a light input receiving light that can be
switchably directed to either of a THROUGH output or a
DROP output and wherein the first and second optical
modulator control illumination ofthe first, second, third, and
fourth photosensors by conducting light to the respective
photosensors from the DROP light output.
[0015] Itis thus a feature ofat least one embodiment ofthe
invention to use the DROP output of the optical modulator
to provide a wider passband for multifrequency operation.
[0016] In one embodiment, the first optical modulator
controls light to the first and second photosensors and the
second optical modulator controls light to the third and
fourth photosensor and wherein the second optical modula-
tor is connected to the first node and the first optical
modulator is connected to the second node.
[0017] Itis thus a feature ofat least one embodiment ofthe
invention to provide a design that minimizes crossing optical
conduits for improved fabrication efficiency.
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BACKGROUND OF THE INVENTION 

[0001] The present invention relates to static random­
access memories (SRAM) and, in particular, to a photonic 
SRAM employing a differential or balanced photodiode 
structure. 
[0002] High-speed random-access memory is a fundamen­
tal component of modem computer systems and may operate 
by storing binary data as electrical charge, for example, in a 
capacitor element. Such electrical memory systems are 
limited by slow and energy expensive data access and the 
limiting speeds of electrical interconnection buses. 
[0003] For this reason there is considerable interest in 
photonic or optical random-access memory. These memo­
ries can provide instantaneous, low-energy data access and 
extremely high interconnection bandwidth comparable with 
light communication. 
[0004] US patent application 2024/0170055, assigned to 
the University of Southern California and hereby incorpo­
rated by reference, describes a high-speed optical random­
access memory employing a combination of optical modu­
lators (micro resonant rings) and photosensors operating to 
provide bistable elements that can store data. The photosen­
sors, which may be photodiodes or photo transistors, must 
be specially selected to have low leakage or dark currents in 
order to ensure that they quickly and consistently optical 
modulators to tum off the optical modulators as needed. 
Such devices can be expensive and/or difficult to fabricate 
using preferred integrated circuit processes such as those 
used for complementary metal-on-oxide (CMOS) fabrica­
tion. 

