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1. Field of the Invention i i nvention relates to the
field of anal og signal record aﬁtﬁﬁ%l@iﬂ@ nonvol atil e

menory. 10 2. The Background Art The use of
recordi ng systens for the storage and pl ayback of audi o nessages is well
known. Conventional recordi ng TYRIE-OE THEANVENGION cat egorized into two

areas, those usin magneti c stream ng_tape a t or age nedi a,
and those using 53#?6863&1@@19?@%@ E@@i%%mgm‘élsbgﬁéég%r age medi a.

15 5 ~ Conventi onal sysg&@%ﬁmﬁ_ﬁmr‘gg magneti c tape as the
storage nedi a general ly take an input signal generated by a

m crophone, anplify it, filter it in preparation for storage, and
then record the signal onto nagnetic tape provided for that purpose.

Pl ayback of the r ecBAGKGROWBYR OF THEINYENTO ! i shed by a user of
t he system using., -opberated controls provi ded for that purpose.
20 E I%‘cgqf%g‘l?e WAL user of the system nmay operate the recording

devi ce, contr ol hikfvention relates 1B iR\iefiRst asdlog sighal Bedrid &1d prB¥adkaksmgt such
functions as record, playback, erase, power on, fast

nonvolatile memory.

10 2. The Background Art
The use of recording systems for the storage and playback of audio messages is well
known. Conventional recording systems are roughly categorized into two areas, those using
magnetic streaming tape as the storage media, and those using semiconductor memory devices

as the storage media.

15 Conventional systems using streaming magnetic tape as the storage media generally
take an input signal generated by a microphone, amplify it, filter it in preparation for storage,
and then record the signal onto magnetic tape provided for that purpose. Playback of the
recorded signals may be accomplished by a user of the system using hand-operated controls

provided for that purpose.

20 In order that a user of the system may operate the recording device, controls are
provided so that a user may select such functions as record, playback, erase, power on, fast
forward, fast reverse, pause, and stop. Using these functions, a user is able to record new
messages, review or erase old messages, and perform other functions. Although these

recording systems are useful for their intended purposes, they are often too complex and large
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forward, fast reverse, pause, and stop. Using these functions, a user is
able to record new nmessages, review or erase old nessages, and
perform ot her functions. Although these recordi ng systens are

usef ul forwidWl4ssy Nt ended purposes, they are often too cg | ar ge
1 ' to be used as hand-held devices, and a?@hﬁ%%(lf%?@ult to

store in a ; . ' . e’ ef i £ rovi de
2 Syat em whorerey paRBEdRLevce, b BRI Sore n a pprson s Rk, Rihert B
where al | rbetefiedal th provide @ sgstend ®hezin thedpdration@f the SPstdni cadibe SinfplifEd, Bt
situati ons. ) Digital voice recording systens using
seni conduc t"eredl ppenal fugetionp are gyailable for geedn more oomplex sigygtionst | y anpl i fy t he
i ncom ng m crophone audio, digitize the anplified signal using an
anal og-to-digital converter (ADC), and then store the resulting digital
data in a seni CPRAMIGIHLRE recording systdMRRY sGE¥drdferordevibd 28 e ARG k@Rl system
whi ch uses a magnetic tape for storage, the user may request the
pl aybaék otftypicalyauplifie the sicgminlg microphose alidiyi, digitizesyhs breplified isignal asing 40l s pr ovi ded
for t hat , puy pose. i {iating the playback of a nessage typically
causes the ag%&-‘aﬂ@%ﬁ@m%@‘é- ang ghe St°§cf’é"e‘§§’¥‘l‘ﬁéh5‘|‘élrﬂﬁf"y{‘ 3 SFEREUcPTh e
| nfor mat i OendoR &edlick.NRE & alBhRAHEha syt vfhith s Q2 ANBhaR r&%&x&i&g ; the use
anplify the resulting analog signal’, then route tthe si'gnal tcd an oufput
devi ce suclmagseqaessthe plagback of a recorded signal in the digital sgswerh usingeoatrtls prafiddedifoyi ce i S
described in United States Patent No. 4,890,250 to Sinko. In this
system ei Yt PWBRiFreliiiating e PIRYhetkof@ mastaes Bpicallycapise e sysam epptrales taam

or.war f ast

functigns, iiglpds nd 3 er,ase. . f.ast
rever slg, pgtésg,%, anﬁp gg’ i rocg%t%{oﬁ‘@%&of’géﬁge& i iéﬁgotumgoﬁ%@sgi 162113?-61% Bt ended
pur poses, diflifly GhelrbR1ting BHHI 6P dnyl, then kdute the $dgHal 187An output device such as a speaker.

One such conventional device is described in United States Patent No. 4,890,250 to
Simko. In this system, eight command input buttons control the operation of system
functions, include power on, record, playback, erase, fast forward, fast reverse, pause, and
15 stop functions. Though useful for its intended purposes, due to the complexity of its 8-button
command interface, this system is inadequate for applications requiring minimal complexity
such as in a hand-held system which might be stored in a person's pocket. Therefore, it
would be advantageous to provide a record and playback system which utilizes simplified user
controls.
20
OBJECTS AND ADVANTAGES OF THE INVENTION
It is an object and advantage of the present invention to provide a voice recording and

playback system which comprises a simplified user interface.

It is a further object and advantage of the present invention to provide an efficient

25 method for managing data stored in a nonvolatile memory circuit.
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command interface, this systemis inadequate for applications requiring
m ni mal conplexity such as in a hand-held system which m ght be
stored in a person's pocket. Therefore, it woul d be advant ageous to

provi de a [ecar nd pl ayback system which utilizes sinpljdi )
control s. %,,%93891 OBJECTS AND ADVAN'F&E%%Q Y
| NVENTI ON It is an object and advantage of the present

i nvention to provide a voice recording and pl ayback system which
conprises a si nphd el SAnHGObjettAh$idvatize of the present invention to probidt Bydied U t her

obj ect and advant agQGe OFHfrhejepresent ir?\?ent iponnté)n pIF ovide an efficient 25
met hod f or revardagd pyytthak sysemanpeble of beingiamurollegdthylae externmalr GPIE or stax machine.

2 It is yet a further object and advantage of the
present invention to provide a voice record and pl ayback system

capabl e of bein etcﬁ%gééig‘;g Wﬁd@ﬁm%ﬁ‘?@ﬁ@jﬁgﬁ:’g‘é%mﬁ% ﬁoﬁﬁgbb&& record

Yet a further objec vant age nvention is to provide a

VOi Ce I eCORfd playback systatl vhEde ViR GKinfoy B AtRApIVEIEE bier dis€Hal Port By B stdEd ON

provi ded over a serial port nay be stored 5 directly to nenory.
It is & fi fdirectlylty memorynd advant age of the present invention to provide a
voi ce record and pl ayback system wherein digital information

provi ded over a serial interface nmay be converted
It is a fifth object and advantage of the present invention to provide a voice record and

playback system wherein digital information provided over a serial interface may be converted

to audio and output to a speaker or other audio output device.

These and many other objects and advantages of the present invention will become
10 apparent to those of ordinary skill in the art from a consideration of the drawings and ensuing

description of the invention.

SUMMARY OF THE INVENTION
A voice record and playback system according to a presently preferred embodiment of
15 the present invention comprises a command interface, a controller which acts upon commands
issued by the command interface, nonvolatile memory circuits for storing digital information,
an oscillator for controlling the sampling frequency of the system, various amplifier circuits
for amplifying signals, sample and hold circuits and digital to analog converters for converting

signals, and a filter section.
20 A presently preferred embodiment of the present invention is operated in a stand-alone

mode using push-buttons, or in a CPU mode by executing commands provided by a CPU or

state machine through a serial interface provided for that purpose. In a stand-alone mode, two
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to audi o and output to a speaker or other audi o output device.
These and many ot her objects and advantages of the present invention wll

becone 10 apparent to those of ordinary skill in the art froma
consi der at i af..d-he drawi ngs and ensui ng descri p§e e _
vent | on, WOsRKeT S R Nenm o

A voice record and pl ayback system accoyding to a presentl re red
ermbodi ment  BFh-DREOR CRERHOCIEBH Py BAYS5R O RETP s G n 4 GE Wy { ace, a
control |l er whae Boriainds Hﬁ%e&%@?@%_r state machind cﬁz’%_b'@;%oﬂ&ol?r@&r&%ﬁ?’ﬁdﬁﬂ, _

i nterface, nonvolatile nmenory circuits for storing digital information,

an osci | | at speciflored membryohdnagegnentfendsians) kndigput peplifesn gain edttiighcAsigelem  var i ous
anplifier circuits for anplifying signals, sanple and hold circuits
and di gi t al MEBO MARRRITER,IRAmEPrQYiqes, pEACIGRAAST ?fig"ﬁg"‘b‘e memoty Sqragespace, andy

filter sect] f.err di rent of the
! 5 %rgpides byfedevel control(g r@r@éﬁgtﬁgﬁ%’ sgﬁ%ﬁl el?[ﬂ@fb foRodi

present invention’is operate node using
push-buttons, or in a CPU node by executing commands provi ded by a CPU or

state machine through a serial interface provided for that purpose. In a
st and- al one node, two BRIEF DESCRIPTION OF THE DRAWINGS

3 PSR b0 YR ALY oMol B Bodk R 0P e B ol 20

nmenory erase functi ons.
playback system of the present invention.

FIGS. 2A and 2B comprise a flow chart depicting the steps in the method of operating

10 a presently preferred embodiment of the present invention in the stand-alone mode.

FIGS. 3A and 3B is a flow chart depicting the steps in the method of operating a

presently preferred embodiment of the present invention in the CPU mode.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Those of ordinary skill in the art will realize that the following description of the
15 present invention is illustrative only and is not intended to be in any way limiting. Other
embodiments of the invention will readily suggest themselves to such skilled persons from an

examination of the within disclosure.

FIG. 1 is a block diagram of a presently preferred embodiment of the voice record and
playback system of the present invention. Although a presently preferred embodiment of the
20 present invention comprises a single integrated circuit, it is contemplated that other
embodiments might contain two or more integrated circuits and still remain within the scope

and spirit of the present invention.
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node, commands provided by a CPU or state nmachine directly control record,
pl ayback, speci al i zed nenory nmanagenent functions, and i nput
anplifier gain settings. A novel menory managenent schene provi des

efficient yasodfssgyal uabl e menory storage space, and 5 pc,pﬁggy,llg% -
byte-level control of menmory while the systemis in CPU node.

