PROGRAMVABLE NON- VOLATI LE ANALOG VOLTAGE SOURCE DEVI CES
AND METHODS _ BACKGROUND OF THE INVENTION 1. Field of
the. I nvention The present invention relates to the field of analog
A I;age storage and out put devices, and circuis and nethods of °~ sensing,
sjoring and outputting anal og voltages 2. PRIOR ART in the domain
o] analog el ectronics_there is often a heed Bro ranmabl e DC anal og
vol t ages for systemER? ﬁ%%MMﬁB%ﬁwHQNnVQa&HFP§|Agﬁ& Sy ¥PEIREE aneter setting
applications. These voltagesuroRipEMICESAaR®DSSETHBDSUgh t he use of
mechanical trim potentioneters (trimpots) or through digital to anal og
convertors (DACs) where digital bItS are used to set the proper anal og
vol t age storage through. soB ROUND O al IN convertor, or
through sanple and hol d networks for short term analog st or age. Mbst such
systenms require nmore than one programmble voltage source, and in fact,
sone may lnee8igbdeof it Ioemdlicin as an automatic tester. Sonme systems go
through one tine factory, progrann1n%.of t hese progranmmabl e vol t age
sources, ot hefP8yBFeRent rbyvRMIg & aFﬁ@sé°vGPFa§ée§8uP§e§naH%%er user

control,

funct /on2? S%alF Rerten an DCpmdevasHeceRt 3‘19%8?5?%"#%%%%084‘%9% ne
compansatid TRe TERe i ARl anrlbodPb RBRRT TG 1 e

manuf act uri ng tol erances of

2. PERIOR _ART

In the domain of analog electronics there is often a need
for programmable DG analog voltages for system trimming, system
control and system parameter setting applications. These
voltages typically are set through the use of mechanical trim
potentiometers (trim pots) or through digital to analog
convertors (DACs) where digital bits are used to.set the proper
analog voltage storage through.some form of digital to analog
cbnvertor, or through sample and hold networks for short term
analog storage. Most such systems require more than one
programmable voltage source, and in fact, some may need more
then 100 such as an automatic tester. Some systems go through
one time factory pFogramming of these programmable voltage
sources, other systems frequently set these'voltage sources
under user control, and yet other systems routinely perform auto
calibration functions under the control of a microprocessor.
The programming of the voltage sources are normally performed
for various reasons, e.g.: compensating the long term system
parameter drift, trimming the manufacturing tolerances of

various components of a .system in order to achieve optimum



various conponents of a systemin order to achieve optinm

-2- system performance or controlling the functionality of the

rul ti - pur pose progranmabl e systens. Mechani cal trim potentioneters
are bul ky and expensive, are sensitive to nechanical vibration and are
effected by the high solder tenperature they are exposed to during surface
mount pc board bonding. Layout of a ptéboard and packagi ng al so becones
clnber sopgstemnper fhysinegl caccossrodliiog tbe £hnchienahitalof ddjaust nent
probes have to be allowed for. Sanple and hold networks avoid nost of

t hese pr BBLEAEPURRRSH AFOIREMFOS EFSELTSchar ge | eakage, whereby frequent

refreshing is_required. A Digital storage of anal og voltages together with
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achi eved through the use of some ki non-vol atile”storage I a
( EEPROM cERBEMSomél] Stinc hlysli®alOladclle rBRYEsIEsE t @He Dhédchar Bddls.

What is required is a multi-output programmable non- volatile analog DC
vol t age adayhueemeysSimrobdy Glavies tael alilswekelFbabl esamngl ¢ sard ansid ef fective

sol ution. U.S. Patent No. 4,890,259, assigned to the assignee of the
networks avoid most of these problems, but have the problem of
charge leakage, whereby frequent refreshing is required;
Digital storage of analog voltages together with multiple
digital to analog convertors when integrated in monolithic form
use a lot of silicon real estate, hence, are expensive. Both
the sample and hold networks and the digitél to analog
convertors are volatile voltage sources, in that sample and hold
networks have to be refreshed frequently, and the input bits for
digital to analog convertors have to be held fixed,
respectively. For the multi DAC systems, non-volatility is
achieved through the use of some kind of non-volatile storage
media (EEPROM, EPROMs, disk, etc.) to hold the input digital bit
status.

What is required is é multi-output programmable non- -
volatile analog DC voltage soufqe syétem which is small, is
reliable and is a cost effective solution.

