1’ | NTEGRATED OPTI CAL FI BER COUPLER AND
. FIELD OF THE | NVENTI ON

cou- ple input optical fibers to out pyr;a@ﬁ cal” fibers by neans of
fiber

preal i gned wavegui de channel cores and grooves. In ther aspect,
nol ds on which are forned passive optical couplers, and a‘ﬁ%&&&HEﬁnnnsg@Eﬁ
these nolds are nmade, are disclosed. The nethod for makin

BACKGROUND OF THE | NVENTION  Optical couplersjom

al so “di scl osed.

one or nore input optical fibers to one or nore output optical fibers.
allow light being carried by an input fiber(s) to be transferred to,
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METHOD OF MAKI NG SAME
This inventiga rel ates to optical couplers which
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CONTENT ADDRESSABLE MEMORY FIFO
WITH AND WITHOUT PURGING

The present invention relates to data storage apparatus and, more

particularly, to a novel content-addressable memory of the First-In/ First-

* Out queue (CAMFIFO) type. This data-storage structure, which can also

be called 2 CAMF, can be implemented in either software or hardware, and

- has application to computer graphics and more generally to any real-time

computer application (such as networking, telecommunications and the

like) that requires a read-modify-write process of data on a queue.

BACKGROUND OF THE INVENTION

It is well known to temporarily store data, arriving from one
portion of 2 data processing machine, until that data is needed by a2
subsequent machine portion; ge_:nerﬁlly, the first item of data received at the
temporary memory input is the first item made available at the output. This
First-In/First-Out, or FIFO, form of temporary storage is particularly
attractive in situations where data at differing clock speeds must be
interfaced, or where processing times for each data item may be different,
so that the subsequent processor is configured to call for the next data item

_only when ready, rather than on a clock-only

basis. Thus, when the receiving process is not ready for data, the sending
process must wait and store data that is ready to be sent. Data
transmission between the two processes will resume when the receiving
process is ready. If the sending process does not have data to send, the

receiving process must wait until data is available.
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split between, or merged into an output optical fiber(s). They play an
.inmportant role in fiber tel ecormunica- tions, cable television |jnks, and
data communi cati ons. At present, couplers are made by fUIHIfYSHERT BA% BEEN |
fibers or by attaching fibers to a planar, glass integratijed opiREPLAGED
devi ce which guides the light fromthe input fiber(s) to output TTDEr(s)
attached at the opposite end of the device. Both of these nethods are quite
| abor intensive and quite costly. The cost is also proportionate to the
nunber of output fibers desired (because of the cost in carefully fusing or
attachi ng each individual fiber). These | abor-intensive processes al so

prohi bit these de- vices from being mass produced. Unl i ke opti cal

coupl ers, channel wavegui des are w dely used and easily produced. In the
past twenty years, nuRefentrsg toigured, pcrhagsrtbdﬁxstfagmtdfesnpomestorggd des have
been devel oped. Fg mstancg tﬁ{gecquf at,- ni ckﬁ I ster to form
a channel waveguiPHtisBPE™aY fayeheen s s r"%}ﬁb’f P@%‘P% R%@ ﬁ?@ﬁﬁ 310 form
wavegui de Cha““e'lénhﬁt‘é?coﬁﬂ&ibdké%%@%?ﬂhtﬁeﬁmﬁxs,oéntéf % ingde 163, recently,
phot ol i t hogr aphi ¢ t'echni ques hav een used to nake 1| ed wavegui des.
Cast- and-cure nebitgshiughehassoeniapghgesaedpensivdie ablleastronershﬁodmcm mol di ng
met hods of forgn n

Ol thH?h 1gen%ha%9éar in the same order at the register output 10o.
Of course, those skilled in the art will immediately recognize that many
problems will occur with such a simple FIFO, not the least of which is the
need for at least two separate clock signals, i.e. an input clock CLKO at
input 10x-1 to shift into storage the new data bit then present at the stage

10 input, after the stored previous data was cleared from that stage by
operation of an output clock CLK1 at input 10x-2 to first shift the stored
data bit to the output of that sfage. This form of FIFO is said to be
synchronous, in that all data will be shifted simultaneously; such operation
is often not desired.

15 The prior-art FIFO 12 of Figure 1a solved many of the shift-
register-FIFO 10 problems: a stack of N data word registers 14a-14n all
receive the incoming data word at common FIFO input port 14i, but only
that stage 14 then enabled by a write signal at its input 14Sw (where S is
the stage number A to N) will accept the data word for storage. The write

20 signal is provided at 2 mutually-exclusive one of the N outputs 15-10 of &
write counter means 15-1, which cyclically counts though all N counts,
responsive to a write-enable WR_EN signal at input 15-1a. Thus, the rate
at which new data words are stored in the unit is governed by the rate of
pulsatile signals at input 15-1a; the count can be reset to a preselected state

25 (say, zero) by operation of a reset input 15-1b. All of the N registers 14a-

14n have an output connected to a common FIFO output port 140, but

\
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nel wavegui des. None of these techniques teach a neans for passively
:aligning optical fibers to such channel wavegui des, however.

2 In a recent publication (A Neyer, T. Knoche, and L. {M{|;L& -
El ectronics Letters, 29, 399 (1993)), a nethod of cheapl Hﬂﬂéﬁﬁ%ﬂ@ﬁBEﬂ;l
numer ous wavegui des was di s- closed. This nethod invol ved~creat-Rg—annst e
nold (for straight wavegui de channels only) in photo-resist foll owed by

el ectroplating in nickel, form ng wave- gui de grooves in poly(nethyl

nmet hacryl ate) by injec- tion nolding, filling the grooves with a UV-cured
resin having a high index of refraction, placing a flat top piece on the
resin-substrate article, and curing the whole. In this publication, the

aut hors suggest ed t hat . L )
only that stage 14 then enabled by a read signal at its input 14Sr will output

its stored data word for subsequent use. The read signal is provided at a
mutually-exclusive one of the N outputs 15-20 of a read counter means 15-
2, which cyclically counts though all N counts, responsive to a separate

S read-enable RD_EN signal at input 15-2a. Thus, the rate at which stored

data words are output from unit 12 is governed by the rate of pulsatile

signals at input 15-2a; this count can also be reset to a preselected state

(say, zero) by operation of its independent reset input 15-2b. If the

WR_EN signal at input 15-1a is different from the RD_EN signal at input

10 15-2a, the FIFO can input and output data words upon occurrence of
different events and at different frequencies. Those skilted in the art will
recognize that while FIFO 12 solves some of the register 10 problems,
there are still problems, such as overflow, underflow, and the like, with
FIFO 12.

15 Another prior-art FIFO 20 (Figure 1b) solves most of these
problems, In FIFO 20, a xﬁulti_—dataword storage memory means 22 will
store a new data word, input at FIFO input port 202, responsive to the
presence of both a write clock wr-clk signal at input 20¢ and a write-enable
wr-en signal at input 20d; the pair of signals advances the count in a first

20  counter means 24-1, which count is coupled (via a first exclusive-OR gate
26-1 acting on the most two significant address bits (MSBs 1&2)) via bus
A, to the wr-addr iﬁput of the memory means 22. A first synchronizer -
means 28-1, comprised of a pair of type-D flip-flops, also receives the first
counter means 24-1 output data. The data words stored in memory 22 are

25 individually read to means output 20b responsive to the presence of a

cyclic read address rd-addr signal, from the output bus of another counter
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this process could be used to sinultaneously manufac- ture optical
:wavegui de structures and fiber alignnent grooves in one fabrication step.
How t his process could be nodified to include such fiber groove formation
and al i gnment was not nentioned or suggested.

| NVENTION  Briefly, the present invention provides
optical coupler conprising a polyneric housing which:

Linput

optical fibers, (b) n wavegui de entry channel s, whi

converge into mwavegui de exit channels, and (c) moutput optical fibers,
wherein n and m are, I ndependently, integers from1l to 1024 i ncl usive,
each of said n wavegui de entry channel s being aligned to the core of
the respective n input optical fi bers and each of said m wavegui de exit
channel s bei nmearisi A2 dvhich & Iayschcaityeprofndtm espaspec areaduladk rdtk

optical fibers by s of precis grooves in_ said housing,
sai d wavegui de chélﬁi‘ﬂila%m mpuﬁ&ﬂeﬁggmrrq 3&9 Téen P’é&%ltatéﬁglpﬁb?‘{fnﬁq zabl e

monomner whi chgd @cﬁélg{?éreouﬁiut B! AUsEWhifkctdd B Qgtlhgzesygai{@nlzer meaf$!l di NQ

cores. I n anot her as resent 1 nvention provi
28-2. A first comparator means 30-1 receives the first synchronizer output

5 and the second counter means output to determine if the memory is empty,
and responsively provides a suitable signal at output 20g. A second
comparator means 30-2 as well as gati'ng logic means 32 acts upon the
second synchronizer output and the first counter means output to
determine if the FIFO memory means 22 is full; output 20h is enabled when

10 the FIFO is full, so that further data input can be temporarily suspended.

The memories described hereinabove are useful, but all have some

form of shortcoming. Even the synchronized FIFO of Figure 1b, while
solving many of the prior problems, still does not allow the content of any
temporarily-stored dataword to accessed and/or be altered while the queue

15 of words is in storage; these features are often desirable. Accordingly, we
desire to provide a FIFO in which the contents of any stored dataword can
be addressed, accessed and changed or removed, if desired, without |
changing the first-in, first-out basic operaiion of the memory.

20 BRIEF SUMMARY OF THE INVENTION
In accordance with the invention, a wntent-addréable memory
first-in, first-out means (CAM-FIFO), as used to provide a read-modify-
write buffer for data between two processes, includes: a Content
Addressable Memory (CAM) which is used to query data on the queue to
25  determine if the data should still be sent to the receiving process, with the

decision to send data being based on the data ini the queue and on other -
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pol yneri c housing for enclosing and prealigning optical fibers and channel

;wavegui de cores conpri sing (a) a substrate nenber, conprising (i) a
first portion, one horizontal surface of which contains n grooves for
hol di ng n i nput optical fibers, (ii) a second portion
hori zontal surface of whi ch contai ns n wavegui de :
whi ch divide or converge into mwavegui de exit channel s gERNACED l
(iii) a third portion, one horizontal surface of which ‘e o '
grooves for hol ding moutput optical fibers;

3

real-time data externally introduced to the CAMFIFQ; a FIFO means
(implementable with registers, memory or a data structure in software) for
providing data storage; and counting means for providing write/read
addresses of data to be stored in/read from the FIFO.

5 In one presently preferred embodiment, the FIFO stores data and
flag information. A write- address (wr_addr) is used to write the incoming
FIFOIn data words into the FIFO and is incremented (the write pointer is
‘advanced) when a writezenable wr_en signal is set high. A read address
(rd_addr) determines which location in the array is read out to a FIFOOut

10 data output port. The rd_addr address i§ incremented when a read-enable
rd_en signal is set high. Each flag dataword of a set of InFlag data indicates
the status of the data being written into the FIFO. These flags can be
modified based on other real-time data after the ﬂags have been entered
into the queue. The status of these flags at the output of the FIFO

15 determines if data will be sent to the receiving process at all or if the data
must be held until the output flags change state.

The CAM structure can be implemented using comparators and -
multiplexers. In this respect, 'Content Addressable' signifies that a portion
of the content stored in the memory is used to determine which data will be

20 accessed during a read operation. This data, whicf; in 2 sense acts as an
address, is called the Tag. The CAM can be read w;ia enablement of a
CamReadAddr signal, which is compared with th; tag data stored at all of
the data locations in the register array. If a Match éccurs, a Hit flag is set
high and the data, from the first location in the arra\y storing a Tag which

25 matched the CamReadAddr, is output via another multiplexer to a
CamData output port. The CamData is used by a sending process to

———
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and (b) a covering nmenber, conprising (i) a first portion, one

shori zontal surface of which contains n grooves for securing n input
opti cal fi bers,———ii)ya second portion, one horizgatak-gurface of .
which is substantlallyfl Replided 1) @ third portion, IS SHBETZO0 By
surface of which ot asg%n q’ ves for securing m oytput REPLATND }
fibers; wherein n and m ntIy Integers from1l to 1024 '
i nclusive, said n groove s being fashioned so that the cores

of optical fibers to be held therel n wl'l be properly aligned with the ends
of said correspondi ng wavegui de channel s, said substrate and covering being
formed in such a way so that the two nenbers can be adhesively joined
together to forma housing which is substantially unitary. In a further
aspect, the presepéform/essito detprmine ifeke datarin tHe qﬁeum;hon |sall besenetb thee above
pol ymeric housing for enclosing and,prealigni n(t:; ep (Per S nd channel
wavegui des. main output port. The sendmg process must alter a agCtrl ata word
order to modify either the datawords or the status flag words in the queue.
The flags and/or data words stored at the Hit FIFO location may be
5 modified based on the contents of the received FlagCtrl data word and the
stored FIFO data.
Accordingly, it is an object of the present invention to provide 2
novel CAMFIFO structure and a novel method of operation of such
content-addressable memory operation, to realize the forgoing described
10 benefits,
This and other objects of the present invention will become
apparent to those skilled in the art, upon a reading of the following detailed
desciption of one presently preferred embodiment, when considered in
conjunction with the associated drawing, in which like reference

15 designations are used to refer to like elements.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure lisa si:hematic block diagram of a prior-art first-in, first-out

memory, and useful in understanding the genesis of the present invention;
20 Figures 1a and 1b are schematic block diagrams of other prior-art
FIFO memories leadiﬁg to the present invention;

Figure 2a is a graphical illustration of an analogy describing the
desired operation of the present invention, and useful in forming an
appreciation of the operational characteristics thereof; |

25 Figure 2b is a schematic block diagram of the basic CAMFIFO

form of operation to be realized by the present invention; and



In a still further aspect, the present invention pro- vides a master on
which is el ectroplated the above nold on which is forned the polyrreric

housi ng for encl osing and prealigning optical fibers and 0r

4

wavegui des. In yet another aspect, the present invention SgggTd‘lAs BEE

met hod for making a nold on which is forned the aforenenti
housing for enclosing and prealigning optical fi ber—s——&nd—ehaﬁnei—w&\fegw des

com prising the steps: a) photolithographicall y etchl n a SI i con waf er
SO as to formfiber-alignment grooves; b) codt ac%lth a
photo-resist materi al ; ¢) patterning in the photo di ng
chan- nels which are aligned with the fi ber-al | ves; d)
el ectroplating said patterned wafer with a layer of ametal so as to

pr ovide a netallic comBigurestis & schematis diodk dagmim ofdpresently preferred
CAMFIFO in accordance with the mventxon

DETAILED DESCRIPTION OF THE INVENTION

5 Referring initially to Figure 2a, the CAMFIFO of the present
invention can be analogized to a storage means 40 (e.g. a shopping basket)
in which several datawords 42 (e.g. items A, B, C-and D) have been
sequentially received from a previous source/process and are at present at
some time to as a queue of ordered items ABCD. If no action is taken, the

10 stored items will be, in manner well known to the art, sequentially output
to a subsequent receiving modallity/process (e.g. will be removed from the
shopping cart at the check-out counter) in order ABCD starting at a finish
time tg. ' '

In accordance with one aspect of the inveni::ion, at some time t;

15 after the datawords 42 are placed in the FIFO storage memory, an
externally-provided first request can be received, the memory contents
searched for a match to the request contents and, 'gince the request is
matched to a particular stored item, that item can be acted upon (changed
or deleted) without losing its place in the queue. 'll'hus, in the shopping cart

20 analogy, at time t;, 2 request is made by the Shopp;t’s child to change the
breakfast cereal (item'B) to another cereal B'; once the proper location of
B is ascertained, the space occupied by item B remams but the contents of
that space is changed from B to B' (by removal of B and substitution
therefore by a new item B' brought in from outs:dg the memory-analogy

25 shopping cart), respox:':sivc to the change request, The ordered contents of
the FIFO cart 40 at time t; is now AB'CD.




