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Abstract: An n-bit all-optical dynamic random access meméoy write, read and refresh
operation in optical computing applications is istigated. The 1-bit memory element obtained by

a SOA-based variable optical buffer is verified ahdracterized.
OCIS codes:(210.4680) Optical memories; (200.4740) Opticakessing

1. Introduction

The rising interest of fast and efficient sub-sgstefor optical computing is leading the researchatals the
investigation of photonic digital processing. Désmiptical devices for digital functionalities anetheir early stage
and the realization of whole all-optical computsygtem is still remote, it is proven that photgmiacessing has the
potentiality to overcome electronics due to theghkspeed capability. Photonic digital functionakt have been
largely demonstrated but the lack of a reliableoglical memory continues to limit the functionapacity of
photonic circuitry. Several schemes for opticald@m access memory (ORAM) have been investigated21]
especially for optical packet switching networksl @emmonly addressed as optical packet bufferss@kelutions
are restricted to synchronous operations, whicitdithe architecture design and increase the tiscoomplexity at
time. In a previous work [3] we demonstrated a semiuctor optical amplifier (SOA)-based bufferirajugion for
10Gbit/s packets which introduced variable buffgritme for relatively large delays by means of arencompact
footprint with respect to other schemes. Startiygtiis solution a single bit buffering with truendom and
asynchronous access can be realized. A static OR&idme for asynchronous and variable-length dateepsing
has been demonstrated in [4]. In that solutionutbe of internal flip-flops and external laser sesrto power them
provided different output data wavelengths, bestdensiderably affect the costs and dimensioris@Echeme.

In this paper, a new scheme for a multi-cell optidgnamic random access memory (ODRAM) aiming to
reproduce the most analogy with the respectivetrédat device is proposed. The solution allows Wgiting and
reading operations, as well as refreshing functignain an all-optical and dynamic way without any
synchronization. The n-bit ODRAM is composed bydpdndent 1-bit memory elements, each one compagsad b
wavelength preserving SOA-based variable opticffiebyroposed in [3]. The cell enabling commandwedl as
the read and write control signals, are carriedoyulready demonstrated logic operations betwkeroptical row
and column enabling signals. True dynamic randooesg properties are evaluated for the single oekims of
extinction ratio (ER) as a function of storage time77is bit delay is demonstrated without signal degiadat
Multi-cell performance is also investigated. A 3@R reduction for an 8x8 matrix structure is meadurehe
proposed scheme can work as a multi register médrisynchronous operation, once an n-bit packetased in
each specific optical buffer.

2. 1-bit memory cell

In a standard electrical DRAM each bit of datatwed in a separate capacitor within an integrafeclit. Since
real capacitors leak charge, the information fadekess the capacitor charge is periodically refedshn an
analogous way, the experimental setup for an dltalpl-bit memory cell is reported in Fig. 1 (#)consists of an
optical buffer based on a re-circulating fiber ldapwvhich the bit storage time is directly conteallin the optical
domain. Two SOAs are used as optical gates enaltiethatively in order to store the packet intoltiwp or send it
to the output. In particular, an optical signal @R its logically inverted copy (W) are used aslieg and writing
control signals to change the gain saturation oAS@nd SOA, respectively, by cross gain modulation (XGM)
non-linear effect. This way, the switching functdity is achieved and the packet can be read aedtby
depending on the R and W control signals statugehto detail, during the writing operation a bitsisnt into the
fiber loop through the optical circulator (@)Gand the 50/50 optical coupler. In this condittbe write signal W is
low while the read signal R is high. Therefore,aming bit finds SOA saturated, whereas it is amplified by SOA
and stored for a certain number of rounds intor&eirculating loop. As soon as R and W changer tstaites, the
stored bit directly reaches the cell output fordiag operation, amplified by SQAAt the same time, the SQAs
saturated by W and the packet into the loop is gged. The last condition acts as loop erasimy fwia new bit
storing or a refreshing operation. The specifiainpt is sent into the buffer delayed by an optaelay line (ODL)
after a bit time (§) with respect to the W signal in order reach thapl after that the erasing condition takes place.



OSA/OFC/NFOEC 2011
JWA36.pdf

1-bit Memory el:%nt H 1ﬂ U h h
I S S | 1
Jar T
VA2 32 . T wen
& fU L—J U L——:[ .
I

WA

145 _ﬁ ﬂ A ﬂ

5 12 4 . . . ' 1 ps/div ‘ .
10 3 ‘ : o
0,2 0,7 12 1,7 ﬂ
Tdelay [US] 100 ns/div

(c) (b)
Figure 1. 1-bit memory cell experimental setup Hase a variable optical buffer (a). Oscilloscopectrs of the signals in each part of the
scheme (b). 1-bit memory element output signal ER function of the reading delay (c).

The use of an SOA as active element into the fibep allows overcoming the power leakage issuenguthe
storage process. The maximum storage time, whiphojgortional to the maximum number of roundsijristed by
the loop losses and the amplified spontaneous @miSASE) noise accumulation generated by the aptic
amplifier. As its analogy in electronics, aftera@nsiderable time the memory needs a refresh opardti this case,
the bit circulating in the loop must be erased bfusating the SOAgain and written again. However, by an
accurate balancing of the SOA gain and the loopa®sno significant signal degradation can be aediep to tens
circulations without refreshing.