U.S. Patent No. 4,890,259;.assigned to the assignee of the
present invention, discloseé é high density integrated circuit

analog signal recording and playback system based on an array

storing analog signals. The array has rows and columns of non-



present invention, discloses a high density integrated circuit analog
signal recording and pl ayback system based on an array storing anal og
signals. The array has rows and col utms of non-

-3- volatile nenory cells to store the signal information. Analog colum
read/ wite circuitry is used to both store the analog information and
retrieve it on a real tinme basis, using3-nterleaving of anal og,

if or mat | ¥yalahide phemerty taeldfs sanpterkotbe signal tinfpimatipn .st dnadedg n t he
array to increase throughput. ) _Recently, the assignee of the present

i nvent i onCPARRD KR Wil tfo mirsudtirtveignured &e oralfe 458 shet Baallegegoi ng
type known _as the |SD 1016. 'The single chip ISD 1016 is designed to record
and pl ay BAERFERLIRy MY FAtEieXgditnPruBetedh- BHIY Paiidro§Si88gnal
conditioning circuits d di.gital _contyol functiops tq._faorma cqonplete
monol | ¢ hi SPPEESTATHY SR CERET AEPABRELOR. PR P BHRNAIIEY REnSATEIFAROLE

st orage agt 0 .0n- .. p e C I stores
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by the significant 1 ncrease i.n storage density over I gital techniques.

For storiagnohheoTeyi X ankildy @pekaye cﬂiﬁse@flﬁ/hé [P oing! epBRaNR NGk
simlar transducer, and for playback will directly drive a speaker. Ful

digital addtksskD cllEssaghe aiagtasthypaCLSBSEEDE tis Pediigdedt Bé record

capability of constructing nmessages fromstored words, and-a plurality of

1016 devierd pay Hewadomredicgd siggether ahdrincludes on-chip, analog
signal conditioning circuits and digital control functions to
form a complete monolithic recording system in a single 28-pin
package. A non-volatile storage array based on production-—
proven CMOS EEPROM technology stores the sampled signals for 10
or more years without power. The integration of all the
components required for recording analog signals is made
possible by the significant increase in storage density over
digital techniques. For storing, the devices will operate
directly from a microphone or similar transducer, and fdr
playback will directly drive a speaker. Full digital
addressable messages are easily accessed to provide the
capability of constructing messages from stored words, and a

plurality of 1016 devices can be connected together for

increased storage and playback time.



i ncreased storage and pl ayback tine.

-4- BRI EF SUMVARY OF THE | NVENTI ON Pr ogr ammabl e
non-vol atil e anal og vol tage source devices and nethods wherein anal og

vol tages may be sanpled and stored in a non-volatile manner for output,
typically through parallel output buffers. In one formand in“a single
integrated circuit, an |n-ut prOV|ded‘ﬁo the C|rCU|t\nay be stored at any
ahal og storage | ocation BRIGE:Sh Q5 e al so provided to the
circuit, the storage Iocatlon deternlnlng at whi ch of the outputs of the
circuit the stored value wll appear V%lle the storage, achieved by way

o vel age ! i ér%n%%tbl%l 2 %l %Q? r| C&%f a %etl%g) eIX%F ngev}dggf/%??ous

non-vol atil e, sane 1I's a esIre
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ge or stora

mul ti pl e pages of anal og stor tlon ge o ana S|gnals

and sel eqldni&Natalllee haglbRUELRT os Pﬁ%ﬂfatﬂye th&foqgﬁgeargywyt enabl e
capabilities, parallel inputs and digital " input's are discl osed

- 5- output buffRRsEF PESEREPEIEN &¥a T DRAWNES integratedi giF@uile)js is
a diagramillustrating the pinouts of one

an input provided to the circuit may be stored at any analog

storage location as determined by an address also provided to
the circuit, the storage location determining at which of the
outputs of the circuit the stored value Qill appear. While the
storage, achieved by way of stofage of differential voltages in
floating gate MOSFET devices, is non-volatile, the same is also
electrically alterable as desired. Various alternate
embodiments and methods including the ability to address
multiple pages of analog storage locations for storage of analog
signals and selective parallel output of each page of the
storage, output enable capabilities, parallel inputs and digital

inputs are disclosed.



enbodi mrent of the present invention as enbodied in a single integrated
circuit. Figure 2 is a bl ock diagram of the enbodi nent of the

present invention of Figure 1. Figure 3 is is a diagramillustrating
t he pinouts of an alternate enbodi nent of the present inventjon as
enbodied in a single |ntegrated CIFCUL : Flgure 4 is a Bl ock diagram
of t he enbodi nent of the,_ R .0 r Figure 5is
is a diagramillustrati at e enbodi nent of
the present invention as enbodled in a S|ngle |ntegrated circuit.