4 e) separating this netallic conplenent fromthe wa- fer. In
this application, the following definitions will ap- ply: "cast - and-cure”
means the application of nononers, either alone or with additives such as
pol ynmers, glass particles, and oligoners, which can (in th hmg- v
conformto a nold and which can be pol yneri zed; "channel
"wavegui di ng channel" nmeans a |ight-guiding conduit consistT
extended, optically-transparent nedi um surrounded by an optlcal-
| y-transparent nmedium of |ower refractive index; "optical coupler"” means
a device which joins one or nore input optical fibers to one or nore
optical output fibers and include splitters and conbi ners;

"(meth)acrylate” means A%%rsm:?e ent%er}acr%lv&éx‘?emg tequest is received for

deletion of the contents of the item (package C) stored at another location

44; the locations are searched to find a corresponding item C, and the item
is removed, leaving an empty location 44. The FIFO cart 40 now has

5 ordered contents AB'_D at time t;, where the underlined space _ indicates
that an extraneous dataword is present, with content that is immaterial to
the end user.

At a later time t3, a third externally-provided request is received, to
place a new dataword (item E) in the location previously occupied by

10 deleted dataword C; the item E is placed in the shopping cart queue, which
is now ordered AB'ED.

Other changes and removals can be made, up until the particular
item/dataword is output from the queue. Thus, a last request can command
the change of item A to item A, which is done at time t¢ (say, just before

15 the cashier rings up the purchase of item A, which is swapped for new item
A"); dataword A' is the one actually output to the subsequent process and
the queué advances to ready the next dataword (B') for output, to be
followed by dataword E then D, and so forth

Referring now to Figure 2b, one general form 45 of a CAMFIFO is

20 showninblock schematxc.form. The datawords from the source process
enter through a first d_.ata input port 45a and are each initiélly stored ina
first store means 47a, which is one of a plurality N of such store means 47;
the last storage stage 47n provides its output to a first data output port
45b. As each dataword sequentially moves through stages 47a-47n,

25 responsive to clock ar:td the like signals not shown but easily identifiable by

those skilled in the art, a decisional process is provided by a switching
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ryl am de, and net hacryl am de conpounds; and "group" or "conpound" or
<"mononer"” means a chem cal species that allows for substitution by conven-
tional substituents which do not interfere with the de- sired product.

The present invention teaches a polymneric housi ng whi ch preslisHEET MR SCBEERS
of optical fibers and wave- gui de channels. This housing ifs conRepsemEDOf
two mem bers: a substrate and a covering. In the substrate nenr ber of tne
housi ng are found grooves and channels. The grooves hold optical fibers and
the channels are filled with at | east one polymerizabl e nonomer whi ch, upon
curing, fornms wavegui de channel cores. This polyneric housing can be forned
by cast-and-cure mcroreplica- tion froma nold. The nold in turn is forned
by el ectro- plati pgass 4eécitrofled by & commbe cois], diieapshageddtagpidpormol d from
that master. In this nmaster are delineated, the aforenentioned grooves and

channel s. These gf®b#ad pasitionsdaftebeachof ehorfirpt D1} Bages (ke thaihaeantes so
that the cores of sepijncal. fleRers whi | L | yepoves of " the
pol ymeri c housi ngggldgrh?@ead l??g{n?t%gsﬁpn%gé g?twg‘?xg{h%?g}éktgé%@&éﬁﬁgﬁed with the
wavegui de channel outputandihé neetd-thsi-thhe stapesios meank 4Ufiepyth|Back kiegnshousi ngs

de- rived fromthis, naster. '
5 49 has plural data path inputs (e.g. a first input 11 connected to the output

of the previous storage stage and a second input 12 connected to a
common bus from a second databus input 45d) and can have plural data
path outputs (e.g. a first output O1 connected to tl;e input of the next
storage stage and a second output O2 connected to a second databus

10 output port 45¢), with the connection of any selectable X input Ix to any
selectable Y output Oy being controlled by the dataword presented at the
CX control input, and received from the control port 45¢ bus.

In operation, CAMFIFO 45 may be envisioned as having, at some

time, each of a sequence of datawords stored in an associated one of stages

15 47, a first-entered data%rd, now stored in the lasf; (store N) stage 470, is
output to port 45b. At this time, suppose that the cbnterits of all stages 47a
through 47m are to be kept as presently stored; 2 KEEP command is thus
provided to port 45¢ by external decision means (riot shown). The switch
means 49 (which may be common multiplexer MUX means and the like)

20 receive a no-change command and the main input I1 is connected to the
main output O1. The contents of each stage can now be moved forward, to
the next sequential stage, without change. However, if the dataword
provided at input port 45¢ includes 2 CHANGE command, as well as
specifying a particular stage whose content is to be changed, a specific

25 dataword to be found and changed, or a similar selected condition on

which to base a commanded change, the contents of at east one stage can

9 . G e o
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Currently avail able couplers are individually manu- factured and are thus
:l abor intensive. By carefully form ing a master from which nunerous
daught er nol ds can be made, the optical couplers of the present invention
can be mass produced. Formation of grooves which are prefiTsgs ¥HESF HRS BEeN
that fibers inserted therein will be prealigned with the corr gappRek ﬁg
wavegui de channels is the step which would allow passive-optitat—cotpters
to be easily produced. This overcones the limtation inherent in articles
produced according to the process described in the Neyer et al. publication
di scussed pre- viously. In other words, if such articles were to be used as
optical couplers, they would be subject to the sane

be changed, responsive to that command. Typically, the command at port

45c will include data sufficient to select one stage (say, stage I) whose
stored contents is to be changed when the next register data shift occurs;
responsive to that command, the stage I associated switching means 49i
5 receives the CHANGE 'mpu.t, reconnecting the main output O1 to the

auxiliary input 12, itself connected to the second data input port 45d, so
that a new dataword as provided at input 45d is then stored in the
subsequent j-th stage 47j in place of the old dataword which was just
transferred from stage 47i. Advantageously, the i-th stage dataword

10 appears at main input I1 and is connected to an auxiliary output O2 and
thence to the auxiliary output port 45e, to cause the presently stored i-th
stage dataword to exit via poi-t 45e. Each stage contents can thus be
substituted for; if a status flag is included in the stage dataword, it can be
changed to indicate the state of the contents (including the use of such flag

15 data as, for example, an "ignore" flag, if the stage content is to be
considered 2 nullity or "don't care” data).

Referring now to Figure 3, our presently preferred CAMFIFO 50
 hes:a FIFO main dataword input port 50a, receiving a D-bit FIFOIN data

word along with a T-bit Tag dataword, for D+T bits of parallel dats; a

20 Flags dataword input port 50b receiving F bits of paralle| data; a write-
enable wr_en signal input 50¢ for recéiving an external sighal indicating
that a new dataword (present at input 50a) requires storage; a read-enable
rd_en signal input 50d for receiving an external signal indicating that 2
stored dataword (at least some of which D+T+F=M bits of data are

25 presently stored in the next-numbered storage-stage to which a read

counter will be set by the rd_en signal pulse) should be output via 3 main,
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hi gh costs of manual alignnent When conpl etely assenbl ed, the optical
.coupl ers of the present inventi WI cal fibers sur- rounded by
polymeric materials. Once optlcal f| bers are secured in the grooves of a

coupl er of the present inven- ti ShdetﬂdaBpgn@{gM&g&y al i gn| THES SREEISHAS BEEN

unlikely to becone m saligned due t nsi on € surroundrmg
materials. This also is an advant age ticles produced by the
process described by Neyer et al. Where couplers of the present

I nvention are suffi- ciently thick, the sandw ch construction thereof pr o-

LS o e, BEEG Bl ok BIARESA S SUPREF bbmS e BT o o
DESCRI PTI ON OF THeukifRaYY AN dta, oixtp\ﬁ part$0g & pro¢iding agsttier Mdherrat | C
perspective view show ng one enbodi ment of an optical,k coupler

present inventi on datappgg. A"QHF'E oxtpyt é%?fy’"@ﬁ?r alogicrignal whish mavéewxlmd por-
tions broken away,.sHon Qo né&@%f%ﬁ%ﬁ?%h%@x Akei08s cARpodi ment of an

optical coupler ofast [Te presen
5 Read_Addr (CRA) dataword; and a separate C-bit input port 50j receives a

flag control dataword.

those fibers with the correspondl ﬂMannel cor >s, t IREPLACED
ov

A write-address counter means 52-1 and a read-address counter

means 52-2 each receive the input SOf reset signal; and are reset to a
preselected initial count thereby; thereafter, the count in each counter is

10 independently incremented responsive to receipt of an associated one of the
wr_en signal at counter input 52-1a connected to input 50¢ or the rd_en
signal at counter input 52-2a connected to input 50d. Each counter 52
counts though N states, where N is the depth of the CAMEIFO;
advantageously, binary counters and decoders are used, so that N=2",

15 where W is an integer (e.g.if W=5, N=32) and is also the number of output
lines 52-1b or 52-2b.°

A FIFO memory means 56 operates in conjunction with 2 CAM
means 57. FIFO means 56 uses N stages 58a-58n of dataword register
. means 58; CAM means 57 uses N stages 59a-59n of Flag register means

20  59. Each of stages 58 has a data DATA IN input, of depth D+T bits,
connected to a data bus 504, for storing (responsive to a wr_en-i sxgnal,
where 1£i£n) the FIFO data and Tag data received from input 50a.
S_imila;ly, each of stages 59 has a flags F IN input, of F bits depth,
connected to a data bus 50B, and operates to store the FLAGS data

25 received from input 50b. The FIFO data then at input 50a and the flag data
then at input 50b are simultaneously entered into the data stage 53i and the

11



FIG 3is a greatly enl arged perspective view, por- tions broken away,
sshow ng the fiber - waveguiding channel interface of one enbodi nent of an

optical cou- pler of the presenW is a reatly enI ar ged
perspective-view, por- tions br showi ng one enf 1§ : %

ment of an optical coupler housing of, t sgeea&emced nven- [ion. ACE
6 FIG 5 is a greatly enlarged por- tr1of i-away, |
showi ng one end of the substrate of im of a nold from whi ch can
be repli- cated an optical coupler e present inven- tion.

FIG 6 is a greatly enlarged perspective vi ew por -

associated flag stage 59i, responsive to the receipt of the enabling logic

signal at the i-th stage wr_en_i input, from a write-enable bus 50C; the
\_vr_en_i signal originates at the associated i-th one of the outputs of
decoder means 54-1. Each j-th one of stages 58 has a data DATA OUT
S output Outj (where 0£j£(N-1)), each including the D data bits (Dj) and T
tag bits (Tj) for that stage. A first N-input multiplexer means 60-1 has an
output 60-1a, coupled to output 50e, at which appears the set Sj of the
FIFO+FLAG data from an associated input 60-1b, under control of a W-bit
control word provided at a read-control input 60-1¢; the M bits of each
10 data line set Sj includes the FIFO outputs OUT] datalines (of bits Dj+Tj)
and the j-th flag register stage 59j output bits Fj datalines. Similarly, a
second N-input multiplexer means 60-2 has an output 60-2a, coupled to
output 50g, at which appears the data set Sj from an associated input 60-
2b, under control of a W'-bit control word prowded at a read-control input
15 60-2c. It will be seen that main input 50a and auxﬂxary input 50b are
analogous to the first and second data inputs 45a and 45d, respectively, of
the CAMF of Figure 2b, while main output S0e and auxiliary output 50g
are analogous to first and second outputs 45b and 45e, respectively.
The CAM DATA output selection is controlled by the W' data at
20 the output 62a of an N-bit encoder means 62, receiving N different signals
A0 through A(N-1) at its inputs 62b. Each of logic signals Ajis also
provided to a N-input OR gating means 64, which provides the HIT signal
at output 50h if any one line Aj is enabled. The logic state of each line Aj
- is determined by an associated 2-input AND gate 66a-66n; one input of
25 each gate 66j is connected to an equality 6utput of an associated one 68j of

