VESSAGE MANAGEMENT METHODS AND APPARATUS

BACKGRQUND OF THE | NVENTI ON 1. Field of the Invention: 5
The present invention relates to the field of solid state nmessage
storage and pl ayback devi ces, such as voice signal - storage and

pl ayback. 2. Prior Art: 10 Message managenent, (nore
popul arly known as " Garbage Col l ecgion”), is normally used to nake
nore efficient use of a limted anpbunt of expensive storage medi um
The key concept behMRYSABELRARACEMERTt MBTHOBSt ANDOARRARATUSI cal | y
connect all the avarTapl € storage space into one contiguous space,

even though 15 the avail abl e storage space IS -hg5|cally fragnented in the

storage nedium There are vari GHSKERUAR RSB onput er syst ens
for the nmass storage and retrieval of data files, with t he gar bage
collection capability normally being provided by the operating system
20 The preserite1dessagiee MTaRageidit net hods and apparatus are
specifically intended for use in a solid state voi ce nessagi ng chip
where voi ce nessages are stored in a solid state nenory medi um More
specifically, the.preferred enbodi ment of the resent invention is

i nt ended 3r use iThe REEEPFRE SAVERELRN relpk@s to the field of solid state

message storage and playback devices, such as voice signal

storage and playback.

2. Prior Art:

10 Message management, (more popularly known as "Garbage
Collection"), is normally used to make more efficient use of a
limited amount of expensive storage medium. The key concept
behind garbage collection is to somehow logically connect all the
available storage space into one contiguous space, even though

15 the available storage space is physically fragmented in the
storage medium. There are various techniques used in computer
systems for the mass storage and retrieval of data files, with
the garbage collection capability normally being provided by the

operating system.

20 The present message management methods and apparatus are
specifically intended for use in a solid state Qoice messaging
chip where voice messages are stored in a solid state memory
medium. More specifically, the.preferred embodiment of the
present ‘invention is intended for use in integrated circuit form

25 realized at least’ in part as part of analog storage devices of



25 realized at least in part as part of anal og storage devices of
-2-. the type manufactured by Information Storage Devices of San Jose,
Calif. By way of specific exanple, the ISD 1016 Single Chip Voi ce
Message Systemis an anal og storage device which has the capability of
sequentially sanpling and storing in anglog voltage 5 level form an
anal og signal such as a voice signal, and playing back the stored
sanpl es on comtinel EmpeamanuiaCE@cﬂbbyLmnfoth&tﬂooiSmprage Desiigral ofiMSeh Jose,
sufficient fidelity to_provide quality voice ﬁESSé%P annuncj ati on for
I

phone answeri ng ﬁjeﬂcﬁm nBY “aYqobtIreFific exarpla r bt YOI 5ErHts &84 Roi ce

message SystenﬁvJ&eMg%é&%@seén 13022 L OO e YRIRALLL S AGKE 68 haBSthd
i ncludes as part of the integrated circuit a preanp, ACC,

anti-aliasing fFraparilang of sequoniel it isaepbiolgi dndtsabeimnahnognsliognablistger age
as well as all ort CII‘CUItI‘%/ required to sanple and stor«i\ a v0| ce

Signal in 5 AREoGOPBr A ARG SHYIR) PHE BB YR BHEESMEI P LY

devices 15 maypalisQnRes£Aseadathise shdona e ¥bCas t'ga}/e&fﬁs‘t':?ﬁg: tt@‘ep\r,&\eede n
times the record and playback tine of a single device wthout

addi ti onal suppeidnadi weth taufficient fidelityrcd lpeoviS® 046 tyavyiic aespmsage
may termnate at the end of t he storage space, or be earlier

term nated by tﬁ’é“‘f%&f:ﬂ?%gf°6fp%?ne25“%rq{}% MBS ABS SHYET(EONM) si gnal
whi ch, once initial&dniiily controtl%&”xfb%‘é 4diSabl ayhacks at TkQafSDOQbI‘é is

This, plus the ability to dress starting points for playback, allows
t he storageianda highlyelrecdatite pd@ybackasoit nulcl i@ e apessages, tland Wi th
addi ti onal control, the concatenation of words or short phrases to
give 1ntegrated circuit a preamp, AGC, anti-aliasing filter and
nonvolatile solid state analog signal storage as well as all
support circuitry required to sample and store a voice signal in
analog form, and to play the same back on command. These devices
15 may also be cascaded so that n devices may be used to provide n

times the record and playback time of a single device without

additional support circuitry.

In the ISD-1016, a voice message may terminate at the end of

the storage space, or be earlier terminated by the recording of a

20 uniqué end of message (EOM) signal which, once initiated, will
terminate the playback at that point. This, plus the ability to
address starting points for playback, allows the storage and
selective playback of multiple messages, and with additional
control, the concatenation of words or short phrases to give

25 different messages if desired. However, each message or message
segment to be concatenated with another message segment must be

in contiguous storage space, as the ISD 1016 cannot concatenate



25 different nmessages if desired. However, each nessage or nessage

segnent. to be concatenated with another nessage segnent nust be in
conti guous storage space, as the |1SD 1016 cannot concatenate

-3 nmessage segnents in different nmenory space with a single starting
signal . By way of specific exanpler Bf =one recorded as the first

nmessage on an answering nachi ne: "Sorry, we are currently not in

the office. mePLsease | eave a. 5 ssaogr% fol |l owi.n

e segments in diff enqemem ac Wltg gr“%nBEGpég rti and
as a second NEsSSAYE: CSFy TR YaPR ST Ssed. * GIP9nGr vt 88 s are

8 to 5 signal We@kdays .o Plsgaserieaysmi e8GR dbcbPEed@EPL RN MRLW | |
return your call on our next business day." 10 a sinple tw state signal

coul d sel ectebsiareon bhearnswerips Seagdsne: However if the first nmessage
was | ater changed to: "Sorry, we are currently not in the

office. Please |gave a sage, f.ol L owi ng..t he beep, or call our
other office at 173-Y+ We are cuﬁﬁ%&iy gorlSlr} ttg\‘?\o%%d'clei'ke ye%os\?er?%‘f']e the

second nessage, hedgkl Bl IKring the gl di ng of the second nmessage al so.
Thus for applications wherei n individual nessages are to be

selectively elimnated and new nessages of variable length are to be
recorded frendtdsma isgcond mesisgge: a si npl e net hod and apparatus is desired
to manage the 20 nenory space in a manner transparent to those recording

?”d those "Sorry, we are closed. Our normal hours are 8 to 5

weekdays. Please leave a message at the beep and we will

return your call on our next business day."

10 -a simple two state signal could select between the two messages.

However if the first message was later changed to:

"Sorry, we are currently not in the office. Please leave a
message following the beep, or call our other office at 123-

4567."

15 it would likely overrun the second message, requiring re-
recording of the second message also. Thus for applications
wherein individual messages are to be selectively eliminated and
new messages of variable length are to be recorded from time to
time, a simple method and apparatus is desired to manage the

20 memory space in a manner transparent to those recording and those

playing back the remaining messages.



playlng back the remai ni ng nessages.
BRI EF SUMVARY OF THE | NVENTI ON

Nbssage managenent net hods and apparatus for the storage and sel ective
pl ayback, erase and ot her mani pul ati on of nmessages such 5 as voice
nmessages in a voi ce nessage system_arne _di scl osed. The devi ces of the

i nvention include anal og signal sanple and anal og st or age
capabilities whereby nessages may be stored in one or nore nessage
segnent storage |ocations. Agf@dissiRARS IR kut NaEasRToN devi ce keeps
track of the nessage nunber associated wth the 10 nessage segnent stored-
in the respective nessage segnent | ocation so that nmessage segments
associated with a particul ar nessage may be | ocated in sequence

for seanl ess pl aferragcomarsgementi pethods: apgepRgeatiefoagENS efREATS SIVT age

| ocations ava IabJe f tar w nessa identifie

[ag | dont | ARLRGETYR sanBedkn Base an qRhe FERIRYERER pEcrosioes Hhtbage
nunmber storedgi Poidle messagedSTOG HHLE %Egg'&{é’ %g’bﬁérﬁ’rareE@:QQcﬂ%\é'dce el udes
the capability of cascading wth identical devices so as to extend

the total devices of e dnasat Wrayhatkdd ianel ey adilgabl esan@ileeanasadbg of
t he invention, including other features and capabilities of the
20 deviass capdbibithidss wherelye mapsdans BRE ki $EPssedin one or

more message segment storage locations. A register stack in each
device keeps track of the message number associated with the
10 message segment stored in the respective message segment location
so that message segments associated with a particular message may
be located in seduence for seamless playback of the entire
message. Message segment storage locations available for storing
new messages may be identified by a flag identifying the same,.
15 such as by an otherwise unused message number stored in the.
associated stack register. Each device includes the capability
of cascading with identical devices so as to extend the total
record and playback time available. Other aspects of the
invention, including other features and capabilities of the

20 devices and details of the method are disclosed.