BRI EF DESCRI PTI Q\;.m nlr}'&-gdé)m\é\lgl% {nterﬁ[acet]r_(l)com rises a%!)lfé‘cu%l Ogc Egt ock di agram

of a presently pref Qe 2recor

pl ayback sygiigied & inteliRerRbBmant inply/ R3¢ krddm in the art. The particular cdnfi@atiet/dbrand 2B
conprise a flow chart depicting the steps in the nethod of operating 10

a present | ythese ghtesmay be esatilyidetamined fisingwtandard dagia desigy sxgthodyknowntiththe art.

st and- al one, np flow chart depicting

the steps |9PnFﬂé’i‘Ff£a(°ﬁ 6%IwBiFh Gﬁ‘@?’ﬁt“?ﬂ%@“ cg'émgn%dm‘gﬁ?@ig 29%59"?5?%8% ed

embodi ment  Gfiectififofié Qﬁ%B'oPQlu'cﬂxstanﬁ 461 pB® Hng manual means or through
DESCRI PTI ON OF THE Those of ord| nary
skill in thkewsebf vliokic syrﬂmkmae&iumlxmér&cémmmmgcdmmdsnmeﬂrbyﬁe the 15

present invention is illustrative only and _is not intended to be in any way
limting. ©PR@yndinterface, andigysenopsible §°r8¥e gepcaaliopgratinn;of He\gpmponents of 1h9 suggest

t hensel ves o) ot he
wi t hin di sc%%%'ﬁ'rféq p?ééﬂdy%%f&?ed%ﬂ@ﬁ&{g?@r&%grp resem%‘l %?aég‘?}y?? ‘Jﬂ? a presently
preferred qoRpfiesBistiictidldcodet, tf doftREEbnThhich is well-kripwatb Bioke sfy st em of t he
present invention. A though a presently preferred enbodi ment of the 20
presentd | nasdinarpskit sk arses a si ngle integrated circuit, it is contenplated
t hat ot her enbodi ments m ght contain two or nore integrated
circuits and still remain within the scope and spirit of the

present inventi §Rkmory 14, which preferably comprises flash memory, stores digital information

resulting either from digitized audio, or provided over a serial interface by the CPU or state
machine. Other types of memory, such as EEPROMS, will work, but flash memory is
preferred for its higher density.

15 Oscillator 16 is preferably a relaxation oscillator, but could also be a voltage controlled

oscillator or other oscillator suitable for operation as a part of an integrated circuit.

Sample and hold circuits 38 and 52 are well-known by those of ordinary skill in the
art, and may comprise two or more field effect transistors coupled togetheras a
complementary pair, with a capacitor on the output which stores the charge being digitized.
20 Other types of sample and hold circuits are well known to those of ordinary skill in the art, and
would work equally well.

Amplifiers 24, 34, and 66 comprise operational amplifiers well-known by those of
ordinary skill in the art.
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4 SUBSTI TUTE SHEET (RULE 26)
Referring to FIG 1, command interface 10 conprises a collection of logic
gates designed to interpret command inputs as is known in the art.
The parti cwoegonganf i gurati on of t hese gates nmay mEr/usdsmidshy -

det erm ned using standard | ogi c desi gn nethods known in the art.

Control i nterfagfiblexib0GRd H@ﬁﬁiﬁ}sﬁﬁgrisﬂir&u&p&fém&@Wenkﬁbwmﬂoelsésa@ﬁ 10 al so
conprises a b5 collection of [ogic gates, the design of which is also

devel oped wsdinayy skilhincthe a1k Hireferablei hulupigker 60is a 2 to ltrmdﬁnl_e:@rd#-, &v¢ ipputdines
command | nBR L HpEk B ot LS eh PEh S RN S0 BRE AR The
conmponent s -mult i6-RE L 641 igfRasd ment  of

t he pr esentt&ifsr?%/‘gﬁlta ’gﬁ,m“é%pr%?éréﬁ@?ﬁ{egﬁg%gﬁ %@Mﬁuﬂ? conpri selgﬁ{gn I nstruction
decoders t hevitclzd $dts eithiet afftwo butpiits,Glvo icsntiudibd bkeonwmantidntédfase é2.0f 10

ordinary skill in the art. Menory 14, which preferably
conprises flash nenory, stores digital information resulting either

fromdigitized qudi Q... Ol DIV i ri ' r . - 1 or
(rom R T e L R
but flash neged sh drer to eliminatdindafied RequeRdies wHicH egbley whéthd frdquency bba
Oscillator 16 is preferably a relaxation oscillator, but could also be a

vol t age corsignallbeing sampled is moreghan| dnathalf ofthe sanipling tite: i The aeegssamy filiepisladow-or

ration r f an i r ' ' .
operatio ('ipszlzssal‘ilt}ﬁ‘,)f'fJl wltxict?atwguates?}eg&ngigsea ‘(f:e!, (gn%ma.{f of the sampling rate.

10 When a user of the system initiates a command function such as to replay a prior
recorded message, command interface 10 receives the command and causes control interface
12 to issue more specific commands which are acted upon by other components of the system.
For instance, where a user requests that a prior recorded message be replayed, command
interface 10 causes control interface 12 to retrieve the message from memory 14, convert it to

15 analog form using D/A circuits 18, then filter it using filter section 20, and then process the
signal through equalizer 22. Equalizer 22 is used to add back high frequency components of
the signal which are typically lost during the digitizing process. The resulting signal is then
amplified by power amplifier 24, and output to a speaker or other analog output device
through pins 26 and 28.

20 A record operation initiated by a user of the system causes the system to amplify an
incoming audio signal at pins 30 and 32 using pre-amplifier 34, level it using amplifier section
36, filter it using filter section 20, digitize it using sample-and-hold 38, and D/A circuits 13,

store the resulting digital data in memory 14.

SUBSTITUTE SHEET (RULE 26)



Sanmpl e and hold circuits 38 and 52 are well-known by those of ordinary
skill in the art, and may conprise two or nore field effect
transi stors coupl ed together as a conpl ementary pair, with a

capaci tor @i dbgsput put which stores the charge bei ng di gicrizeshssss?0 -
O her types of sanple and hold circuits are well known to those of ordinary

skill in the ar{,. and . aqul .

Amplifiers 24, %‘Afhe sganng %cggﬁcﬂ\fgﬁg‘lg&g‘é@%@” ong‘%dlbﬁlr?}l){%&{‘qféhrcssyﬁ/\%q‘ PR own by
those of  control inffédeNi@rty efitel thd entift rhdforipace by writing zeros to all memory locations.

5 Mul tipl exer 60 and de-nul tipl exer 64 conprise

circuits wit in demakveembpdiment of the system, an exgpefungiiop wokld|provide thewsecthe |

Preferable, nultiplexer 60 is.a 2 to 1 tiplexer, i.g. i.nput |ines
owi tohed | RPEPUbETorGaing g prrifudk s et ed fceeen refied: 2 s pibte 1 o
conmang i n&rﬂrsgfﬁ&e crfaing any messages ahl the SRFPm¥Bpe 8 HEVlabddPie Xk whtidi S
preferably a to 2 denmul fiplexer, i.e., one 1nput line 5 swi t ched

i nt o ei t herepbdy thanthird ntepragesand dhies dnitnethe edabecfndtipn evbichemouldi write rdrasdmto i,
Anti-aliasin% filter 20 is .a standard filter known to those of ordinary

skill in tfRACyPeeupipd by the third message, Jhg fousth gnegsage wauld then b moxed jRiRthy space
f . ! . . A
requenci eﬁ%w@gayﬁggeﬁg&n gfﬁgpefq&%‘g tﬂ?ﬁfnre%g ,Wm@f‘xﬁlﬁmssaﬁ_‘e woulPbedRdVed 9§6 ng

sanpled is e sa ng rate. e necessary filter is
a | ow the memory space previously occupied by the fourth message, and so on until all messages

10 have been moved. The system would then be able to record a message beginning at the sector

which follows the last recorded message.

Due to the desirability of maximizing the efficiency of memory 14, special memory
management techniques are employed. In a presently preferred embodiment of the present
invention, available memory is divided into sectors. Although it is not required that each

15 sector be a particular size, it is preferred that all sectors be equal sizes. In a presently preferred
embodiment of the present invention, each sector is 16Kbytes in length, yielding voice
messages of approximately 2.56 seconds in duration (at the nominal sampling frequency of

6.4KHz).

The entire memory can be free of messages, or may contain from one to N messages,
20 where N is the number of memory sectors allocated for recording messages. The message map
is managed through the use of a “marker” system which begins new messages at the beginning
of a new sector, regardless of where a previously recorded message may have ended in

memory. The marker is the first byte in each sector.
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pass filter which attenuates frequenci es above one-half of the sanpling

rate. 10 When a user of the systeminitiates a command
function such as to replay a prior recorded nessage, conmand
i nterface MWopgeRINVes the comand and causes control inteptRfeosqsas - 12

to issue nore specific commands which are acted upon by other conponents of

i | or
the system A zero by at iR Ve SHRiRg ot"ﬂ’%ét@r faritSEithef tﬁg%{%% bfa xrn%@%geaor%

recorded nessage be replayed, coman Interface 1 a_hses control
i nterface 1l&ginping ef emiptymembey. ifsbeszegedyite i immedinely fdllbwed by viedzeroidataf @e 15
anal og formusing DA circuit then filter it usi n% filter section 20,

8’ .
and t hen pr’l?@é‘g%gX“h@”ks the s‘m°§i’éﬁ%@°"tﬁ?~‘éiﬁ‘}h1@hﬂ%ﬂfﬁ’ byse isgolloved bl | zer 22 is
Usod L0 katAll dlaily bHE WL SOIRRNRE b Hing of empry dliy ShER R K01 O, B1 €

typically lost duringt 1 gitrzing proc is.then
anmpl i fi®ed byepohenrecdidihg 4 het¥ mesdageand out put to a speaker or ot her anal og
out put devi ce t hrough pins 26 and 28. 20 A record

operation initiated by a user of the system causes the systemto anplify an

i ncom ng audi o %h%ﬂ Irecg}din%iogésmgo%bggg%%%tsu%%l rﬁe‘ﬁg’qﬂt%{%glgégisﬁl evel | it

using anplifier section

di gi tize i tbylifisptiding MEkER ard\SkobHal t1e8 BromAfdhoPlofmebiG nkiShehBecording into thet OF €
the resulting digital data in nenory 14.
6 first memory sector identified with a first zero byte followed by an empty memory byte.