Figure 6 is a block di agram of the enbodi ment of the present invention of

Figure 5. i JuANe 56 LS @ HngEaﬂ'Pﬂi@éqﬁtﬁxétﬂﬂé Jfﬁ[c):%fﬂgr g' begnate

enbodi nent of t e present 1 nventl ure 8 1's a block diagram of
anot her - Ridloeti @ ce@zodhEepkes it Clh A it e R ARG Bok¢ngus put VSH
to be output directly to a selected anal og output buffer, allow ng the
user to iglteRsatiede cdpph@pli ate VIN voltage that would set t he proper
stored voltage at the output CH of the selected channel such that a
certain desiraiqaraRetier ai blackydiagragetcst tthee denyodindntedf the

- 6- Figure 9 shows a detailed schematic of the pﬁogran1wwite, read
back pat pres¢rd doveaticsadfbBtgupath. of a pair of differential storage
cells.

Figure 3 is is a diagram illustrating the pinouts of an
alternate embodiment of the present invention as embodied in a
single integrated circuit. |

Figure 4 is a block diagram of the embodiment of the
present invention of Figure 3.

Figure S is is a diagram illustrating the pinouts of
another alternate embodiment of the present invention as
embodied in a single integrated circuit.

Figure 6 is a block aiagram of the embodiment of the
present invention of figure 5.

Figure 7 is a block diagram of a still further alternate
embodiment of the present invention.

Figure 8 is a block diagram of another preferred embodiment
which allows the sample and hold output VSH to be outpdt
directly to a selected analog output’'buffer, allowing the user
to choose the appropriate VIN voltage that would set the proper
stored voltage at the output CH of the selected channel such
that a.certain desired parameter in a system gets tuned or

nulled.



Figure 10 is a block diagram of another preferred enbodi nent wherein an
additional loop is provided which conpares the output CH of the selected
anal og buffer to the sanple and held voltage VSH, used in an additi onal
progranmm ng sequence to achieve finer resolution and accuracy.

-7- DETAI LED DESCRTPTTON OF THE TNVENTI ON " The present
invention is perhaps best described by=6+rst describing both the
characteri sti dsigune & ghnivzati detailed sohemedlicprdfl theepreogbsadi weite of the
invention. Thereafter, other enbodi nents and design details wll be

descri bedeaghib@igk Bashganded Howngln negsk begkepakhyofeadPryrbefapplicable to
any of the enbodinents descri bed. Thus, first referring to Figures 1
and 2, afiffiesgrdied sEPraegetceklsi ght be packaged in a dual in-line (DI P),
SOCor a PL ackage, and | ock diagramfor the circuitry therewthin,
respectively, H5e eéﬁ.aTﬂgbékné%ﬁ%ﬁﬁﬂiéa PORERe I BRELEFFGY i ndi cat ed by

th 20Q 1 Fi .1, i t i - .volatjile floati t
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ended anal og vol tage outputs, which in turn are buffered “by anal og out put
buf fer agdhifdver id@rt @cpbDYE ish @irhiladRWacy . :



| npedance anal og vol tage outputs CHO t hrough CH7. For purposes of
programming the integrated circuit of Figures 1 and 2, each anal og vol tage
to be stored is individually sanpled and stored one at a tinme, and
simlarly any one stored anal og voltage may be changed at any tine w thout
di sturbing the other stored voltages by nerely witing a new value to the
storage |location of the desired output=thannel. In that regard, as shal
subsequent |y be descr iDEIAIIEReDESCRIPTION OF THE INVENTION

-8- greater detail, each wite operation to the floating gate differentia
anal og storage array 22 is preceded by an erase cycle so that a
previously stored value at a given | ocation | not affect the, storage of

a subsequent Reu®TESSPRalnVERELRD GrF Rﬂﬁgﬁﬂﬁ'Qﬁs aqﬁsﬁﬁépegr YoﬁkFSVOItage

Th 2 t ded to th
sampi e & acwaﬁanﬁeﬁ%#kt%g W tg?%slt?%‘éoeé%aergﬁnegam?flf”?V' “through
trol of { |
The | npub YPHRRRoE-GFREAAN BPtvt insty ToReC AR YEnf3el " ThEREFecEr 20T Vs

to a sl ngltﬁe%n%ﬁsogeggmc;eg&@ta@lgncwgr-tlgr 393 The odiCergat | ah Gonver tor

In turn provides erential output vol tages VNI with the

differ ean@'lgnVQEEQQQSt REr poSt V&?sfésvﬁlay ¥iiihe Ba Eb@@@&hb@@atot@nﬁ hee
i nput voltage VIN. VPI increases and VNI decréases with respect to VREF

for an |@g@e%&g@dguhagg atséhppspnpl e and hol d network out put VSH.