SUMMARY OF THE INVENTION 

[0005] The present invention provides an optical memory 
architecture using series-connected photosensors, such as 
photodiodes, to reduce the effect of dark or leakage current 
allowing improved manufacturability of a high-speed pho­
tonic memory while allowing better cross-coupling between 
optical modulators. 
[0006] In one embodiment, the invention provides a 
memory cell having a first and second optical modulator. 
Each optical modulator has a light input and at least one light 
output and receives an electrical input determining a switch­
ing state of the optical modulator defining a switching of 
light between the light input and light output. A first pho­
todiode is connected to conduct current to a first node when 
illuminated, and a second photosensor is connected to con­
duct current away from the first node when illuminated. 
Similarly, a third photosensor is connected to conduct cur­
rent to a second node when illuminated, and a fourth 
photosensor is connected to conduct current away from the 
second node when illuminated. The first and second optical 
modulators control light directed to at least one of a respec­
tive photosensor and have their electrical inputs connected 
to one of the first and second nodes to provide bistable 
switching states. 
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[0007] It is thus a feature of at least one embodiment of the 
invention to use balanced pairs of photo sensors to reduce the 
effect of photosensor current leakage. 
[0008] In one embodiment, the memory cell may further 
include a first electrical switch operating to block current 
flow through the first photosensor when the first node is 
below a threshold voltage and a second electrical switch 
operating to block current flow through the second photo­
sensor when the first node is above the threshold voltage. 
Similarly, a third switch may operate to block current flow 
through the third photosensor when the second node is 
below the threshold voltage, and a fourth electrical switch 
may operate to block current flow through the fourth pho­
tosensor when the second node is above the threshold 
voltage. 
[0009] It is thus a feature of at least one embodiment of the 
invention to further reduce dark current leakage through 
auxiliary blocking transistors causing status power dissipa­
tion. 
[0010] Optionally, the first and second electrical switches 
may communicate with a first electrical buffer amplifier 
having an input attached to the first node, and the third and 
fourth electrical switches may communicate with a second 
electrical buffer amplifier having an input attached to the 
second node. 
[0011] It is thus a feature of at least one embodiment of the 
invention to provide a low impedance driver for the elec­
trical switches improving switching speed and to provide a 
high gain switching against a threshold for rapid switching 
transition. 
[0012] In this embodiment, the memory cell may further 
include a fifth electrical switch operating to shunt the first 
electrical switch and a sixth electrical switch operating to 
shunt the second electrical switch and a seventh electrical 
switch operating to shunt the third electrical switch and an 
eighth electrical switch operating to shunt the fourth elec­
trical switch. The fifth, sixth, seventh, and eighth electrical 
switches are adapted to receive a write signal to move them 
to a shunting state during a writing of data to the memory 
cell, such writing as operates to change the bistable switch­
ing state. 
[0013] It is thus a feature of at least one embodiment of the 
invention to allow a bypassing of the leakage current block­
ing transistors when fast writes to memory are required. 
[0014] In one embodiment, the first and second optical 
modulators each have a light input receiving light that can be 
switchably directed to either of a THROUGH output or a 
DROP output and wherein the first and second optical 
modulator control illumination of the first, second, third, and 
fourth photosensors by conducting light to the respective 
photosensors from the DROP light output. 
[0015] It is thus a feature of at least one embodiment of the 
invention to use the DROP output of the optical modulator 
to provide a wider passband for multifrequency operation. 
[0016] In one embodiment, the first optical modulator 
controls light to the first and second photosensors and the 
second optical modulator controls light to the third and 
fourth photosensor and wherein the second optical modula­
tor is connected to the first node and the first optical 
modulator is connected to the second node. 
[0017] It is thus a feature of at least one embodiment of the 
invention to provide a design that minimizes crossing optical 
conduits for improved fabrication efficiency. 
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[0018] Alternatively, the first optical modulator may con-
trol light to the third and fourth photosensors and the second
optical modulator controls light to the first and second
photosensor when the second optical modulator is connected
to the second node and the first optical modulator is con-
nected to the first node.
[0019] Itis thus a feature ofat least one embodiment ofthe
invention to provide an alternative cross coupling that
eliminates the need for additional splitters.
[0020] The memory cell may further include two optical
conduits receiving a SET signal or RESET signal, respec-
tively, to change the bistable switching state and operating
to conduct light each to a photosensor associated with a
different node.
[0021] Itis thus a feature ofat least one embodiment ofthe
invention to provide for a simple optical writing of the
memory cell.
[0022] Similarly, the memory cell may include two optical
conduits each connected to communicate with a different
one of the optical modulators to provide a light output
indicating the bistable switching state. In one case the
optical conduits may communicate with respective optical
modulators using a splitter transmitting less part ofthe light
from the optical modulator to the optical conduit.
[0023] Itis thus a feature ofat least one embodiment ofthe
invention to provide an optical output without affecting the
stability of the memory cells during reading.
[0024] Alternatively, the read optical conduits may be
connected directly to an output ofan optical modulator not
providing light to a photosensor.
[0025] Itis thus a feature ofat least one embodiment ofthe
invention to adopt a memory cell configuration that elimi-
nates the need for a splitter to extract read light.
[0026] The memory cell may include an optical conduit
for receiving an operand signal and further including at least
one third optical switch communicating with at least one of
the nodes to switch light to a second product output optical
conduit depending on the state of the bistable element.
[0027] Itis thus a feature ofat least one embodiment ofthe
invention to provide for in-memory computation at
extremely high speeds using optical signals.
[0028] This embodiment may further include multiple
third optical modulators, each communicating with one of
the nodes to switch light to a second product output optical
conduit depending on the state of the bistable element. The
multiple third optical modulators may each provide a dif-
ferent on-state frequency offset of a passband or rejection
band.
[0029] Itis thus a feature ofat least one embodiment ofthe
invention to provide simultaneous computations ofparallel
optical signals at different center frequencies.
[0030] These particular objects and advantages may apply
to only some embodiments falling within the claims and thus
do not define the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 is a block diagram of an optical memory
array ofmultiple memory cells such as may implement the
present invention, showing generally its interface to con-
ventional electronic signal pathways;
[0032] FIG. 2 is a first embodiment ofthe memory cell of
FIG. 1 providing photosensors and optical modulators in
which symbols are explained within key captions contained
in dotted lines;
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[0033] FIG. 3 is a schematic representation of one
embodiment of an optical modulator showing a light path
and a frequency response of the optical modulator in an off
state;
[0034] FIG. 4 isa figure similar to FIG. 3 showing a light
path and a frequency response ofthe optical modulator and
an on state;
[0035] FIG. 5 is a figure similar to FIG. 4 showing an
alternative embodiment employing a different cross connec-
tion between optical modulators and a photosensor;
[0036] FIG. 6 isa figure similar to that ofFIG. 4 showing
an embodiment in which two pole optical modulators may
be used;
[0037] FIG. 7 isa figure similar to FIG. 6 using a two-pole
optical modulator but employing the DROP rather than the
THROUGH output;
[0038] FIG. 8 is a figure similar to FIG. 4 showing leakage
reducing transistors with an optional buffer amplifier;
[0039] FIG. 9 is a figure similar to FIG. 8 showing
shunting transistors that can shunt the leakage reducing
transistors during write operations;
[0040] FIG. 10 is a figure similar to FIG. 1 showing the
use of a buffer amplifier between nodes and the optical
modulators;
[0041] FIG. 11 is a depiction of the memory cell as may
be integrated into an array having write lines and bit lines;
[0042] FIG. 12 is a figure similar to FIG. 11 eliminating
the need for a splitter for reading;
[0043] FIG. 13 is a figure. showing a memory cell incor-
porated into an in-memory computational system;
[0044] FIG. 14 is a figure similar to FIG. 2 showing a
reduced part count version of the memory cell;
[0045] FIG. 15 is a figure similar to FIG. 2 showing read
and write lines that are decoupled; and
[0046] FIG. 16 is a figure similar to FIG. 15 showing an
alternative embodiment of decoupled read and write lines.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0047] Referring now to FIG. 1, the present invention
provides a memory system 10 having an array 12 ofmemory
cells 14, the latter ofwhich each may operate to store a bit
ofdata representing a logical zero or one value. The memory
cells 14 are typically arranged in logical rows and columns
(often reflecting actual physical arrangement) and may be
constructed on a single integrated circuit substrate, for
example, compatible with complementary metal-oxide-
semiconductor (CMOS) fabrication or may be constructed
on different substrates and heterogeneously integrated.
[0048] During operation, the memory cells 14 will receive
a powering laser light from a laser 18 and will store data
according to the path of that light through bistable elements
of the memory cells 14 as will be described in more detail
below.
[0049] Writing data to the memory cells 14 is performed
by light signals from a switched laser source 20, the light
signals providing independent data for a set ofbit lines and
column lines used to address individual memory cells 14.
Other light signals from the switched laser source 20 can be
used to provide operand data when the memory cells 14 are
used for in-memory computation. Typically, the laser source
20 may be controlled by conventional electrical signals 22
allowing the memory system 10 to be integrated into a
conventional electrical computer or other types ofhardware.
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[0018] Alternatively, the first optical modulator may con­
trol light to the third and fourth photosensors and the second 
optical modulator controls light to the first and second 
photosensor when the second optical modulator is connected 
to the second node and the first optical modulator is con­
nected to the first node. 
[0019] It is thus a feature ofat least one embodiment of the 
invention to provide an alternative cross coupling that 
eliminates the need for additional splitters. 
[0020] The memory cell may further include two optical 
conduits receiving a SET signal or RESET signal, respec­
tively, to change the bistable switching state and operating 
to conduct light each to a photosensor associated with a 
different node. 
[0021] It is thus a feature ofat least one embodiment of the 
invention to provide for a simple optical writing of the 
memory cell. 
[0022] Similarly, the memory cell may include two optical 
conduits each connected to communicate with a different 
one of the optical modulators to provide a light output 
indicating the bistable switching state. In one case the 
optical conduits may communicate with respective optical 
modulators using a splitter transmitting less part of the light 
from the optical modulator to the optical conduit. 
[0023] It is thus a feature ofat least one embodiment of the 
invention to provide an optical output without affecting the 
stability of the memory cells during reading. 
[0024] Alternatively, the read optical conduits may be 
connected directly to an output of an optical modulator not 
providing light to a photosensor. 
[0025] It is thus a feature ofat least one embodiment of the 
invention to adopt a memory cell configuration that elimi­
nates the need for a splitter to extract read light. 
[0026] The memory cell may include an optical conduit 
for receiving an operand signal and further including at least 
one third optical switch communicating with at least one of 
the nodes to switch light to a second product output optical 
conduit depending on the state of the bistable element. 
[0027] It is thus a feature ofat least one embodiment of the 
invention to provide for in-memory computation at 
extremely high speeds using optical signals. 
[0028] This embodiment may further include multiple 
third optical modulators, each communicating with one of 
the nodes to switch light to a second product output optical 
conduit depending on the state of the bistable element. The 
multiple third optical modulators may each provide a dif­
ferent on-state frequency offset of a passband or rejection 
band. 
[0029] It is thus a feature ofat least one embodiment of the 
invention to provide simultaneous computations of parallel 
optical signals at different center frequencies. 
[0030] These particular objects and advantages may apply 
to only some embodiments falling within the claims and thus 
do not define the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a block diagram of an optical memory 
array of multiple memory cells such as may implement the 
present invention, showing generally its interface to con­
ventional electronic signal pathways; 
[0032] FIG. 2 is a first embodiment of the memory cell of 
FIG. 1 providing photosensors and optical modulators in 
which symbols are explained within key captions contained 
in dotted lines; 
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[0033] FIG. 3 is a schematic representation of one 
embodiment of an optical modulator showing a light path 
and a frequency response of the optical modulator in an off 
state; 
[0034] FIG. 4 is a figure similar to FIG. 3 showing a light 
path and a frequency response of the optical modulator and 
an on state; 
[0035] FIG. 5 is a figure similar to FIG. 4 showing an 
alternative embodiment employing a different cross connec­
tion between optical modulators and a photosensor; 
[0036] FIG. 6 is a figure similar to that of FIG. 4 showing 
an embodiment in which two pole optical modulators may 
be used; 
[0037] FIG. 7 is a figure similar to FIG. 6 using a two-pole 
optical modulator but employing the DROP rather than the 
THROUGH output; 
[0038] FIG. 8 is a figure similar to FIG. 4 showing leakage 
reducing transistors with an optional buffer amplifier; 
[0039] FIG. 9 is a figure similar to FIG. 8 showing 
shunting transistors that can shunt the leakage reducing 
transistors during write operations; 
[0040] FIG. 10 is a figure similar to FIG. 1 showing the 
use of a buffer amplifier between nodes and the optical 
modulators; 
[0041] FIG. 11 is a depiction of the memory cell as may 
be integrated into an array having write lines and bit lines; 
[0042] FIG. 12 is a figure similar to FIG. 11 eliminating 
the need for a splitter for reading; 
[0043] FIG. 13 is a figure. showing a memory cell incor­
porated into an in-memory computational system; 
[0044] FIG. 14 is a figure similar to FIG. 2 showing a 
reduced part count version of the memory cell; 
[0045] FIG. 15 is a figure similar to FIG. 2 showing read 
and write lines that are decoupled; and 
[0046] FIG. 16 is a figure similar to FIG. 15 showing an 
alternative embodiment of decoupled read and write lines. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0047] Referring now to FIG. 1, the present invention 
provides a memory system 10 having an array 12 of memory 
cells 14, the latter of which each may operate to store a bit 
of data representing a logical zero or one value. The memory 
cells 14 are typically arranged in logical rows and colunms 
(often reflecting actual physical arrangement) and may be 
constructed on a single integrated circuit substrate, for 
example, compatible with complementary metal-oxide­
semiconductor (CMOS) fabrication or may be constructed 
on different substrates and heterogeneously integrated. 
[0048] During operation, the memory cells 14 will receive 
a powering laser light from a laser 18 and will store data 
according to the path of that light through bistable elements 
of the memory cells 14 as will be described in more detail 
below. 
[0049] Writing data to the memory cells 14 is performed 
by light signals from a switched laser source 20, the light 
signals providing independent data for a set of bit lines and 
colunm lines used to address individual memory cells 14. 
Other light signals from the switched laser source 20 can be 
used to provide operand data when the memory cells 14 are 
used for in-memory computation. Typically, the laser source 
20 may be controlled by conventional electrical signals 22 
allowing the memory system 10 to be integrated into a 
conventional electrical computer or other types of hardware. 
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[0050] Reading data from the memory cells 14 will be
performed by a photodetector array 24 which may receive
light signals from the memory cells 14 representing stored
data or the results of computations when the memory cells
14 are used in-memory computation. The photodetector
array 24 may also output electrical signals for the purpose of
integrating the memory system 10 with a conventional
computer or other hardware.