equality logic means 68a-68n, and the other gate input is connected to a

12



tions broken away, showi ng one end of one enbodi- nent of a master from
:which can be replicated a nold of the present invention. DETAI LED
DESCRI PTI ON OF THE DRAWNGS FIG 1 shows 1 X 2
optical coupler 10 having sub- strate 12 and covering 14
adhesively joined by a thin |l ayer of nononer 16. Mononer ;
face of substrate 12 and fills wavegui de channel s 18. (\WAvegili(]
18 are shown as |ines because of their relative size.) Mnonmer 16 al so
surrounds optical fibers 20 in fiber-aligning grooves 22. Small protrusions
24 in substrate 12 slide fit into small depressions 26 in covering 14 and
aid in the alignment of substrate 12 and covering FIG 2 _shows a

second enbodi rrent dm-vglmxmaéﬁ\ﬁémm tb@upaostateslmé’fx@ﬁtdm ‘Eagheqwaliyassi vel y

cl adaing 27 1 1 s e cB s R Linpll5E0vEL ey ) b o HIAIOTYY
(optically) conneeﬁt?d:swtmm P&ﬂda@@ioﬁdmnpﬁt\ﬂé&@ﬁkﬁdﬁﬁﬁmfwem 18

are again shown as [ines because of their relative size.) Perpendl cul ar
gaps 28 connect r &R datawaed fromienpiisfie TheahTR PutpEBOf #yisap logid i gnrent

grooves 22, 9aRs gf,nsH¥ds bedRd My if 1 %xdSata sequence on the T fines of the A

input is duplicated on the T lines of the B input, indicating that the tag

contents of the selected j-th FIFO stage is identical with the CAM read-
address (CRA) provided at input 50i. It will be seen that CAMFIFO 50 can
only receive one address at a time for the content-addressable tag, and that
10 atleast one addressed stage(s) will set the CRA word to the B inputs of all
equality means 68; if there is a tag content match at all, then only one
means 68 will thus have an A=B output logic-high enablement (conversely,
if there is no match, because the CRA bits request a tag content not
presently found in any stage, then all means 68 outputs are disabled, or
15 logic-low, and there is no HIT output as are all gates 66 have disabled
outputs). '
Ti:e j~th one 70j of the plurality 70a-70n of flag priority encoders
70 receive the stage j read enable and output data set OUT) containing the
data D bits, tag T bits and flag F bits. Encoders 70 are used to determine
20 whether the contents of an individual stage 0 through (N-1) is changed, via
the F bits of new Flag Set data which can be transmitted into the j-th stage
of CAM means 57, or maintained as originally input. If the state of the flag
bits meet the requxred states for outputtmg the data, then both the original
D bits of data and the F bits of flags data will be output at main port 50e
25 when the read pointer is set to read out the contents of that stage. If the
flag states are changed to a non-output state, then the data in the data and

13

This Sheet Has Been Replaced




filled with nonomer 16. (Al t hough not shown for the. sake of clarity, a
.thin layer of nononer 16 al so covers the top face of substrate 12'.)

Protrusions 24 on the top face of substrate 12' aid in the ﬂ-ﬁ-ﬂ#@—nﬁ af
substrate 12' with its correspondi ng covering (not shown). GHEETHHSABEEN
an enlarged view of a portion of 1 X 2 optical coupler 10"._Part RERIAGHD,

that which is shown is the area at the junction of wavegui de channel 18,
opti- cal fiber 20, fiber-aligning grooves 22, and gaps 28 in substrate 12"
and covering 14". Both substrate 12" and covering 14" are reinforced with
backi ng 30. Fiber- alignment grooves 22 narrow (horizontally) from open-
ing 32 at outside of coupler 10" to opening 34 at gap 28, as well as

slightly taperi ngﬂieg/x%; fﬁéémésirﬁ@aagb% hgaaﬁéonéoé&mmmsa lsa%nomer

covers the top fac strate 12™ and wavegui de chann 8, gaps
28, and the port|dntsmﬁgénetmyioalxgx@mdigrhgeamse@eﬂﬁpmoéss;‘aslthedompaxm|cal

Frber 20, The A O atindicates ah Tgnord condition.
In a CAMF 50 without purging, data contained in FIFO portion 56
5 will be ignored by a subsequent receiving process if status flags indicate
that the data then being sent through output port 50e should be omitted
from the output data stream. This decision can be made on each set of data
passed through FIFO output port 50e, because all data stored in means 56
is output, even if never used by the receiving process; throughput decreases
10 if'alarge portion of the data is designated as 'not valid'.

In order to increase throughput for the CAMF, when much of the
data in the queue becomes invalid, the data should be purged, or removed,
from the output data stream. The data removal can be accomplished either
through some form of register shifting or, in the simplest approach, by

15 advancing the read po}ntex count, at output 52-2b, past any invalid data;
this action purges the output data stream of all unwanted data and enables
the sendiﬁg process to operaté at the maximum rate possible -this is a
CAMF with purging. '

While the present invention has been described with respect to one

20 presently preferred embodiment thereof, many modifications and variations
will now become apparent to those skilled in the art. It is our intent
therefore to be limited only by the scope of the appending claims and not
by way of any details or instrumentalities set forth by way or explanation

herein.
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7~ alignnent grooves precisely align core 36 of optical fiber 20 to
~wavegui de channel 18. Wen covering 14" is placed on substrate 12", using

protrusions 24 and de- pressions 26 to aid in alignnent, fi bﬁ.ﬁsc’gh 31s
grooves 22 fit securely around and hold optical fiber 20. J ]’%gg EEN
one end of one enbodi nent of housi ng 40 having substrate 4 _

44, both of which are reinforced with backings 46. In substrate 42, wave-
gui de channel 48 is separated fromfiber-alignnment groove 50 by gap 52. In
covering 44 are fiber-alignnent groove 50 and gap 52. Fi ber-alignnent
grooves 50 nar- row (horizontally) and taper (vertically) from opening 54.
FIG 5 shows one end of one enbodi nent of nold 60 havi ng wavegui de channel
rib 62 and fi ber ﬁlha memgr)hpove ri dge 64 separated by gap-form ng piece
66. Fiber-alignment S rdge 64 narrows and tapers from edge 68 toward
gap-form ng piece 66. (Theoﬁﬁhda&dﬁéssﬂolé;(ﬂtw‘m/ﬁ@t-basdd‘neanragmnteﬁ-x&ﬁyfor t he

sake of clarity.)
comprising:

memory means having a plurality of stages each for storing a
dataword input to that stage;

5 a plurality of input port means, each for receiving a next sequential
one of a plurality of datawords, with a first one of said input port means
being coupled for storage of received first datawords in a first one of said
memory means stages;

selection means, each interposed between successive pairs of stages
10 in said memory means and responsive to the contents of 2 command
dataword, for providing to a riext stage of the stage pair a dataword
received from a selected one of the set of (2) an output of the first one of
the memory means stages, and (b) a remainder of the plurality of input port
means other than said first input port means; and
15 output port means for transmitting out of said memory the
dataword then stored in a last one of said memory means stages.

2. The memory of claim I, further comprising at least one
additional output port means each for transmitting from said memory a
dataword from a selected one of said stages, other than said last one of said

stages.

3. The memory of claim 2, wherein each of said selection means
operates for connecting each selected one of a plurality of inputs, one of -

which receives the dataword stored in a first one of the associated stages of

. e

’_—_——__‘_—___————‘I
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FIG 6 shows one end of one enbodi nent of master 70 having substrate menber
.72 and covering nenber 74. Both nenbers conprise wavegui de channels 76 and
fi ber-alignment grooves 78 separated by gaps 80. The portions of substrate
menber 72 and covering nenber 74 in which wavegui de channels 76 are

I nscribed are covered by a thin |layer of photo-resist tat—82-
Fi ber-alignment grooves 78 narrow and taper from openi g*§i$H A HAS EBEN
DESCRI PTI ON OF PREFERRED EMBODI NENTS CER of the
optical coupler of the present in- vention requires the formation of a
master. Fromthis master are made daughter nolds on which are mcrore-
plicated optical couplers of the present inventron An opti cal coupler of
the present invention is made .diregtl nol d whic in turn,

eﬂ? ht.er g,
is made by el ec- h%RAW iQ AMmasspiated édr FE‘P'& OTOHPUIS, OPRPF Wi | | neces-
sarily have 4 he aveﬁgwdg{ ti’ﬁoxrd??o Q?e?x‘xarrﬁg%/{i tﬁé aif Bist eg“' d made from

this nmaster wll conpl enen- tary ttern .e., the nold
nmust have raised ribs where grooves are desi red on the optlcal coupl er.

4. The memory of claim 3, wherein the connection of each
input/output pair, comprised of a selected one input to a selected one

output, is controlled responsive to the contents of said command dataword.

S. The memory of claim 4, wherein said command dataword is

provided from a source external to said memory.

6. The memory of claim 1, wherein each of said selection means
operates for connecting a selected one of 2 plurality of inputs, one of which
receives the dataword stored in a first one of the associated stages of the
pair, to an output which provides datawords to a remammg one of the paxr

s of stages.

7. The memory of claim 6, wherein the connection of 2 selected
one input to said ocutput is controlled responsive to the contents of said

command datawerd.

8. The memory of claim 7, wherein said command dataword is
provided from a source external to said memory.

9. The memory of claim 1, wherein the contents of any memory
stage can be effectively set to a nullity responsive to said command
dataword.

VR AR
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8 Once a master with the desired wavegui de channel pattern is forned,
providing nultiple daughter nolds is relatively easy and i nexpensive. Once
t hese nolds are made, they can be used to mass produce the optical coupler
of the present invention. This is in stark contrast to the present manner

of producing optical couplers which involves the |abor sive step of
fusing optical fibers to one another or attaching themij &HE ﬁ:l-l@ﬂ‘&ms 21 50 G
i ntegrated optical device. |I. Mking the Master Because_t hBERACHN er

nol ds will have di nensional tol erances which are conplenentary to those of
the master fromwhich they are forned, great care nust be

10. A. content-addressable, first-in/first-out memory (CAM-FIF O),.
for providing a write-modify-read buffer for data being sent from a source
process to a receiving process, comprising: |

first-in-first-out (FIFO) memory means for storing at an associated

5 location in a first queue each different one of a first plurality of first-kind
datawords; o _

content-éddtessable—mcmory (CAM) mea.ns for storing at an
associated location in a second queue each different one of a second
plurality of second-kind datawords;

10 write address counting means for providing in each queue an
address of a sequence of first and second locations at which a next-received
pair of said first-kind and second-kind datawords, received from the
source process, are to be stored;

read address counting means for providing an address from which 2

15 next one of said first-kind datawords is to be output to said receiving
process; and S |

logic means for determining if the first-kind dataword stored in any
FIFO location should be replaced with at least part of a selected second-

- kind dataword prior to that FIFO location contents being output to said
20 . receiving process,

11. The memory of claim 10, wherein said logic means includes
means for receiving an external command for selection and replacement of
a first-kind dataword,

I
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taken in forming the masters. Particularly, the wave- guide channels and
.fiber grooves nust be delineated in the naster to precise tolerances. Mire
particularly, where (for exanple) single node operation is desired,
channels with an 8 X 8 [err]nferr] cross section nust be aligned to
subm cron precision with fiber grooves which hold fibers Vi : '

| arger cladding radius (e.g., 62.5 [err]m. Additionall y?ﬁlt%h%ilﬁ%%ég;gﬁlv
wal | s of those channels nust be quite snpboth to reduce trght—seatierng:
| oss. In choosing materials fromwhich to make the nmaster, the primary
requirenent is that the materials be capable of being patterned wi-th (a)
channels, ranging in width and depth from approxi mately 8 [errJmto
approxi mately 100 [ err]1R. Thagemury of daimahl, stherpineal b FIFEY locations atibri cron

scal e, and (b) groqves i ch ,can hol d igcal . fi,bers. A.variet f
material s includi nﬁwﬁiﬂ%@f’?‘ﬁwa&% ﬂ%@hﬁﬁe&#g‘g,faé&%ﬂ@ﬁ '%B‘ggec%f'& fde can
be used to form t hegrReiRuntefRITPAi16€atiRA. t he method chosen to formthe
channel s and grooves. Because photolithography conbi ned with wet

devel opment in photo-resist has proven to be a preferred nethod of channel

formati on and. photoli - r ' Lal Q. 2] I hi ng has
proven to be a preferr e@ﬁ%ﬁ%@@ﬁ%%ﬁﬁﬂ%ﬁ% %%Qggcox%é%i“c&&%gl y
preferred materi al mesns$od dt6inil ftAapesifiziocitionh an external command requiring said

receiving process to disregard an associated first-kind dataword.

14, The memory of claim 13, wherein the FIFO locations to be
disregarded are purged responsive to the external command.

15. The memory of claim 13, wherein the FIFO locations to be

disregarded are not purged responsive to the external command.

16. A method for write-modify-read buffer storing of data being
sent from a source process to a receiving process, compiising the steps of:

() storing at an associated location in a first queue each different
one of a first plurality of first-kind datawords;

5 (b) storing at an associated location in a second queue each
different one of a second plurality of second-kind datawords;

(c) providing in each queue an address of a sequence of first and
second locations at which a next-received pair of said first-kind and
second-kind datawords, received from the source process, are to be

10 stored;
(d) providing an address from which a next one of said first-kind

datawords is to be output to said receiving process; and

1 RN O R T
* c L M $ *
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photo-resist material. Because the housing which will eventually be
formed fromthe master will conprise tw nenbers, i.e., a substrate and a
"~ cover, the master nust conprise the exact dupllcates of tpese—nenbers.
Preferred methods of form ng these nenbers are discussed b@H@WﬁHEETI%&SBEEN
9 A. Substrate Potential nethods for form ng grooved_and BRRIMEDS
i nclude dianond turning, l[aser ablation, and photolitho- graphic
techni ques. The useful ness of the first of these techniques is severely
limted by the difficulty involved in formng curved channel s and grooves
wi th abrupt ends. Because the present invention involves the fornma-

() determining if the first-kind dataword stored in any first-queue
location should be replaced with at least part of a selected second-kind
15 dataword prior to that first-queue location contents being output to said

receiving process.

17. The method of claim 16, wherein step (€) inclu.dés the step of
receiving an external command for selection and replacement of a first-kind

“dataword.

18. The method of claim 16, wherein step (&) includes the step of
storing at a specific location an external command requiring said receiving

process to disregard an associated first-kind dataword,

19. The methed of claim 18, further including the step of purging
the contents of each FIFO location to be disregarded responsive to the
external command.