- 5- BRI EF DESCRI PTI ON OF THE DRAW NGS

Figure .1l is a block diagramof a preferred enbodi nent of the pr esent
i nvention. 5. Figure 2 illustrates the linking of the stack

regi sters of each device to a respective addressabl e nessage segnent.
Figure 3 is a circuit diagramshow ng the signal connections for a
cascaded system conprising a nicrocontrdlFer and a plurality of
cascaded anal og storage and pl ayback devi ces. 10 Figure 4 is a

nal connections for
nal og storage and

circuit diagramsimlar to Figure 3 shomnn.
a system conprising a nicr ocBHEFePRERIELIO
pl ayback devi ce. - 6-
DETAI LED DESCRI PTI ON OF THE | NVENTI ON As stated before, the
present nessage nmanagenent net hod and apparatus are specifically

i ntended for use imigmreoliis st dlleck diagven e rREpsAfEmgdcanpdilrenei oif wdiece
nmessages are stored in a solid 5 state nenory nedium Mre specifically,
the preferredPERRM ABHention. of the present invention is intended for use
in integrated circuit formrealized at least in part as part of anal og

storage 5 deviCegQb bNE 1R PEOUHACTHNEADY e | L SRBLL O g3sRE205 ¢

Devi ces

BN

each device to a respective addressable message segment.

Figure 3 is a circuit diagram showing the signal connections
for a cascaded system comprising a microcontroller and a

plurality of cascaded analog storage and playback devices.

10 Figure 4 is a circuit diagram similar to Figure 3 showing
the signal connections for a system comprising a microcontroller

and a single analog storage and playback device.



of San Jose, Calif. In the description to follow, first an 10 overview of

t he nmessage managenent nethod and apparatus will be descri bed, and
then details of a preferred inplenmentation will be descri bed.

Now referring to Figure 1, a block diagramof a preferred - enbodi nent
of the present invention may be seen., The heart of 15 the storage device
is a nonvol atile storage array 20, in this enbodi nent capabl e of
storing in anal og sanple forn1and playlng back ten m nutes of anal og
(audi o or speech) i nfor nEETAGHK RA BT Nt T PON at e. For
recording, a mcrophone, teIephone speaker S|gnal or correspondi ng

signal is applied 20 throu of the prea uts PREINL or PREIN2 to
t he pr eanpl4% iS&RT99 l??'ﬁ"%ﬁghr}?‘ﬁjlptrfafj?‘e"x&esig)ecgﬁgﬁ%‘?r?eé& W%P%% and-

addr ess/ ConLL Gl As0REE UBIAle 1L OOIE iRPendd cOMLIY 18fa L 1B IR 22 is
coupl ed to an output pin ANACUT, inturnis normally

capacitivel yoi:@eum{eedabtmi@ughpanh@@mr naice:a\pasagemr ate stverednpota RBidANAIN
of a fixed gain anplifier 28, the output of which is

provi ded5t osmee mmmed:gm n Yorm rsaﬁcmee)llm rrém praferred embeghimest| j ng

t he gain of The, out put, _of . | so coupl ed
to antialia8 é‘%) DrEE n%zmvteﬁél?rbrftst itBhe %ﬁpfor 3 e ¢ JLn‘_'e"tgra'fi'l (rﬁ:ﬂ the upper

frequency 0E1£&?1cfalf@'rﬁ £&01i96ReLt RastNBh %)rtségr}?alrtsgf tdh obher Si Laa

frequency range does no viol ate the sanpling theorem for the anal 0og
si gnal sanplefgceN@f the SR mAFuidctubed NgnIvebatdtienssoinage Révices
Al ternatively of course, the audi o signal input nay be applied

directly thpéugﬁntJQ§eAh¢¢1¢f. In the description to follow, first an
10 overview of the message management method and apparatus will be
described, and then details of_a preferred implementation will be

described.

Now referring to Figure 1, a block diagrem of a preferred

embodiment of the present invention may be seen. The heart of

15 the storage device is a nonvolatile storage array 20, 'in this
embodiment capable of stofing in analog sample form and playing
back, ten minutes of analog (audio or speech) information
sampled at a 6.4 KHz rate. For recording, a microphone,
telephone speaker signal or corresponding signel is applied

20 through one of the preamp inputs PREINl1 or PREIN2 to the
preamplifier 22 through multiplexer 24 controlled by the
address/configuration/control logic 26. The output of the preamp
22 is coupled to an output pin ANAOUT, which in turn is normally
capacitively coupled through an external capacitor to the input

25 ANAIN of a fixed gain amplifier 28, the output of which is



termnal to the input of the fixed gain anplifier 28 if the audio 10
signal has been properly pre-conditioned to be of appropriate

anplitude, etc. For both recording and pl ayback, an internal
cl ock source 34 provi des a reference clock signal to the

ti m ng/ sequencer circuit 36 whi gh_controls the sanpling clock 38 to
sanple the analog 15 signal fromthe antialiasing filter 32 at an
appropriate audio signal reproduction rate and in conjunction with

other circuitry, on the chip, sequences the s |l i ng of the audio

si gnal and Pﬁ‘éé’/lded 8t g&l‘eagg‘_é‘tf’ﬂ%\?’e%ﬁadﬁr?‘?{%rf’icgﬁ%%gglﬁﬁ%tdﬁPi’ng pl ayback of
the " eEBERA 130! O YR SHIPbESanDE! oY BKBAEK o RRpBL AT 20
anal og voltages are read fromthe noh-volatile anal og storage 20 at

t he sanme rate bs dlkeycvssled akesanwrdipanagedil beoBgh ahe funcsiootdd ng filter
40 and analog.nixer 42 to provide the output si gnal AUXQUT. The out put
of m xer 42which|igoteokphridd the wrer fragyency| ekdiheqaudio | @rapthekiliary

i nput AUXIN_ the mul.tipl]exer,44 25 .sel ing between these two signals to
arve a BowsPe bl brpaft E7ende i e 3 B 0ReRy S8R0 R B ety ar e
a speaker if;gdesid @fle sampling theorem for the analog signal samplin-and

In the preferred enbodi nent, because of the simlar characteristics
desi red andstbeimy riewkhe Saoni-rgawdiiecstoesyd 0.t elternat twdliyabif asounpef,i | t er
32 is actually swi tched between the input during recording and the

out put duri f§eprudivackondl timauttmay bs apelisd direrflyi Fheuay thec¥dT t he
snmoothing filter 40 durjn | ayback. I n.addi ti.qn i gh voltage,
generating CEFRHR4 _%8“%‘%%‘“"“ °€r%r g?‘rﬁ?‘?lé’a(lPe%“(‘ﬁldi ﬁS’fh%%dfeggii%ﬁh& t he
storage;gel Is3gR8 GlisPbeen properly pre-conditioned to be of appropriate

amplitude, etc.

For both recording and playback, an internal clock source 34

provides a reference clock signal to the timing/sequencer circuit
36 which controls the sampling clock 38 to sample the analog

15 signal from the antialiasing filter 32 at an appropriate audio
signal reproduction rate and in conjunction with other circuitry
on the chip, sequences the sampling of the audio signal and the
storage thereof during recording and during playback of the
recorded analog signal samples. During playback, the stored

20 analog voltages are read from the non-volatile analog storage 20
at the same rate as they were taken and passed through a
smoothing filter 40 and analog mixer 42 to provide the output
signal AUXOUT. The output of mixer 42 is also coupled to a
multiplexer 44 as is an auxiliary input AUXIN, the multiplexer 44

25 selecting between these two signals to drive a power amplifier 46:

having a balanced output to directly drive a speaker if desired.



(both anal og and digital storage cells) are also provided on chip SO

that external high voltage power supplies are not required. 10 The
f oregoi ng general types of devices are described in U S Pat ent Nos.
4,890, 259 and 4,989,179. Further details nay be found in U S. Patent
No. 5,241,494, with details of variLogs- circuits used therein being
shown in U S. Patent Nos. 5,126, 967, 5,220,531 and 5, 243,239. Finally,
cascadi ng of sucin déwe pesfé¢rredl bmbekirend, the-aueeord tdvedsphidhdrack tine is

shown in U S. Patent No. 5,164,915, and a one-transistor non-volatile
f1 oating gatcéaraCte@tSSFﬁﬁéiQ?éFqu%réjoItée PEAYiadANCEd VRt sRsBlt sUcH
devices is at ent Se 9 filed Novenber 25,
1992. TRE* achflsacﬁmgu?le# i 5)I f‘soﬁ‘cwﬁ oerEESP%‘g]“eQ sthaenélngupl i cations
20 are incaupoh@tRdoRaL Ry bl chef &lt@hi€eduring playback %h@{atc'théw ts
on-chip, not particularly relevant to the present invention, include

t he cadefhce agbtietianing0f akkd i3ﬁebecomesahip¢ia‘nioeth5® dédcer bdd dunigeneral in
t he Advanced _| nf ormati_on urent for the preferred enbodi nent,

attached hePeP¥PAEK ExﬁPb?‘?dlt’ZS’n' 1hlgWV§6t%%% GFPBEFINY ERECHdFafletrr

Inf or et | on DAGUIRNL ATl iting) ad@d-AUERP UL L8 W kaLoLHINLR B0 the

used pri mariyehodndiagt Qhd diREkaPUS{RSE8, calN)| E@tRGc0ProvidedCBh Pchip

various test logic 54, 512 bytes of digital non-volatile menory and
SPI seri al iset ehdtacesteahsd migh velervanpover tdwpppiesare not reguieadi on. 5
The key features of this invention are that; a), nessage managenent

a
can be Q%rfornedTRQrég Go§§$fgéﬂ2%§f types o? éLv1ces are described in U.S.