Example 1

[0051] Referring now to FIG. 2, in a first embodiment the
memory cell 14 may provide a first and second optical
modulator 30 (designated M1 and M2) which may receive
input light power along input line 32 from laser 18.
[0052] Referring momentarily also to FIGS. 3 and 4, the
optical modulators 30 in one embodiment may include a
micro ring resonator 34 attached electrically to a photosen-
sor 36 such as a photodiode or phototransistor. The photo-
sensor 36 is biased to provide current to the micro ring
resonator 34 during illumination 38 of the photodiode
(shown in FIG. 4). More generally, the optical modulators 30
may be selected from a variety ofdifferent devices including
Mach Zehnder interferometers (MZIs) and electro-absorp-
tion based modulators to operate as optical switches as will
be discussed below.
[0053] When no light is received by thephotosensor 36, as
shown in FIG. 3, light entering an input waveguide adjacent
to the micro ring resonator 34 will pass to a THROUGH
output being a continuation of that input waveguide. Con-
versely when light is received by the photosensor 36, as
shown in FIG. 4, the light will be conducted around the
micro ring resonator 34 to a DROP output.
[0054] The switching operation provided by themicro ring
resonator 35 between the THROUGH and the DROP output
is caused by a changing in the tuning of the micro ring
resonator 34 in turn caused by a changing depletion region
of the semiconductor material making up the micro ring
resonator 34. This changing depletion region changes an
index of refraction of the structure of the micro ring reso-
nator 34 so as to move a resonant frequency 41 from
alignment with the center frequency 40 ofthe laser 18 (when
the photosensor 36 is not illuminated) to a position displaced
from the center frequency 40 of the laser 18 when the
photosensor is illuminated. Generally, a wavelength-depen-
dent transmission 42a at the THROUGH output will show a
sharp attenuation region 43 (rejection band) of laser light
from the laser 18 when the photosensor 36 is not illuminated
(per FIG. 3) and the DROP output will show andarelatively
wide passband transmission region 43' (passband) and a
wider bandpass region 43' (passband) characteristic. When
the photosensor 36 is illuminated (per FIG. 4) the
THROUGH output will showarelatively high transmission
at the frequency 40 ofthe laser 18 and the DROP output will
show a high attenuation ofthe frequency 40 of the laser 18.
The effect is essentially switching light output from the
THROUGH output to the DROP output when the photosen-
sor 36 is illuminated.
[0055] It will be understood, for example, by review of
FIG. 3 that if photosensor 36 without illumination has
significant electrical conduction (dark current), the ability to
implement this switching will be degraded or lost, with the
resonator 34 remaining detuned in both illumination states
of the photosensor 36. Further, to the extent that the dark
current may be a function of temperature or may vary
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according to fabrication conditions, the reliability and con-
sistency of the switching may be jeopardized. Specially
designed low dark current photosensors 36 may be used but
may be prohibitively expensive or incompatible with the
desired integrated circuit fabrication techniques and may
reduce overall switching speed. The present invention
addresses this dark current problem through a design that
incorporates series connected photosensors 36 such as pho-
todiodes.

[0056] Referring still to FIG. 2, each ofthe optical modu-
lators M1 and M2 receive, at their inputs, light from laser 18
after passing through a splitter 33. The memory cell 14
further includes four photosensors 36 (designated P1-P4),
with photosensors P1 and P2 connected in series between a
voltage source (VDD) and ground, with the cathode of P1
connected to the voltage source and the anode of P2 con-
nected to ground so that each photosensor 30 is back biased.
The junction between P1 and P2 provides a node QB.
Likewise, photosensors P3 and P4 are connected in series
between the voltage source (VDD) and ground with the
cathode ofphotosensor P3 connected to the voltage source
and the anode ofphotosensor P4 connected to ground again
to be back biased. The junction between P3 and P4 provides
a node Q.

[0057] In this configuration, optical modulator M1 elec-
trically connects to node Q and optical modulator M2
electrically connects to node QB. The THROUGH output of
optical modulator M1 connects to P1 and the DROP output
of optical modulator M1 connects to P2. Likewise the
THROUGH output ofoptical modulator M2 connects to P3
and the DROP output of optical modulator M2 connects to
P4.

[0058] Itwill be recognized then that this configuration of
cross coupling produces a bistable element stably operating
in either of two states including a first state where Q is low
(low-voltage) and QB is high (high-voltage) and a second
state second state where Q is high and QB is low. In the first
state, M1 transmits light from its THROUGH output, turn-
ing on P1, and does not transmit light through its DROP
output, turning off P2, to raise node QB to a high voltage.
This high voltage at node QB switches M2 to provide light
transmission from its DROP output turning on P4 and to
provide no light transmission from its THROUGH output
turning off P3 to produce a low value ofQ consistent with
M1 being in the off state as initially assumed.

[0059] In the second state M1 provides light transmission
from its DROP output, turning on P2, and no light from its
THROUGH output, turning off P1, to lower the voltage of
node QB which in turn switches M2 to provide light
transmission from its THROUGH output, turning on P3, and
no light output from its DROP output, turning off P4, to
produce a high-voltage value ofQ consistent with M1 being
in the on state as assumed.

[0060] Dark current passing through the photosensors P1
and P3 is largely offset by the dark current passing through
photosensors P2 and P4 by the series connection. In addi-
tion, during normal operation, generally when P1 is off
(unilluminated) any dark current through P1 will be over-
whelmed by the much higher current passing through P2 in
the illuminated state, and when P1 is off (unilluminated) any
dark current through P2 will be overwhelmed by the much
higher current passing through P1 in the illuminated state,
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[0050] Reading data from the memory cells 14 will be 
performed by a photodetector array 24 which may receive 
light signals from the memory cells 14 representing stored 
data or the results of computations when the memory cells 
14 are used in-memory computation. The photodetector 
array 24 may also output electrical signals for the purpose of 
integrating the memory system 10 with a conventional 
computer or other hardware. 

Example 1 

[0051] Referring now to FIG. 2, in a first embodiment the 
memory cell 14 may provide a first and second optical 
modulator 30 (designated Ml and M2) which may receive 
input light power along input line 32 from laser 18. 
[0052] Referring momentarily also to FIGS. 3 and 4, the 
optical modulators 30 in one embodiment may include a 
micro ring resonator 34 attached electrically to a photosen­
sor 36 such as a photodiode or phototransistor. The photo­
sensor 36 is biased to provide current to the micro ring 
resonator 34 during illumination 38 of the photodiode 
(shown in FIG. 4). More generally, the optical modulators 30 
may be selected from a variety of different devices including 
Mach Zehnder interferometers (MZis) and electro-absorp­
tion based modulators to operate as optical switches as will 
be discussed below. 
[0053] When no light is received by the photosensor 36, as 
shown in FIG. 3, light entering an input waveguide adjacent 
to the micro ring resonator 34 will pass to a THROUGH 
output being a continuation of that input waveguide. Con­
versely when light is received by the photosensor 36, as 
shown in FIG. 4, the light will be conducted around the 
micro ring resonator 34 to a DROP output. 
[0054] The switching operation provided by the micro ring 
resonator 35 between the THROUGH and the DROP output 
is caused by a changing in the tuning of the micro ring 
resonator 34 in tum caused by a changing depletion region 
of the semiconductor material making up the micro ring 
resonator 34. This changing depletion region changes an 
index of refraction of the structure of the micro ring reso­
nator 34 so as to move a resonant frequency 41 from 
aligmnent with the center frequency 40 of the laser 18 (when 
the photosensor 36 is not illuminated) to a position displaced 
from the center frequency 40 of the laser 18 when the 
photosensor is illuminated. Generally, a wavelength-depen­
dent transmission 42a at the THROUGH output will show a 
sharp attenuation region 43 (rejection band) of laser light 
from the laser 18 when the photosensor 36 is not illuminated 
(per FIG. 3) and the DROP output will show and a relatively 
wide passband transmission region 43' (passband) and a 
wider bandpass region 43' (passband) characteristic. When 
the photosensor 36 is illuminated (per FIG. 4) the 
THROUGH output will show a relatively high transmission 
at the frequency 40 of the laser 18 and the DROP output will 
show a high attenuation of the frequency 40 of the laser 18. 
The effect is essentially switching light output from the 
THROUGH output to the DROP output when the photosen­
sor 36 is illuminated. 
[0055] It will be understood, for example, by review of 
FIG. 3 that if photosensor 36 without illumination has 
significant electrical conduction ( dark current), the ability to 
implement this switching will be degraded or lost, with the 
resonator 34 remaining detuned in both illumination states 
of the photosensor 36. Further, to the extent that the dark 
current may be a function of temperature or may vary 
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according to fabrication conditions, the reliability and con­
sistency of the switching may be jeopardized. Specially 
designed low dark current photosensors 36 may be used but 
may be prohibitively expensive or incompatible with the 
desired integrated circuit fabrication techniques and may 
reduce overall switching speed. The present invention 
addresses this dark current problem through a design that 
incorporates series connected photosensors 36 such as pho­
todiodes. 