After the first empty sector is identified, the system records data into that sector
10 beginning with the second byte, leaving the marker empty to identify that sector as the first
sector of a recorded message. If the message being recorded spans more than one sector, data
is recorded into the second and subsequent sectors beginning with the first byte of those

second and subsequent sectors.

Under this scenerio, messages would be recorded from the second byte of a new
15 message area until recording is stopped, or until the end of available memory is reached,

whicever occurs first.

It is possible that the first data byte of the first sector of a recorded message, i.e., the
second memory byte of that first sector, has a value of zero. Under the system just described,
the sector might erroneously be identified as an empty sector, i.e. a sector containing zero data

20 values in the first and second byte positions. In order to ensure that this doesn't cccur, zero
value data is always recorded into memory with the sign bit set. Thus, in the first sector of
such a message, the first data byte would be zero, and the next byte would be a negative zero,

thus showing that the first data byte (the second sector byte) is truly recorded data. This
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In the stand-al one node, an erase function initiated by a user of the
system causes control interface 12 to erase the entire nenory space
by witing zeros to all nmenory | ocations. In an alternative

enbodi ment wad sotoams7syst em an erase function woul d provi depctresssasssst he
opportunity of erasing a particul ar nessage which has al ready been

repl ayed. |femdrpmahdpshaii@Rthod efsures tHal£seG6E wRiSh 66Hitisy iforridtiol wilksgages and
the third nessage is to be erased, the user would replay that third
message anckeeifently rmfecordede thup destrpyingvaluphletinformagionch would wite zeros into

t he space occupi ed by the third nessage. The fourth nessage woul d
then be noved into the space previ ously occupi ed by the del eted
third message, adibRfiveidetidd SERERELR nipping caﬁexﬁmmc# tht Bventors would! he nmenory
space previously occupied by the fourth nmessage, and so on until all -
nmessages lfoploy dwarcemdskeriin the Gestibytd bfths fist seooneflal message,anth en bl veritten” r ecord a
nmessage begi nning at the sector which follows the | ast recorded

message’ ~ marker in the second bytqgfdhe fystispriorf thersarne missgaeo Theeall Wil patkee
efficiency %ulﬁ%e‘@nftﬁ/ irﬁcpﬁx? i) gﬂ?gpn%%sapsﬁ%%ctm s&pﬁf&%ﬂﬁmg&ec%%%ﬁl niques are

enpl oyed. In"a presen prererr he present

i nvention, jaféahdtRkEd e sRemdssagell FirG@thntd) the “a1E GHfénS mafiter HALHY Borhrisk &1 NOt
required that each 15 sector be a particular size, it Is preferred that
al | sect or shitseetéqal”. indershis saenexiopthe gnarket yoyld bé wad axh “0” if the majerityfitsent  of
t he present, .jnvention, eagh,sector 1s 16Khytes in lengLh, vyieldi ng voice
messages oftiS SR IdAs 3 gg € ?fﬁ&ggﬁ“ﬁ%t‘f’r"%*ﬂﬁ ?a?ﬁ’t“ﬁé”ﬁﬁ’rﬁ‘?‘?%ﬁ%esarrpl i ng
frequefiey Ofould begin witta 4!z byte, and a “1” second byte, anb¥actEdtbich Geni RRARE Yor @R be
free of nessages, or nay contain fromone to N nessages, 20 where N is
t he nunber rodéssagewonld hgwcd ‘i’ magdek.ocat ed for recordi ng nessages. The nessage

map I s managed through the use of a "marker" system which begins
new nessages at the begi nning of a new sector, regardl ess of where

a_previously e SOINEH HRAH. TrokcilatP1 FRARHS dafhpling froquend R eXysid o™ r ket

a presently preferred embodiment of the present invention, this sampling frequency is
approximately 6.4KHz, which provides a recordable frequency bandwidth of approximately

15 2.8KHz. The sampling frequency controls the number of times per second the amplitude of
the incoming audio is "sampled" and a data point taken for later storage. As an example,
doubling the sampling frequency results in twice as many data points being generated from
any given incoming audio signal, and as a result, twice as many data points being stored into
memory. Thus, there is a tradeoff between having a higher fidelity between the incoming

20 audio signal and the recorded data, and the necessity of recording the increased number of data

points, thus increasing the memory space reguired to store a particular message.

Although oscillator 16 may be a voltage to frequency converter, or a voltage controlled
oscillator, or any other oscillator known in the art, it is preferred that a relaxation oscillator be
used. One way to accomplish this is to charge a capacitor through a resistor, and then

25 discharge the capacitor rapidly when the voltage accross the capacitor reaches a certain
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7 SUBSTI TUTE SHEET (RULE 26)

A zero byte at the beginning of a sector marks either the start of a
nmessage, or the begi nning of enpty nmenory. If the zero byte is

I mmedi at el YW 8f/ddasmed by nonzero data, the nonzer pchys®s/mBsks- t he
start of a recorded nessage. If the zero byte is followed by an

enpty menibreshylde AnloperadcRhnip¥itier iR Edhtnik B gRROAMRESN BfovRIZPS MaBIEPRIsY Whi ch
may be 5 used when recordi ng a new nmessage. When a

recordi ng dprearralexasian pedlares, as isyeelldpown ta these#f exdimatyskibintthesarti | abl e message
area by inspecting nmarkers and second bytes fromthe top of nenory,
and then recording into the first menory sector identified with a

first zero byt enfOlrb@MBCorit¥red bnfbominént BT presbiftivention, asophicfticatcd_ user of Af L €T
the first enpty sector 'i's identified, the systemrecords data 1nto that

sector 10 thesmgtlmaynlgrwetsmmlheﬁswomma}ﬁcwnﬁﬂapm?mrﬁagﬁnwghgoﬁmty to y
I dentify that sector as e first sector of a recorded nessage.
the messagd® m%%?‘%@%ﬁaﬂémwsfvﬁ%M@%@wm freguency may b;" ) is
recorded ingg nﬁfﬂi?gém ﬁp&&gﬂé f Foki e Dil i rst
byt e of th%sjg&mré%&rkgecon ang subs eqﬁogrﬁ%p‘ﬁsoz:‘l:r{?&;éig@ o\%;; a&y

8KHz. Other types of oscillators may be used, and other sampling frequencies may be used,

without exceeding the scope of the present invention.

By increasing the sampling frequency to approximately 8KHz, the bandwidth becomes
10 approximately 3.5KHz, providing a higher fidelity between the incoming audio to be
recorded, and the actual data stored into memory. However, as stated earlier, increasing the
sampling frequency in this manner increases the amount of data being stored per second of
recorded audio, thus decreasing the number of seconds that audio may be recorded before

filling up the available memory.

15 In addition to being capable of performing user initiated record, playback, and memory
erase functions in the stand-alone mode, a presently preferred embodiment of the present
invention may instead receive command inputs from a CPU or state machine through a serial
interface into command interface 10. In this CPU mode, commands operate in a way similar

to the stand-alone mode, but allow much more control over the system.

20 For instance, in the stand-alone mode, momentarily depressing the play button causes
the system to play messages until the last recorded message has been played.
If prior recorded but unplayed messages exist in the system, as indicated by a flag set for this
purpose for each message in this category, the system will play these messages when the play

command is issued. However, if no unplayed messages exist in the system, all messages are
10
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Under this scenerio, nessages would be recorded fromthe second byte of a
new 15 nmessage area until recording is stopped, or until the end of
avai l abl e nenory i s reached, whi cever occurs first.

It is possi\bbgg-,f,])g@,t the first data byte of the first sectgictilsoghssficor ded
nessage, ie., the second nmenory byte of that first sector, has a

val ue of zero. .Under. the system just .described.,. the, sector m ght
e r oneous| PIESHERERE Pt B8 oLl o SR peR ety mesagen oSt Bl B e
data 20  mMadgH@frlePadd RideibgetheAWith, SLALMMBNeR mbeSiehQhgmory Magpifler t o
ensure that this doesn't occur, zero value data is al ways recorded
i nt o nenor ymethdduldohiescsibepeallier, tectall wiittens” markert he first sector of

such a nmessage, the first data byte would be zero, and the next byte would
be a negative zero, thus showing that the first data byte (the
second sector b o haihdl . N

5 Frétdng o by b SO ASHeduBl ook phyed el in e st skipping

cont ai s i nb eHermBktintEssage id ind@hd playing it. In thCEU ckde,| aypldycomemnd centhinstahu's
destroyi ng val uabl e i nformati on. i An alternative nmethod of
nmessage napber idensifdngihe fissysestpr torhe played nWhilasthgiseqter is being playedyihs f§teR zer o

ker in the fi t f f “al |
o trent | owh b EPOR i thachliE i debhe BERIRLs Ric o TRIPAGT0 pEMA" BT
nmessage. Tm¥&lﬁé *rid%& the BBy opeRitl6R Finishing. The/fdY dheRtiSiDcoRBnuE bkt €thek A6 O t he

first byte of all subsequent sectors containing recorded
i nf or mat i oredfligional kegtor gddressesmeswpplied Fur termitaterppdio commandiiskecgived.t en” mar ker

m ght conprise all bits set to a "1". Under this scenerio, the
mar ker woul d be read as a "0" if the mpgjority of its
10 Correspondingly, while depressing the button which controls the record function in the

stand-alone mode, the systemn will locate the proper sectors to record into, and fill memory

with data until either the button is released or memory becomes completely filled. If, whena

record command is issued, no memory is available for recording, the command is converted to

a play command, thus playing either previously recorded but unplayed messages, or playing
15 messages from the top of memory, depending on the previously described play command

function.

In the CPU mode, a record command issued over the serial interface contains the first
sector to be recorded. While that sector is recorded, the system allows the CPU or state
machine to provide the next sector to be recorded. The record operation will continue to

20 record until either no additional sectors are supplied, or a terminate audio command is
received. In the CPU mode, since memory is completely managed by the CPU or state
machine over the serial interface, a record command will write into a memory sector regardless

of whether it contains data prior to the record comand being issued.