Patent Nos. 4,890,259 and 4,989,179. Further details may be
found in U.S. Patent No. 5,241,494, with details of various
circuits used therein being shown in U.S. Patent Nos. 5,126,967,
5,220,531 and 5,243,239. Finally, cascading of such devices to
_15 extend the record and playback time is shown in U.S. Patent No.
5,164,915, and a one-transistor non-volatile floating gate
storage cell usable in an advanced version of such devices is
shown in U.S. Patent Serial No. 981,610, filed November 25, 1992.
The disclosures of all of the foregoing patents and applications

20 are incorporated herein by reference.

Other circuits on-chip, not particularly relevant to the
present invention, include the cadence detector 50 and line
amplifier 52 described in general in the Advanced Information
Document for the preferred embodiment, attached hereto as Exhibit

25 1. Also described in the Advanced Information Document are the

various power supply terminals and the test clock connection



message segnent nunbers, and b), under the supervision of a

conventional mcrocontroller or mcroprocessor, one can acconplish al
t he message managenment functions found in voice 10 nessaging systens,
(i:e., tel ephone answering nachi nes) by operating on a fixed nunber of
read/ wite regi sters, e.g., sel ectigve save and del ete of nessages,
skip forward or backward from nessage to nessage, re-nunbering of
nessages, | oopi o] . ect i d _pla f
Teasages by nukiRyetseq pridSEfARERy BEREY Keal SRE AN RaWBARDn . (g
again to Figurgnib iBOVMOIA Lest BGAW 64,6 512 byte@Jost @1 thar Av@-wilagkién

| ogic 26 in each anal og storage devi ce. The nmessage managenent
functions are yr:okyr aedl IR sagiel Haterfacearpal pulreti valefantheo nys agesent
nunbers in the stack registers. For 20 exanple, in a tel ephone answering
machi ne appl i cHtiBHt°Ral l ers normal |y | eave audi o messages and the
recipient listens to the nmessages and discretely saves or del etes sone
or all of these  TheNRSH IIRTurdd®HMRAESSUGT At EoArEBLAYE NWYhereskdde an
ascendi ng order, e.g., lowest nunber representing the earliest nessage
25 recei ved anhnagembnyghest baupdciormedrdsenghngefdrentet 63t mressager
received or vice-a-versa. During the normal course of tine,  as

- 10 - tTRESAGEr STAVES BHBPFA efRY Mes¥BERS FHFASYRREDIIFAST ST 1A furt her
]["95539651 the %Vn@ehé?éﬁaftm%ég&r&pr%ﬁ‘i fof, En‘i%?%&o%%s.@gé“f TraSagks gets
ragnented (not conti guous any nore, But°sca ed "across t he storage

nedia in smal lacRpRNEs)alll@nabkes Rkl fdrRifentse QinctPond NRuBBOIRAR iFRAI UM
(the ability to use the total available
10 messaging systems, (i.e., telephone answering machines) by
operating on a fixed number of read/write registers, e.g.,
selective save and delete of messages, skip forward or backward
from message to message, re-numbering of messages, looping on

messages, selective record and playback of messages by numbers,

15 tagging of new messages, etc.

Referring again to Figure 1, nonvolatile read/write

registers form a stack in logic 26 in each analog storage device.
The message management functions are performed through the
manipulation of the message numbers in the stack registers. For

20 example, in a telephone answering machine application, callers
normally leave audio messages and the recipient listens to the
messages and discretely saves or deletes some or all of these
messages. The messages are-normally numbered in an ascending
order, e.g., lowest number representing the earliest message

25 received and the highest number representing the latest message

received or vice-a-versa. During the normal course of time, as



recordabl e space at any tinme even though fragnented), the present

i nvention nessage managenent is used to convert this fragnmented

recordabl e space into one contiguous |ogical space wthout physi cal |y
rel ocati ng nessages and w thout packing the available 10 fragnmented space
into one contiguous space. - 1¢nthe description presented herein,
the foll ow ng definitions apply: 1. Message Segnents: The
smal | est addressabl e nessage or pi ece of a nmessage. Each nessage
segnent has taerespeckivee arkb deflegesmessagek @ddt vedaiveRattiddy EBEERRY tten t o,

to hold a nessage nunber for |ater reference. The.set of re istsers in
a single  MeSEREEDg EHLORYRYE ARG TPHAG S VRS &BF tTTRE Stk " FR" I s

descri ption. 2 e ALl Lt @fc QReL U JOLE JESSAge
segments. A9%55 i mt?éltﬁﬂn{)neorl\éef%égg*s u(?glsa?rg% rr\l%/lgllth each nessage. The number

of POSHehk €oFiRRS #g8Sa | i @RLET NHRREnty) .t heo nuKeee f biciatdr essabi e
nmessage segnents and the size of the register |inked to each nmessage
segment . SThehei geodge hediwyi (Gher abidldny Ehciseufbertdpl availsbdgi vi dual

storage cells formng the register, e.qg., te-w.de 2 ans. _eigh ells
per regi st er5eCEPAM® BRRotUiIAHY & -e§5§¥°ughwfr§ﬁjme g?gﬁor%r Bg%%e 5.
3. Message [\Jl.%@%ghoﬁn%%ggg%%nar eheleNGe L0 & JTRSSAER. € fragmeREedDr €
nessage segnents nay have fhe Sane nmessage nunber. Cont i guous or
non- cont i JUGScRBSISEL & p2RENBtsS oHBYcdidigublie 1%aital space without

physically relocating messages and without packing the available

10 fragmented space into one contiguous space.

In the description presented herein, the following

definitions apply:

1. Message Segments: The smallest addressable message or
piece of a message. Each message segment has a respective
15 register linked to it that may be W;itten to, to hold a message
number for later reference. The set of registers in a single
analog storage device is referred to as a stack in this

description.

2. Message: All or part of one or more message segments. A
20 unique number is assoéiated with each message. The number of
possible messages is determined by the number of addressable
message segments and the size of the register linked to each
message segment. The size of the register means the number of
individual storage cells forming the register, e.g., byte-wide
25 means eight cells per registef, capable of holding any of 256

numbers 0 through 255.



message nunber. Message segnents with the sane nessage nunber 5
(contiguous or non-contiguous), concatenated in a physical order,

collectively forma nessage. 4. Stack Pointer: A pointer,- one of
whi ch i s associ ated with each register in a stack and used to directly
addr ess any nmessage segnent. Ihqlste of the stack pointer is that
necessary 10 to address the nunber "0of nessage segnents in the system

5. Message Stack: The message stack are the registers | i nked to each
respective nessayje egaegé .Nuhber depinametiddie referemessage nidsaaei S dnlee
nunber of nessage segnents in each devi ce. 6. Overflow Cccurs

whenever an©&tPeFfhiCESagRFEINEN T dio¥s §ave Shepgane (MeESage WFPeRe st ack
This may ha .either_thro inter rati of the system or
y Sgtgglﬂoé{% taﬁeﬁén-%gﬂt@wspxgﬁ{‘a&e_ 085mQRe %B&Qr[}._v chd S?an}/e:

i f addresse rou S egrster: A

regi ster ismassqdd emhben. OfMeIBAPE YsegRbhbs with tke GamedmdydReWhGRodLgi St er
has eight nenory cells that can be 20 witten to or read from

si mul t anBoudkgntidheuseor atfirscenkiqumshe concatenitad |ia archvsicedl| eddre.

The key to th nethoq og the present invention is to work with a

r easonabl e ﬁﬁﬁﬁ%?”ﬁ? HesSdhé SEHTRAM's. Assume in the exenpl ary system
described in the Appendi x that a device having a 25 10 m nute storage

capgbi lity at a san¥@ckapSidelert. # dg¥iacks, WRdof which is associated
- 12 -
- with each register in a stack and used to directly address any

message segment. The size of the stack pointer is that necessary

10 to address the number of message segments in the system.

5. Message Stack: The message stack are the registers
linked to each respective message segment. The depth of the

message stack is the number of message segments in each device.

6. Overflow: Occurs whenever an attempt is made to address
15 past the end of the stack. This may happen either through an
internal operation of the system, or if addressed through the

stack pointer.

7. Register: A register is a collection of memory cells.
e.g., a byte wide register has eight memory cells that can be
20 written to or read from simultaneously. These registers can be

volatile or non-volatile.