20. The method of claim 18, further including the step of

- maintaining the contents of each FIFO location to be disregarded
. responsive to the external command.

JUE——
—
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——//77 | .
tion of passive optical -couplers in which curved chan- nels may be
necessary (because light froma single fiber may be split into a nunber of
out put fibers), and because fiber alignnment grooves may end abruptly at the
begi n- ning of wavegui de channels, the applicability of dianond turni
‘a groove- and channel -formng nethod is quite limted. ,
abl ation offers the necessary flexibil- ity in the gener
channel patterns, it is not as routinely used in the mc
industry and is thus not as fully devel oped as photolithography.
Preferably, photolithographic techniques are used to formthe necessary
grooves and channels of the present invention. Mre specifically, channels
can be formed in phot o- r SONTENT ADDRESSABLEMEMQORY FIEOdevel op- nent
t echni ques. Fi ber-hol ding gr for i i _crystal wafers by
phot ol i t hogr aphi c patterni ng%%ﬁﬁ&r@pﬁv& ching in a basic

solution, e.g., a KOH solution. The procedures used to formthese grooves

and channel s are discussed nore fully bel ow. 1. Gooves Because silicon
has been found to be pactitentiaddieysablepfizbinffitspottimerhoryl(CAMEFIRD); a5 ng process
and is there- foreef pref,«arred material,, it has been used for the pur-

5 used to provide a read-modify-write buffer for data between two

processes, includes: 2 Content Addressable Memory (CAM) which stores
flag data; a FIFO memory portion for providing data storage; a write/read
address counting Section for providing write/read addresses of data to be -
stored in/read from the FIFO; and logic to determine and is used to query
10 data on the queue to determine if the FIFO data should still be sent to the

receiving process, or replaced with at least part of the flag data.
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poses of the follow ng discussion. Silicon crystal (100) wafers are a
particularly preferred base materi.al for the master substrate. However,
those skilled in the art will recognize that the foll ow ng nethod can be
adapted for use with a variety of base materials. In order that input and

output optical fibers be se- curely held in and be precisellyrgls S§ieF '
t he channel wavegui des of the housing which will result frqmtheR%AgggEEN

grooves capabl e of hol ding such fibers nmust be fornmed in the emd—pori+ons
of the silicon crystal wafer. Using a sinple 1 x 2 splitter as an exanpl e,
one end of the wafer will have a single groove whereas the other will have
two grooves. The preferred method for form ing thesegrooves is well known
and can be found in a nunber of sources :§|C| udi ng Tsang et E"’Uﬁ)pl i ed

L IEN

Optics, 14, 1200 (1975). &

ysth
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— a clean silicon wafer is deposi

nitride, or silicon oxide.

nm al though 100 nm has been found to work particularly well.

t hen patterned by neans of conventi onal

ted a masking layer such as silicon

This layer can range in thickness from50 to 200

is
a

This | ayer

phot ol i t hogra- phy. For instance,

phot o-resi st materi al

can be spin coated onto the surface

preferably after the application of an adhesi on prono eﬁﬂssﬁﬁﬁfﬂﬁééﬁﬂ'

renove sol vent (i.e.

soft baking),

the fiber

groove

at t er REFig\

exposing the photoresist to a |light source, . preferabl
|l ight such as a nercury | anp,
Once patterned,
known in the art.
is then etched by one of a nunber of well

ul travi ol et
<110> crystal direction.
according to processes well
silicon nitride masking |ayer
known nmeans in the art, although reacti

oxygen) has bg&ﬂ,foupd to be a preferred etc

control li;ng tA€ et ching ReieiGhmimiren

naskumglw.

waf er).

uan’

— e e - —

our ce of

t hrough a mask aligned in the
the photo-resist is devel oped
The patterned, exposed

ve ion etching (e.g.,, CF4 and
hing means. By careful ly
d%nount gk4% he patterned

the desir
- at er i silicon

st el

A1

wr-tr o fie

5

W eZp

wa?o

i

"



Once this is conpleted, remaining photo-resist is re- noved by rinsing with
an organic solvent in which the photoresist is soluble. A commobn sol vent
for this pur- pose is an acetone/isopropanol solution. Remmants of

phot oresi st can be renoved by rinsing in an acidic ne- dium ~Once_the

maski ng | ayer has been etched, the silicon crystal wafer is|amsesreepras/BeEN
etched with a strongly basic solution. A particularly preferred etRPLAGBD

step can be perforned at an el e tenperature to decrease the anount of
time necessary tg Ietetheér e-formation etching. A tenpera- ture of
80[err] C. has bedN®odund to provigde a suffici;ent%&,@short <fching tinme.
Et chi ng depth can b¢ ¥sontrol | ed by “adj usting, thegcancent r aly. o 2bf £hég3 N
et chi ng sol ution, Thes ¢ enper at ur e a whi ch Yelvching is :«,- utg X h
amount of time the ptching solutiph is all gwed¥ta TNt ackGt B3 (SDE %
a conbination of these factors. Qontrolling groc§7e tRept h O35 JiqTpoE & At
ensure optimum al i gnment of the gpti cal fiﬁer g, %hq wavegei-48 Efaniel 4. 5
Using a single nodg fiber as an gxanple, a grpaves W éth (at |t up-§7\
]

solution is an aqueous 30% (by wej %ﬂ) pot assi um hydr oxi de sarution. This

surface of the subgtrate) in thefrangeQf 1404e16®[err]mfis$
. ) \

13 ~
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desirable to ensure that the core of the inserted fiber . .
Al (approxifmtely 62.5 [err[mfromthe surface of t S $15 0 e o
sane:hei'ght as the correspondi ng channel wave- guid Y ﬁssf_

-wi'dth is somewhat greater  than night -&ppear optinal [tb account Tor
di mensi onal changes inherent in the polyneric housijhg| f diARR 199%r ok
di scussed bel ow.) G oove depths can range fromabouf BO to 500 [err

preferably from60 to 200 [err]m depending on the ftyp ih S
to be used. G ooves shoul d be of such a length thatl fibers inserted § in
_the grooves of the resultant housing will be securely hel d and SUPPOTt ed.

G oove |lengths as small as co | | S pur pose,
al though I engths of . abouwg&ﬂbw%ﬁ()ﬁ?F

WITH AND WITHOUT PURGING

The present invention relates to data storage apparatus and, more
5 particularly, to a novel content-addressable memory of the First-In/ First-
Out queue (CAMFIFO) type. This data-storage structure, which can also
be called a CAMF, can be implemented in either software or hardware, and
- has application to computer graphics and more generally to any real-time
computer application (such as networking, telecommunications and the

10 like) that requires a read-modify-write process of data on a queue.

BACKGROUND OF THE INVENTION
It is well known to temporarily store data, arriving from one

portion of a data processing machine, until that data is needed by 2

15 subsequent machine portion; generally, the first item of data received at the
temporary memory input is the first item made available at the output. This
First-In/First-Out, or FIFO, form of temporary storage is particularly
attractive in situations where data at differing clock speeds must be
interfaced, or where processing times for each data item may be different,

20 'so that the subsequent processor is configured to call for the next data item
only when ready, rather than on a clock-only
basis. Thus, when the receiﬁng process is not ready for data, the sending
process must wait and store data that is ready to be sent, Data
transmission between the two processes will resume when the receiving

25 process is ready. If the sending process does not have data to send, the

receiving process must wait until data is available.



For some applications, providing a tapered groove may be desired (i.e., )
to aid in thesinsertion of fibers). For I nstance, a grop e
(horizontally) narrows from the -outside edge toward thef" R Eﬁﬂﬂﬂﬂ'
~and which (vertically) tapers in the-ganme direction night make easi-er
the fiber insertion process. Once the desired grooves| a ef &t gipRdiggghd
r emai nder of the silicon nitride masking |ayer is reno . This'is

-acconpl i shed by the sanme type of masking |ayer etch- i g as—described
-above. When conpl et ed, th| spg RE BEET a siliconjcrys- tal wafer
with the desired groove patfern qggz.%;gi in. 2. Channels On the
center portion of the pattermed srt+t+eeh "“'cf al wafer, i.e., that portion

between the two sets ofRefaraeg teskigurs 1dpgb@sttb@ﬂahmegftmmmsq | ayer,

preferably after t | er can be
applied to a thi cfﬁggg&g "@25‘%"""’28’6 ?@F%?@%ﬁﬁg Vlggﬁ,ﬁ\jﬁlg efd8 {err] m

Thi s phot o-resi st 10ayififerdobnddi@isoniditd Eicilitste dathlitags dnbelingandnpi@ 161, oped as
described in the groove formation process. Control | ing the di nensions of

the channel s is ofshifingghoughshe sequentiabstages respansied tocit inastsansisbifistlenk d be as
close 5 sxgnal,_untxl the items appear in the same order at the register output 100.

Of course, those skilled in the art will immediately recognize that many

problems will occur with such a simple FIFO, not the Jeast of which is the

need for at least two separate clock signals, i.e. an input clock CLKO at

input 10x-1 to shift into storage the new data bit then present at the stage

10 input, after the stored previous data was cleared from that stage by
operation of an output clock CLK!1 at input 10x-2 to first shift the stored
data bit to the output of that sfage. This form of FIFO is said to be
synchronous, in that all data will be shifted simultaneously; such operation
is often not desired,

15 The prior-art FIFO 12 of Figure 1a solved many of the shift-
register-FIFO 10 problems: a stack of N data word registers 14a-14n all
receive the incoming data word at common FIFO input port 14i, but only
tﬁat stage 14 then enabled by a write signal at its input 14Sw (where S is
the stage number A to N) will accept the data word for storage. The write -

20 signal is provided at 2 mutually-exclusive one of the N outputs 15-10 of a
write counter means 15-1, which cyclically counts though all N counts,
responsive to a write-enable WR_EN signal at input 15-1a. Thus, the rate
at whtch new data words are stored in the unit is governed by the rate of
pu!satﬂe signals at input 15-1a; the count can be reset to a preselected state

25 (say, zero) by operation of a reset input 15-1b. All of the N registers 14a-

14n have an output connected to a common FIFO output port 140, but
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Wdths and depths range from1l to 200 [err]m preferably]f
[err]m 12 even r
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e preferably frdm _

aligned with these channels. For instance, where single node optical fibers
operating at 1.31 a%{t&atsagL?Mﬂene\ﬁ’gﬁiedb;ltfpe%gxsgn a?xtggxpg Ifﬁ'%loutpughannel

widths and dept hs

its stored data word for subsequent use, The read signal is provided at a

mutually-exclusive one of the N outputs 15-2¢ of a read counter means 15-

2, which cyclically counts though all N counts, responsive to

a separate

5 read-enable RD_EN signal at input 15-2a. Thus, the rate at which stored
data words are output from unit 12 is governed by the rate of pulsatile

signals at input 15-2a; this count can also be reset to a preselected state

(say, zero) by operation of its independent reset input 15-2b.

If the

WR_EN signal at input 15-1a is different from the RD_EN signal at input
10 15-2a, the FIFO can input and output data words upon occurrence of

different events and at different frequencies. Those skilled in

the art will

recognize that while FIFO 12 solves some of the register 10 problems,

there are still problems, such as overflow, underflow, and the like, with

FIFO 12.

15 Another prior-art FIFO 20 (Figure 1b) solves most of these
problems. In FIFO 20, 2 multi-dataword storage memory means 22 will

store a new data word, input at FIFO input port 20a, responsive to the

presence of both a write clock wr-clk signal at input 20c and a write-enable

wr-en signal at input 20d; the pair of signals advances the count in a first

20 couﬁter means 24-1, which count is coupled (via a first exclusive-OR gate
26-1 acting on the most two significant address bits (MSBs 1&2)) via bus
A, to the wr-addr iﬁput of the memory means 22. A first synchronizer -

means 28-1, comprised of a pair of type-D flip-flops, also receives the first

counter means 24-1 output data. The data words stored in memory 22 are

25  individually read to means output 20b responsive to the presence of a

cyclic read address rd-addr signal, from the output bus of another counter
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wi ||l be approximately 8 [err]m the dianmeter of a single—unde fiher core.
_kn some applications, the groove-form ng process may | eayRFR|A EMENq' SHE
portion of sil[GQRs GE¥ST AlasWwESRT | bet ween the channel s an

grooves. This ¢an bepgmpneept ed by cutti ng across the grogv /- £h
interface so as—to—formatrench between the fiber-hol difg grﬂogv‘@]ﬁﬁéggh

wavegui de channel. A di anond-edged saw can be used to effedl.this cut.
The spin coating process (used in applying the photo- regist nmaterial)
tends to produce an accunul ati on of photo-resist nmateri ak .
di scontinuities (i.e., grooves). Such accumul ati ons hi ngder—the -formati on of
channel s of uniformdepth. To reduce these accunul a- tions, a succession of

‘phot o-r esi st app: i areahH2As2yyhigh gwr}]'ChOEHy BWH;ﬁmpbméw tarad'e%ﬂfslbdgd-dl?? be
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coating process. Once photo-resist has been deposited, photo-resist

material at the gr@8ve/A s aemparatos niearssid-1 secgives teifirst sypchmizenbutput enoved
up 10 1 1M pr efer alf el it QAL et 0 Bl ARG 100

groove/ channel intertace.
and responsively provides a suitable signal at output 20g. A second

L |
>
1%

D

comparator means 30-2 as well as gating logic means 32 acts upon the
second synchronizer output and the first counter means output to
determine if the FIFO mexhoxy means 22 is full; output 20h is enabled when

10 the FIFO is full, so that further data input can be temporarily suspended.

The memories described hereinabove are useful, but all have some

form of shortcoming. Even the synchronized FIFO of Figure 1b, while
solving many of the prior problems, still does not allow the content of any
temporarily-stored dataword to accessed and/or be altered while the queue

15 of words is in storage; these features are often desirable. Accordingly, we
desire to provide a FIFO in which the contents of any stored dataword can
be addressed, accessed and changed or removed, if desired, without '
‘changing the first-in, first-out basic operafion of the memory.