11
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bits were zero, and as a "1" if the majority of its bits were set to "1".
Thus, a new nessage 10 woul d begin with a "0" first byte, and a "1"
second byte, and each subsequent sector for that nmessage woul d have
a "1" mar kewo 99/04387 Referring again to FIG 1, pes@ishd/aka 16
sets the sanpling frequency of the system In a presently preferred
enbodi nent of t I | angqug

approxi mately Gﬁlg{ﬁg'%ﬁh%g%ﬂg@o% eséc"gmraecor El}neg?r{ger%ggﬁlggéx a%l Wdth o

appr oxi mat espacel 3n the CPUBKbie, thé OPUn staieini@hing a3y é5863/the erade cdmmahd Holloweder Of
times per second, the anplitude of the incom ng audio is "sanpl ed”
and a data o pAtiquiag ggtof B?mbeﬁf%mﬁtgraéwﬂwtam@?ém entire memory willibeibl i ng

the sanpli n&a;eﬁegggé)ﬁ% f{xr?c%%tﬁdhl@r%ﬁﬁ%acy Ry B n &ﬁc g{igtﬁ rb&ﬁegpg’énerat ed

from nconin as
many dasa pﬂitﬂh&eiﬁk@di@ g the system, as WHYO mggtﬂxﬁi-alémlﬁcﬂp?oﬁdésrademf
bet ween having a higher fidelity between the i ncom ng audi o si gnal
and the recoedefithemanagement foritke usercessity of recording the i ncreased nunber
of data poi nts, thus increasing the nenory space required to store a
particul ar nessage. Al t hough oscillator 16 may be a

vol tage to freqmn@m&%adﬁﬁ%ﬂog{férg% &ORLEQ! ‘Je@g}é&“?ﬁ’a?mz%?‘%l I ator,

or any other oscillator known 1 n t 'S prefe axation

osci | | at or forctions discussed exlier, thinsystemymiybeaperap at Shoreldb@ilédleded Fod is@ifced
capaci tor throwgh a resistor, and then 25 di schar ge the.camcitor
rapi dly wheREReRE dis mpy BewHisnto Ratiqulas bytepefqartishlar seaiers taacoeterqeé

ch
9 10 particular l{))rtéére?)g S%t}‘g{l% ﬁ@%@%ﬁﬂsﬂgbﬁﬁi an%][m(;e:, e!r:];slc enlcg Slﬁa o?g%%ep f ;![ grger

configuration provi _
as is well dea@wectirQevel)faiir hhn Sl dhy ¥ves kd ihlthel tﬁertd'péraéﬂfsﬁand alone mode.

Additional features present in the CPU mode which are not available in the user-
operated stand-alone mode include receiving digital data into the system over the serial
interface, and storing that digital data in memory. In this case, digital data presented to -

15 command interface 10 through the serial interface is routed through control interface 12; and is

stored in memory 14,

In a "write to speaker” mode, a digital signal may be received over the serial interface,
converted to analog using D/A converter 56, then filtered by filter section 20 and output to the

speakers or other output device through pins 26 and 28.
20 In a “microphone” mode, an analog signal presented at the pre-amp inputs will be

converted to digital using the A/D conversion chain and the digital data will then be presented
on the serial I/O bus.

12
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In a presently preferred enbodi nent of the present invention, a
sophi sti cat ed user of the systemnmay alter the sanpling frequency
by el ectronically programm ng the val ue of an 5 i nternal resistor

t hrough t h@ows@se¥ taps and fuses. Thus, the sanpling freemmweusyyidsay be
adjusted to result in a final frequency in a range from approximately 5 KHz

t o approxi nat el . . K& LL SR sed, and
ot her sanpling l%érfcé?ﬂfeaﬁéllnet%gnay dg%&ge leBﬁ&pg&nﬁ?&n}eiéﬁg{ij?&g&ceeépﬁgyt he

scope of thiesefWifventién, coivaaid iferface 10 comprises a stand-alod8)inteife dasndCPUie sanpl i ng
frequency to approxi mately 8KHz, the bandw dth becones 10 approxi mately

3. 5KHz, priswraredd. Altheughdpthnterdaces dre pesantivithe ysemnmdy,pnegnay heiogeratsd Me
ded, and.th | ..dat i . t ed
Lo rT e Rlh R el el e B0Slihe ff BB CPYRUEY e il

earlier, _ uency in i ncreases
t he anpuntcopimaAial fipPidigesiines £2usiira $8APRSHoRI known in thefatcOr ded audi o, thus
decreasing the nunger of seconds that audio nay be recorded before

filling up the avail able nenory. 15 In addition to being
capabl e of perform ng yser . initiated record, .p] ayb g_{( and nepory

erase functi onégihﬂwf‘%étf’?'?ﬁﬁ&ié?‘tﬁﬁbhlglbdlé?syéte’ﬂﬂg"gé%ﬁ' By E‘Pg‘?'laﬁ‘goenbodi ment
of the pr i | i 88 wiBMer iafike? e, 2 BE¢ A HERdudhitighs froma
CPU or st :‘?gﬂmn%g%ﬁén ﬁ%ﬂf%ﬁgﬁg&gggerl a‘f“ﬁfﬂt1 © c?n?%l\r{%glsge | n?}guéco%nd

i nt er f ace Hd?instancd, As sho®@hbelowde Tabl® bueplagjscoameind tray ibe issuedashes theifirs bf

to the stand-al one node, but allow nuch nore control over the system 20
For i nst arnlies 46 is bravghthighs andethe sesondnidine Ao ramsing low.yA gesprdcommegd mar by ay
but t op, causes . he.syste 0 ssages til t | ast .recorded
Tessall neeERt s aes me bR e PG IRIARH TR I nek 3F sl R g e
exi st in tRemsy ot &e cOmmahdinapbedsued whed bl ofifies A@4re hizh Sit the same timePUr pose

for each nessage in this category, the systemw || play these nessages when
the play command i s issued. However, if no unplayed nessages exi st
|1(r)1 the system all nessages are Table 1
T L
Function First of lines 46 Second of lines 46 "
Standby 0 0 H
Play 1 0
(momentary)
I Skip 1 0
(if message is currently playing)
Record 0 1
(if memory space is avail.)
Play 0 1
(if memory is full)
Erase 1 1

Referring again to FIG. 1, in a presently preferred embodiment of the present

invention, control interface 12 comprises command register 48 and controller 50. Command

13
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pl ayed, beginning at the top of nenory. As discussed earlier, nessages are

| ocated using the nmessage marker as a guide together with, in an
al ternative enbodi nent nenory mappi ng nmet hod al so descri bed
earlier, tReooodsywitten” marker. Pr esspaiguidassgas ay-

button while a nessage is being played results in the system ski pping 5

to the nextmgmm%ﬁb%gmg é&fi&qp RbRYbAininG instriictioR€oni Wfﬂ%se #thgy command

contains a r entifying the first sector to be played. Wile
t hat sect orpattizulaedonananti is\isidated thevugly sdmemand interface 16 In@\psestitly prfftdredr St at e
machi ne to provide the address for the next sector to be played .

anytime pricStbogigentnf the pagsens inventionohpwever, cqmmand register 48 Somprises 8r INYRCHANt | nues
until eithe - | 1.1 | i a
term nate é{ﬁc 16 c%h%“alcﬁég‘ddreé%%?%é@%é %ﬂﬁg&ﬁ&%ﬁ& %?%g‘ggo#%g?%e&% -whi | e

depr ess ng achgl £ anMpieh tpe of behbworah@alysis héh £ ¢oRthdnats fedeived SFor
stand-al one node, the systemw || |ocate the proper sectors to record into,
and fill mdnstange, a play commapd mayketrepresenied bethe e asch ehamgteroLi"s Whed amsed or

b letely filled,. Lf. wh - d d i
oo, o T PRtk ses IR bty s i Smiipr bl Rt SRR « e 1o
a play ComMppBslhatiitctiindy ifdreha Gl Ry S8 Hkn EREGRESRheRYimedioh HRY ed

nmessages, or playing 15 nmessages fromthe top of nmenory, depending on
t he previ owshynandsComband regisigr 48 afienredognizing a comimand string) passes more detailed I n

t E: ﬂa ] [m C!r(;".ts’trucgiltiornsetcoocrogu'cﬁﬁl,{:ryl‘ja,l gx(xjd rI:o%tsrc'}Jl‘I%(xj' 58 \tix%rrx e:tcegt?tesstg(r)sjeeilxllsu'lugéo%.f l%":rgahgy? ntains
these instructions are hardwired into logic gates, as determined by the logic synthesis.
Command strings which are recognized as being correct by command register 48 are
acknowledged over the serial port. Those strings that are not recognized are discarded without

acknowledgement.

15 Referring again to D/A circuits 18, in a presently preferred embodiment of the present
invention, D/A circuits 18 comprise digital to analog (DfA) converter 52, successive
approximation register 54, D/A converter 56, and comparator 58. Successive approximation .
as a means for converting signals between analog and digital forms is well-known in the art.
In brief, for analog to digital conversion, a sample and hold circuit samples the incoming

20 analog signal and temporarily stores it. A successive approiximation register feeds digital bits
into a D/A converter, until the output of the D/A converter matches the output of the sample
and hold circuit. Initially, all bits of the D/A are set to zero. Then, beginning with the most
significant bit, each bit it provisionally set to a 1, one bit at a time. If the output of the D/A
does not exceed the analog input voltage, as determined by the comparator, the bit remains a 1.

25 Otherwise, the bit is reset to a zero. In this manner, an n-bit D/A réquires n-steps to determine

the proper digital representation of the analog voltage.

14
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sector to be recorded. Wile that sector is recorded, the systemallows the
CPU or state machi ne to provide the next sector to be recorded. The
record operation will continue to 20 record until either no additional
sectors argosbp@kt €d, or a termnate audio command is pCT/USOR/E&RGE ved. In
the CPU node, since nenory is conpletely nmanaged by the CPU or state
machi ne over th

memory sect or g bpabe kb e B EEIE BT RSB dr ok ucall

record conm@agrdiRi SWthebEaie Successive Approximation register 54, beginning at the most
11 In the stand-al one node, it was seen that an

erase funcsigoificant bisend prorecding to the leastrignificant bit, PmViSigﬁsﬁéJ&'éet epch bitnf DU node,

he CPU hj n h
bar 1 cul ar BT O e D gy e Coppbacgis 38 Besaes NP gL O P PuE Sl ot | 1 o
menory sWi | bmBfnde is greater or%s@ﬁu%j the Uﬁ?@&f?ﬁ%‘ ﬁ/AfGUﬁ%r{e? Noncdad blidGe B&GRHtEgaNd

pl ay functions descCribed earlier state machi ne nay

directly mheaigtamdam&yshepmpaylaomlmdmgont}iaeommamjbwigmed\npmmh provi des

nost of the managenent for the user. VWil e in CPU node,

in addition to performng the record, repl ay, and nenory erase

functions discu ' . t ai | ed
A 8l et BB o e b o SGH Bt o BRI

| evel For instan _ _ e Wi byt es
of parti cuhihneéagingsémplelahdhald (8/H) BRdudc&swe approximation register 54, D/A

oth

10 converter 56, and comparator 58. Other methods of converting analog signals to digital form
and for converting digital signals to analog form are well-known in the art. Although these
well-known methods are within the scope and spirit of the present invention, it is preferred
that the methods described herein be used, as they are more efficient and less time consuming

than those other well-known methods.