[0056] Referring still to FIG. 2, each of the optical modu­
lators Ml and M2 receive, at their inputs, light from laser 18 
after passing through a splitter 33. The memory cell 14 
further includes four photosensors 36 (designated Pl-P4), 
with photosensors Pl and P2 connected in series between a 
voltage source (VDD) and ground, with the cathode of Pl 
connected to the voltage source and the anode of P2 con­
nected to ground so that each photosensor 30 is back biased. 
The junction between Pl and P2 provides a node QB. 
Likewise, photosensors P3 and P4 are connected in series 
between the voltage source (VDD) and ground with the 
cathode of photo sensor P3 connected to the voltage source 
and the anode of photosensor P4 connected to ground again 
to be back biased. The junction between P3 and P4 provides 
a node Q. 

[0057] In this configuration, optical modulator Ml elec­
trically connects to node Q and optical modulator M2 
electrically connects to node QB. The THROUGH output of 
optical modulator Ml connects to Pl and the DROP output 
of optical modulator Ml connects to P2. Likewise the 
THROUGH output of optical modulator M2 connects to P3 
and the DROP output of optical modulator M2 connects to 
P4. 

[0058] It will be recognized then that this configuration of 
cross coupling produces a bistable element stably operating 
in either of two states including a first state where Q is low 
(low-voltage) and QB is high (high-voltage) and a second 
state second state where Q is high and QB is low. In the first 
state, Ml transmits light from its THROUGH output, turn­
ing on Pl, and does not transmit light through its DROP 
output, turning off P2, to raise node QB to a high voltage. 
This high voltage at node QB switches M2 to provide light 
transmission from its DROP output turning on P4 and to 
provide no light transmission from its THROUGH output 
turning off P3 to produce a low value of Q consistent with 
Ml being in the off state as initially assumed. 

[0059] In the second state Ml provides light transmission 
from its DROP output, turning on P2, and no light from its 
THROUGH output, turning off Pl, to lower the voltage of 
node QB which in turn switches M2 to provide light 
transmission from its THROUGH output, turning on P3, and 
no light output from its DROP output, turning off P4, to 
produce a high-voltage value of Q consistent with Ml being 
in the on state as assumed. 

[0060] Dark current passing through the photosensors Pl 
and P3 is largely offset by the dark current passing through 
photosensors P2 and P4 by the series connection. In addi­
tion, during normal operation, generally when Pl is off 
(unilluminated) any dark current through Pl will be over­
whelmed by the much higher current passing through P2 in 
the illuminated state, and when Pl is off (unilluminated) any 
dark current through P2 will be overwhelmed by the much 
higher current passing through Pl in the illuminated state, 
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because the states of P1 and P2 are consistently in opposi-
tion. A similar effect occurs with respect to photosensors P3
and P4.

Example 2

[0061] Referring now to FIG. 5, a similar bistability can be
obtained by a cross connection that connects optical modu-
lator M1 to node QB and optical modulator M2 to node Q.
In this case, the THROUGH output of M1 connects to
photosensor P3 and its DROP output connects to photosen-
sor P4. Similarly the THROUGH output ofM2 connects to
photosensor P1 while the DROP output ofM2 connects to
photosensor P2.

Example 3

[0062] Referring now to FIG. 6, in an alternative embodi-
ment, only the THROUGH outputs ofthe optical modulators
M1 and M2 are used allowing this circuit to be used with a
two-port optical modulator. In this case, as with the embodi-
ment ofFIG. 5, again optical modulator M1 is connected to
node QB and optical modulator M2 is connected to node Q.
The THROUGH output ofoptical modulator M1 is received
by a splitter 50a@ whose outputs pass to both photosensor P2
and P3. In similar fashion the THROUGH output ofoptical
modulator M2 is received by a splitter 506 communicating
with both photosensors P4 and P4. This example ofthe cross
connection also provides for the desired bistability.

Example 4

[0063] Referring now to FIG. 7, the previous embodiment
may be modified so that only the DROP outputs of the
optical modulators M1 and M2 are used. Again, this allows
a two-port optical modulator to be used but also takes
advantage of the broader frequency response of the DROP
output shown generally in FIGS. 3 and 4 which may be
useful when the optical modulators are used with multiple
different frequencies of laser light for parallel operation, for
example, in in-memory computation to be described below.

Example 5

[0064] Referring now to FIG. 8, leakage current through
the photosensors P1-P4 can be reduced by placing a tran-
sistor switch T1 in series with P1 (between P1 and power
(VDD)) and transistor T2 in series with P2 (between P2 and
ground). These transistors may be controlled by the voltage
at the node QB either directly attached to their gates or
through a buffer amplifier G1 as shown. The buffer amplifier
may, for example, employ the architecture of a CMOS
inverter. For proper logic, transistors T1 and T3 may be
P-channel MOSFET transistors and transistors T2 and T4
may be N channel MOSFETS.
[0065] The amplifier G1 serves to turn on switch T2 and
turn off switch T1 when QB is low and to turn offswitch T2
and turn on switch T1 when QB is high, thus reducing any
dark current flow through the series combination of P1 and
P2.
[0066] This same structure is duplicated for node Q with
a transistor switch T3 in series with P3 between P3 and
power (VDD) and transistor T4 in series with P4 between P4
and ground. These transistors may be controlled by the
voltage at the node Q either directly or through a buffer
amplifier G2 as shown.
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[0067] Generally these transistors T and optionally ampli-
fiers G can be used in any of the examples provided herein
according to this teaching.

Example 6

[0068] Referring now to FIG. 9, a new state may be
written to the memory cell 14 by means ofa first write line
WBL (being an optical conduit receiving an optical signal to
move the bistable state to a SET state). A light signal on
WBL moves the memory cell 14 into a first state with Q high
(and QB low). Conversely, a second WBLB line (being an
optical conduit receiving an optical signal to move the
bistable state to a RESET state) may move the memory cell
14 into a second state with QB low (and Q high). The WBL
line is received by a splitter 56a so that light is conducted to
photosensors P2 and P3 (to be merged by combiners with
any light to these diodes from the optical modulators M1 or
M2) and the light from the WBLB line is received by a
splitter 565 so that light is conducted to photosensors P1 and
P4 (to be merged by combiners with any light to these diodes
from the optical modulators M1 or M2).
[0069] Optionally, to improve the speed of this writing
process by allowing photosensors P1 and P2 and P3 and P4
to actively participate in that state change, special shunting
transistors may be used. For example, shunting transistor T5
placed across T1, shunting transistor T6 placed across T2,
shunting transistor T7 placed across T3, and shunting tran-
sistor T8 placed across T4. Each ofthese transistors may be
activated by an electrical WEN line providing an electrical
signal associated with a writing operation. Note that this
WEN line may be set high and may remain high fora series
of multiple write operations and thus does not serve as a
limiting factor when multiple writes must occur. Normally,
the WEN line will be active (producing a shunting of the
transistors that block dark current) prior to the writing
operation. Generally these shunting transistors can be used
in any of the examples described herein according to this
teaching. Note that T5 and T7 are switching logically on the
inverse of WEN because, as depicted, they are PMOS
transistors and T6 and T8 are switching logically on the
WEN signal directly because they are NMOS transistors.

Example 7

[0070] Referring now to FIG. 10, in one embodiment,
electrical buffer amplifiers D1 and D2 may be placed
between the nodes QB and Q (respectively) and their
connected optical modulators M1 or M2. These buffer
amplifiers D1 and D2 serve to provide faster charge up ofthe
PN junctions of the optical modulators M1 and M2 which
generally have a larger area than typical semiconductor
devices and thus a higher electrical capacitance. Again, the
buffer amplifier 58 may provide not only a low impedance
output but also an internal thresholding and high gain for
sharper turn on and turn off of the optical modulators. One
possible implementation ofthe buffer amplifier is two stan-
dard CMOS inverters placed in series. Generally these
amplifiers D1 and D2 can be favorably combined with any
of the examples herein according to this teaching.