20 BRIEF SUMMARY OF THE INVENTION
In accordance with the invention, a content-addressable memory
first-in, first-out means (CAM-FIFO), as used to provide a read-modify-
write buffer for data between two processes, includes: a Content
Adciressable Memory (CAM) which is used to query data on the queue to
25 determine if the data should still be sent to the receiving process, with the

decision to send data being based on the data iri the queue and on other -

———

This Sheet Has Been

e



-

In other words, the channel nmask is designed so that, between the channels
and the grooves, is a perpindicu- lar gap up to 1 mm w de. \Wen the
photo-resist is ex- posed and devel oped, this perpindicu Eﬁﬂﬁﬂﬁﬂfﬂt o
smal | space between the ends of the chagpéls and the en
-The portions of the substrate ex- posed™y the formatio
can be cut with a dianond-edged saw, preferably at the da
bevel ed portion of the silicon crystal wafer 'is being c
sane depth as that of the |lowest point of a fiber insertle
groove so that such a fiber has a clear path to the edge Qf _the
correspondi ng wavegui di ng channel . I f desired, reservoirs can be :
simlarly etched aealeime data extetnellyiotroduned &6 thefGAMERD;rafFIFO meansi ch t he
wavegui d- i ng chanpel s arqgloc ted. These reseryoirs act, as nea9§ of
able for

capturing and st ordTRjemeR} SeHSTETREMORY & 3data structure in software

providing data storage; and counting means for providing write/read
addresses of data to be stored in/read from the FIFO.
5 "~ Inone preseatly preferred embodiment, the FIFO stores data and

these spaces
f ARPRN1839
to at | east ftghd

‘at

flag information. A write- address (wr_addr) is used to write the incoming
FIFOIn data words into the FIFO and is incremented (the write pointer is
advanced) when a write-enable wr_en signal is set'high. A read address
(rd_addr) determines which location in the array is read out to a FIFOOut

10 data output port. The rd_addr address is incremeated when 2 read-enable
rd_en signal is set high. Each flag dataword of a set of InFlag data indicates
the status of the data being written into the FIFO. These flags can be
modified based on other real-time data aﬁef the flags have been entered
into the queue. The status of these flags at the ou:t:put of the FIFO

15 determines if data will be sent to the receiving prdéess at all or if the data
must be held until the output flags change state.

The CAM structure can be implemented using comparators and -
multiplexers. In this respect, ‘Content Addressable’ signifies that a portion
of the content stored in the memory is used to determine which data will be

20 accessed during a read operation. This data, whict:; in a sense acts as an
address, is called the Tag, The CAM can be read via enablement of 2
CamReadAddr signal, which is compared with th; tag data stored at all of
the data locations in the register array. If a Match 6ccurs, a Hit flag is set
high and the data, from the first location in the arr;y storing a Tag which

25 matched the CamReadAddr, is output via another multiplexer toa
CamData output port. The CamData is used by 2 sending process to



13 fill the charinel s of the housings produced fromthese nasters. These

-rceservoirs are approximately the same Iength as the Ch.an.n.eL&_u__e—,—-ﬁ

least a fewmllineters), but their widths and depths HEPLAQEMENif @H’EEQ- as

to ensure that a substantial portion of .gny excess +s—capturgd v#h

They are connected to the ends of the chan- nels by h I ch
Thiis MRRIEH

B.

perpendi cul arly con- nects the channels and reservoirsg.

prefera- bly is cut in the gap discussed in the precefi

Covering This nenber is fornmed in nmuch the same way} as the substrate L In
ot her words, grooves and channels are forned in the sH-eoR—Stbstrate—as
descri bed above. |f channels .are also forned in the covering, the depth of

the channel in the p%ﬁ’eﬁﬁte%ts&oﬁb&ﬂhiﬁelmhadiﬁ%ﬂﬂqﬁ&:&ﬁh@ﬁldtsﬁﬂbéeﬂlthoﬂfe the
whol e channel is the sanme as the diane- ter of the fiber_core. However, the

channel - f or mat i on JB&HOWERL PRIt. o T hesending @rassss Must altera ﬂﬁsm wgrd ig
obtained. DoiNg SO p4drTh BHART eithl tRPSathRordl bY tHeltitust kg WIS il Y queue.

The flags and/or data words stored at the Hit FIFO location may be
5 m;diﬁed based on the contents of the received FlagCtrl data word and the
stored FIFO data.
Accordingly, it is an object of the present invention to provide a
novel CAMFIFO structure and a novel method of operation of such

content-addressable memory operation, to realize the forgoing described
10 benefits,

This and other objects of the present invention will become
apparent to those skilled in thé art, upon a reading of the following detailed
desciption of one presently preferred embodiment,.whén considered in
conjunction with the associated drawing, in which like reference

15 designations are used to refer to like elements.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure lisa schematic block diagram of a prior-art first-in, first-out

memory, and useful in understanding the genesis of the present invention;
20 Figures 1a and 1b are schematic block diagrams of other prior-art
FIFO memories leadifxg to the present invention;

Figure 2a is a graphical illustration of an analogy describing the
desired operation of the present invention, and useful in forming an
appreciation of the operational characteristics thereof} |

25 Figure 2b is a schematic block diagram of the basic CAMFIFO

form of operation to be realized by the present invention; and
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of a netal such as nickel, copper, zinc, or silver,
articul arl referred. A particularl referred nold is
DESCRIZIIONAE THE INVENTION ©

Referring initially to Figure 2a, the CAMFIFO of the present
invention can be analogized to a storage means 40 (e.g. a shopping basket)
in which several datawords 42 (e.g. items A, B, C-and D) have been
sequentially received from a previous source/process and are at present at
sometimetoas a ciueue of ordered items ABCD. If no action is taken, the
stored items will be, in manner well known to the art, sequentially output
to a subsequent receiving modallity/process (e.g. will be removed from the
shopping cart at the check-out counter) in order ABCD starting at a finish
time t;. ' .

In accordance with one aspect of the invem:;ion, at some time t;
after the datawords 42 are placeci in the FIFO storage memory, an
externally-provided first request can be received, the memory contents
searched for a match to the request contents and, ._ofnce the request is
matched to a particular stored item, that item can be acted upon (changed
or deleted) without losing its place in the queue. ‘f‘hus, in the shopping cart
analogy, at time t;, a request is made by the shopp;r‘s child to change the
breakfast cereal (item'B) to another cereal B'; once the proper location of
B is ascertained, the space'occUpied by item B remnains, but the c_ontehts of
that space is chahged from B to B' (by removal of B and substitution
therefore by a new item B' brought in from outside the memory-analogy
shopping cart), respor:lsivc to the change request. ﬁe ordered contents of
the FIFO cart 40 at time t; is now AB'CD,



14 The nold is ‘then separated fromthe master. This can PRERIAGEN
physi cal nmeans” such as prying apart the two pieces. Rel easel o
~fromthe nickel .nold can be enhanced by first depositing a ki iqtn xi-de
coat- ing on the silicon/photo-resist sugface (of the mast r) u &?’[ﬂ
enhanced chenical vapor deposition. This rel ease |ayer prefjerlably has a
t hi ckness of about 100 nm I11. M croreplication of the Hoysing A housi ng
of the present invention conprises a sub- strate and a coverrnmg—¥+herefare
bot h nenbers nmust be formed on their respective nolds. Both substrates and
coverings can be formed by either casting or injection nolding techniques.
When assenbl ed, the opt '&taisg&ﬁlﬂ&ﬁrtﬁn@tfz, iﬁlﬁv%&ﬁﬂ%qﬁﬁyﬁﬁdeﬂ@d%@ up to a
few centimeters in | ength an av

deletion of the contents of the item (package C) stored at another location

EET

44; the locations are searched to find a corresponding item C, and the item
is removed, leaving an empty location 44. The FIFO cart 40 now has

5 ordered contents AB' D at time t,, where the underlined space _ indicates
that an extraneous dataword is present, with content that is immaierial to
the end user.

At a later time t;, a third externally-provided request is received, to
place a new dataword (item E) in the location previously occupied by

10 deleted dataword C; the item E.is placed in the shopping cart queue, which
is now ordered AB'ED.

Other changes and removals can be made, up until the particular
item/dataword is output from the queue. Thus, a last request can command
the change ofitem A to item A!, which is done at time t¢ (say, just before

15 the cashier rings up the purchase of item A, which is swapped for new item
A'); dataword A' is the one actually output to the subsequent process and
the queue advances to ready the next dataword (B) for output, to be
followed by dataword E then D, and so forth.

Referring now to Figure 2b, one general form 45 of a CAM.FIFO is

20 shownin block schematxc form. The datawords from the source process
enter through a first data input port 45a and are each mmally storedina
first store means 47a, which is one of a plurality N of such store means 47:
the_ last storage stage 47n provides its output to a first data output port
45b. As each dataword sequentially moves through stages 47a~47n,

25  responsive to clock and the like signals not shown but easily identifiable by
those skilled in the art, a decisional process is provided by a switching
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be added to the

coramon bus from a second databus input 45d) and can have plural data
path outputs (e.g. a first output O1 connected to tl;e input of the next
storage stage and 2 second output O2 connected to a second databus

10 output port 45¢), with the connection of any selectable X input Ix to any
selectable Y output Oy being controlled by the dataword presented at the
CX control input, and received from the control port 45¢ bus.

| In operation, CAMFIFO 45 may be envisioned as having, at some

time, each of a sequence of datawords stored in an associated one of stages

15 47; afirst-entered datawbrd, now stored in the last: (store N) stage 47n, is
output to port 45b. At this ﬁme, suppose that the contents of all stages 47a
through 47m are to be kept as presently stored; a KEEP command is thus
provided to port 45¢ by external decision means (tiot shown). The switch
means 49 (which may be common multiplexer MUX means and the like)

20 receive a no-change command and the main input I1 is connected to the
main output O1. The contents of each stage can now be moved forward, to
the next sequential stage, without change. However, if the dataword
provided at input port 45¢ includes a CHANGE command, as well as
spe:cifying a particular stage whose content is to be changed, a specific

25 dataword to be found and changed, or a similar selected condition on

which to base a commanded change, the contents of at least one stage can




nmonomer m xture fromwhich the above polyners are forned Fé‘g
refractive indices and reduced thermal expansion coeffici P AC |
“An exanpl e of a suitable nononeric conbination is Photonmgr {TM 4127
- propoxyl at ed neopentyl glycol di- acrylage (Henkel Corp.| Mnrg SAW.
~or ethylene glycol dinethacrylate (Al drith Chem Co.; M |waukee, .
mxed in a ratio such as 89:11 (by weight) wi th perfl uorpcyctohrexH
aerylate (PcHA), as described in U S. Pat. No. 4,968, 116{ (col. 11), wth
approximately 1% (by weight) of a photoinitiator such as Irgacure T™

be changed, responsive to that command. Typically, the command at port
45c will include data sufficient to select one stage (say, stage I) whose
stored contents is to be changed when the next register data shift occurs;
responsive to that command, the stage I associated switching means 49i
5 receives the CHANGE input, reconnecting the main output O1 to the

auxiliary input 12, itself connected to the second data input port 45d, so
that a new dataword as provided at input 45d is then stored in the
subsequént j-th stage 47j in place of the old dataword which was just
transferred from stage 47i. Advantageously, the i-th stage dataword

10 appears at main input I1 and is connected to an auxiliary output O2 and
thence to the auxiliary output port 45e, to cause the presently stored i-th
stage dataword to exit via port 45¢. Each stage contents can thus be
substituted for; if a status flag is included in the stage dataword, it can be
changed to indicate the state of the contents (including the use of such flag -

15 data as, for example, an "ignore" flag, if the stage content is to be
considered 2 nullity or *don't care” data).

Referring now to Figure 3, our presently preferred CAMFIFO 50
has: a FIFO main dataword input port 50a, receiving a D-bit FIFOIN data
word along with a T-bit Tag dataword, for D+T bits of parallel data; a

20 Flags dataword input port 50b receiving F bits of parallel data; a write-
cnable wr_en signal input 50c for recéiving an external signal indicating
that a new dataword (present at input 50a) requires storage; a read-enable
rd_en signal input 50d for receiving an external signal indicating that a
stored dataword tat least some of which D+T+F=M bits of data are

25 presently stored in the next-numbered storage-stage to which a read

counter will be set by the rd_en signal pulse) should be output via a main,
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A write-address counter means 52-1 and 2 read-address counter
means 52-2 each receive the input SOf reset signal; and are reset to a
preselected initial count thereby; thereafter, the count in each counter is
independently incremented responsive to receipt of an associated one of the
wr_en signal at counter input 52-1a connected to input SOc¢ or the rd_en
signal at counter input 52-2a connected to input 50d. Each counter 52
counts though N states, where N is the depth of the CAMETFO:
advantageously, binary counters and decoders are used, so that N=2",
where W is an integer (e.g.if W=5, N=32) and is also the number of cutput
lines 52-1b or 52-2b.