15 Referring again to filter section 20, in a presently preferred embodiment of the present
invention, filter section 20 comprises multiplexer 60 used for switching the input of
antialiasing filter 62 between incoming signals from amplifier section 36 and other signals
coming from sample-and-hold 52, and de-multiplexer 64, used for switching the output of the
filter section between the sample-and-hold 38 and the power amplifier 24. Control of

20 multiplexer 60 and de-multiplexer 64 is achieved using controller 50, which switches the
active input or output of the respective device depending on the command functions being

accomplished at any given time.

Referring again to amplifier section 36, in a presently preferred embodiment of the
present invention, amplifier section 36 comprises a standard operational amplifier 66 with

25 AGC circuits 68. Pins 66 are supplied for the purpose of allowing the user to choose an

15
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10 particul ar bytes of particular sectors may be replayed, and the erase
function may be operated at the sector level, rather than at the
chip level as.in the user-operated stand al one node. _ _

Addi ti onalW® 8#4e7es present in the CPU node which are noPcasssiapise in the
user - oper at ed stand-al one node include receiving digital data

into the sy@inAltombeiatibl\sf a9@istcrland a capacitor whibl Wg@tﬁ&%nu@?%cﬂ:ﬂ?xﬁ%f m%at
digital data in nenory. In this case, digital data presented to 5

command i riaiseitingbased unon hediC tirecanstantaf therpkemabR@ ciraiitr out ed t hr ough contr ol
interface 12; and is stored in nenory 14. _ In a
"wite to speaker"” node, a digital signal may be received over the serial

i nterface, Pins 72 G MSd &éuoght)mﬁ BPhe waﬁhféﬂ{%ﬁeﬁﬂﬂ Bilet @B:r&@de then

filtered by filter section 20 and output to eakers or other
out put delegibilith rTo a gypice] opsrafife envitor2knt usiith microphone to provide thgiasdlePRpe” rTDdS :
an angl og si.gn resented at the pre-anp inputs will be converte
to di 3 tgﬁ‘ﬂ@?%“ﬁﬁ@‘%%&ﬁ%?@fﬁwﬁwhﬁwﬁmﬂ@ﬁnmaamveiatc@mdnv then be
Erzes ent ed amplifier 66. @Rpabitfe SRPHrRY is teg@rddYS order to block any DC voltages from the input

of the final amplifier which, if allowed to be present, would drive the amplifier into saturation.
An alternative mode of operating the system provides that the user would supply line-level

analog to pin 72, thereby bypassing pre-amplifier 34.

10 FIGS. 2A and 2B comprise a flow chart depicting the steps in the method of operating
a presently preferred embodiment of the present invention in the user-operated stand-alone

mode.

Referring to FIG. 2A, operation begins at step 76 where a user of the system selects a
command function. In step 78 it is determined if the command is an erase command. If yes,
15 in step 80 the system causes'zztos to be written into the entire message storage space, thus .
erasing all messages stored there. If the command is not an erase command, the system
proceeds with step 82, wherein it is determined if the command is a play command. If yes,
step 84 determines if a message is already being played. If a message is not being played, step
86 verifies whether the second byte of the first memory sector is nonzero, thus ensuring that
20 there is indeed a message to be played. If the second byte of the memory sector contains a
zero, the sector is empty, and there is no message to be played. In this instance, the system
ignores the command as having been entered in error and the command cycle begins again

with step 76.

16
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Referring again to command interface 10, in a presently preferred -

enbodi nent of the present invention, command interface 10 conprises
a stand-al one interface 40 and a CPU interface 42. Al though both

I nt erf aceswabgogagesent in the system only one may be oparcaineds/fisss -

any given tinme. Here, if line 44 is held low, the systemis in CPU node,
and interprets rehere is £ AAEBRAScoAH BRAE iif fle AYShebARSH S BN Plafs mGkdgdd,

protocol known in the art. I, "Thowever’, line 44 I's brought
hi gh, the enesteonat s tine, witihaibmedsapashave teen played. The systero chenaetoins @rtke

I nterpreted based on whether neither, one, or both lines 46 are brought

hi gh. beginpjig of fheflomchart astepyGnivhere the iy siom waity for another gompmand mand nay be
i ssued when the first of lines 46 is brought high, and the second of
line 46 remains low. A record command may be 10 consi dered i ssued- when
the second of |Afep 846it was it @busRinhlied thaf 6ié play cdhmf Wi idseaapities | Ow.

Further, an erase command may be issued when both of lines 46 are high at
t he safre t anpther message was not already being played. If, however, a play command in step 847w ¢ 1

gjgﬁ; Ib; N issued while a previous phyFéo;nsrﬁangf als Ial?eeaay g'gng executed, the subssgqcu%trtlt%lagtf x ges 46
Pl ay command is treated as a request to skip to the next message. In step 90, the actions necesshr?
(monent ary) SKi 1
0 to skip to the next message are accomplished.f Thresystemgeontimes e plp megsapdsayntih g)
Record 0 1
(i f menor ythg E?aggespgge Mﬂe)i' and then returns back to sthj‘]Gaa)yvaiﬁng a command to be issued
0 1

: 10 .
(i f menor yb)f %uﬁeﬁ?ﬁ the system Er ase 1
1

If, in step 82, the command issued was not a play command, it is determined in step
92, whether the command was a record command. If no, an error has resulted, and the
system retumns to step 76, thus awaiting a new command to be issued. However, if the
command was a record command, the flow chart proceeds to FIG. 2B. Here in step 94, the
15 system determines if there is a sector which is available for recording, and in step 96 beings
recording into that sector, if found. As discussed earlier, a zero in the second byte of a sector

indicates that the sector is available for storing new data.

If, in step 98, the record command is still being issued, i.e. the button or other control

is still in the record configuration, the system continues recording unless the end of memory is
20 reached. If in step 100 the end of memory has been reached, the system proceeds with step
102 where recording is stopped, and the system then returns to step 76 in FIG. 2A, waiting

for a new command to be issued.

If, in step 100, the end of memory has not been reached, the system continues to

proceed back through step 98, checking the recording controls to ensure that recording is still
17

SUBSTITUTE SHEET (RULE 26)



Referring again to FIG 1, in a presently preferred enbodi nent of the

pr esent I nvention, control interface 12 conprises command register
48 and controller 50. Conmand

13 W0 99/04387 register 48 may conprise a | ookup tabber/osmshizgsi ng

I nstructions on how to proceed when a particular command is

initiated tdofivaegh IR Drsep9d, it 3ideefniioe] thk thd Bcord PorRa@s Mo Rh&Ir 8L fsued,
embodi ment of the present invention, however, command register 48 conprises
an i nst r uctthegystem continues widegepel02 bY tirminaing therecprding gensesscand then aepurning $o

comands whep t hey. ar resented, a oesn't 5 actual |y perform an
if-then typ °W§ﬁ8§?‘§ﬂ8¥”§ﬂ‘§ﬂ§‘§??9 P A NeRSRmmAgd 52 i ved. For

i nstance, a play conmand may be represented by the two ascii characters
"PL". When an i nstruction decoder "sees" a "PL", it instantly
recogni zes the fAltamhtverembbdimpars temprise sieph 7882 and 92 being pogdented fahy bfié r uct i on
as if there had actually been an if-then conparison performed on the
command. COWRQHEr Pasgble oierss dor igstance, theyeayll bej nsenied inmmwrier sichiand2, PBasses
nore detail | et [ ] [ D nd cont.rol Ler 50 then
execut o 1 818 frtaet L0 .68 S RalRP Aot il oftRn T IRl MAE Bt o e
har dwi r ed idstisioh bigéls 7§2820and 225 mip beprodened ihsévérhiRliffehit Grdeysn@esi s.

Command strings which are recogni zed as being correct by command register
48 are arranseaemowﬂeatgyagwgmthmommiﬁwme.invmﬁge strings that are
not recogni zed are di scarded w t hout acknow edgenent . 15
Referring again to DA circuits 18, in a presently preferred enbodi nent of

the present FIGS. 3A4&8B it Flov¥Hart @pibtitisitfe stds GPHDMeH6d Bt dye;aﬁhsgdf o D/aQ\al og

(DFA) converter 52, successive approxi mati on register

converkler Deesenily@rafesred gmbodimeBf theprasens Nvemsion fpthe CPHabdden as a means
for converting signals between analog and digital forns is well-known in
the art. In brief, for analog to digital conversion, a sanple and

hol d circuit safdessibidp@FIGNFRMAEIG. 3B, it is assumed that the same checks as used in the
user operated mode are also present in the CPU mode. For instance, when a play command is
initiated, the system verifies that data is contained in the sector by checking for a nonzero
second byte in the sector to be played. This step has been described and is implied in the CPU
15 mode. It is intended that only the differences between the CPU and stand alone modes be .
described.

Referring to FIG. 3A, the system waits for a command in step 104. As in the user-
operated stand-alone mode, when the system receives a command, step 78 determines if the
command is an erase command. If yes, the system must now determine if the more

20 sophisticated sector erase command is being used, rather then the total memory erase available
in the stand-alone mode. If, in step 106, the command is determined to be a sector erase
command, the system erases the specified sectors in step 108. If, however, in step 106 the
command is not a sector command, step 80 is processed, thus erasing the entire memory

storage area.
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20 anal og signal and tenporarily stores it. A successive approiximtion
regi ster feeds digital bits into a DIA converter, until the output
of the DA converter matches the output of the sanple and hold
circuit. |Qiddomkdsy, all bits of the DA are set to zero. HbpvUssshegsnni ng
wi th the nost significant bit, each bit it provisionally set to a1l
one bit at atine. If the output of the DA does not exceed the
anal og i nput voltage, as determ ned by the conparator, the bit renmains a 1.
25 O her wi selIf thelvemimahd was not sieérasecomnzaed o stdprV8t the systeanchecks taseedfthe t D/ A

requires n-steps to determ ne the proper digital representation of
t he anal Ogc%qngxaigtég play command in step 92. If yes, the specified sectors are played in step 110.