The key to the method of the present invention is to work
with a reasonable number of message segments. Assume in the
exemplary system described in the Appendix that a device having a

25 10 minute storage capability at a sample rate of 6.4 KHz is used,



t hat the maxi mum nunber of nessage segnents is 234, and that a nmessage

segnent, typically of the order of 2 sec. to 4 sec. in duration, is
actually 2.54 sec. in duration (2.54 sec. per segnent tines 234
segnents = 10 mnutes recording tine). A 5 message stack is required to
keep track of these nessage segnents. The stack should be w de enough
to hold the maxi num nmessage ség%%nr nunber count (note that this

maxi num nmessage segnent count is also the maxi mum nunber of nessages

possi bl e,  thatf olie anaSdingh eni®erCOt riddgugd stghentatiisveby, arde¥hae goul d be
10 designed with substantially cascading in m nd where the total

nunber of newsgges ssaredt extwrddat he qfutberonsfernef shgecs eymetseci nin one
devi ce, therebgbcalang for a ninﬁ%or ten bit w de qr w der stack.) In

the enbodi mEE=bePhg "Fe8EFIeY, 4t At ¥ack™ i Y Byte? (2% $R%ePSEince there
s 234 mss%@méﬁﬁ%ﬁe@(ﬁ@ﬁh CJHQR\enEQe; q%pﬁghﬁes’ }écortcﬂﬁg:\gou ’ V\’Q' ch al so

means the total n regi'sters int st ack, d be equal to

t he totals nudseagefstasth videsauiyed to kaddressabbe tmsagessegnent | ocations
within a particul ar device, and the stack should be preferably a

| i near st aclkeegmgeks r edihst efack shopkd thee wide nough| tobeddt they mexépemt i ve
addr essabl e nessage 20  se nt, as shown in Figure 2. Preferably the top
regi ster of messag%h%e%‘tegﬁkn' S5 AR (GO AT §81%Wé§‘§’5ﬂe€sﬁ€§sage
segment , tN&egnent SEAAAT:S' 26 LAY RbBhuhSndddlCds (kS0 S Ge1d Py ST Cal
nmessage Segnent etc., wth the bottom stack registér being 'l hked to

t he | asgoradds Bsgiablievi®ss ageusie kBt nadifR 1l akadetuweesulst aek 25

regi sters and physi cal nessage segnment | ocations can be in any - order
desi red,10s0 dasignad with subssentiedl lypresdepding ri@dmind where the total
- 13 - number of messages could exceed the number of message segments in
one device, thereby calling for a nine or ten bit wide or wider
stack.) In the embodiment being described, the stack is byte-
wide, since there is 234 message segments on chip. The depth of
15 the stack, which also means the total number of registers in the
stack, should be equal to the total number of individually
addressable message segment locations within a particular device,
and the stack should be ﬁreferably a linear stack. Each register
in the stack is linked to a respective addressable message
20 segment, as shown in Figure 2. Preferably the top register of
the stack is linked to the first addressable message segment, the
second stack register is linked to the second physical message
segment etc., with the bottom stack register being linked to the
last addressable message segment. The link between stack

25 registers and physical message segment locations can be in any

order desired, so long as it is fixed or predetermined.



Alternatively, a circular stack could be used if flag bits are used in
the stack registers to signify the beginning and endi ng nessage
segnments of nessages on a device. Now referring to Figure 3, the
signal connections for a 5 cascaded system conprising a mcrocontroller
60 and a plurality of cascaded Bhat og storage and pl ayback devices 62,
64 and 66 may be seen. As shown in Figure 3, mcrocontroller 60 is
connect ed [ aral.lel to the four SPI, port .C i ops of the
é\&t%ﬁx&%;a'iehﬁ[ ya 6{:IllrcuPa s%rackpcould BQF\FS%td %E’ f% %SQQ

cascaded device cot control registers in the evi ces are
set to the gange@ndi tdh@NSedN B98¢ e1GLRbAfYnify tid HEYARABRERRA 10O

different conditions) by the mcrocontroller, whi ch typically operates
on a progr aendingr adssaye eagmardsy offemersages on (@RARYiey. EPROM or EEPROM  For
recording, the analog signal IN on line 68, in a tel ephone answering

machi ne the equival enf of the 15 hapdset speaker signal, is capacitively
coupl ed to the iNr?Hufe%ﬁrrmg tpriggipe (cglegfﬂ?%n C?ﬂ?%lr}glﬁh%oﬁ%ré&i on PREIN

of the fdrst, anakAdsyste ﬁgﬁﬁﬁg‘bqngeé(inﬁ%rozbﬁtﬁlqagpséz%nahg pEzaaiiegui t 30,
t he paraneters 5t which are set by the external resistor-capacitor

network 70, of cascREedi£R3o0gnNstedhalget el plapbac [degtisegreRl, 64 4rive 6&nabpg

output 20 ANAQUT pin of the first device, which in turn is capacitively.

coupl ed to bhesemnal obs ishowpnie diggne ANAMNCEPCHIYroddeF s ipnconnectsgy g | e .

Thus, with this connection, the preanp and ACC.circujt f. the first

devi ce pr ovf%é???ﬁéega% t&ﬁ‘p%‘?‘fﬁ&ﬁcg%tr SPP%%%r?QIsoﬁk _eaCh_ %FStnhéﬁ to all

devi ces. %%sc ded dé:\?{cﬁ%' ayR diﬁ&l}% ha 10888 r1aRdgiddersi bh fie noted that
a

for evices other than the first, the positive speaker output SP+
10 devices are set to the same conditions (or under certain

circumstances, to different conditions) by the microcontroller,
which typically operates on a program stored in read only memory
(ROM) or EPROM or EEPROM. For recording, the analog signal IN on
line 68, in a telephone answering machine the equivalent of the

15 handset speaker signal, is capacitively coupled to the input of
preamp 22 (Figure 1) through connection PREIN of the first analog
storage device. The preamp 22 and AGC circuit 30, the parameters
of which are set by the external resistor-capacitor network 70,
provides an amplitude controlled signal on the analog output

20 ANAOUT pin of the first device, which in turn is capacitively
coupled to the analog in connection ANAIN of all devices in
parallel. Thus, with this connection, the preamp and AGC circuit
of the first device provides the same amplitude controlled analog

signal to all devices.

25 For playback, on the other hand, it will be noted that for

all devices other than the first, the positive speaker output SP+



- 14 - for each device is connected to the auxiliary input AUXIN for

t he . prior device, thus daisy-chaining the devices in the reverse
order, .with the ultimate out put of the cascaded devi ces being derived
fromthe first device 62, typically in the formof a 5 balanced output as
shown. In that regard, when a particdkar device is itself playing back
an anal og signal stored in its own anal og storage cells, multiplexer
44 will select as the input to t he speaker anplifier 46 the output of

t he snoot hi fgr fedchefdedie is comiedtled endhef autislipkrybasit, AUKIN Eaepeadi ng
upon its node of . 10 operation in accordance with the present invention,
may be a  Prigy &¢Kack: dhueheaisyschabling dhectfEResi i tHhe Se%R%ERfe device or
alternative e ybhac e e t.in the . st orage
devi ce havi !?I%dét'{}ewgnégs%gee%%%%;e{g é)(k)ﬁ; ‘S%g%‘csiﬁﬁ% %a}%%%@ec%é\;}.cese%%zgtg by the

ni crocont r ofiéfived eoh NfHY £h0st vSpeaEr taptdflivein dife £48mi &£ SV t ched by
the multiplexer 44 to the auxiliary input connection AUXIN. This,
coupl ed Wi thalancednpulpyfaias shoyrhe In thagpeagard.awpenfd eegtigular each

Geviee a0 SRCEL 0D Dloving, reRheh BHAR A BaLE R BT B o
to the fi rsgngféﬂ %@o%gge %%118': qi\@qupﬁ.@:g IOHtllp\li}{]blSISg@th q{rtﬁé B ‘to Wil e
anpli 46 (HI 3

t he speaker _ I er gure 1) is a balanced output, e sanme may
be usegh@sprakeRGplaFded oithdt ohfpudesEr@d smoothing filtér wid.l be
noted that while the four SPI bus lines are in parallel to al

devi ces, that GABCADE cbHnitec pilaybastk,onhich depe@bingf upst idevimodeist coupled to
the mcrocontroller 60. Thereafter each device has its CASCADE
connect +®Bn EBFFAFOBI IR AF4PEIBDES ISl the PrepRbLrinvRBEINT oMaHeb? &, t hus

daisy'ChainLPQ&ﬁﬂék Q%V£§§*Ta5§omessage segment in the storage device or

alternatively the playback of the last message segment in the
storage device having the message number commanded to be played
back by the microcontroller, the input to the speaker amplifier
15 46 is switched by the multiplexer 44 to the auxiliary input
.connection AUXIN. This, coupled with the unity gain of the
speaker amplifiers 46 in each device and the reverse daisy-
chaining of the devices, results in the output signal of a device
curreptly playing back being daisy-chained to the first device to
20 provide the output signal OUT as shown. While the speaker
amplifier 46 (Figure 1) is a balanced output, the same may be

used as a single ended output if desired.