AFIFO memory means 56 operates in conjunction with a CAM
means 57. FIFO means 56 uses N stages 58a-58n of dataword register

. means 58; CAM means 57 uses N stages 59a-59n of Flag register means

20

25

59. Each of stages 58 has a data DATA IN input, of depth D+T bits,
connected to 2 data bus 50A, for storing (responsive to a wr_en-i sxgnal,
where 1£i£n) the FIFO data and Tag data received from input 50a.
S_inxilax"ly, each of stages 59 has a flags F IN input, of F bits depth,
connected to a data bus 50B, and operates to store the FLAGS data
received from input S0b. The FIFO data then at input 50a and the flag data
then at input 50b are simultaneously entered into the data stage 58i and the
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plied to the nold prigQr. '
separation of the housiTHIf $H ‘E Once the nonone
mononers) has been pobred REPLA Bl 2 stiff backi ng suc
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signal at the i-th stage wr_en_j input, from a write-enable bus 50C; the

— cu!

integrity.'

wr_en_i signal originates at the associated i-th one of the outputs of
&ecoder means 54-1. Each j-th one of stages 58 has a data DATA OUT
5 output Outj (where 0£j£(N-1)), each including the D data bits (Dj) and T
taé bits (Tj) for that stage. A first N-input multiplexer means 60-1 has an
output 60-1a, coupled to output 50e, at which appears the set Sj of the
FIFO+FLAG data from an associated input 60-1b, under control of a W-bit
control word provided at a read-control input 60-1c; the M bits of each
10 data line set Sj includes the FIFO outputs OUT] datalines (of bits Dj+Tj)
and the j-th flag register stage 59j output bits Fj datalines. Similarly, a
second N-input multiplexer means 60-2 has an output 60-22, coupled to
output 50g, at which appears the data set Sj from an assocxated input 60-
2b, under control of 2 W'-bit control word provlded at a read-control input
15 60-2c. It will be seen that main input 502 and auxxhary input 50b are
analogous to the first and second data inputs 452 and 454, respectively, of
the CAMF of Figure 2b, while main output 50e anci auxiliary output 50g
are analogous to first and second outputs 45b and 45e, respectively.
The CAM DATA output selection is controlled by the W' data at
20 the output 62a of an N-bit encoder means 62, receiving N different signals
A0 through A(N-1) at its inputs 62b. Each of logic signals Aj is also
provided to a N-input OR gating means 64, which provides the FIT signal
at output 50h if any one line Aj is enabled. The logic state of each line Aj
' is determined by an associated 2-input AND gate 662-66n; one input of
25 each gate 66j is connected to an equality 6utput of an associated one 68j of
equality logic means 682-68n, and the other gate input is connected to a
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be oxygen plasma treated to enhance its adhesion to the pol yper-e-housing

This involves placing the backing in a reactive ion etching i ) EMEM?TSHEET
an oxygen atno- sphere (approximtely 26.7 Pa, i.e., 200.mljiformy—fo

“approximately ten nminutes. If a nmetalliel3®packi ng has been us
adhesion to the substrate can be pronoted with an adhesion
I nj ecti on Mol di ng St andard nplding techniques known in th
be used to formthe housi ngs of THIRSHREISHAS BEENen- tion. Thgse techni ques
require that nolds be placed i h an iREPEBAEERN nol|di ng appar at wheTe

polymers with suitabl e gptical properties (such as those d&stribed in the

"Casting" section) dpta-valig signal d Virfepm therassasipted-QUd] datalines. Rachequality A

housi ng 1o sopar at HET Phfhseathdatn R bt AtppR el M bidhoh ¥ 08T 0°,
housi ng wi th the degipufschfitiié FEFO stiiRess3)end aRecind Boiputoretsdng thert Bitssdfeps Wi | |

produce a passive optical coupler where the input and output ‘optical fi-

bers are preci sel ythe R datapiord fromdopus 50 SHer AT B quiphbhef anysme degie gui de
cores. A M Xty e b ORSs Shabil PR ine Tra kit RqlBRBBE i T fines of the A
' input is duplicated on the T lines of the B input, indicating that the tag
contents of the selected j-th FIFO stage is identical with the CAM read-
address (CRA) provided at input 50i. It will be seen that CAMFIFO 50 can
only receive one address at a time for the content-addressable tag, and that
10 atleast one addressed stage(s) will set the CRA word to the B inputs of all
equality means 68; if there is a tag content match at all, then only one

A& APR 1999

means 68 will thus have an A=B output logic-high enablement (conversely,
if there is no match, because the CRA bits request a tag content not
presently found in any stage, then all means 63 outputs are disabled, or

15 logic-low, and there is no HIT output as are all gates 66 have disabled
outputs).

The j-th one 70j of the plurality 70a-70n of flag priority encoders

70 recetve the stage j read enable and output data set OUT]j containing the
data D bits, tag T bits and flag F bits. Encoders 70 are used to determine

20 whether the contents of an individual stage 0 through (N-1) is chanéed, via
the F bits of new Flag Set data which can be transmitted into the j-th stage
_of CAM means 57, or maintained as originally input. If the state of the flag
bits meet the required' states for'outputting the data, then both the original
D bits of data and the F bits of flags data will be output at main port 50e -

25 when the read pointer is set to read out the contents of that stage. If the
flag states are changed to a non-output state, then the data in the data and

This Sheet Has Been Replaced

[T




poured into the channels fornmed in either or both of the substrate and
covering nmenbers: Mnoners simlar to those used in nak b
~and covering, includ- ing fluorinated and deuterated defip

col l oidal silica-containing nononers, cdd-be used. Once
m xture of nononers) has been cured so & to produce wa
refractive indi- ces of those waveguiding cores is pref e |
possible to the refractive indices of the cores of the thlcal fibers to pe
inserted. Additionally, for single. node fiber wavegui dess

refraction of the wavegui ding core polyner (i.e., the cured nDnoner)
preferably is no mijgregiseens ofthé Sinse stig egirehtld at pdraGoemmd the FIEG stagh88) 2X
10[err] the refractive i ndex of the hou5|n (Where nultinpde fibers are to

be used, this diffdéatamilbgeneraliyba ignoeed bsb#leé%bssqueﬂbwp&% ribg Fompanion
maveQU|d|ng core p nd the.housin i preferably no nore than 0.5.)
I f desired, nu|t|f§?%$§6}¥§}°a§éﬁ9|‘a°é%°8ﬂ% Pt h- acryl ates, such as TMPTA,
caln be added to the CONROs CAMF SO'witRo@/pRpsing, fi!’atatMtMQﬂFmﬂ)pmmss
pol yner .

5 will be ignored by a subsequent receiving process if status flags indicate
that the data then being sent through output port 50e should be omitted
from the output data stream. This decision can be made on each set of data
passed through FIFO output port 50e, because ail data stored in means 56

s output, even if never used by the receiving process; throughput decreases
10 ifa large portion of the data is designated as 'not valid'.

In order to increase throughput for the CAMF, when much of the
data in the queue beéomes invalid, the data should be purged, or removed,
from the output data stream. The data removal can be accomplished either
through some form of register shifting or, in the simplest approach, by

15 advancing the read pointer counf, at output 52-2b, past any invalid data;
this action purges the'output data stream of all unwanted data and enables
the sendihg process to operaté at the maximum rate possible -this is a
CAMF with purging.

‘While the present invention has been descnbed with respect to one

20 presently preferred embodiment thereof, many modifications and variations
will now become apparent to those skilled in the art. It is our intent _
therefore to be limited only by the scope of the appending claims and not
by way of any details or instrumentalities set forth by way or explanation
herein.



17 Cl eaved or' polished optical fibers are then inserted into the
grooves of the piece in which the channels are |ocated. (If _channel.s have
been formed in both pieces, the fibers can be inserted in W@L CORENT gHEET
ei ther pi epesy—=Fhe-ntNETLEEAUEI Ng nenber-16s then placed on |t T
its groove .g\ theLfirst piecectTorma snug fit _rcundtme@%c I
fibers. Th be cured when desired by any df 4 '
photo or thermal means known in the art. The fibers will prgfera-_bly be
butted directly against the channel waveguide core, although a slight
anount of separation between the fiber and the channel wa
not sig- nificantl ling efficiency. Alternatively, the
covering and the S&E{rﬁ?e {églrilgobe filled with I'iquid nononer(s) after
inserting the optical filbéconfnt-addressablepfirstsinifirst-dut tatastprageemernaryf or m t he
hous- i ng assenbly, tgemrrgonorrer(s) can be cured as described’
memory means having a plurality of stages each for storing a
dataword input to that stage;
5 ~ a plurality of input port means, each for receiving a next sequential
one of a plurality of datawords, with a first one of said input port means
being coupled for storage of received first datawords in a first one of said
memory means stages,
" selection means, each interposed between successive pairs of stages
10 in said memory means and responsive to the contents of 2 command
dataword, for providing to a niext stage of the stage pair a dataword
received from a selected one of the set of (a) an output of the first one of
the memory means stages, and (b) a remainder of the plurality of input port
means other than said first input port means; and

15 output port means for transmitting out of said memory the
dataword then stored in a last one of said memory means stages.

2. The memory of claim 1, further comprising at least one
additional output pori means each for transmitting from said memory a
dataword from a selected one of said stages, other than saxd last one of said
stages. '

3. The memory of claim 2, wherein each of said selection means
operates for connecting each selected one of a plurality of inputs, one of -
which receives the dataword stored in a first one of the associated stages of
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| medi at el y above: To make easier the aligning of the grooves and chan-
"nels of the substrate and covering, the pieces can be adapted to, |nclude

- tonventional fastening neans. For instance, the substrat
nmodi fied to include one or nore small pygt uberances, whi
master can be nodified to include conpl ementary small rege
over the protuberances. Alterna- tively, the covering cojl

One of the pieces mght also be formed with an encirclin
fits into a conplenentary encircling trough in the other
.ke[ A

I h b nbl ed ' . t '
Facket can bo. ol t 1BY PHbIY S pispraied sclietbh 4 o Plidl) 7 oUtPAR OB Bt cges. of —
t hi t I Th
Is Inventiog ar ;iyﬂsléig éﬁ@fdeé hitk@&fd@&@go?ﬂaﬂxﬁfoﬁ@c%ﬂtﬂé‘bﬂﬂﬁfﬁﬁm es. The

particular materi anounts there as ot condi - tions and
details, recited in these exanples should not be construed to unduly limt

his i i on. . f
Glooves i n Master  on % THSRRPORIoF GBS feVeyin e ETRR S oun o

input/output pair, comprised of a selected one input to a selected one

Once t hej

output, is controlled responsive to the contents of said command dataword.

S. The memory of claim 4, wherein said command dataword is

provided from a source external to said memory.

6. The memory of claim 1, wherein each of said selection means
operates for connecting a selected one of a plurality of inputs, one of which
receives the dataword stored in a first one of the associated stages of the
pair, to an output which provides datawords to a remammg one of the pair

S of stages.

7. The memory of claim 6, wherein the connection of a selected
one input to said output is controlled responsive to the contents of said

command datawc;rd.

8. The memory of claim 7, wherein said command dataword is
‘provided from a source external to said memory.

" 9. The memory of claim 1, wherein the contents of any memory
stage can be effectively set to a nullity responsive to said command
dataword.

g
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| ayer of silicon nitride (approximately 100 nm using a.gixiure of 60

- standard cubic centineters per mnute (sccm) NH3 and 2 oBHEET pne
.at 800[err]C. for about thirty mnutes. To B PEM}EMENW 6 -E,r

_ layer was spin coated an excess of Shi.ptey C 50 TM adhésito r t '
ord &' RER, 1899,

(Shipley Co., Inc.; Newton, Mass.) whiTh was then drie

at roomtenperature. Thereafter, an excess of Shipley 18]
m  The coated

was spin coated on the silicon nitride |ayer at 4000 r
-waf er was then baked at 90 C. for ap- proximtely thi
wafer was re- noved fromthe heat source, a mask w thia..l-input
fiber/1-output fiber pattern was aligned along the

10. A content-addressable, first-in/first-out memory (CAM-FIFO),
for providing a write-modify-read buffer for data being sent from a source
process to a receiving process, comprising:

first-in-first-out (FIFO) memory means for storing at an associated

5  location in a first queue each different one of a first plurality of first-kind
datawords; o o _
content-iddressable-memoxy (CAM) meaﬁs for storing at an

associated location in a second queue each different one of a second
plurality of second-kind datawords;

10 write address counting means for providing in each queue an
address of a sequence of first and second locations at which a next-received

- pair of said first-kind and second-kind datawords, received from the

source process, are to be stored;

read address counting means for providing an address from which a

15 next one of said first-kind datawords is to be output to said receiving
process; and '

logic means for determining if the first-kind dataword stored in any
FIFO location should be replaced with at least part of a selected second-
kind dataword prior to that FIFO location contents being output to said

20 . receiving process. '

11. The memory of claim 10, wherein said logic means includes
means for receiving an external command for selection and replacement of
a first-kind dataword.

e
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<110> crystal direction. The photo-resist was pat- terngd bv €xposi_ng the
- masked wafer to a nercury lanp (X=400 nm at 5.5 nWc ifor
seconds. The mask was renoved, and the photo-resist i

319" TM devel af WelEhemayd then wadBed with water jand t or oy ed
: ‘]E &

(appr oxi mat el ﬂ“lsvS%Eg}_Mﬁs) atf 120 C. ~The silicon niftgi % of

the fiber gro )y reactive ion etching (20 sccm of CF4 ang

0:5 sccm of oxygen for approximately five mnutes). Refmaining phot O- I €Si
was renoved by rinsing the master in an acetone/i soprop
In an H[err]Sqerr]/H[er%lghgrr] sol uti on. The exgoseM{eas of the

silicon wafer were then b2-Gheanemary ofielaiay Ui sthereinall FIFQhIosataps o by wei ght )
KOH at t t f
fhe vat or had boen feeketAdIog mdiREaf hEER: Rind UafiddRd 1 FpHES: P R0 00

grooves were forneda fifdseacoupteped/FIrOdbeatibad [err] m deep and 3 mm | ong. The
.silicon nitride which remained between the grooves was renoved by reactive
ion etching in 20 sccmof CF4 and 0.5 sccm oxygen for approximately five

m nut es. : ) 13. The memory of claim 11, wherein said logic means includes

means for storing at a specific location an external command requiring said

 receiving process to disregard an associated first-kind dataword.

14, The memory of claim 13, wherein thé FIFQ locations to be
disregarded are purged responsive to the external command.

15. The memory of claim 13, wherein the FIFO locations to be
disregarded are not purged responsive to the external comsmand.

16, A method for write-modify-read buffer storing of data being
sent from a source process to a receiving process, comprising the steps of:

(2) storing at an associated location in a first queue each different
one of a first plurality of first-kind datawords;

) (b) storing at an associated location in a second queue each
different one of a second plurality of second-kind datawords;

(c) providing in each queue an address of a sequence of first and
second locations at which a next-received pair of said first-kind and
second-kind datawords, received from the source process, are to be

10 stored;

(d) providing an address from which & next one of said first-kind

datawords is to be output to said receiving process; and

S
\\1\\\\5\\\\\}\\\}\\\\\3_\\ L
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-Exanpl e 2: Formation of Channels in Naster The V- groovj
. from Exanpl e .1 was coated as in Exanple 1 with Shipley

‘pronoter. Thereafter, an excess ,of Shipley STR1075 |{TM .photo-resi st
was 'spin coated onto the wafer at 3800-F9%m for about 60 kekohds APEh898af
was then dried at 100[err] C. for approxinmately two m nufe The resul ti
phot o-resi st |layer had a thickness of 7.5 [err]m A k'wih a I X I

Q

ked areas of

PLACRRNEEET|

er

N9

pattern was then placed on the coated substrate. The un

phot o-resi st were then exposed to a nercury lanp ([err] =400 nn) at 5.5

mNVcnierr] for about 80 seconds. The mask is then renoved,

and the.

phot o- resi st washed wi t HeBHétpimeining if the first-kind dataword stored in any first-gueue
location should be replaced with at least part of a selected second-kind

15 dataword prior to that first-queue location contents being output to said

receiving process.