14 . { e ' | &%ﬁp | | d 38
sanmpl es t hgn(?usf'%%? ugfs?ecfé@e%% lplpg’iégmég%g ﬁgmﬁﬁﬁtol elr:&g% ﬁ‘g‘% causes
Successi veeiftidph)ihé dmlof aiambg»gs fehéhied ba teREifAE Adicorimdnd gs 188ved, or c) two
significant bit and proceeding to the |least significant bit, provisionally
set eabh biensedutify zero bytes are detegied.chuscsigngiing the epdiof thesumgsitmessage Injangecase

Co t 8 .det ' whet her the.in ' I S litude i
great et or °F BEEY CURHETRRE R semapd ialing SOEH RRSFEY 2 CEREBe AN bi 1 s are

det er i ned ommand witl eliGhafbAhid pis§ of ftkrd dorhadd EndPUIPRRKiaBU B Resstiependi ng on

t he conmand bel ng acted upon. presently preferred

enbodi ment of the present invention operates in the conventional

manner, using sanpl e-and-hold (S/H) 52, successive approximation register
54, DA 10 cH#heespmaand was noya play soramandin stop 92.the wstemcherks o s8¢ fésnvert i ng
anal og sig Lagit.al n r ' | i jgnals to
anal og for %&g'?%é é\}%?k&hﬁ%\%ﬁ;n%%ﬁtee palP % ﬁly%‘lgh(&gs ?%éggé&&rggew}&v\gh s?%gnomn

met Pods 3r 212V It Ré SeciobarSRifed B¢ Mftiefpty saétof I8 Pochte @ S tecordiM@Rlinitdled. i t 1S
preferre

Recording then continues until either the end of memory is reached, or a terminate audio

command is received.

Referring to FIG. 3B, if the command was not a record command in step 102, the

system checks to see if the command is a microphone command in step 114. A microphone

15 command allows the system to take digital data presented at input (FIG. 1) 46, and convert
that data to analog, using the system described earlier. The resulting analog signal is then
presented at the output of power amplifier 24 for output to a speaker or other audio output

device.

If the command is a microphone command, the systems proceeds to step 116 where
20 the proper setup is performed in order for the data entering input 46 to be properly converted

and processed.

The microphone command begins in step 118, and continues until it is determined that

a terminate audio command has been received in step 120, at which time step 122 terminates
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that the nethods described herein be used, as they are nore efficient and

| ess time consum ng than those other well-known nethods. 15

Referring again to filter section 20, in a presently preferred enbodi nent
of the prewerns/04387 i nvention, filter section 20 conprAcIamssLds4s pl-exer
60 used for switching the.input of antialiasing filter 62 between

i ncom ng siigremmahd, afd MEBYstdnt B retGRed lo@bme. TickyQitrh @ontfu€yak@p 104, where COMiI NQ
from sanpl e-and-hold 52, and de-nultiplexer 64, used for switching the

out put of thg&extcommand fsiappitad. secti on bet ween the sanpl e-and-hold 38 and the
power anplifier 24. Control of 20 mul ti pl exer 60 and de-nulipl exer 64

i s achieved using controller 50, which switches the active input or
out put of the rgaReshmitd BRpA4 BB HicRPhed chRthas® JRE MY dediainkoms bei ng
acconpl i shed at any given tine. Referring again to -

anplifier thesonmand8as 4 dataccopymagdnif the command is gok aqréped dareenmmynd; thesystem
present. inventiqn, anplifier sectjagn 36 conprises a st ngg d operational
anpl i f Per ggowﬁnﬁmnggxd m%@&t%ﬁt‘?pc'{?lgt"g‘e%t. a"ﬁ“ﬁ%“%’éc%a@u F’?‘@ ®%8r the
purpose of pRbbHiatEmidafd b3 Been ibuld) BRIFsté proceeds to siep 126 whete it is determined

15 external conbination of a resistor and a capacitor

whi ch t ogeiftisrineatvas ad wtitealatapdrdo teadréat fIf tha @ommand is a "wyite data'bédningdths ed upon
the RCtinme constant of the external RC circuit. Pins 72

and 74 ar eSYIBRIPRECGUP SR 148 andawcties data ditsetli tp Bismemat the seqterdevek to ther ovi de
flexibilit Yocatloﬂf %:ge&xlk’ig% gztﬂén {RPEFhdnd YraS Bt O BURRY mé' SiboRnihs 'sRB1S5E O

provi de the ana
10 watches for a "stop"” command, and terminates the writing process if the stop command is

issued.

An alternative embodiment includes writing information to memory or reading data
from memory one byte at a time. This would allow a CPU to take complete and direct control

of every memory function.

15 If the command in step 126 is not a write command, it is a read command, and the
system begins reading in step 132 until either a stop command is issued, or all requested data
sectors have been read. Step 134 will terminate the read data command if the stop command is

issued.

While illustrative embodiments and applications of this invention have been shown and
20 described, it would be apparent to those skilled in the art that many more modifications than
have been mentioned above are possible without departing from the inventive concepts set
forth herein. The invention, therefore, is not to be limited except in the spirit of the appended

claims.
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5 at pins 30 and 32, the signal is anplified in pre-anplifier 34, and

then capacitively coupl ed to Capacitive coupling is
required in order to block any DCH“"L@HR!““ m‘nmt&' |nput of the
final anpl g @i ch, if allowed e present, ‘woul d drrapusdsasmeplifier
I nto saturation. An alternative node of operating the system

provi des t Rdas RBikEAEE woul d supply line-Ilevel anal og to pin 72,

t her eby bypassing pre-anplifier 34. 10 FI GS. 2A and 2B conpri se
a flow chart depi ctifugagphartus ferpscordant piaybaek lobzh amﬂnocspgaaladnmpgsmg a
presently preferred enbodi nent of the present invention in the

user - oper at ed st and-31piprdace for interpreting eptemal commands supplied uSINgROMGE AR {5 F| G
2A, operat| LS at step 76 where a user of the systemselects a
command function. I'n step 78 it is determined if the conmmand is an erase
commang. |f yes, 15 aconiolfiigiedss, colisledioReTHbR bR ilBiHAe, foPgdneraig tten into
the entire nessage storage space, thus erasing all nessages stored
there. |f thuirolgigmninin rasponsoto cammapdsfeone spidviatrface; he syst em pr oceeds

with step 82, wherein it.is deterpined.i.f the co nd is a play command. |f
yes, step 8?“&8%‘8?’?&“?1’@5“? ’é“??é’g%ﬁ’ea“f”é’sg?leady bei ng played. If a

message 1s not being BLaY &l corveRifg analog signafi®o Yl FirksS satd@bRForl he second
byte of the first nenory sector is nonzero, thus ensuring that 20 t here

is indeed aomsmagmlagmgnelsm :aglaéifomnﬂ:avihgeam'apmmdmbxymeatmg withahenmwpmt of sect or
cont a Zer o, q?Il@lsector Is enpty, and there is no nessage to be

pl ayelollas | n Sgifl pudic japytimgaps, agdhaving ap gptput; i gnores the command as havi ng
?ge“ entered in errofmangy bi\ind HTHER dodpled 16 s St of SRl Means for convgln‘nE' step
analog signals to digital form, and having an output, said memory responsive to ones of said
control signals from said controlling means for reading and writing data;
a means for converting digital information to analog form, said means for
15 converting digital information to analog form having an input coupled to said output of said
memory, and having an output; and

an audio output means having an input coupled to said output of said means for

converting digital information to analog form.

2. The apparatus of claim 1 wherein said audio input means includes an input
20 amplifier;
3. The apparatus of claim 3 wherein the gain of said input amplifier is controlled

using automatic gain control.

4, The apparatus of claim 1 wherein said audio output means includes 2 power

amplifier.

This Sheet Has Been R,
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If there is a nonzero second byte in th ' mmmector, step 88 pl ays
nmessages, one sector at a ti me\ﬁ“ “N‘“mﬁ ges have been
pl ayed. The systemthen returns to the''s ¢ t begihni'ng of the flow chart
at step 76wawedss’t he systemwaits for another command. FPCT/USS8/14848 - At
step 84, it was previously determ ned that the play command was issued when
5 anot her nmeskage Théappaitus af ¢lgimolywheeeim spidpauaioamhtput heanknsbdesran a pl ay
command in step 84 was i ssued while a previous play command was

al ready bei ¢#y2¢%®ecut ed, the subsequent pl ay command is treated as a
request to skip to the next message. In step 90, the actions necessary

to skip to the next nessage are acconplished. The system continues to play

messages, until ¢, The appafatds df¢laifESwi@en sxd ¢nayltin medns inclades aneboillatg back
to step 76 awaiting a command to be issued 10 by a user of the system

1 f, in steph®ing anlestpgtimensndy respansive tgeanenefisaid cpnted) sigralafeamesaid eonrellingt er ni ned
In step 92, whether the command was a record command. If no, an
error hds rPEMSt ed, and the systemreturns to step 76, thus

awai ting a new command to be issued. However, if the comrand was a
record command, the flow chart proceeds to FIG 2B. Here in step 94, the
15 syst em det®&r ni IThs appiaratus ef elaiins] fartbar drichuding/an ertialissing et lalving ak input
recording, and in step 96 beij n%§ . recording into that sector, if
found. As dfapled dathe gutpytiofFaid apdiodppt mgansyand ap eprAv CpYRlcd te the Jnpupefisaid

I ndicates th the. ' %@i | abl e for storing new data.
If, in step ,gt{)] léﬁﬁéérg{eﬁioéommhd Is still being issued, i.e. the button

or other control is still in the record configuration, the system

continues recording unless the end of nenory is 20 = reached. If in step
100 the end of n%nor yhhaepamseus of elaimchisgherincluding gn antializsing Sbgrhaling e ivpwtp

10 coupled to the output of said digital to analog conversion means, and an output coupled to the

input of said audio output means.

9. The apparatus of claim 1 further comprising:

a multiplexer having a first input, a second input, and an output, said first input

coupled to said output of said audio input means, and said second input coupled to said output
15 of said digital to analog conversion means;

an audio filter having an input coupled to said output of said multiplexer, and
having an output; and

a de-multiplexer having an input, a first output, and a second output, said input
coupled to said output of said audio filter, said first output coupled to said input of said analog

20 to 'digital conversion means, and said second output coupled to said audio output means.