Example 8

[0071] Referring now to FIG. 11, any of the previously
described memory cells 14 may intercommunicate with
other memory cells 14 in the array 12 of memory cells
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because the states of Pl and P2 are consistently in opposi­
tion. A similar effect occurs with respect to photosensors P3 
and P4. 

Example 2 

[0061] Referring now to FIG. 5, a similar bistability can be 
obtained by a cross connection that connects optical modu­
lator Ml to node QB and optical modulator M2 to node Q. 
In this case, the THROUGH output of Ml connects to 
photosensor P3 and its DROP output connects to photosen­
sor P4. Similarly the THROUGH output of M2 connects to 
photosensor Pl while the DROP output of M2 connects to 
photosensor P2. 

Example 3 

[0062] Referring now to FIG. 6, in an alternative embodi­
ment, only the THROUGH outputs of the optical modulators 
Ml and M2 are used allowing this circuit to be used with a 
two-port optical modulator. In this case, as with the embodi­
ment of FIG. 5, again optical modulator Ml is connected to 
node QB and optical modulator M2 is connected to node Q. 
The THROUGH output of optical modulator Ml is received 
by a splitter 50a whose outputs pass to both photosensor P2 
and P3. In similar fashion the THROUGH output of optical 
modulator M2 is received by a splitter 50b communicating 
with both photosensors P4 and P4. This example of the cross 
connection also provides for the desired bistability. 

Example 4 

[0063] Referring now to FIG. 7, the previous embodiment 
may be modified so that only the DROP outputs of the 
optical modulators Ml and M2 are used. Again, this allows 
a two-port optical modulator to be used but also takes 
advantage of the broader frequency response of the DROP 
output shown generally in FIGS. 3 and 4 which may be 
useful when the optical modulators are used with multiple 
different frequencies of laser light for parallel operation, for 
example, in in-memory computation to be described below. 

Example 5 

[0064] Referring now to FIG. 8, leakage current through 
the photosensors Pl-P4 can be reduced by placing a tran­
sistor switch Tl in series with Pl (between Pl and power 
(VDD)) and transistor T2 in series with P2 (between P2 and 
ground). These transistors may be controlled by the voltage 
at the node QB either directly attached to their gates or 
through a buffer amplifier Gl as shown. The buffer amplifier 
may, for example, employ the architecture of a CMOS 
inverter. For proper logic, transistors Tl and T3 may be 
P-channel MOSFET transistors and transistors T2 and T4 
may be N channel MOSFETS. 
[0065] The amplifier Gl serves to tum on switch T2 and 
turn off switch Tl when QB is low and to turn off switch T2 
and tum on switch Tl when QB is high, thus reducing any 
dark current flow through the series combination of Pl and 
P2. 
[0066] This same structure is duplicated for node Q with 
a transistor switch T3 in series with P3 between P3 and 
power (VDD) and transistor T4 in series with P4 between P4 
and ground. These transistors may be controlled by the 
voltage at the node Q either directly or through a buffer 
amplifier G2 as shown. 
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[0067] Generally these transistors T and optionally ampli­
fiers G can be used in any of the examples provided herein 
according to this teaching. 

Example 6 

[0068] Referring now to FIG. 9, a new state may be 
written to the memory cell 14 by means of a first write line 
WBL (being an optical conduit receiving an optical signal to 
move the bistable state to a SET state). A light signal on 
WBL moves the memory cell 14 into a first state with Q high 
(and QB low). Conversely, a second WBLB line (being an 
optical conduit receiving an optical signal to move the 
bistable state to a RESET state) may move the memory cell 
14 into a second state with QB low (and Q high). The WBL 
line is received by a splitter 56a so that light is conducted to 
photosensors P2 and P3 (to be merged by combiners with 
any light to these diodes from the optical modulators Ml or 
M2) and the light from the WBLB line is received by a 
splitter 56b so that light is conducted to photosensors Pl and 
P4 (to be merged by combiners with any light to these diodes 
from the optical modulators Ml or M2). 
[0069] Optionally, to improve the speed of this writing 
process by allowing photosensors Pl and P2 and P3 and P4 
to actively participate in that state change, special shunting 
transistors may be used. For example, shunting transistor TS 
placed across Tl, shunting transistor T6 placed across T2, 
shunting transistor T7 placed across T3, and shunting tran­
sistor TS placed across T4. Each of these transistors may be 
activated by an electrical WEN line providing an electrical 
signal associated with a writing operation. Note that this 
WEN line may be set high and may remain high for a series 
of multiple write operations and thus does not serve as a 
limiting factor when multiple writes must occur. Normally, 
the WEN line will be active (producing a shunting of the 
transistors that block dark current) prior to the writing 
operation. Generally these shunting transistors can be used 
in any of the examples described herein according to this 
teaching. Note that TS and T7 are switching logically on the 
inverse of WEN because, as depicted, they are PMOS 
transistors and T6 and TS are switching logically on the 
WEN signal directly because they are NMOS transistors. 

Example 7 

[0070] Referring now to FIG. 10, in one embodiment, 
electrical buffer amplifiers Dl and D2 may be placed 
between the nodes QB and Q (respectively) and their 
connected optical modulators Ml or M2. These buffer 
amplifiers Dl and D2 serve to provide faster charge up of the 
PN junctions of the optical modulators Ml and M2 which 
generally have a larger area than typical semiconductor 
devices and thus a higher electrical capacitance. Again, the 
buffer amplifier 58 may provide not only a low impedance 
output but also an internal thresholding and high gain for 
sharper tum on and turn off of the optical modulators. One 
possible implementation of the buffer amplifier is two stan­
dard CMOS inverters placed in series. Generally these 
amplifiers Dl and D2 can be favorably combined with any 
of the examples herein according to this teaching. 

Example 8 

[0071] Referring now to FIG. 11, any of the previously 
described memory cells 14 may intercommunicate with 
other memory cells 14 in the array 12 of memory cells 
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organized in logical rows and logical columns by means of
column write lines WLB and WL being optical conduits that
continue upward through the memory cells 14 of each
column as indicated by the dotted lines but also branch to
connect with photoelectric converter 60. The signals on the
column write lines WLB and WL are developed by the laser
source 20 (shown in FIG. 1).
[0072] These column write lines WLB and WL may be
received at a photoelectric converter 60, in this case employ-
ing two series connected diodes P5 and P6 back biased
between power (VDD) and ground. Specifically photoelec-
tric converter 60a provides a photosensor P5 with its cath-
ode connected to power, and photosensor P6 has its anode
connected to ground, and the junction between these pho-
tosensors provides node W. Node W communicates electri-
cally with additional electrical switches M3 and M4. When
node W is high, it activates switches M3 and M4 to allow a
writing to the memory cell 14 from the optical bit lines BLB
and BL to conduct light to the inputs of optical modulators
M3 and M4. The laser light on these bit lines BLB and BL
will have a frequency different from laser 18 and thus M3
and M4 may haveaslightly different geometry and tuning
than M1 and M2.
[0073] When it is desired to write data to the memory cell
14, WLB is set low, and WL is set high causing photosensor
P5 to turn on and photosensor P6 to turn offproducing a high
voltage at junction W. This in turn causes optical modulator
M3 to conduct any light on BLB to diodes P1 and P4 and
optical modulator M4 to conduct any light on BL to photo
sensors P3 and P2 enforcing a desired setting or resetting of
the bistable state of the memory cell 14. Generally, ifBLB
is high (illuminated), BLB and is low, photosensors P1 and
P4 will be turned on, and photosensors P2 and P3 will be
turned off (representing a state of QB=HIGH), and con-
versely when BL is high (and BLB is low) the state of
Q=HIGH will be achieved.
[0074] A reading of the memory cell 14 may be accom-
plished in the same way, however, with the WLB lines and
WB lines used to activate optical modulators M5 and M6
which serve to couple light, respectively, from M1 or M2 to
respective bit lines BLB and BL. The light from M1 or M2
represents the state of the memory cell and is now commu-
nicated out on the bit lines BLB and BL which may be
received by the photodetector array 24 (shown in FIG. 1).
This light from M1 or M2 may be tapped from the internal
connections between the respective optical modulators M1
and M2 through taps 62a and 625 which may be set up to,
for example, split off 10% or less than 30% or less of the
light on the connection to transmit on the bit lines BLB or
BL without upsetting the amount oflight needed to preserve
persistence of the state of the memory cell 14.