17. The methad of claim 16, wherein step (e) includes the step of

receiving an external command for selection and replacement of a first-kind

dataword.

13. The method of claim 16, wherein step (&) includes the step of

storing at a specific location an external command requiring

process to disregard an associated first-kind dataword,

said receiving

19. The method of claim 18, further including the step of purging

the contents of each FIFO location to be disregarded responsive to the

external command.

20. The method of claim 18, further including the step of
maintaining the contents of each FIFO location to be disregarded

. responsive to the external command.

-_—
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319 TM devel oper f dr about 60 seconds. The coated wafer was i —
wth water and dri ed. The bevel ed ends of the V-shaped fi uﬂ‘ﬂﬂd&%ﬁ SHEET
- ‘grooves were renoved by dicing a 75 [err] mw de trench acrogs jthe ends of
t he-grooves at the groove-channel interf@ce wth a di anond-ddded] 4apPR 1999
0

Exanpl e 3: Making the Mold On the grooved and channel ed
silicon/ photo-resist nmaster from Exanple 2 was deposited a ] rmrtayer—of
silicon oxide to act as a release |ayer. This was done by plijasna- enhanced

chem cal vapor deposition, at roomtenperature, with 40 sccn1N[erfIO and 8

sccm SiHerr]. On this releg ?8%# Eleﬁ eq#s* by el ectron
beam evaporation, an apprOX| ma e nm see%f ayer nic The
" nickel -coated nmaster was then memmameGsteel pI ate, and

this assenbly was inmmersed in a 50[err] C. nickel sulfamte sol ution
cont ai ning a nickel count erel ectrode. A current density of 0.022 Alcn2 (20

A ftlerr]) was applied gg, taﬁshggﬁglg @ét— dt%érﬂm?‘(téwwmcgfl per

hour . After a 0.51 mm oatl ng een appfi assenbly was

renoved and r§ nsedxsudtdpmmﬁeareauhﬁodifyc\bﬁ{emdfmmtmeﬂmfulIy pried
away fromthe ~

processes, includes: a Content Addressable Memory (CAM) which stores
flag data; a FIFO memory portion for providing data storage; a write/read
address counting ﬁecti_on for providing write/read addresses of data to be -
stored in/read from the FIFO; and logic to determine and is used to query
10 data on the queue to determine if the FIFO data should still be sent to the

receiving process, or replaced with at least part of the flag data.

Figure 2B




silicon/photo-resi'st master. Exanpl e 4: Backing for Housing Two
0. 56 Mmm (22 m|) thick sheets of poly(nethylnme- thacrylate) (PMVA) were
treated with oxygen plasma (26.7 Pa at roomterrperature) arOX| rrately

housing material. These treated PMVA shgﬁs were cut to
Exanpl e 5: Cast-and-cure Mcroreplicati of Housi ng

rel ease of polynmer fromthe nold.o ffhereafter, an 89:1
m xture of Photoner 4127 TM (Hen&2l) 4§ propoxyl at ed neopej
rylate and perfluorocycl ohexyl acryl ate nmonomers with Obk&%-Lh iQ

Darocure TM 1173 photoiniti- ator (Clba GCei gy Corp.; Ardsl ey, N. Y ) was

poured onto the nickel nold. The Daﬂkl nd_mmterial from Exam ple 4 was
pressed agai nst the nononer mgt_q_ & ﬂth t e oxygen-treated surface facing
t he nononers. = —
2]
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20 The nol d/ backi ng assenbly was éxposed to a mer- cury lanp (200 watts

of electrical power over an area of 100 cnferr]) for about 10 mnutes __Onge

exposure was com plete, the housing/backing unit was pr
ni ckel nold. A di anond-edged saw was used to cut the ho

mw&mmnm

intoalcmX4 cmrectangle. Exanpl e 6: Assenb}ip
A polyneric substrate wth one fiber-alF%hing groove at

strai ght channel connection between the two grooves was

\dl oo RT 1Ty UTll

iy Lok

ced on a

a:h

metal lic block with nunerous holes drilled therein. By applying vacuum

suction to the bottom of thi n rate was h
t hereto. SMF-28 TM opti cal fﬁH@F? fgﬁﬁﬁﬂﬁ@Nl%c.; Cor ni.hg, N Y.),
propagate a single node at | EBrrimlwere prepared for

by cl eaving. This provided
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a substantially flat end face. One of these cleaved fibers was placed into
one of the fiber-aligning grooves of the substrate and held in place by a

spring-| oaded Cllp’n{lgs-he&ﬁgsqﬂ, mlllneters fromthe edge qf_the _
substrate. The othe IarIy inserted and hel d.

nmononer s and phot oi Eﬂw”m lE FEPLA&MEN? ShEET
(by wt.) PcHA] was r

to that described in Exa

op o~ his was placedson t pe b- strate
and inserted fi bers Th| s drop was suff|C|.&nt to coat theg subpt} aaj ARR 1989
fill the channel and grooves. A pol yner 58 coveri ng witlZ=fibprgaligning
grooves in resgistry to those (E t he subsfTratege was pl aced"‘(gr ove side
down) on the nononer-coated suldstrate. A S sl iede wgs Pl aced—en—~t-op_of
the covering and pressed downwgrd tg,squ out @ceﬁ noner and to fit
the covering tightly around tlig fi b&?s. gl asg sl i was then secured
with a pressure sensitive adi8dgive tape tlo | ) bl ock. The secured

coupl er was exposed to a mer&lrly | anmp ‘ i ~ati pns @s in Exanpl e 5)
until the nonomer mxture had dqured. The pe @nd|t hg Ilﬁ§ﬁ}3 HAE pRek€
removed fromthe coupler, and tlhe coupl enpved|fr )ﬁ eRégi\@EDb ock
\ R
° 2
: [72] [7]
2SR 2| 2
s ) ) Vs
S A"
| foalfee] -
217
N ==
N
5 5 1 i
° D ©
> ®©
JER: « o
- gles ,CI !
— X 333 2
= =2 = I
-m J
g8 o[ e
— Y ‘ r T 1 g!
LL O - e | le !
. & I l | ]| o
- 8 [ [ e
] & o S 2
o~ | ~BL I
= W | &l | & LS = Kl
gzl ‘Pl |8
8 E
= K] } a o :oo {
LYt 1t
;_? [ | _h o
NN ! &
T £ N =2
g Lz>-0 % cz’—.—
8§ 3 © 33 °
2 S 2
[+}]
[=]
N

20d

), 20a
wr-data O~
Oc
wr-clk Cj
20f
rd-en CJ{

wr-en
rd-clk




21 Exanmple 7: Optical Coupling Efficiency
-strai ght channel polyneric substrate attached to a netal

In a repl.icated
bl ock (see Exanpl e

6) were inserted two fibers prepared as described in Exanple 6. The channel

width of this substrate was 9 [err]m and the width at the top ¢
V-shaped grooves was 157.5 [err]m A dr:%e
dar

1.56 (R P. Cargill Laboratories, Inc

the substrate to act as a maveguiding medi um
correspondi ng fiber-aligning ggooves was tenporan

k by neans of a dro
was then in-

up, on a transparent gl bl o
covering/ gl ass bl ock cpabin

in a netal plate, and

FIG. 2A
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bl ock was cl anped to the netal plate. The covering/- bl ock/plate was

i.nverted, placed above the substrate, and cla 3 t poves i n
‘the cover were substantially aligned,with thos ﬁéﬁmﬁ MENIqs -L The
‘metal block to which the substrate was attache s then | aterl
positioned so as to optimze the align-_gﬁnt of 1hd &i ARR 189%oVes. After
alignment was opti- mzed (as viewed thBugh a{nicroscope), the petal
bl ock/ substrate piece was translated upward unfi I~ The substrate yas
conpressed agai nst the covering. Light at a [err_]'*m was
| aunched into the end of one optical fiber. Measurenent at the end qf the
fiber (prior to insertion into the substrate) showed 1.68 nWat the
entrance to the wavegui de channel. CQutput power was neasured at thej}end of
t he opposite optical fiber. This nunber was ratioed against the inpygt power
to give a total insertion loss of 9.7 dB. Al t hough coupling condi §ions in
this exanple were not optim zed, sone output power was observed. Thijs shows
that the couplers of the presegf invention can passively align inpuf and
out put optical fibers. Var i gustrodi fication and al terations which|do not
depart fromthe scope and spirg&eof this invention will becone appafjent to
those skilled in the art. This i’nven- 1&
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tion is not to be unduly linmited to the illustrative em bodinments set

forth herein.
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(c) moutput optical fibers, wherein n and mare, independently}
‘between 1 and 1024 |ncIu5|ve each of said n waveguide entry chd
aligned to the core of the respective n input optical fibers ang
sai d m wavegui de exit channels being aligned to the core of the
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azl act ones),
coupler of claim6 wherein said poly- ner conprises at |
f1uori ne and deuterium at ons.
| east one nononer
(meth)acryl ate,
precursors thereof,
| east one nono-
refractive index of the polymer of said. polyneric hous-

pol y(urethanes), and pol y(ureas).

7. _The optical

8. Thesoptical coupler o
is selected %romthe group congi Stl of
vinyl azlactone, urea, and ure- ARR

t hane noho
wth the pro- viso that the refracti erendex of

A T

epoxyl

ZBIH
sai @ dt

mer, upon curing,-

Walal
~7

is fromO0.002 to 0.5 greater than the

Referring to Figure 1, perhaps the first form of temporary storage
of this type may have been a shift register 10, having N plural stages 10a-
10n, interconnected so as to facilitate data items, entering an input 101,
shifting though the sequential stages responsive to at least one shift clock
signal, until the items appear in the same order at the register output 100.
Of course, those skilled in the art will immediately recognize that many
problems will occur with such a simple FIFO, not the least of which is the
need for at Jeast two separate clock signals, i.e. an input clock CLKO at
input 10x-1 to shift into storage the new data bit then present at the stage
input, after the storeﬂ previous data was cleared from that stage by
operation of an output clock CLK1 at input 10x-2 to first shift the stored
data $it to the output of that stége. This form of FIFO is said to be
synchronous, in that all data will be shifted simultaneously; such operation
is often not desired.

The prior-art FIFO 12 of Figure 1a solved many of the shifi-
register-FIFO 10 problems: a stack of N data word registers 14a-14n all
receive the incoming data word at common FIFO input port 141, but 6nly
that resistor 14 then enabled by a write signal at its input 148w (whei*e S is
the stage number A to N) will accept the data word for storage. The write
15-10 of a

signal is provided at a mutually-exclusive one of the N outputs
write counter means 15-1, which cyclically counts thropgh all N counts,
responsive to a write-enable WR_EN signal at input 15-1a. Thus, the rate

at which new data words are stored in the unit is governed by the rate of
pulsatile signals at input 15-1a; the count ‘can be reset to a preselected state
(say, zero) by operation of a reset input 15-1b. All of the N registers 14a-
14n have an output connected to a common FIFO output port 140, but

ABeSESLT— <«
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9. The optical coupler of claim8 wherein said at |east one nmononer’

canprises at |east one of fluorine and deuterium atoms. pe36—Fhe u‘;'L
coupler of claim5 wherein said wave- g§| di ng cores have REMGEMEN.

substantially the sane as that of the cor

T3 W

-

Dgr 9.

1i

res of said n an

11. The optical coupler of claim1l0 wherein said housin
I ndex substantially the sanme as that of the cl adding of ]
optical fibers. 12. The optical coupler of claim1l wher ermea—pe QR=gf .
sai‘d grooves tapers, fromthe exterior of said optical coupler toward th |
interior of said optical coupler, in at |east one of the pranar and
vertical directioesly that sthge 14 Hien@Ribledby & pesdlsinaPit i hut4SIRRT Qitputsai d
hous- ing is attached to a backi ng. 14. The optical coupler of”claim13
wher ei n sai d backithstored datasepsd for subsequest usenEheirsad sighalipprovidedat acl ai m 14

wherein said pol yne acki,ng has treate L th oxygen plasma to nmake
sai d backi ng ﬁorgmggﬁg%ﬁgu% : imi% Utﬁgﬁ-gé-@? a read WPCAW}%H c
housi ng for encl oz vikicieytidRaouats thrbih@ 0N béiitts, réspBAsive dh £paARS!

wavegui de cores conpris- ing . R )
read-enable RD_EN signal at input 15-2a, Thus, the rate at which stored

data words are output from unit 12 is governed by the rate of pulsatile
signals at input 15-2a; this count can also be reset to a preselected state

(say, zero) by operation of its independent reset input 15-2b. If the
WR_EN signal at input 15-1a is different from the RD_EN signal at input

10 15-2a, the FIFO can input and output data words upon occurrence of
different events and at different frequencies. Those skilled in the art will
recognize that while FIFO 12 solves some ofthe register 10 problems,
there are still problems, such as overflow, underflow, and the like, with
FIFO 12.