10.  Anapparatus for record and playback of an audio signal comprising:
an first interface for interpreting external commands supplied using no more

than two switches;
22
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102 where recording is stopped, and Mﬁmreturns to step 76 in
FIG 2A, waiting for a new kmmnﬂm ued
If, in step 100, the end of menory has nott been®reached, the system

conti nues two099/04387 proceed back through step 98, checkl RGTUSes/48480r di ng
controls to ensure that recording is still

17 a second interface for interpreting cortaiNiE kupghi&d SlEErderfalihleffacdh)
activated. If, in step 98, it is determned that the record command is no

| onger bei ng i ssued, a controlling mmcwwm@nmmmiegdﬂmmdwwdmgf%w

term nating,the record rocess, and then t rn
begi nni nlg o ’F‘W&mF‘T'%W"I £‘al<§lm TEPHOpseAR . °°‘WH§’?‘{§ G gﬁﬁﬁ%ﬁﬁm?‘%‘"‘&mﬁef ‘ed.

Al ternative enbodi mep} gydiPRPltintansShbeR p@@,gaggm@agmgg,,g@gﬁgmpresent ed in

any of the 5 five other possible orders. For rnstance, they coul d be
present®d in an ordeamnﬁfomn&&unmalogmgnalstodxgnablfoitﬂ.saldnmacﬁoas 82, 78,
92, etc. It is readily apparent to those of ordinary skil] in the rt t hat

deci si on bl RKertinganalgs sigaalstogizital form raéé’é’r‘ﬁ%‘ﬂ“?‘?‘f’“?é%m thg optp
orders and smdau&ompu@h%ﬁﬂ%%%ﬁgﬂ%@ staying within the scope and spirit

of the invention 3A and 3B is a flow chart

depi cting the steps haiemoy Kavingas inpht coppledito said odtputldl said npamsfordonyerfiigef er r ed
enbodi ment of the present invention in the CPU node. In
descri bi ng frlog signalgtediigiatfors mnd having ansesupytwsaid mesnory Kepossinetomet¥saids used

in the 10 control signals from said controlling means for reading and writing data;

a means for converting digital information to analog form, said means for
converting digital information to analog form having an input coupled to said output of said
memory, and having an output; and

an audio output means having an input coupled to said output of said means for

15 converting digital information to analog form.

11.  The apparatus of claim 10 wherein said audio input means includes an input

amplifier;

12.  The apparatus of claim 11 wherein the gain of said input amplifier is controlled

using automatic gain control.

20 13.  The apparatus of claim 10 wherein said audio output means includes a power

amplifier.
14.  The apparatus of claim 10 wherein said audio output means includes an

equalizer.

23
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user operated node are also present in the CPU node. For instance, when a

play command is initiated, the “m“\t hat data is
contained in the sector by checking fj@@&%ﬁ%m‘w \ second byte in
t he sect or wasomasspl ayed. This step ha n destribed and®PGTUSIHBId-in t he

CPU 15 node. It is intended that only the differences between the CPU
and stand al one 18DdeThdupparatus of claird 8 eherkindaid controlling means includes Redseilatimg t o

FIG 3A, the systemwaits for a command in ste Q4. As in, . the user-

oper at ed sthawas ait eyient FSENSICY RN Hco epesiof said %@Pﬁ%@ﬂaffemr?&}“@t"ép 78
determnes if the command is an erase command. |f yes, the system
nust now dét¥Pine if the nore 20 sophi sticated sector erase command is
bei ng used, rather then the total nmenory erase avail able in the
stand-al one node. If, in step 106, the command is determ ned to be a sector
erase c dfimanthe aphwawysficiaim 40 fuster indledingrnentiglissing dlter Bavingan inpukp 108.
I f, however, in step 106 th .. command i S not e r..C nd, step
80 i o ph 00 SBUE U TR SRR JURIPRHET T AR et Countbd Wit Boulf WHECC

18 analo todigiml?]onversionmleins.t he command was not an erase command in
step 78, the system checks to see if the command is a play conmand
In step 92. If yes, the specified sectors are played in step 110. | f

no sectors are specified, step 110 begins playing fromthe first sector and

continues until 17.  The a@?ﬁﬁé?f%‘mtlﬂmng?%#ﬁa@ng@5&&%‘_@“&3‘"éP“E

termnate 6%%1?%&) t})ésa{detfi\%ai’tgq%algcoﬁ erli¥Pmeans, and SPAIRE Luplé@ 1c2BE O byt es
, na e en t

are detecte us sl ing t e current nessage. In any case
of a play Gapiensiddudioungutmemsnand initiating system processes, a

term nate audi o command will termnate that play or record conmmand.
and all associ ated processes.
10 18.  The apparatus of claim 10 further including a filter means, said filter means
comprising:

a multiplexer having a first input, a second input, and an output, said first input
coupled to said output of said audio input means, and said second input coupled to said output
of said digital to analog conversion means;

15 an audio filter having an input coupled to said output of said multiplexer, and
having an output; and

a de-multiplexer having an input, a first output, and a second output, said input
coupled to said output of said audio filter, said first output coupled to said input of said analog

to digital conversion means, and said second output coupled to said audio output means.
20 19. A method for managing memory comprising the steps of:
providing a memory to be managed;
providing a search means connected to said memory, said search means
capable of locating the first memory location within each memory sector;
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If the command was not a play conmmand in ste e system checks to see
if the conmmand is a record cﬂnmm‘““ Eﬂgpﬂ\w If yes, the
specified sectors are recorded in s no sectors are

speci fied, wbeebisgst enpty sector is *| otat'ed and recor di n@dmggmmagat ed.
Recording then continues until either the end of nenory is reached, or a
termnate audio providis A& mkas EaBlk ¥Rading the value of any memoryﬁ?cfaﬁtfnr Ing to
FIG 3B, if the cormand was not a record command in step 102,

system checwshm@mé@empfy the conmmand is a microphone conmand |n step 114. A
m cr ophone commang all ows the s stemt‘? t%e di tal data resent ed
at i nput (FIG 1) 46F" %ng“%‘m‘g?qmgme connegied 1§ faf srgren t he
system desciied r&andas: - The resulting anal og signal is then

presented at the output of power anplifier 24 for output to a speaker -or
ot her afidi o out put labeling thelfivst mémory sector as the current memdrly sédfee; conmand is a

m crophone command, the systens proceeds to step 116 where 20 t he proper
setup is performed i rﬁaMPBWWEWS&DMtI@F@@“WUM@ﬁ?mwiﬂ@nﬂ}eoperI y
converted ocessed The m crophone comTand

begins in step epmﬂ%mr%m% Continues until it is determnined that
termnate audio Com"ﬂéﬁ)dluéélﬁglaﬂ@&aaﬁﬁﬁﬁs%%ahEhe%ﬁ&so’f%%ﬁrﬁtana‘@c&ﬁﬂyke%fStep

122 term nates
t he conmanddatabeginning atspiskfashmesonelocationd t 0 nornmal . The system conti nues t o
step 1?4’ wher e (c) if said first and second bytes of data both contain zeros, identifying the
current memory sector as the first available storage location;

if said first byte is a zero and said second byte is nonzero, repeating process (a)
through (c) above, incrementing the current memory sector by one until all available sectors

have been interrogated, in which case the memory is identified as full.

15 20. A method for mapping the locations of message data stored in memory
comprising the steps of:
providing a memory to be managed;
dividing said memory into a plurality of sectors of equal size;
providing a search means connected to said memory, said search means
20 capable of locating the first memory location within each memory sector;
providing a read means capable of reading the value of any memory location
within said memory;
providing a controlling means connected to said memory, said search means,
and said read means;
25 labeling the first memory sector as the current memory sector;
(a) directing said search means to locate the first memory location within the

current memory sector;
25
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t he next command is awaited. “e command in step 114 is
not a m crophone command, step 124*&“&“@1\“‘““‘\‘1&“ t he comand was
a data command. If the conmand is oper dat*a conmand, the system 5
i gnores thevosymais7and returns to step 104 where it awai t SPGI/URIBN4BMENd.

I f, however, a proper data comrand has been issued, the system

proceeds to step 126pyWiedcing daid readdndany Wirgkdahe values of the firkt dnl @econd Byis ofas t 0
wite data, or to read data. If the command is a "wite data" conmmand, the
syst em pr ocleedsginmingsat e3id fizpmemery lagptiangs data directly to nenory at the

Seuod. During the v s B ARG obs BeaTg b SR ks RefiR0R T,

command, aRgmif MEmBAtBSotd3emplyl t i ng process if the stop command is

i ssued. An al'ternative enbodi nent includes witing
i nformeti on to menorif sad firsebyk isg zetaapd said second bytg i neprase.ydephbyingythe at a
time. This would all ow a CPUélgtsgcz%oli_%fgo | ete and direct control of

every menprofTEY AEMmOp)sector asihe 2% e comuand in step 126 is not a
write command, 11 Siefo bt/ SUEHAE yer BAA B3R as empry, roptiidipHRRRENS T eadi ng
in step 132 until either a stop command is |ssued‘3 or all requested data
sect or s hakroligta(e) abee] incishreptirz3Ke antrkit nieatony sectbrebyt due uniall avklable sestonand i f
the stop comand is i ssued. While illustrative
enbodi ment da¥nkeenipgricgdedons of this invention have been shown and 20
described, it would be apparent to those skilled in the art that many nore
nodi fi cations than have been nentioned above are possible w thout
departing fromthe inventive concepts set forth herein. The
invention, therefore, is not to be limted except in the spirit of the
appended cl ai ns.
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20 What is clainmed is: 1. An apparatus for record and pl ayback
of an audi o signal conprising: an interface for interpreting
ext ernal commands; said interface having no nore than two swtches,
sai d swit cheeeer ati ng together to define a comand. PCT/US98/BI848 -
controlling neans, coupled to the output of said interface, for generating

control signals in response to commands fromsaid interface; an
audi o i nput neans for supplying an-ﬁ@pio si gnal ; a nmeans for
converting analog:signals to digital form said mgans_for converting

anal og signals te-digital formhaving an input co Hﬁcating with the
output of said audfo input means, and having an o uts a nenory

havi ng an i nput coupl ed to erting analog -
signals to qigi far—tTorm |ap sponsive to
said one off sajd ceftrol] B g nmeans for
readi ng and |wri inggﬁata; it al
i nformationfto anal og fornm | information
to anal og fqrm havi ng an i hput coupl itd menory, and
havi ng an oyt : d o "ﬂ” audt | nput coupl ed
to sai d out put o# sai d neaphp| t-e—¢ lon to anal og
form \ { Q
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2. The apparatus of claim 1l wherein said audio input neans includes an

i nput anplifier. 3. The apparatus of claim2 wherein the gain
of said input _anplifier is contriolled usi ng automati c gain
control. WoO0943Bhe apparatus of clainl wherein said audiP§T8E#8848neans

i ncl udes a power anplifier. 5. The apparatus of claim1l wherein
sai d audi o out put neans includes an equali zer. 5.
The apparatus of claim 1l wherein saPfgaudi o out put nmeans includes an

equal i zer. 6. The apparatus of claim1 wherein said
controlling neans includes an oscillator havi ng an out put frequency
responsive to ones gf said control signals fromsaid controlling 5

nmeans. >9 T- Thre—apparatus—of—cirarnrt—fuort+ i ncl udi ng an -
antialiasing{filter having an input coupled to the oufput of said
audi o i nput peghRs—eanrd—eR—otfput coupled to the ifnput of said

anal og to di gi tjalUSERMSBUEDTSN |neans. 8. Thie appar at us of

claim1 further| i i&g? Dan [aaggal iasing filter[having an input 10
coupl ed to the jout aiq digital to anal og ¢onversion nmegns, and an
out put coupl ¢d to the i nput of said audi ¢ out put neanps.