Example 9

[0075] Referring to FIG. 12, readout of the memory cell
14 may be accomplished without the need for a splitter 62
by employing the memory cell structure of FIG. 6 and
providing the optical modulators M5 and M6 with connec-
tions to the DROP outputs of optical modulators M1 and
M2, respectively. An alternative approach to implementing
the photoelectric converter 60 is also depicted.

Example 10

[0076] Referring now to FIG. 13, the memory cells 14
discussed above may be used for in-memory computation by
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providing an operand line 70 (here using the WL line) being
an optical conduit carrying one or more desired operand
values (single bits) that may be received by one or more
computational optical modulators 72 (labeled C1-C4). Gen-
erally these optical modulators 72 will have a similar
structure to optical modulators M1 and M2 butwill be set up
for a different frequency of laser light. Generally each ofthe
optical modulators 72 will be optimized to accept and switch
light indifferent distinct frequency bands. The optical modu-
lators 72 may be electrically connected to a node, for
example, node Q, to connect or disconnect the light signal
from operand line 70 to a product line 74 (here using the
pBL line) effecting a multiplication ofthe operand is 70 with
the state of the memory cell 14 reflected by the electrical
signal at node Q.

Example 11

[0077] Referring now to FIG. 14, in all of the above
embodiments a variation may be implemented in a form
where only one photosensors in each series connection (e.g.,
P1 or P2, or P3 or P4) is switched using light from either an
optical modulator (M1 or M2) or from an external write
signal. This configuration continues to null out dark current
ofthe photosensors P1-P4 because of the series connection
ofthe photo sensors, although it would be expected that this
example will operate at a lower speed because of the
reduction innode charging current caused by the elimination
ofactive switching ofone ofthe photo sensors ofeach pair.
The photo sensors which are not switched will desirably still
be operable photosensors providing a dark current which
tracks the dark current of the active photosensor.

Example 12

[0078] Referring now to FIG. 15, any of the previously
described memory cells (in this case the architecture ofFIG.
10 is depicted) can be implemented in a form allowing
decoupled or independent reading and writing of the
memory cell such as can produce read-disturb free operation
in which read operations don’t interfere with orunintention-
ally alter the memory cell state.
[0079] Inthis embodiment, a read line (RWL) may receive
a light signal passing through a splitter PS4 to interrogate the
state ofmodulators M3 or M4, which are in turn controlled
by the same electrical lines controlling M2 and M1 respec-
tively. Depending on the state of M3 and M4, light is
shuttled either to output line RBL or RBLB respectively.
[0080] Writing occurs by application of optical power to
either ofwrite lines WBLB or WBL, where light applied to
WBLB passes through optical splitter PS2 to illuminate
photo sensors P1 and P4 and light applied to WBL passes
through optical splitter PS3 to illuminate photo sensors P2
and P3. The memory cell is otherwise configured in this
example as shown in FIG. 10 allowing illumination ofthese
photo sensors to change the state of the memory cell. The
optical conduits for the write lines that are used to change
the state of the modulators M1 and M2 share the same
optical pathway as the light applied through input line 32
that is used to maintain the memory cell state. This sharing
is possible because the optical power for writing operates at
a higher intensity compared to the light at the input line 32
to temporarily override the light at the input line 32.
[0081] FIG. 16 shows an alternative method of interrogat-
ing the modulators M3 and M4 using complementary logic.
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organized in logical rows and logical columns by means of 
column write lines WLB and WL being optical conduits that 
continue upward through the memory cells 14 of each 
column as indicated by the dotted lines but also branch to 
connect with photoelectric converter 60. The signals on the 
column write lines WLB and WL are developed by the laser 
source 20 (shown in FIG. 1). 
[0072] These column write lines WLB and WL may be 
received at a photoelectric converter 60, in this case employ­
ing two series connected diodes PS and P6 back biased 
between power (VDD) and ground. Specifically photoelec­
tric converter 60a provides a photosensor PS with its cath­
ode connected to power, and photosensor P6 has its anode 
connected to ground, and the junction between these pho­
tosensors provides node W. Node W communicates electri­
cally with additional electrical switches M3 and M4. When 
node W is high, it activates switches M3 and M4 to allow a 
writing to the memory cell 14 from the optical bit lines BLB 
and BL to conduct light to the inputs of optical modulators 
M3 and M4. The laser light on these bit lines BLB and BL 
will have a frequency different from laser 18 and thus M3 
and M4 may have a slightly different geometry and tuning 
than Ml and M2. 
[0073] When it is desired to write data to the memory cell 
14, WLB is set low, and WL is set high causing photosensor 
PS to turn on and photo sensor P6 to turn off producing a high 
voltage at junction W. This in turn causes optical modulator 
M3 to conduct any light on BLB to diodes Pl and P4 and 
optical modulator M4 to conduct any light on BL to photo 
sensors P3 and P2 enforcing a desired setting or resetting of 
the bistable state of the memory cell 14. Generally, if BLB 
is high (illuminated), BLB and is low, photosensors Pl and 
P4 will be turned on, and photosensors P2 and P3 will be 
turned off (representing a state of QB=HIGH), and con­
versely when BL is high (and BLB is low) the state of 
Q=HIGH will be achieved. 
[0074] A reading of the memory cell 14 may be accom­
plished in the same way, however, with the WLB lines and 
WB lines used to activate optical modulators MS and M6 
which serve to couple light, respectively, from Ml or M2 to 
respective bit lines BLB and BL. The light from Ml or M2 
represents the state of the memory cell and is now commu­
nicated out on the bit lines BLB and BL which may be 
received by the photodetector array 24 (shown in FIG. 1). 
This light from Ml or M2 may be tapped from the internal 
connections between the respective optical modulators Ml 
and M2 through taps 62a and 62b which may be set up to, 
for example, split off 10% or less than 30% or less of the 
light on the connection to transmit on the bit lines BLB or 
BL without upsetting the amount oflight needed to preserve 
persistence of the state of the memory cell 14. 

Example 9 

[0075] Referring to FIG. 12, readout of the memory cell 
14 may be accomplished without the need for a splitter 62 
by employing the memory cell structure of FIG. 6 and 
providing the optical modulators MS and M6 with connec­
tions to the DROP outputs of optical modulators Ml and 
M2, respectively. An alternative approach to implementing 
the photoelectric converter 60 is also depicted. 

Example 10 

[0076] Referring now to FIG. 13, the memory cells 14 
discussed above may be used for in-memory computation by 
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providing an operand line 70 (here using the WL line) being 
an optical conduit carrying one or more desired operand 
values (single bits) that may be received by one or more 
computational optical modulators 72 (labeled Cl-C4). Gen­
erally these optical modulators 72 will have a similar 
structure to optical modulators Ml and M2 but will be set up 
for a different frequency oflaser light. Generally each of the 
optical modulators 72 will be optimized to accept and switch 
light in different distinct frequency bands. The optical modu­
lators 72 may be electrically connected to a node, for 
example, node Q, to connect or disconnect the light signal 
from operand line 70 to a product line 74 (here using the 
pBL line) effecting a multiplication of the operand is 70 with 
the state of the memory cell 14 reflected by the electrical 
signal at node Q. 

Example 11 

[0077] Referring now to FIG. 14, in all of the above 
embodiments a variation may be implemented in a form 
where only one photo sensors in each series connection ( e.g., 
Pl or P2, or P3 or P4) is switched using light from either an 
optical modulator (Ml or M2) or from an external write 
signal. This configuration continues to null out dark current 
of the photo sensors Pl-P4 because of the series connection 
of the photo sensors, although it would be expected that this 
example will operate at a lower speed because of the 
reduction in node charging current caused by the elimination 
of active switching of one of the photo sensors of each pair. 
The photo sensors which are not switched will desirably still 
be operable photosensors providing a dark current which 
tracks the dark current of the active photosensor. 