The outputs of the single ended to differential convertor 30 are provided

to high voltaghus tfdres Iefantirdy,toMiigjurarse 1 and 2, an integrated
éircuit as might be packaged in a dual in-line (DIP), SOIC or a
PLCC package, and a block diagram for the circuitry therewithin,
respectively, may be seen. The inteérated circuit, generally
indicated by the numeral 20 in Figure 1, contains therein a non-
volatile floating gate differential analog storage array 22,
which in this embodiment has a capability of storing in
differential form eight analog voltages. For output purposes,
the eight differential voltages are provided to eight
differential to single ended convertors 24 which provide eight
single ended analog voltage outputs, which in turn are buffered
by analog output buffer amplifiers 26 to provide eight low
impedance analog voltage outputs CHO through CH7.

For purposes of programming the integrated circuit of

Figures 1 and 2, each ahalég voltage to be stored is
individually sampled and stored one at a time, and similarly any
one stored analog voltage may be changed at any time without
disturbing the other stored voltages by merely writing a new

value to the storage location of the desired output channel. In

that regard, as shall subsequently be described herein in



controlled by the support circuitry 36 to store the differential voltages
at a given storage location in the analog storage array 22 as determ ned
by the three-bit address CSO t hrough CS2 provided to the decoder 38 for
the array. Note that in such an enbodi ment, each storage location is
conprised of two storage cells, one for the storage of the voltage VPl and
the other for the storage of the volta8e VNI. Differential storage in this
matt er | gradvemt dgtedd,asathewride wmhrdt ishotageheefloathsgngatéor ned by
the sanme process on a single integrated circuit chip, wll track each

ot her weBbiffesaotdaénenplogngtarade dyrah@2 is preceded by an erase

-9-  programed voltagg in any one cell due to tenperature, tinme or other
factors WCLepeSRefhakafcREGVEIUEHY ctiphedvrlie ATt Re I18LReLOGRELRR at ed

I, t.hat while_th | ut e val f th d [
one. cel | "y BF BEEEGH FREaREPSestin diHParGHEra “abacah FRECtwo st of age
|1 t ' t I t] . Q. .St LIl _b I ni mal .
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error. Anot h di ment resent 1 nvention nmay be se

Figures 3nanfiold nkBwbltikS 28MDOFhEEN A HEORPEaglibhe ikl galkRdregat €
differential analog storage array 22 is again conprised of eight storage

| ocat i onghribulht Bontiol® olfoghealt Yt OrJijHaZehrys theOsphpnesand Rayes 22a
and 22b, each of four storage locations. 1In this case, the differential to
si ngl e em@etockn2@r sampledatheohnput valittagd Ier anti plrovideal 8 sampbed
si ngl e ended signal s, '
and held output voltage VSH to a single ended to differential
convertor 30. The differential convertor in turn provides
differential output voltages VPI and VNI with the differential
voltage therebetween VPI - VNI being proportional to the input
voltage VIN. VPI increases and WI decreases with respect to'
VREF for an increased output of the sample and hold network
output VSH.
The outputs of the single ended to differential convertor
30 are provided to high voltage switches 32 and 34, which are
controlled by the support circuitry 36 to store the differential
voltages at a given storage location in the analog storage array
22 as determined by the three-bit address CS0O through CS2
provided to the decoder 38 for the array. Note that in such an
embodiment, each storage location is comprised of two storage
cells, one for the storage of the voltage VPI and the other for
the storage of the voltage VNI. Differential storage in this
matter is advantégeous as the individual storage cells, being

formed by the same process on a single integrated circuit chip,

will track each other well. Consequently, any drift in the



wi th the anal og output buffers 26a converting the same to the four single
ended | ow i npedance vol tage outputs CHO through CH3. Thus, in this case,
one bit of the address CSO through CS2, typically the nost significant

bit, is used to control which of the two pages of four anal og signals are
to be provided at the outputs CHO through CH3. In that regard, in this
enbodi nent, the apal og output buffers 26a and 26b i nclude an output enable
CEN whi cPTREF Ik P U EIn AN @ndr carsSBtb e tOULFIPETatFe ¢itds| 88

b o i > BuEBHFEE S o
he four SRR IR e ket e L RELERr RN S Al P 161 RBE devi ces
as desif ety 50 J UL A e UM SN LnLEVLEER T URCR0Y SR Lhecgame