78 80

/
YES | WRITE ZEROS IN
CA;R hégﬁgg o ALL MEMORY
COMMAND? LOCATIONS

J
IS ISA
THE MESSAGE
COMMAND CURRENTLY \, YES | SKIFTO
COMMAND? poENG MESSAGE
86
IS THE
SECOND
COMMAND BYTE OF THE \_ NO
A RECORD FIRST MEMORY
COMMAND? RN
NON-
ZERO
? /ae
PLAY MESSAGES
B SECTOR BY SECTOR
UNTILA SECTOR HAS
AZERO IN 2ND BYTE

FIG. 2A
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9. The apparatus of claim 1 further conprising:

a nultiplexer having a first input, a second input, and an output, said
first input _ coupled to said output of said audio input neans, and
sai d seconwoioppsss? coupl ed to said output 15 of said diC3rusas/148¢8 arral og
conver si on neans; an audio filter having an input
coupled to said output of said multiplexer, and havi ng an out put;
and a de-mugtg pl exer having an input, a first

out put, and a second output, said input coupled to said output of
said audio filter, said first output coupled to said input of said anal og
20 to digital corgensi on neans, and saidg—>econd out put coupled to said
audi o out put rneans. 10. apparatus for record and

pl ayback of an audio $ignal conprising: an first
interface for interpre¢ting external commandg supplied using no nore

than two sw tches;
22 a secong/i
commands supplied ovell a pertat—tnterfa
control ling neans, coyplef goThe
i nterfaces, f oy gehelSdEPNng
fromsaid first and s¢confl i fferf an audi o i nput
means for supplying an autio sig 5 a
means for converting 4nal og 5|gnals to diokta¥ form said neans for
converting analog signals to digital form h¥ving an i nput comruni cati ng

wi th the output of

erfagce for interpreting
a
irst and second
PN response to comrands

BEGIN
RECORDING N_gg
INTO MEMORY

98

RECORD
NO BUTTON
‘ STILL
DEPRESSED?

YES

102 100

TERMINATE REACHED NO

RECORDING MEMORY?

YES

FIG. 2B
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said audi o i nput neans, and having an out put; a
menory having an i nput coupled to said output of said neans for converting
anal og signals to digital form and having an output, said nmenory

responsi ve woosassy of said 10 control signals from scHaQISS%It484d | i-ng
means for reading and witing data; a neans for
converting digital information to analog form said neans for

converting digital information to agggog form having an input coupled to

said output of said menory, and having an out put; and
an audi o out put neans having an input coupled to said output of said neans
for 15 converting dlgltal information to anal og form .
11. The appa+a#as—ebAﬂ'afw110 wherehrSsat-d—add-e—rpai—reans | ncl udes an
i nput anpllfler 12. The appgaratusjof claiml11l
wherein the gai n_of | t an‘lifie Ls_controlled usi ng
automati c gailn contGQGMMAND 20 THe apparat s of ¢laim 10
wher ei n sai d |augdi o 1$9, Ymeans |nclu§§ﬂag povier anplitfier
14. The apparjt ﬁ m [LO wher MBMGRY d qudi o out put neaps includes an
equal i zer. - 23
15. The apparaH%% of{ cl aim 10 mhg{ein @ d control ling meang includes an
oscillator
Tﬁ% ISIT
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AN ERASE ERASE SPECIFIED
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102 }12
IS THE
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AREcons Eane, |
COMMAND? SECTOR
O,
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havi ng an out put frequency responsive to ones of said control signals from
said controlling nmeans. 16. The appar at us of
claim 10 further including an antialiasing filter having an input 5

coupl ed to wwoesmaisput of said audi o i nput means, and an ousdabses/Pdsd €d to

the input of said analog to digital conversion neans.

17. The apparatus of claim 10 further including an antialiasing filter
havi ng an i nput coupled to tpﬂ%output of said digital to anal og
conversi on nmeans, and an output coupled to the i nput of said audio
out put means. 10 18. The apparatus of claim 10 further
including a filter neans, said filter neans conpri si ng:

a multiplexer having a first input, a second input, and an output, said
first input cou to said output of said audio i nput neans, .and
sai d second i nput coupl o0 said out put of said digital to anal og

conversion neans; 15 an audio filter having an input
coupled to said output ofjsaid multiplexer, and havi ng an out put;
and q1ge mul ti pl exer having an input, a first
output, and a second o d i nput coupled to said output of
said audio filter, out put Hnlpd o said input of -said anal og
to digital conversi D dygsi d gTEMt gut coupl ed to said audio
out put neans. 20< AMICROPHONE 25- ﬂ@NEor\m?.,@g! ng menory
conprising the stepS\OOMMAND? MODE providing a nenory to be

managed;
menory, said search nea

provrdirmgra sear ch neans connected to said

NO
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MODE - 118
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COMMAND
RECEIVED?

120

MIGROPHONE
MODE - 122
@ GO TO FIG. 3A
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capable of locating the first nenory |ocation within each nenory sector,

24 provi ding a read neans capabl e of
readi ng the value of any nmenory | ocation Wi thin said nmenory;

provi ding aveedpssl | i ng nmeans connected to said nmenory, SROTAUYMEH means,
and said read neans; 5 | abeling the first menory
sector as the current nmenory sector, (a) directing
sai d search nmeans to |locate the firg/gnmenory |ocation within the

current nenory sector; (b) directing said read
means to read the values of the first and second bytes of dat a
beginning at said first nenory | ocation; 10 (c) if said

first and second bytes of data both contain zeros, identifying the

current nenory sector as the first avail able storage | ocation;

if said first byte is a zero and said second byte is nonzero, repeating
process (a) hrough (c) above, increnenting the current nenory
sector by one unt Al | avail abl e sectors have been i nterrogated,
in which case the Wenory is identified as full. 15 20. A

met hod for mapping|the |ocations of nmessage data stored in nenory
conprising the steps of: providing a nenory to be
nmanaged:; 124

126

ISITA
WRITE
DATA
COMMAND?

COMMAND?
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STOP
COMMAND
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STOP
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130 134
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*

dlvrdrng said menory |nto a plurality of sectors of equal srze;

provi ding a search neans connected to sai d-nenor \“ arch means 20
capabl e of locating the first nenory |oca &ﬁﬁm ﬂ; menory sector,
provi ding a read neans capabl e of reading k\m wof s any nenory Iocatlon
Wit hi n sajrlaTEERied is: * préovi “di ng a controlling neans
connected to sald nenory, said search neans, and said read neans; 25

| abel i ng it he f aPRIO r spie or;
(a) di rectl ng Asrgé@ sear c%%ﬁ@t@%ﬁ?@t%ﬂgﬁfﬁlr st ?r%lﬁorﬁgél ocation within

t he C Uh iRRHa P InterpREHS External commands;

25 (b) directing said read means to read the

val ues of the shidriferfadlha AR mbBe Bn @Jo switches, sSils¥iRREY dHRIRgRbgetrd fi T st

menory | ocati on; (c) i1f said first "and second byt es
of data Q@Hgﬁrceog\@@hﬂag@ros i dentifying the current nenory sector as
enpty; If said first byte is a zero and said second

byte is nonzera%ntr@ﬁﬂ‘*'rﬁééh@%oﬁﬂ@d to the outpBH&1’ s%mlnmé Yol 8lefttind@Tohthsl first
sector of a nessage; if no menory Sector has yet been

| abel ed 3E&n@RRA YesphRRQ8 borhaRALR 6 Saidanterface; through (c) above,
|ncrenent|ng t he current menory sector by one until all available sectors
have been i nt ghrA8:tifHkt means for supplying an audio signal;

a means for converting analog signals to digital form, said means for converting
analog signals to digital form having an input communicating with the output of said
audio input means, and having an output;

a memory having an input coupled to said output of said means for converting
analog signals to digital form, and having an output, said memory responsive to said one
of said control signals from one of said controlling means for reading and writing data;

a means for converting digital information to analog form, said means for
converting digital information to analog form having an input coupled to said output of
said memory, and having an output; and

an audio output means having an input coupled to said output of said means for

converting digital information to analog form.

2. The apparatus of claim 1 wherein said audio input means includes an input
amplifier.
3. The apparatus of claim 2 wherein the gain of said input amplifier is contriolled

using automatic gain control.

4. The apparatus of claim! wherein said audio output means includes a power
amplifier.
5. The apparatus of claim 1 wherein said audio output means includes an equalizer,
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(57) Abstract

A complete voice record and playback system capable of being powered by a single 1,8 VDC battery is operated in either stand—alone
or CPU modes. In the stand-alone mode, two-button operation controls record, play, and memory erase functions. In CPU mode, commands
may be provided through a setial interface which directly control record, playback, specialized memory management functions, and power
amplifier gain settings. Through a serial interface, the system may be set up to directly write to external memory, using an analog signal
generated by a microphone or other analog input device, or may instead be set up so that digital data provided by an external CPU and
converted to analog using the on—chip D/A converter may be output by the speaker in real-time.