It will be noted that while the four SPI bus lines are in
parallel to all devices, the CASCADE connection of only the
25 first device is coupled to the microcontroller 60. Thereafter,
each device has its CASCADE cénnection connected to the overflow

OVF of the prior device, thus daisy-chaining all devices, so



- 15 - that while the mcrocontroller may set up all devices for

ei ther record or playback, it will trigger the operation initially of
only the first device through the CASCADE connection. \Wen the st ack
poi nter hits the bottomof the stack in the first device, a 5 stack
overflow OVF is triggered. This overfloysi s conmuni cated to the next
device, if a plurality of storage devices are used as shown,
triggering themstaekipoitheenidrodohersExdr fayi € up all devicedh®rdatendoaded
in the stack registers is the binary equi val ent of nessage nunbers.
There al so i s %&°BrAa?y rdgiibaeh et wibl taddeer orhe hpexmdsiognaniwirldy af vacant

nmessage segnent .. preferably. . h => hgﬁgﬁ { mal nunbering systen).
In the begi nnior?é‘yv\;llgen_efrlrslt ‘_ti?lvelceentgg]f%‘g%r}t 5P&g SPERBH]R (. _ogh%‘%/ ed) ,
the 00h code istack poidHe®nhiOhalHeybs€ton Brathe WrakReiStideke{ £ Heblice, a

| ocations to indicate all are available for recordi ng purposes.

However af ter std§k evdmfiyowe OBF disrtkiguased . opghas i ors floderseicomininidaeedr ase

operations the stﬁck registers for the respective messgg{, segnents are
reset to 00h t% FAYi A dgvictr éépénﬂlr‘ﬁﬁ‘léﬁbt?/f storagp Jdeydees cfifeHEC3taT age

| ocation, 'the o@gpte/rilg%%%%ﬁg&%e\ﬁjs%ﬂp%()gpta s&ngy;halge rtagdomey. di stributed

urall?y Of- STatks of an equal

(fragnmented) throughout 't ac
nunber of identical concat enat ed storage devices), as stated earlier,
t her eby necesShé¢ addtrg lbhdedidnbane sxelckesédinteeapodithiet gindigf ore a

recordi ng can begin, the stack pointer (counter) in the storage devi ce
or the first ﬁ%ﬁ&@iﬂf—fﬁe\ﬁfc@eﬁ?g@ epePersof Theye @dePcis a bRBary wiudiabérgo

01 eSent 3 e 2 U LU £ 1P, VSRR g SRR BN,
this point theoxessage Hutahesifd1l hlfbering system). In the beginning when
the entire storage space is empty (or cleared), the 00h code is
intentionally set in all of the stack register locations to
indicate all are available for recording purposes. However after
15 a few record and erase operations, wherein in the erase
operations the stack registers fbr the respective message
segments are reset to 00h to indicate a corresponding empty
message segment storage location, these empty locations will be
somewhat randomly distributed (fragmented) throughout the stack
20 (or plurality of stacks of an equal number of identical
concatenated storage devices), as stated earlier, thereby
necessitating the garbage collection capability. Before a
recording can begin, the stack pointer (counter) in the storage
device or the first storage devi;e in a chain of such devices,
25 (which also represents the physical address for the message
segment), starts stepping down the stack until a location with

00h therein is found. At this point the message number of the



- 16 - current nessage is stored in this |location and the recording
begi ns at the pointed-to physical nessage segnent |ocation. After the
nmessage recordi ng begins at that segnment, the pointer continues a

| ook- ahead search down the stack to |locate another 5 enpty nessage segnent
position as will be indicated by a 0Gh jgde in the respective enpty
stack register. If the pointer finds a register wwth 00h therein, it
stays at this location until the previ ous segnent gets filled, at

whi ch tinme t hnressagessagebés stored in gthasetodatibheamdithentestabiogr egi st er
and the recording continues, 10 transparently at the presently pointed to
nessage segnetfiginsTRk the pojpted-dr PREFH RIVERSHNS POBIETglarREP ™ or still

anot her enpt y, 40 tﬂ?t%ésgﬁggkgﬁgr%ikge?e?eiﬁgkat: Eabg gé)g%ein@l,"e?l?%wcjilntgpe

stack pointer omo stack and an over trigger is
generated. |fcaitliyuads Sd NPor-sSheBGeadety ideani hdisedck tdd Sovhtd anbkhest op the
recording. |If a plurality of devices are used as shown in Figure 3,

t he overf |ow emptyoupseata seghenth@esitibad ae whld bieeindicatedabk pdioht epde

therein repeats the process described for that evice, etc,, yntil the
| ast device i’nnttﬁi‘c? E%%P?‘?Ftilger%‘%ﬁ*feﬁ?a%é’eglsterr‘ecafd"r POART AT sfdr’gé &t opped

anytime bef Orx?egti@%le&%{trp‘b%f Liodis, 20 st%9§CJthi§$13c:%t@§f1B@At{iﬁemét

likely, by a normal end of recor operation triggere

m crocont r ol | @feviibul eSPRNEHE §OrSTIR1ed, atOPRIE ithife P REEaAgOMumber is
characteristic of the system such as in a t el ephone answering nachi ne
a det ect ed hatipnedbynttie cakrent sfack redigtkr gindathedesrordsng redntinvgst he

first an_ajlrpgg st orage device | 25 the chain,. or a nessage |length k\im’t
froma tiHeout"BEPEREACEY St ERS GBRERDRY FPIRCHd, tonPestaie ey The
(End- O - Messa@e)n e Kfln indves on, looking ahead for still another empty 0Ch
location in the stack. This continues until the stack pointer
hits the bottom of the stack and an overflow trigger is
generated. If only a single storage device is used, this will
15 stop the recording. If a plurality of devices are used as shown
in Figure 3, the overflow is coupled to the next device and the
stack pointer therein repeats the process described for that
device, etc. until the last device in the chain is reached. The
recording can also be stopped anytime before the last overflow is
20 reached, as is normally most likely, by a normal end of record
operation triggered by the microcontroller in response to some
operating parameter or characteristic of the system, such as in a
telephone answering machine a detected hangup by the caller, a
lack of a cadence signal from the.first analog storage device in
25 the chain, or a message length limit from a timeout of the
microcontroller. In this case, an EOM (End-Of-Message) marker is

written at the point in the segment where the recording ended.



witten at the point in the segnent where the recordi ng ended.

- 17 - The EOM narkers are digital markers which may be stored in
menory cells provided on each anal og storage device just for that

pur pose. Such markers are used in the |ISD 1016 device, and descri bed
inthe literature thereon, in the Appendix hereto and 5 in detail in U S
Pat ent No. 5, 241, 494. To pt aily7 a nessage, the mcrocontroller

provi des the ssage nunber..t o | devices .62, 64 .an r the SPI
bus, and rIJ%?‘r‘?i F&ﬁtr@s"k&r_ﬁl%@e (ﬂ_&@?&ﬁ d??_r%ﬁr?ie"aﬁlfé BY & gtggegér)l\é on the
cascade line. THesSLARK QI Bh &adi ahlifod isk8tagleHetecb2Zuskakss tnk@ from top
of the stack and steps down until the nessage nunber in t he associ at ed
st ack regi st epuwrpspar esusht hatierstess agedniunbere ISD 1414 deuitsy, pmdvi ded

over the SPI bus. The_ playback is perforned . fromthi §;ressage | ogation
as the stack pifiserépPedom theekiterabyke thereonyday tpg ARRFEdHEGSTH-QcR?

| ocation wig h the same (essage e, sl9¢hfadd finds one, it stops at
that | ocati’on Untrlthe preévi ous nessage segnent play is conpleted, at

which time the present segnent pointed to i medi ately begi ns playing
in a seanless TBRPNGF o MaBSHRY elthet Midrdoeoht silaeer prAsidiehi shes egizeate
starts pl ayi ng back, the pointer then noves further down the stack,

20 etc., unti|nurperbee tadh devitrs $Rackdianchff Ry the RiePRF oS

triggered. Note that thepq back max sto v§g¥g'rre earlier by .. the
a

| ay
detection of tHEEAFDHIT PLAY WRTAT Pl nt" t &S 519135027 oi%n i s

conpl ete and téﬁgiaagoﬂﬁuLVh@HethEdQVEB{AEE¥ i8 the fit&é ggenied, 62 tstRQYi des
the initiating cascade signal to the

10 from top of the stack and steps down until the message number in
the associated stack register compares with the message number
initially provided over the SPI bus. The playback is performed
from this message location as the stack pointer continues a look-
ahead for the next stack location with the same message number.