Example 12 

[0078] Referring now to FIG. 15, any of the previously 
described memory cells (in this case the architecture of FIG. 
10 is depicted) can be implemented in a form allowing 
decoupled or independent reading and writing of the 
memory cell such as can produce read-disturb free operation 
in which read operations don't interfere with or unintention­
ally alter the memory cell state. 
[0079] In this embodiment, a read line (RWL) may receive 
a light signal passing through a splitter PS4 to interrogate the 
state of modulators M3 or M4, which are in turn controlled 
by the same electrical lines controlling M2 and Ml respec­
tively. Depending on the state of M3 and M4, light is 
shuttled either to output line RBL or RBLB respectively. 
[0080] Writing occurs by application of optical power to 
either of write lines WBLB or WBL, where light applied to 
WBLB passes through optical splitter PS2 to illuminate 
photo sensors Pl and P4 and light applied to WBL passes 
through optical splitter PS3 to illuminate photo sensors P2 
and P3. The memory cell is otherwise configured in this 
example as shown in FIG. 10 allowing illumination of these 
photo sensors to change the state of the memory cell. The 
optical conduits for the write lines that are used to change 
the state of the modulators Ml and M2 share the same 
optical pathway as the light applied through input line 32 
that is used to maintain the memory cell state. This sharing 
is possible because the optical power for writing operates at 
a higher intensity compared to the light at the input line 32 
to temporarily override the light at the input line 32. 
[0081] FIG. 16 shows an alternative method of interrogat­
ing the modulators M3 and M4 using complementary logic. 
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[0082] Blocks in both FIGS. 15 and 16 labeled A are
absorbers and blocks labeled V are thermal ports used for
calibration of the modulators M1 and M2.
[0083] It will be understood that each of these embodi-
ments provides a different feature that various components
ofthe different embodiments may be combined according to
the teachings herein to implement various permutations on
the fundamental invention.
[0084] Certain terminology is used herein for purposes of
reference only, and thus is not intended to be limiting. For
example, terms such as “upper”, “lower”, “above”, and
“below” refer to directions in the drawings to which refer-
ence is made. Terms such as “front”, “back”, “rear”, “bot-
tom” and “side”, describe the orientation ofportions of the
component within a consistent but arbitrary frame of refer-
ence which is made clear by reference to the text and the
associated drawings describing the component under dis-
cussion. Such terminology may include the words specifi-
cally mentioned above, derivatives thereof, and words of
similar import. Similarly, the terms “first”, “second” and
other such numerical terms referring to structures do not
imply a sequence or order unless clearly indicated by the
context.
[0085] When introducing elements or features ofthe pres-
ent disclosure and the exemplary embodiments, the articles
“a”, “an”, “the” and “said” are intended to mean that there
are one or more of such elements or features. The terms
“comprising”, “including” and “having” are intended to be
inclusive and mean that there may be additional elements or
features other than those specifically noted. It is further to be
understood that the method steps, processes, and operations
described herein are not to be construed as necessarily
requiring their performance in the particular order discussed
or illustrated, unless specifically identified as an order of
performance. It is also to be understood that additional or
alternative steps may be employed.
[0086] Itis specifically intended that the present invention
not be limited to the embodiments and illustrations con-
tained herein and the claims should be understood to include
modified forms of those embodiments including portions of
the embodiments and combinations ofelements ofdifferent
embodiments as come within the scope of the following
claims. All of the publications described herein, including
patents and non-patent publications, are hereby incorporated
herein by reference in their entireties.
[0087] To aid the Patent Office and any readers of any
patent issued on this application in interpreting the claims
appended hereto, applicants wish to note that they do not
intend any of the appended claims or claim elements to
invoke 35 U.S.C. 112) unless the words “means for” or
“step for” are explicitly used in the particular claim.

What we claim is:
1. A memory cell comprising:
a first and second optical modulator having a light input

and at least one light output and having an electrical
input determining a switching state of the optical
modulator defining a switching of light between the
light input and light output;

a first photosensor conducting current to a first node
according to illumination ofthe first photosensor and a
second photosensor conducting current away from the
first node according to the illumination of the second
photosensor; and
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a third photosensor conducting current to a second node
according to the illumination of the third photosensor
and a fourth photosensor conducting current away from
the second node according to illumination ofthe fourth
photosensor;

wherein the first and second optical modulators control
light directed to at least one ofa respective photosensor
and have their electrical inputs connected to one ofthe
first and second nodes to provide bistable switching
states.

2. The memory cell of claim 1 further including a first
electrical switch operating to block current flow through the
first photosensor when the first node is below a threshold
voltage and a second electrical switch operating to block
current flow through the second photosensor when the first
node is above the threshold voltage; and

a third switch operating to block current flow through the
third photosensor when the second node is below the
threshold voltage and a fourth electrical switch oper-
ating to block current flow through the fourth photo-
sensor when the second node is above the threshold
voltage.

3. The memory cell of claim 2 wherein the first and
second electrical switches communicate witha first electri-
cal buffer amplifier having an input attached to the first node,
and the third and fourth electrical switches communicate
with a second electrical buffer amplifier having an input
attached to the second node.

4. The memory cell of claim 2 further including:
a fifth electrical switch operating to shunt the first elec-

trical switch and a sixth electrical switch operating to
shunt the second electrical switch;

a seventh electrical switch operating to shunt the third
electrical switch and an eighth electrical switch oper-
ating to shunt the fourth electrical switch; and

wherein the fifth, sixth, seventh, and eighth electrical
switches are adapted to receive a write signal to move
them to a shunting state during a writing ofdata to the
memory cell, such writing as operates to change the
bistable switching state.

5. The memory cell of claim 1 wherein the first and
second optical modulators each have a light input receiving
light that can be switchably directed to either of a
THROUGH output or a DROP output and wherein the first
and second optical modulators control illumination of the
first, second, third, and fourth photosensors by conducting
light to the respective photosensors from the DROP light
output.

6. The memory cell of claim 1 wherein the first optical
modulator controls light to the first and second photosensors
and the second optical modulator controls light to the third
and fourth photosensors and wherein the second optical
modulator is connected to the first node and the first optical
modulator is connected to the second node.

7. The memory cell of claim 1 wherein the first optical
modulator controls light to the third and fourth photosensors
and the second optical modulator controls light to the first
and second photosensors and wherein the second optical
modulator is connected to the second node and the first
optical modulator is connected to the first node.

8. The memory cell of claim 1 further including two
optical conduits receiving a SET signal or RESET signal,
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[0082] Blocks in both FIGS. 15 and 16 labeled A are 
absorbers and blocks labeled V are thermal ports used for 
calibration of the modulators Ml and M2. 
[0083] It will be understood that each of these embodi­
ments provides a different feature that various components 
of the different embodiments may be combined according to 
the teachings herein to implement various permutations on 
the fundamental invention. 
[0084] Certain terminology is used herein for purposes of 
reference only, and thus is not intended to be limiting. For 
example, terms such as "upper", "lower", "above", and 
"below" refer to directions in the drawings to which refer­
ence is made. Terms such as "front", "back", "rear", "bot­
tom" and "side", describe the orientation of portions of the 
component within a consistent but arbitrary frame of refer­
ence which is made clear by reference to the text and the 
associated drawings describing the component under dis­
cussion. Such terminology may include the words specifi­
cally mentioned above, derivatives thereof, and words of 
similar import. Similarly, the terms "first", "second" and 
other such numerical terms referring to structures do not 
imply a sequence or order unless clearly indicated by the 
context. 
[0085] When introducing elements or features of the pres­
ent disclosure and the exemplary embodiments, the articles 
"a", "an", "the" and "said" are intended to mean that there 
are one or more of such elements or features. The terms 
"comprising", "including" and "having" are intended to be 
inclusive and mean that there may be additional elements or 
features other than those specifically noted. It is further to be 
understood that the method steps, processes, and operations 
described herein are not to be construed as necessarily 
requiring their performance in the particular order discussed 
or illustrated, unless specifically identified as an order of 
performance. It is also to be understood that additional or 
alternative steps may be employed. 
[0086] It is specifically intended that the present invention 
not be limited to the embodiments and illustrations con­
tained herein and the claims should be understood to include 
modified forms of those embodiments including portions of 
the embodiments and combinations of elements of different 
embodiments as come within the scope of the following 
claims. All of the publications described herein, including 
patents and non-patent publications, are hereby incorporated 
herein by reference in their entireties. 
[0087] To aid the Patent Office and any readers of any 
patent issued on this application in interpreting the claims 
appended hereto, applicants wish to note that they do not 
intend any of the appended claims or claim elements to 
invoke 35 U.S.C. 112(f) unless the words "means for" or 
"step for" are explicitly used in the particular claim. 