In the specific implementation, the input signahisontinuous wave (CW) ag=1551nm directly modulated by
a specific periodic stream of bits [1 0 1] choseoperly to assures the covering of all possiblesawhich are the
storing and reading of 1, the storing and readin@ and the refreshing of 1 after its degradinge Tirean power is
set to -32dBm by the variable optical coupler (VQRAThe bit time is §=84.6ns and it must be equal to the loop
time (T.) in order to put the bit exactly in line to itselfter each round. A bit rate of 562.58KHz is chrogeallows
reaching of 20 consecutive bit rounds without rfileg operations for a maximum storage timg{j of 1.77s.
The R and W control signals are generated by twol&@&frs ahz=1547nm and,=1543nm, directly modulated by
562.58KHz electrical square waveforms with a dugle of 95% and 5%, respectively, and sent intoS&y and
SOA, by means of Ogand OG,. The R and W signal mean power is set to 6.5dBth@Bm. The SOA bias
current is set to 200mA (at 27°C), while a variatyical attenuator (VO4) allows for setting a proper attenuation
to avoid cavity lasing. Two 0.6nm-bandwidth optibalind-pass filters (BPFs) in the scheme are neiededler to
suppress the out band ASE. The signals at diffgreintt of the setup are shown in Fig. 1 (b). Osesitope traces
report the input bit stream (trace D), the writel a@ad control signals (traces W and R) at the S8 SOAinput,
respectively, the signal stored in the fiber lotpde L), as well as the output bit stream anddéggram (traces Q)
after a storage time of 1.48. When a bit 0 is stored in the fiber loop the A8fise outputs from SQAIncrease
each circulation. For this reason, a weak peakiiput when the bit 0 is read. The true random actasctionality
is demonstrated. The ER of read bits is evaluased function of the storage time. Results repoiteHig. 1 (c)
shown ER values of 11.9dB, 11.4dB and 11.9dB fpg,f 0.46:s, 1.15s and 1.46s, respectively.

3. n-bit Optical DRAM

In Fig. 2 (a) an extension of the previously introdd solution towards an n-bit optical DRAM is poepd. As its
equivalent in electronics, ODRAM is arranged imaare array of single cells. For the sake of conmess, a 4-bit
ODRAM design is reported, comprising four 1-bit magn cells in a 2x2 matrix structure. Each specd@a! is
identified by a binary code via row enablgand column enable gEoptical commands. The single cell enabling
command (E), the read (R) and write (W) controhsicare carried out by well know optical logic ftinao between
Er and E signals. In particular, when bothy Bnd E are high, E and R are low as result of a NAND loggte
between k and E, while W is high as result of NOT E. In this commoln the identified cells are enabled for read or
write operation. In the write function the writiegable signal (WE) is low and the Gate D is ON. ifipait bits are
forwarded to each 1-bit memory element by meamswfand column optical couplers, but only the selécell is
enable to store the data.
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Figure 2. Proposed scheme for a n-bit optical DRAMletail a 2x2 matrix structure (a), the truthl¢areporting the enabling signals, the cell
Write and Read commands and the permitted operéijpand the output signal ER as a function ofghte Q input power (c) are reported.

In the read operation the read enable signal (RE)w, the Gate Q is ON and the bit coming fromdbkected cell
is extracted. All the gates in the scheme, actisgogical ON/OFF switch, can be implemented by SOWs
particular, when the enabling signals (E, RE and)\&t& high the SOAs gain is saturated by XGM ardgdites are
OFF. A truth table of the ODRAM is reported in F&y(b). As the ODRAM capacity grows, the numbetha row
and column couplers ports scales with the matriredision. Because the performances of each singleree
independent and fixed by the loop parameters, ¢akakility effectiveness of the scheme only depdndthe gates
input power. Performances are evaluated in termteeofjates output ER as a function of the gatestippwer. For
the sake of simplicity, results for the Gate Q h&exn reported, which it was noted to be the waese.
Measurements reported in Fig. 2 (c) demonstrateaedsing of 3dB in the ER with an optical inputvpo
weakening of 18dBm, which corresponds to an implgaten of a 8x8 matrix structure.

The proposed scheme can work as a multi registenofiar n-bit packet buffering. In particular agleet can be
stored in each specific memory cell and read adtdime multiple of the packet time. Anyway synchvos
operations are needed without the possibility taltp randomly access to the memory. The bulk radilon of the
scheme not allowed for reduced dimension of th@,ldlous permitting only hundred of KHz operatioAsyhow,
the photonic digital processing becomes more éffe@nd attractive especially if it can be realiségth integrated
solutions. The use of SOAs in the scheme is aitebbr their compactness, stability, low switchiegergy and low
latency, as well as for the possibility of integwat by hybrid solutions. By reducing the loop direiem to
millimetres the processing of picoseconds bit cdadgossible, thus allowing for GHz digital photmoperations.

4. Conclusions

A novel scheme for a multi-cell ODRAM composed Inglépendent 1-bit memory elements is proposed. The
solution allows for optical and dynamic writing, ating and refreshing operation without any external
synchronization. Each cell is based on a wavelepgtserving SOA variable optical buffer. True dym@arandom
access functionality is firstly demonstrated fobifl-memory element and the scalability toward a tivadll
ODRAM is then verified. The proposed scheme carkvesra multi-register matrix for synchronous operatvith

n-bit packet. By photonic integration the bit tiro@n be reduced up to picoseconds thus allowingstéz digital
processing.
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