15 If it finds one, it stops at that location until the previous
message segment play is completed, at which time the present
segment pointed to immediately begins playing in a seamless
manner transparent to the listener. As this segment starts
playing back, the pointer then moves further down the stack,

20 etc., until the bottom of the stack is hit and the overflow is
triggered. Note that the playback may stop any time earlier by
the detection of the EOM bit, at_which time the playback
operation is complete and thus stops. When the overflow is
triggered, it provides the initiating cascade signal to the

25 second device 64, which in turn will replay all its message
segments of the same number, etc. until either an end of message

EOM signal is found in one of the devices for this message



25 second device 64, which in turn wll replay all its nessage

segnents of the sane nunber, etc. until either an end of nessage EOM
signal-is found in one of the devices for this nessage

- 18 - nunber, or alternatively, all nmessage segnents of the same
message nunber in all devices have been_ replayed in order. Thi's
pl ay operation with the stack is very’s?ﬁirar to the record operation,
with the difference that during recording the 5 stack pointer | ooks ahead

sear chi ng for nﬁﬁﬁﬁai@mEYaimtgogﬁy,a%dl messa&;@ege%n%Q§ Bf‘%}{@%ﬁfﬁge nu_rrber
in place of the enpty code, whereas during playback the stack pointer

i s | ooking aheegsagsanehbeyg iropll devicdee specibkes fexday&Ohin regsage nunber.
In both the record and pl ayback operations, the | ook-ahead 10 is done at

di gital speeds, nqf, .anal o voi ce) rates, Consequent | y, many devi ces
may be cascaded i(rjllthalsr F%‘?i‘ﬁ(?eelr? Fé’?d’elt% th‘_e SFEEEnt AR r%’h@“%/’t]@ﬂ XSgab"l‘%nt of
a particul ar pe&SROpASAUA,Ywith trl @f efk idhcAnen ,th%Bé; aée%roFﬂﬂ(%Cﬁ% yet
the tine to | ocate tﬁe first nessage segnment Wl e suffrciently
short so a$ tetéek pbintearnisphsecahedd skhechiser foSitHd ampyy @OhGOEE&E andur i NQ
recordi ng, a | arge nunber of devices may be searched for the next

st ack r efet droagsnthe meggagemumbsrt imtolagecf fthehemplax tcodegrmmrers be
ascaded string t he

stor'ed can on he stored devi.ces.down .t he ¢ .

sanme will be éée{]éld‘f £ oa{’g%cnkg%g‘%eﬁ?ﬁ}‘ PRy é@ofﬁl‘?'ﬁé‘gagh§%%r?ea§6h%f§g thes
current segnephe ek €t H9(don-600P &8 dge aRGhLAY! i NG pl ayback, the
resulting physically disparate nessage segnents nay

In both the record and playback operations, the look-ahead

10 is done at digital speeds, not analog (voice) rates.
Consequently many devices may be cascaded in a relatively large
system and the first segment of a particular message actually
stored in one of the later devices, yet the time to locate the
first message segment will be sufficiently short so as to be

15 transparent to the user. Similarly, of course,'during recording,
a large number of devices may be searched for the next stack
register containing 00h, so that even if the next segment to be
stored can only be stored many deviées down the cascaded string,
the same will be ready to transparently start recording as soon

20 as the current segment recording is completed, and during
playback, the resulting physically disparaté message segments may
be seamlessly located and sequentially played back in a manner

transparent to the user.

An erase of a certain message may be performed by providing
25 the message number to all devices through the SPI bus and then

initiating an erase operation. At this time the stack pointer



be seam essly | ocated and sequentially played back in a manner

transparent to the user. An erase of a certain nessage may be
perfornmed by providing 25 the nessage nunber to all devices through the
SPt bus and then initiating an erase operation. At this tinme the stack
poi nt er - 19 - sequentially
steps through the stack in each device,1@s-in a record and pl ayback
operations, apéqlentahesy adegsNEntsLA | lte@sstack 1maq:h hayed hgsnessage
nunber and wites the enpty code OCh. One does not have to erase the
array, as wi¥reerrad hedebeachep@(atlon& ianido Lodre g3r apbreist dokat Biisst er

| ocati ons essenti al rel eases the associ ated storage area of the
devi ce for qu?}ﬁﬁ'hﬁxF My resAgoe numeFKE“%HElFﬁﬁ)?ﬂﬁlﬁmﬂéVFeéeH@NblnSéPore

referred to, whdd i@ h§ve to e@!ag\@ylﬁ'l | d&l} atcxgl Mrir{r % e%ta SI IO%hpUI €
S

erase cycle to clear the associ ated storagée ce or *th orage of
the new 19 imssafe segpEnistachoferyiisBet Nictakegad d}sstah@lﬁrmt )feEéHjé%sl $he
stored in a digital storage space, not an anal og storage space, SO

t hat t hi éswaﬁ RE dfregei ared §fathascievone écrmﬁustm:ageugpmatar@n

rather than t era i t.e of anal o ora of the ISD . 1016
type devi ces. Pfk Yo Eéggﬁé%rggY}%ﬁ h@%?%%g %%ﬁgFg‘Eﬁnwﬁétﬁﬁ¥ﬂﬁhently
per f-or med alvh%ﬂ/si fiﬁamaafat%qs)nf,f@ééd%ﬁ By &@qngwqﬂﬂg g;egsseaggmfg@oers 'n

t he stack registers appropriately,” or tenporari I n menory

associ at ed W thedtheheoassarilaeed Noralgyst€rls Ebﬂrtﬂ"feeétefad@%$agl$§ new IS
required in the array. Skipping forward nessages can be 20 initiated by
the nicrotbntFFiage BYITHHdi nYoke fesshye TAgREr the empty code is stored

in a digital storage space, not an analog storage space, so that
this writing operation is a fast one shot storage operation
rather than the iterative write of the analog storage of the ISD

1016 type devices.

15 Reordering of message numbers can be permanently pefformed
by the microcontroller by changing the message numbers in the
stack registers appropriately, or temporarily in memory
associated with the controller. No physical transfer of messages
Iis required in the array. Skipping forward messages can be

20 initiated by the microcontroller by loading a message number
other than that of the first message and requesting a play
operation. Repeating earlier messages can also be initiated by
the microcontroller by loading in the message number and
requesting a play operation. Playback of all messages can be

25 also be performed by the microcontroller through iteratively
incrementing the message number with each request of a play

operation until the final message play request is complete.



other than that of the first nessage and requesting a play operati on.
Repeating earlier nessages can also be initiated by t he

m crocontrol ler by loading in the nmessage nunber and requesting a play
operation. Playback of all nessages can be 25 also be perfornmed by the

m crocontroller through iteratively i ncrenenting the nessage nunber
with each request of a play opér&@ion until the final nessage pl ay
request is Q te. -

Sel ective er%gse aere Save® caarllrcl1 87%0 e BJésr? éorerrg?ir%oyrmteﬁeby the m crocontrol | er
by just chap@ipgcddieoTBes age jayeteasighiAg tdie mbasdge numbéss QBhchersdake
nmessages that are to be deleted. A nessage can be appended to a

previ ous nessafeéh o sheosdssagen treconde dpebat fokrted. wh tesishge seate beessage

nunber to which pessage appending is requi red, and then appendi ng the
new message 2BPERFe] [fe paRYevious ‘%’éss?ﬁﬁeb%e‘g?ﬁgﬁft’d’fg Fhﬁeﬁ?r&/i°852£%%age. In

that 1603/ 508 the safChORARLT Ry TBY.ARAINALs Y bBpLMiRe ST ack

poi nters at any time, an therefore can deternine where all nmessage
segnent s of raquifed giav@nth@s spgendim, thUsewdinébsdpd hEteyertal Lasyst em gr eat
flexibility and versatility, such as concatenating nessages, splitting
a nmessage t cesppeetsdomsartef tdecprevious messageforln ¢bpEkedRTdathessage, the
m crocontrol l.er provides the rress%?e numpe initiates a | oop play

operation. THETStRGEClisT My FedF 9 WEAFE Sfod reia-n PaFISPESt AFt ¥ rom t he
top of the %&ﬁ%‘f.%% +r@0e RS Adde deien S AHERA! 81 Wil oLHE SBhEGLED MRS age

nunber and ] e top and repeats this Sequence until the
operati Qn | gistApRELagdak e MTEHS8061 GRGNERE LeualRrdetemnatirde Set

flexibility and versatility, such as concatenating messages,

splitting a message to inject inserts, etc.