What we claim is: 
1. A memory cell comprising: 
a first and second optical modulator having a light input 

and at least one light output and having an electrical 
input determining a switching state of the optical 
modulator defining a switching of light between the 
light input and light output; 

a first photosensor conducting current to a first node 
according to illumination of the first photosensor and a 
second photosensor conducting current away from the 
first node according to the illumination of the second 
photosensor; and 
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a third photosensor conducting current to a second node 
according to the illumination of the third photosensor 
and a fourth photosensor conducting current away from 
the second node according to illumination of the fourth 
photo sensor; 

wherein the first and second optical modulators control 
light directed to at least one of a respective photo sensor 
and have their electrical inputs connected to one of the 
first and second nodes to provide bistable switching 
states. 

2. The memory cell of claim 1 further including a first 
electrical switch operating to block current flow through the 
first photosensor when the first node is below a threshold 
voltage and a second electrical switch operating to block 
current flow through the second photosensor when the first 
node is above the threshold voltage; and 

a third switch operating to block current flow through the 
third photosensor when the second node is below the 
threshold voltage and a fourth electrical switch oper­
ating to block current flow through the fourth photo­
sensor when the second node is above the threshold 
voltage. 

3. The memory cell of claim 2 wherein the first and 
second electrical switches communicate with a first electri­
cal buffer amplifier having an input attached to the first node, 
and the third and fourth electrical switches communicate 
with a second electrical buffer amplifier having an input 
attached to the second node. 

4. The memory cell of claim 2 further including: 
a fifth electrical switch operating to shunt the first elec­

trical switch and a sixth electrical switch operating to 
shunt the second electrical switch; 

a seventh electrical switch operating to shunt the third 
electrical switch and an eighth electrical switch oper­
ating to shunt the fourth electrical switch; and 

wherein the fifth, sixth, seventh, and eighth electrical 
switches are adapted to receive a write signal to move 
them to a shunting state during a writing of data to the 
memory cell, such writing as operates to change the 
bistable switching state. 

5. The memory cell of claim 1 wherein the first and 
second optical modulators each have a light input receiving 
light that can be switchably directed to either of a 
THROUGH output or a DROP output and wherein the first 
and second optical modulators control illumination of the 
first, second, third, and fourth photosensors by conducting 
light to the respective photosensors from the DROP light 
output. 

6. The memory cell of claim 1 wherein the first optical 
modulator controls light to the first and second photosensors 
and the second optical modulator controls light to the third 
and fourth photosensors and wherein the second optical 
modulator is connected to the first node and the first optical 
modulator is connected to the second node. 

7. The memory cell of claim 1 wherein the first optical 
modulator controls light to the third and fourth photosensors 
and the second optical modulator controls light to the first 
and second photosensors and wherein the second optical 
modulator is connected to the second node and the first 
optical modulator is connected to the first node. 

8. The memory cell of claim 1 further including two 
optical conduits receiving a SET signal or RESET signal, 



US 2026/0177883 Al

respectively, to change the bistable switching state and
operating to conduct light each to a photosensor associated
with a different node.

9. The memory cell of claim 1 further including two
optical conduits each connected to communicate with a
different one of the optical modulators to provide a light
output indicating the bistable switching state.

10. The memory cell of claim 9 wherein the optical
conduits communicate with respective optical modulators
using a splitter transmitting less than 30% of the light from
the optical modulator to the optical conduit.

11. The memory cell of claim 9 wherein the optical
conduits are connected directly to an output of an optical
modulator not providing light to a photosensor.

12. The memory cell of claim 1 further including an
optical conduit for receiving an operand signal and further
including at least one third optical modulator communicat-
ing with at least one ofthe nodes to switch light to a second
product output optical conduit depending on the state ofthe
bistable element.

13. The memory cell ofclaim 1 further including multiple
third optical modulators each communicating with one of
the nodes to switch light to a second product output optical
conduit depending on the state of the bistable element;

wherein the multiple third optical modulators each pro-
vide a different on-state frequency offset ofa passband
or rejection band.

14. The memory cell of claim 1 wherein the first optical
modulator switches light alternately between the first pho-
tosensor and second photosensor and the second optical
modulator switches light alternately between the third pho-
tosensor and the fourth photosensor.

15. The memory cell of claim 1 wherein the optical
modulators are selected from the group consisting ofa micro
ring resonator optical modulator and a Mach Zehnder inter-
ferometric optical modulator.

16. The memory cell ofclaim 1 wherein the photosensors
are selected from the group consisting of a phototransistor
and a photo diode.
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17. A memory system comprising:
an array of memory cells arranged in logical rows and

columns and each providing:
a first and second optical modulator having a light input

and at least one light output and having an electrical
input determining a switching state of the optical
modulator defining a switching of light between the
light input and light output;

a first photosensor conducting current to a first node
determined by illumination of the first photosensor
and a second photosensor conducting current away
from the first node determined by illumination ofthe
second photosensor;

a third photosensor conducting current to a second node
determined by illumination of the third photosensor
and a fourth photosensor conducting current away
from the second node determined by illumination of
the fourth photosensor;

wherein the first and second optical modulators control
light directed to the photosensors and have their
electrical inputs connected to one of the first and
second nodes to provide bistable switching states;

a set of electrical write lines communicating with the
memory cells along a logical column; and

a set ofoptical bit lines communicating with the memory
cells along a logical row;

wherein thememory cells include at least one third optical
modulator communicating with an electrical write line
and connecting at least one optical bit line to at least
one photosensor to change a bistable state of the
memory cell according to the signal on the electrical
write line.

18. The memory system of claim 17 further including at
least one fourth optical modulator communicating with the
electrical write line and connecting at least one optical bit
line to an output of at least one optical modulator to read a
state ofthe bistable state ofthememory cell according to the
signal on the electrical write line.

* * * * *
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respectively, to change the bistable switching state and 
operating to conduct light each to a photosensor associated 
with a different node. 

9. The memory cell of claim 1 further including two 
optical conduits each connected to communicate with a 
different one of the optical modulators to provide a light 
output indicating the bistable switching state. 

10. The memory cell of claim 9 wherein the optical 
conduits communicate with respective optical modulators 
using a splitter transmitting less than 30% of the light from 
the optical modulator to the optical conduit. 

11. The memory cell of claim 9 wherein the optical 
conduits are connected directly to an output of an optical 
modulator not providing light to a photosensor. 

12. The memory cell of claim 1 further including an 
optical conduit for receiving an operand signal and further 
including at least one third optical modulator communicat­
ing with at least one of the nodes to switch light to a second 
product output optical conduit depending on the state of the 
bistable element. 

13. The memory cell of claim 1 further including multiple 
third optical modulators each communicating with one of 
the nodes to switch light to a second product output optical 
conduit depending on the state of the bistable element; 

wherein the multiple third optical modulators each pro­
vide a different on-state frequency offset of a passband 
or rejection band. 

14. The memory cell of claim 1 wherein the first optical 
modulator switches light alternately between the first pho­
tosensor and second photosensor and the second optical 
modulator switches light alternately between the third pho­
tosensor and the fourth photosensor. 

15. The memory cell of claim 1 wherein the optical 
modulators are selected from the group consisting of a micro 
ring resonator optical modulator and a Mach Zehnder inter­
ferometric optical modulator. 

16. The memory cell of claim 1 wherein the photosensors 
are selected from the group consisting of a phototransistor 
and a photo diode. 
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17. A memory system comprising: 
an array of memory cells arranged in logical rows and 

columns and each providing: 
a first and second optical modulator having a light input 

and at least one light output and having an electrical 
input determining a switching state of the optical 
modulator defining a switching of light between the 
light input and light output; 

a first photosensor conducting current to a first node 
determined by illumination of the first photosensor 
and a second photosensor conducting current away 
from the first node determined by illumination of the 
second photosensor; 

a third photosensor conducting current to a second node 
determined by illumination of the third photo sensor 
and a fourth photosensor conducting current away 
from the second node determined by illumination of 
the fourth photosensor; 

wherein the first and second optical modulators control 
light directed to the photosensors and have their 
electrical inputs connected to one of the first and 
second nodes to provide bistable switching states; 

a set of electrical write lines communicating with the 
memory cells along a logical column; and 

a set of optical bit lines communicating with the memory 
cells along a logical row; 

wherein the memory cells include at least one third optical 
modulator communicating with an electrical write line 
and connecting at least one optical bit line to at least 
one photosensor to change a bistable state of the 
memory cell according to the signal on the electrical 
write line. 

18. The memory system of claim 17 further including at 
least one fourth optical modulator communicating with the 
electrical write line and connecting at least one optical bit 
line to an output of at least one optical modulator to read a 
state of the bistable state of the memory cell according to the 
signal on the electrical write line. 

* * * * * 
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