15 Another prior-art FIFO 20 (Figure 1b) solves most of these
problems. In FIFO 20, a multi-dataword storage memory means 22 will
store a new data word, input at FIFO input port 202, responsive to the
presence of both 2 write clock wr-clk signal at input 20c and a write-enable
wr-en signal at input 20d; the pair of signals advances the count in a first

20 counter means 24-1, which count is coupled (via a first exclusive-OR gate
26-1 acting on the twomost significant address bits (MSBs 1&2)) via bus
A to the wr-addr iﬂput of the memory means 22. A first synchronizer -
means 28-1, comprised of a pair of type-D flip-flops, also receives the first
counter means 24-1 output data. The data words stored in memé:ry 22 are

25 individually read to means output 20b responsive to the presence of a

cyclic read address rd-addr signal, from the output bus of another counter
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second counter output bus is also connected to another synchronizer means
28-2. A first comparator means 30-1 receives the first synchronizer output
and the second counter means output to determine if the memory is empty,
and responsively provides a suitable signal at output 20g, A second
comparator means 30-2 as well as gating logic means 32 acts upon the
second synchronizer output and the first counter means output to
determine if the FIFO memory means 22 is full; output 20h is enabled when
the FIFO is full, so that further data input can be temporarily suspended.

The memories described hereinabove are useful, but all have some
form of shortcoming. Even the synchronized FIFO of Figure 1b, while
solving many of the prior problems, still does not allow the content of any
temporarily-stored dataword to_biaccessed and/or be altered while the queue
of words is in storage; these features are often desirable. Accordingly, we
desire to provide a FIFO in which the contents of any stored dataword can
be addressed, accessed and changed or removed, if desired, without '

_changing the first-in, first-out basic operaiion of the memory.

BRIEF SUMMARY OF THE INVENTION

In accordance with the invention, a content-addressable memory
first-in, first-out means (CAM-FIFO), as used to provide a read-modify-
write buffer for data between two processes, inclﬁdes: a Content
Addressable Memory (CAM) which is used to query data on the queue to
determine if the data should still be sent to the receiving process, with the

decision to send data being based on the data iri the queue and on other



24 wherein n and mare, independently, integers from1 t|QREPIGCEM
grooves and m grooves being fashioned so that the cores jpf

to be held therein will be properly all-gned with the ends jof ai(i,
correspondi ng wavegui de channel s, said substrate and covier{ nQJ%bA #ng]m'
formed in such a way so that the two nenbers can be adhejsihely.joined

together to forma housing which is substantially unitarjy. 17. The
pol ymeric housing of claim16 further com prising at | edst—ere—peROFRF—"

filling said wav ' acﬂﬁ’@k Aéhed F i ] laiag said
gr ooves. 18. Mﬁ%ﬁerl tﬁ’é’um n‘gsé‘lr‘fégﬁg?%? x\i}\#et?sglff’nﬁgéalﬂd nmonomer is
sel ected from t hgngii=ey for CAM dutd, DRtiit pof-50gfor providingamoieaMibit Vi nyl
azl actone, urea, and urethane nononers, _ or ﬂr@cgrsors_thereof. 19. The

pol yneri ¢ housi ndatawordh 4 BT ouimtseh providesa al ehigh maebe wilized ast  one
of fluorine and gseéjctpﬁ?neﬁ'hlérr@in%e?o%'a T-bit input port 50i receives a CAM-

5 Read_Addr (CRA) dataword; and a separate C-bit input port 50j receives a

flag control dataword.
A write-address counter means 52-1 and a read-address counter

means 52-2 each receive the input 50f réset signal  on inputs 52-1¢ and 52-2c,
TeSp ectively and are reset to a preselected initial count thereby; thereafter, the
10 count in each counter is independently incremented responsive to receipt of an
associated one of the wr_en signal at counter input 52-1a connected to input 50c
‘or the rd_en signal at counter input 52-2a connected to input 50d. Each counter
52 counts MN states, where N is the depth of the CAMFIFO;
. advantageously, binary counters and decoders are used, so that N=2", whére v -
15 isaninteger (e.g. if W=5, N=__3‘2) and is also the number of output lines 52-2b,
and inputs 54-1a and 54-2a. o

A FIFO memory means 56 operates in conjunction with 2 CAM
means 57. FIFO means 56 uses N stages 58a-58n of dataword register
. means 58; CAM means 57 uses N stages 55a-59n of Flag register means
20  59. Each of stages 58 has a data DATA IN input, of depth D+T bits,
connected to a data bus 50A, for storing (responsive to a wr_en-i sagnal,
where 1£i£n) the FIFO data and Tag data received from input 50a.
S?mila;ly, each of stages 59 has a flags F IN input, of F bits depth,
connected to a data bus 50B, and operates to store the FLAGS data
25 received from input 50b. The FIFO data then at input 50a and the flag data
then at input 50b are simultaneously entered into the data stage 58i and the




20 The pol yneric housing of claimi18 wherein said nononer | : - |
pol y g BEPOSCEMENT SHEET

conprises colloidal silica. 21. The pol yneric housi ng of \

wherein nis | and mis 2. 22. The polyneric housing of plhim 16 wherein
sai d grooves have a depth of 50 to 500 Terr]m 23. The | @3 ARB 2601
of claim 16 wherein said grooves have a depth of 60 to 200 fefr]m 24

~ The pol yneric housing of claim16 wherein said grooves haveg a depth of 6Z.
[err]m 25. The polyneric housing of claim 16 wherein saidwaveguide
channel s have widths and depths of 1 to 200 [err]m 26. The polyneric
housi ng of cl ai maE®cistest Ragrstage IPiwespogsive to Bisaensit of hieemablingtlngicand dept hs

of .5 to 100 [err]m 7. 4 1he pal yoeric N . Of ' . rein said
wavegui de channelség"ﬁ'la’\l;ég '&%@%&%ﬂ#%&’%@%%gﬂgfﬁm% 8 [err]m
28. The pol yneri Gwhen!$ kiBshl ofigifiktad a1thb asdodiateli € Ith omyof tizrdusiutgidal bfans f or

col l ecting excess: 0f sard at | east one nononer. 29. The polyneric

housi ng of cl ai mdeeodenamesn54x1pEachijeh ope of stages$ g 2datpBATAOUT sai d
substrate and S output Outj (where 0O£j£(N-1)), each including the D data bits (Dj) and T

tag bits (Tj) for that stage. A first N-input multiplexer means 60-1 has an

output 60-1a, coupled to output 50e, at which appears the set Sj of the
FIFO+FLAG data from an associated input 60-1b, under control of 2 W-bit
control word provided at a read-control input 60-1c; the M bits of each
10 data line set §j includes the FIFO outputs OUT] datalines (of bits Dj+Tj)
and the j-th flag register stage 59j output bits Fj datalines. Similarly, a
second N-input multiplexer means 60-2 has an output 60-2z, coupled to
output 50g, at which appears.the data set Sj from an associated input 60-
2b, under control of 2 W'-bit control word pxovid;’,t.i at a read-control input
15 60-2c. It will be seen that main input 50a and auxi]iary input 50b are
analogous to the first and second data inputs 45a and 45d, respectively, of
the CAMF of Figure 2b, while main output S50e anci auxiliary output 50g
are analogous to first and second outputs 45b and 45e, respectively.
The CAM DATA output selection is controlied by the W data at
20 the output 62a of an N-bit encoder means 62, receiving N different signals
A0 through A(N-1) at its inputs 62b. Each of logic signals Aj is also
provided to a N-input OR gating means 64, which provides the HIT signal
at output 50h if any one line Aj is enabled.  The logic state of each line Aj
+ s determined by an associated 2-input AND gate 66a-66n; one input of
25 each gate 66j is connected to an equality 6utput of an associated one 68j of

equality logic means 68a-68n, and the other gate input is connected to a



covering tapers, fromthe exterior of said housing toward t
said housing, in at |east one of the planar and vertical di
The pol ynmeric housing of claim 16 whergin said -horizontal
second portion of said cover- ing further contains n entry
channel s which divide or converge into mwavegui de exit c
25 31. The polyneric housing of claim 30 wherein said su
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surface of said

uABR 2801 r

nah- nel s.
hbstrat e and sard
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covering further conprise conple- nentary neans for fasten

substrate and said covering, said fastening nmeans being designed so that,
when engaged, sai gata®dlidsibnkd Dlgfﬂ‘viiﬂh% ak$dciafddlOUTy Gitalirief Earhqadligned Wi t h
ai

sai-d wavegui de channels in s substrate.

logic means 68] has a first A input recexvmg the tag Tj bits from the OUT]

outputs of the FIFO stage 58§, and a second B input receiving the T bits of
the CRA dataword from ioput 50i. The A=B output of any one logic
5 means 68 is enabled only if the exact data sequence on the T lines of the A

input is duplicated on the T lines of the B input, indicating that the tag
contents of the selected j-th FIFO stage is identical with the CAM read-
address (CRA) provided at input 50i. It will be seen that CAMEIFO 50 can

only receive one address at a time for the content-addressable tag, and that

10 atleast one addressed stage(s) will set the CRA word to the B

inputs of all

equality means G8; if there is a tag content match at all, then only one

means 68 will thus have an A=B output logic-high enablement

(conversely,

if there is no match, because the CRA. bits request a tag content not

presently found in any stage, then all means 68 outputs are disabled, or

15 logic-low, and there is no H1T output as are all gates 66 have disabled

outputs).

' The j-th one 70j of the pluralxty 702-70n of flag priority encoders
70 receive the stage i read enable decoder 54-2 outputs 54-2b and output

data set OUT] containing the data D bits, tag T bits and flag F bits.

Encoders 70 are

20 used to determine whether the contents of an individual stage 0 through (N-1) is

changed, via the F bits of new Flag Set data which can be transmitted into the j-th

stage of CAM means 57, or maintained as originally input. If the state of the flag

bits meet the required states for outputting the data, then both the original D bits of

* data and the F bits of flags data will be output at main port 50e when the read

25 pointer is set to read out the contents of that stage. If the flag states are changed to

a non-output state, then the data in the data and




32. An integrated optical coupler rml'd on which is fornmed the pol yrreri.c

housi ng of claim 16. 33. The nold of claim32 conprisf |
mast er t ool @ﬂhﬁﬁmﬁ'm

mast er t ool

on which is electroplated ghe nmold of clai
of claim 34 conprising at [east one of sili
silicon on silicon, and a poly- nmer filmon silicon. 6. O\IrAPRodggior
making a nold for the microreplica- tion of polymeric ijntlegrated optic4
coupl er housi ngs conprising the steps: a) photolithogra '

n, an oxi de of

ng

silicon wafer so as to formfiber-alignnment grooves; b) coating sail

wafer with a photo-resist material;
wavegui di ng chanWhat weydaim#ii ch are aligned with said fiber-alignment

gr ooves; d) electroplating sai att egne i | f
netal to provide a ma?‘a ?oﬁg@%&gﬁs@h@ %%Fg@\g{gﬁt &%\A%a%i%r#aﬂngﬁ’rﬁe)
separating said pghpisiag conpl ement fromsaid — wafer. 37. A nmethod of
assenbling an integrated optical coupler conprising the steps:

10

15

memory means baving a plurality of stages each for storing a
dataword input to that stage; '
a plurality of input port means, each of a first one of such input
port means for receiving a next sequential one of a plurality of datawords

output from one of said stages;

selection means, each interposed between successive pairs of stages
in said memory means and responsive to the contents of 2 command
dataword, for j:roviding to a riext stage of the stage pair a dataword
received from a selected one of a set of (a) an input of the previoi-;s stage
of the stage pair, and (b) a remainder of the plurality of input port means
other than said first input port means; and '

output port means for transmitting out of said memory the
dataword then stored in a last one of said memory means stages.

2. The memory of claim 1, further comprising at least one
additional output port means each for transmitting from said memory a

dataword from a selected one of said stages, other than said last one of said

stages.

3. The memory of claim 2, wherein each of said selection means
operates for connecting each selected one of a plurality of inputs, one of -
which receives the dataword stored in a first one of the associated stages of

_—

e

c) patterning in said photo-resist

d
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substrate and conpressi ng the whol e between fl at
t he conpl ete housing; and d) curing said housing.
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a) inserting n input optical fibers and moutput optical fibers into’
the réspective n and m grooves in the " substrate of t
housing of claim16; = b) applying polygerizabl e nmononer
face of said substrate so as to surround said fibers

wavegui di ng channel s t hereof and, upon pol yneri zatio
c) placing the cover of said polyneric housing ¢

ng

pIa €s so as o 1o

26 38. A method of pegeRieniiy 8f\clhif PYWHefdh APFIFG ool 6 COMPT T 51 ]

t he steps:

10

checked by said logic means and the first-kind dataword is replaced only at

a first-encountered FIFO lécation.

13. The memory of claim 11, wherein said logic means includes
means for storing at a specific location an external command requiring said

receiving process to disregard an associated first-kind dataword.

14, The memory of claim 13, wherein the FIFQ locations to be
disregarded are purged responsive to the external command.

15. The memory of claim 13, wherein the FIFO locations to be
disregarded are not purged responsive to the external command.

16. A method for write-modify-read buffer storing of data being
sent from a source process to a receiving process, comprising the steps of:

(2) storing at an associated FIFO location in a first queue each

different one of a first plurality of first-kind datawords; |

(b) storing at an associated location in a second queue each
different one of a second plurality of second-kind datawords;

(c) providing in each queue an address of a sequence of first and
second Jocations at whicﬂ a next-received pair of said first-kind and
second-kind datawords, received from the source process, are to be
stored;

(d) providing an address from which a next one ;>f said first-kind

datawords is to be output to said receiving process; and

-

A



a) applying polynerizabl e nononer to the top sur- face of the substrate

of. the pol ynmeric housi ng of claim16 so as to fill the wavegui di ng
channel s t her eof and, upon pol ynerization, form wavegui SRR B o Yo WS
cores; b) inserting n input optical fibers and m out HE pL_ 55&““ L@&t;
fibers into the respective n and mgrooygs in said su st,u;p, ai dy
grooves’ be| ng at |least partially filled with said pollyn é?’%lf
nononer, c) placing the cover of said polyneric housijg 35 00
substrate and conpressing the whol e between. fl at pl fat so as to fdrm
t he conpl et e housi ng; and d) curing §§I housi ng. 39. The polyneric

housi ng of claim 16 wherein said subst and said cov
conpri se conple- nentary means for fastenilng said substrate and sai d
covering, said fastening neans being desidned so that, when engaged, said

covering and substrate are aligned in i 40. The optical coupler
of claim®6 wherein the nono- ner megtu Tch said pol.yner is forned
further conprises colloidal silicaS™ |j<_ < .
e -
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