For looping on a message, the microcontroller provides the

message number and initiates a loop play operation. The stack

15 pointer in this mode essentially starts from the top of the stack
and plays all the segments with the selected message number and
jumps back to the top and repeats this sequence until the
operation is stopped. Hard message segment boundaries can be set
up by programming the appropriate segment numbers into the proper

20 stack registers and never changing it again. This for instance,
could be used in an answering machine where the answering message
is to be protected from write-overs, even though other old
messages are to be written over. Additionally, the message
pointer can be moved backward from segment to segment, or caused

25 to move back n segments at a time to allow reviewing/rewinding of
messages Or message portions, such as the repeat of a phone

number to allow writing down and verification of the number



up by programm ng the appropriate segnent nunbers into the proper 20

stack regi sters and never changing it again. This for instance, could
be used in an answering nmachi ne where the answeri ng nessage is to be
protected fromwite-overs, even though other old nmessages are to be
witten over. Additionally, the nmessage2l - pointer can be noved backward
fromsegnent to segnent, or caused 25 to nove back n segnents at a tine

to all ow rewvﬁ%gﬁé rIe\quqglng re,ﬂ%aY ? IS Sw es orsgaessa e%%%sra{?lg(r)??ﬁsuph as

t he repeat of ation
of the nUnber'Spec:LfJ.c single or multiple bits of the stack reglgéers can bdM t hout

requiring replay of the entire nmessage or nessage |ist. Specific
si ngl e or nulsetpheidg tiorofhe hmirpogekof egits imy $p©amabeflag inketmaaisbde f or
t he purpose of set#% special flag information, .g. old or new
messages, pri<v&te® s‘%a&@w BFRATCS meRTYGES BeRRAge ‘sr%sagesaget csayest e

that when SSO%SQE&é CBctct hean{t)éiQ:lﬁa exglllésx{ %r %rk?lts Ehe %%aél?treasil ggﬁfa?r[e flag

i nformation, the faXxi mum nu ressa e nmessages

det ermi ned byt be sewthesicef £si Flsg infozrneawﬂ,erthbl thc ot n&meﬂ‘ressage
nunber identification purpose. The sum of the flag bits and the
message nunbé&ddppssalnld megakgesuyillobe tdesermingd W dthe olmbée oft atkck

regi ster. . Havi now descri bed the qper on of the device of
the or e SEHEF Eon e BREragS DUt eIt SRS er BrERetoy, ces,

it will be apparemh séﬂachesyp Ptially t%@ymﬂég% gﬁb%g%@ig% GCRake

be cascaded as desired. e event that t eV|ces
cascaded 1&xcaads tbbel muabaroﬂftrevatwblxegwdé:v.i dual port lines on the
m crocontroller to be used, one or nore groups

Having now described the operation of the device of the
present invention in a generalized cascaded system of n devices,
it will be apparent that substantially any number of such devices
may be cascaded as desired. 1In the event that the number of

15 devices to be cascaded exceeds the number of available individual
port lines on the microcontroller to be used, one or more groups
of m port lines may be used for providing up to 2™ binary coded
Ss signals which are decoded to accommodate up to 2™ cascaded
devices. Also from the prior description, it will be apparent

20 that the number of "cascaded" devices may simply be one, as shown
in Figure 4, with all of the various functions and capabilities
of a larger system being preserved, albeit with a lower total

recording and playback time capability.

The present invention has to this point been described in
25 term of a voice messaging system. It should be noted however,

that the messages could be in the form of data messages. In



of mport lines may be used for providing up to 2[err] binary coded SS
signal s. which are decoded to accommobdate up to 2[err] cascaded

devices. Also fromthe prior description, it will be apparent 20 that the
nunber of "cascaded" devices may sinply be one, as shown in Figure 4,
with all of the various functions and-c@abilities of a larger system
bei ng preserved, albeit with a | ower total recordi ng and pl ayback tinme
capability. The present invention has to this point been
described in 25 termof a voice nessaging system It should be noted
however, pddtaktul €, MBS BEeSertOuhdehd dnncbiirl f20661 108 Wabarde s@aggsng | N

- 22 - particul ar, the present invention could also be used for
managi ng datat §iles e :als’r1|t\-i5));1|r17551Ifloyl'mﬁl oundomputempilersystiens syrd evd idnd
solid state dgta stora st ens, antifularl uch s stens as are or

may be requi r¥d o “AbhdIE P Fe FEMG ar PSSV F &1t sytsﬁg 8a3% 25 °bf data

in the preferged; ambodi IRt ot At f-lf@é/ o@evarlablgoﬂé/r?gr!:tﬂ ongh | phebicRge Y
encoded as high and | ow vol tages, or higher order multilevel voltages

may be usesl. &Y daay Oh mea@spéeerﬂ‘e@umbodlmenalttagedlaeaehesr ey be used to
effectively store two bits per menory cell. 10 The present

i nvention hascc}fé’@ﬁtéw%%l]dsédnam aesded hed bk h’nd lowredlf@gest o hd@hesi n
[NﬁewedeMm nment er eqf

t erstood. to thpse skilled
inthe art th3k etrhg‘ubFJe X V?\i/%aiﬁelsoﬂay be uﬁﬁ? vgﬂ'egf \ﬁixtaﬁ%ﬁ?' C%Bﬁrti ng
fromthe Sp'rvélﬂ%@g PP may bé'H%rQOEO effectively store two bits per

memory cell.

.10 The present invention has been disclosed and described with
respeét to a certain preferred embodiment thereof, it will be
understood to those skilled in the art that the present invention
may be varied without departing from the spirit and scope
thereof.

15
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O o ol ayback of momegraced crrouit storage device tor S{HNFIMHINTINN

plurality of storage cells; input circuitry for sequentially
providing input information to the stofdge cells for storage therein
during a record operation; output circuitry for sequentially
providing as an output during a pl ayhagk operation, information stored in
the storage cells; a plurality of registers, each register being
associated wth a respective series of storage cells of the storage array
and capable of storing a nessage identifier; conmuni cati on
circuitry for receiving control signals from another source; st ack

poi nter and contrgh SAGILLEY {GMDSINGaEQ ANA ceCPOTUWRILERES O L1 FCul LTy

for sequentially locating each successive register storing the specific
message i semddtfiver prpanicki 6€ dmsshbes cripruUBigaAati on circuitry and causing
the output circuitry to seanlessly provide as the output, information

stored in the respective series of storage cells associated with each
successi ve a storage array having a plurality of storage cells;

input circuitry for sequentially providing input information

to the storage cells for storage therein during a record operation;

output circuitry for sequentially providing as an output

during a playback operation, information stored in the storage

cells;

a plurality of registers, each register being associated with
a respective series of storage cells of the storage array and

capable of storing a message identifier;

communication circuitry for receiving control signals from

another source;

stack pointer and control circuitry responsive to the
communication circuitry for sequentially locating each successive
register storing the specific message identifier specified by the
communication circuitry and causing the output circuitry to
seamlessly provide as the output, information stored in the
respective series of storage cells associated with each successive
register storing the specific message identifier during a playback

operation.



:)Sglr; :a(r)nst oring the specific nmessage identifier ?Iurzl ng a pl a !ﬁgﬂ"mmmll] ”m

integrated circuit storage device of claim1 wherein the stac

control circuitry is further responsive to the communication circuitry to
| ocate registers having a specific nesdage identifier therein and for
those registers, to replace that specific nessage identifier with a
reference identifier. 3. The integrated circuit storage device of

claim2 whereinz.thehstiaekaPidd @4 rangt %Qeird@é deb i CHidA Y1k Sm FURMRSL: n
respon5|ve to t he communi cati on CIrCUItry rlng a record operatlon to

successi velghd statk pdgitst earsl kautngl tdiecufmr éacturwhent résmmsivhetei n, to

sequential |y provide input information to the series of storage ce|lls
associ at ed %et ROTREatdgR stigiditanda dorRpt FCEitHRFS hevenerrcePrabitd fi er

|0 the 1eSRRELLYE [ROISEELS WA SRPELL! GrodlPEsan ddentd FBhace har

The |ntegrat Clrcult storage device O al m

cascade Ci repéici Eyc aidbsayer {dawighe£ulilthya iéﬁr@ﬁé@aﬂﬁnwf{&u.l t ry bei ng
responsive to an external signal to initiate a read or wite operation

within the integrated circuit as directed through the comrunication
circuitry, and fhe TRRAMEEIFRGTCGLEFYLL SEOVILH ﬁ@vac%lcénélla%@plwéabﬁmto t he

cascade, o el LeLploclleok Bl LoRl i SURLEY G B seam el

|n|t|at|ngare t e ope ron t
control  CigheUibhdudidat$6ar&hedial) degh§t&ntcheassantsaldy |ocate each

successively locate registers having the reference identifier
therein, to sequentially provide input information to the series of
storage cells associated with those registers, and to replace the
reference identifier in the respective registers with a specific

message identifier.

4. The integrated circuit storage device of claim 3 further
comprised of cascade circuitry and overflow circuitry, the cascade
circuitry being responsive to an external signal to initiate a read
or write operation within the integrated circuit as directed
through the communication circuitry, and the overflow circuitry
providing a signal coupleable to the cascade circuitry of an
identical integrated circuit for seamlessly initiating a read or
write operation theérein after the stack pointer and control
circuitry has searched all registers to sequentially locate each
successive register storing the specific message identifier
specified by the communication circuitry for the read or write

operation.



successive register storing the specific nessage identifier s i
the communication circuitry for the read or wite operation. q m@ ,mll”“m
M S *

- 25- - 5. The integrated circuit storage device of any o
1 through 4 wherein the conmunication cifcuitry is responsive to SPlI bus
si gnal s. 6. The integrated ci r cui4> st or age devi ce of any one of

clains 1 through 4 wherein the input information is an analog signal, the
storage array is an anal og voltage storage array and the input «circuitry
i ncludes sanple and hold circuits for periodically sanpling an anal og
signal for storaye dhet hetegxaprescinsul hestmrapegdevisrt afeanyt onaget atleaps

7. The integr ipcuit_ sto e . device af claim.6_ wherein the
comuni cat i gné](ileebslg&i tﬁ r‘lfljljlélrs‘alrn eé%%ncﬁm\x?éln T omp %h%cué}?g al% Fresponsive torpg

i ntegrated spraiid ssgRapHe device of any one of clainms 1 through 4 wherein
the nessage is digital information. 9. A nethod of recording and

pl ayback of nessages of varying |ength conprising the steps of: (a)
provi di ng storade nB8PalMRAAGeR FirsRafestoapaei dsvisg ofinyh onepdirclaimy of

nmessages may he stor oVi ingE)?o]{)l.uralit of registers and

d; . o
associ ating”each owi ?hwréerreégp‘é%éi )é’gﬁ[)o’)r/rf i HE 8F AHGEInBti R lun HhAi ch a

”Essage storage array is an analog voltage storage array and the input
circuitry includes sample and hold circuits for periodically
sampling an analog signal for storage of the samples in the analog

voltage storage array.

7. The integrated circuit storage device of claim 6 wherein

the communication circuitry is responsive to SPI bus signals.

8. The integrated circuit storage device of any one of claims

1 through 4 wherein the message is digital information.

9. A method of recording and playback of messages of varying

length comprising the steps of:

(a) providing storage media having a storage capacity by

which a plurality of messages may be stored;

(b) providing a plurality of registers and associating each
with a respective portion of the storage media on which a message

segment may be stored;

(c) for the recording of a message, successively locating
registers having a reference identifier stored therein, changing

the reference identifier stored therein to a specific message



segnent may be stored; (c) for the recording of a ness
successively locating registers having a reference identifier ﬂlﬂyﬂm"!!“"""""
therein, changing the reference identifier stored therein to a

nmessage - 26 - identification and
storing segnents of the message therein %ntil the entire nessage is
st or ed; (d) for the playback of & speci fi c nessage, successively

| ocating registers having the specific nmessage identifier stored therein
and playi ng back the respective nessage segnents in order until the entire
message issiﬂbayiﬁiqgaékn and storify sEhwemtd lpddtid messogeitiprand whtdylback of
nessages of ing length of claim9 further conprising the elimnation
of a recoFBEd Eaf8s W AFsPRF e step of : successively locating
regi sters having the nmessage identifier stored therein for the nessage to

be elimnated apdg berthﬁ)@%la’if%Qbﬁtﬁr & s ENEed NG MESSALRSidenyifier to
the reference identifier. . The nethod of any one of clains 9 or

10 wher ei nlppasirapgegt ajemnarbig ttl'ieesse@rfagemmga adehtilfd epl siradddt y of

regi sters ngrlse a plurality of integrated circuits, each havug% a
respective ES’F ThiFngr PLRENG BP%’Qe"'b@aﬁﬁﬁli"?‘iFlé(ﬁd’“%Fstaé‘§p§%Q’?%spb’?‘t‘? of the

regi sters LHEEF%e entire m]e%sagghies ‘S%L_\Pé’é’ b%f kCI aim 11 wherein each

integrated circul

10. The method of recording and playback of messages of
varying length of claim 9 further comprising the elimination of a

recorded message comprising the step of:

successively locating registers having the message identifier
stored therein for the message to be eliminated and for those
registers, changing the message identifier to the reference

identifier.

11. The method of any one of claims 9 or 10 wherein in steps
(a) and (b), the storage media and the plurality of registers
comprise a plurality of integrated circuits, each having a
respective portion of the storage capacity and a respective portion

of the registers thereon.

12. The method of claim 11 wherein each integrated circuit
provides a signal coupleable to the next successive integrated
circuit to seamlessly initiate a record, playback or message
elimination process in the next successive integrated circuit upon

completion of the same in the previous integrated circuit.



provi des a signal coupleable to the next successive integrate Lrcuit to
seam essly initiate a record, playback or nessage elimnati oalﬂ i' mu””",
t he next successive integrated circuit upon conpletion of th Sk
previous integrated circuit. - 27~
13. The nmethod of claim 11 wherein the ssages are voce nessages.

14. The nmethod of claim 11 wherein the ssages are digital information.

15. An integrated circuit storage device for storing and selective

pl ayback of voice nessages conpri Si n%: _a storage array having a
plurality of stdragdecBPriod efchleit llsviegtaig Fhe aesiSagevsineayecéorm one
sanpl e of sgggégl ity of successive sanples of audio signals; i nput
circuitry tor Sequentially receiving an audi o signal and providing

sequential sanples thereof to the storage cells for storage therein-during

a record operat#on;The methoduWifpulain rnauvkhéneihoths egsengésldre provigi ng as

an out put _ during a playback operation, sanples of the audio signal stored

in the sti&fagRatden-s; a plurality of registers, each register being
associated wwth a respective series of storage cells of the storage array

and capabl e 055§t9ﬁi@Qtégfg%%aagfré&¥%”ELiié@é hgvfgéyf%glséé¥fyg and

selective playback of voice messages comprising:

a storage array having a plurality of storage cells, each for
storing in analog voltage form, one sample of a plurality of

successive samples of audio signals;

input circuitry for sequentially receiving an audio signal and
providing sequential samples thereof to the storage cells for

storage therein during a record operation;

output circuitry for sequentially providing as an output
during a playback operation, samples of the audio signal stored in

the storage cells;

a plurality of registers, each register being associated with
a respective series of storage cells of the storage array and

capable of storing a message identifier in digital form;

communication circuitry for receiving digital control signals

from another source;

stack pointer and control circuitry responsive to the
communication circuitry for sequentially locating each successive

register storing in digital form a specific message identifier



communi cation circuitry for receiving digital control signals her .
source;. stack pointer and control circuitry responsi \/eSHBmHMJiu“ Il”"l
comuni-cation circuitry for sequentially |locating each successi c T
storing in digital forma specific nmessage identifier '

- 28 - speci fied by the comuni catianaygi Lcuitry and causing the out put
circuitry to seanm essly provide as the output, the audio signal sanples

stored in the respective series of storage cells associated wth each

successi vespegjifdedrbyttdie agmmird capéer fdigcubernngad frnsingf tee §Prhg a

pl ayback oper at.i on. 16, The integrated circuit storage .device of
clai m 15 wheT YR %ﬁ?ﬂ&ﬁsiﬁﬁlﬂ?Syléﬁuf cB%?r?ﬂCPEchﬁﬂ%:FVd+ ¥ ther

responsi vesfih1 esNee SAURMURI CARL 1 QR peLE L3l kY i LD JrocRb A dLOL Bl £ BaYAME @
specific nessage identifier therein and for those registers, to replace

t hat specwitic eaebsagerdsgdént i faghstartdroxidy gitealspeetf ircenessagtent i fi er.

17. The integrated circuit storage device of claim16 wherein the stack
poi nt er antPRBHEABY Hiag &rplavdarck: erriati®dponsive to the communi cation
circuitry during a record operation to successively |locate registers

having the ref %‘%nCﬁhé OL%?egEL@éc% dihel gl @to&g?é%%%e&!@é o a\%r_(\%ﬂ. dpeaugi o

signal sanples to the serieés of storage cells associate t hose
regi sters, i Gaekl pPiree ahdecdmeirel ediceul entilsf faftidr thepsasipectove
registers with a specific nessage identifier.
the communication circuitry to locate registers having a specific
message identifier therein and for those registers, to replace that

specific message identifier with a digital reference identifier.

17. The integrated circuit storage device of claim 16 wherein
the stack pointer and control circuitry is further responsive to
the communication circuitry during a record operation to
successively locate registers having the reference identifier
therein, to sequentially provide audio signal samples to the series
of storage cells associated with those registers, and to replace
the reference identifier in the respective registers with a

specific message identifier.

18. The integrated circuit storage device of claim 17 further
comprised of cascade circﬁitry and overflow circuitry, the cascade
circuitry being responsive to the state of an external signal to
initiate a read or write operation within the integrated circuit as
directed through the communication circuitry, and the overflow
circuitry providing a signal couplgable to the cascade circuitry of
an identical integrated circuit for seamlessly initiating a read or

write operation therein after the stack pointer and control



18. The integrated circuit storage device of claim217 further jsed
cascade circuitry and overflow circuitry, the cascade circui tlﬂﬂiﬁﬁm l ,m"”m
responsive to the state of an external signal to initiate ar L
operation within the integrated circuit as directed through the

comuni cation circuitry, and the overtl @& -circuitry providing a signa

coupl eable to the cascade circuitry of an identical integrated circuit for
seanlessly initiating a read or wite operation therein after the stack

poi nter and control - 29 -

circuitry has searched all registers to sequentially | ocate each

successive register storing the specific nessage identifier specified by

the commnication circuitry for the read or wite operation. 19.

The i nt egrrawid- o has sesrehege 2ddviregistennyt aneeqfentialilyn LiEatly ewgh 18

wherein the connuni cation circuitry is responsive to SPl_bus signals.
successive register storing the specific message identifier

specified by the communication circuitry for the read or write

operation.

19. The integrated circuit storage device of any one of
claims 15 through 18 wherein the communication circuitry is

responsive to SPI bus signals.