time. F course,

while Fi %&:r&_fza%u@@ vb1¥Yge izl 3 Bhe b4 W?r@fft %&%&@1@9&3&&,8{9& age,
any nunber of pages may be provided as desired. In that regard, "as nmay be
seen i N RiOfEehtli]l detSiedrehelithoPackade fiilshati aPlgarRAt akbedgef
Figure 4, three pins have no connections. Accordingly, two nore pages of
anal og sledsgiomnd @t Btoredd Gddeepsp Vit By miviaay .addrghere nore bit
of address, etc. Further, one could readitly provide ,Ladditional output
channel s Qicffegzge iigfl daimagee N $bhisi mahher a&ﬂ@o@tmwﬁhesh@WbskanEﬁgmres 3
and 4, one could effectively disable the output enable on the anal og

out put buwsigeriicon afesower Ppppdvenpisgi &y MHd sgmethert isemmeadmogen RDY/ .
In particular, the RDY/ signal is asserted as soon as a wite operation
to the andWFes SafFr@%-ay has been conpleted, and accordingly, if tied

tolfhe out put £¥§¥ﬂé§‘2$Lé§?¥e&¥“§éjé%@agLSsent invention may be seen in

Figures 3 and 4. 1In this embodiment, a non-volatile floating

gate differential analog storage array 22 is again comprised of
eight storage locations, but this tiye logically organized as
two planes or pages 22a and 22b, each of four storage locations.
In this case, the differential to single ended convertors 24a
convert four differential signals to four single ended signals,
with the analog output buffers 26a converting the same to the
four single ended low impedance voltage outputs CHO through CH3.
Thus, in this case, one bit of the address CSO through €S2,
typically the most significant bit, is used to control which of
the two pages of four analog signals are to be provided at the
outputs CHO through CH3. In that regard, in this embodiment,
the analog output buffers 26a and 26b include an output enable
OEN which may be used to enable or disable the outputs, the
disabled condition providing open circuit outputs so that if
desired, any or all of the four outputs may be connected in
parallel to similar or other devices as desired, so long as

conflicting devices are not enabled at the same time. Further,



the outputs at all tines except when the anal og storage data was being
created or revised. Now referring to Figures 5 and 6, a still further
.embodi nent may be seen. This enbodi nent, |ike that of Figures 3 and 4,
utilizes two pages of four differential analog storage |ocations to

provi de two pages of four anal og voltagg.outputs as controlled by the

out put enabl e CEN. var, in this_ ,enhodi e Q i t valtages VINO
thr ough \ﬁ%oé}rese’siwm}i%aﬁé ﬁgFf/ aia”r?)‘?ed And ﬁgfl s%>¥g§:ﬁe[a§'§nﬁla§e§n§%hol d
net wor ks i a WL opeLat | Il by, .t s, isgnal
WR/ . Thusa, %gﬁ%ggg\}/r is;e%% gfag{lgn},lﬂ; églsfoccfﬁ%tag(r%asl g‘gysi¥’§n Fs?\Mlgtreg %gﬁpl ed,
then converdgdd o fRUkndil bREEPA! aks Srhgﬁﬂades seként B riigugle zendgdato
differential convertors 30a, to be parall el |oaded into the non-volatile
floating gnitedt ffier paldkageafdkoghe implementation of Figure 4, three

-11- storage array as controlled by the "address" thereto. In that

regard, rmires tHeate indo eoseeceionn. endceerdiagd yof tawamogey phigege®f lanadbgr ed
in the array at once, so that in this exenplary enbodinent, only a single
"addr ess"stmtag@s@nds augguitr ednldhbeghrowvideshinys eeae lynpddd ngeemef momeFi gur e
5, a sixteen pin package wll readily accomodate up,to three such address
bits, so k¥atof @siduess,gltcCpagBarbhennatnr) aplidageadidyapacydded be
provided if_ , desired. Alternatively, additiqgnal channels _could _beﬁgéovi ded

i f desir @P9iiandd qUESRtd cPaBDRLESPST IRATFe i T ARAGES (MBS pilMoHRE) nay
al so be used for larqer and/ gr nore pages as desired. .The enbodi nent
of Figur e%’ﬁ??%l‘ﬁ?fn& St 8 9éﬁ’d58?rrgn%é§ 4,+one could effectively

disable the output enable on the analog output buffers if

desired by merely tying the same to the ready pin RDY/. 1In
particular, the RDY/ signal is asserted as soon as a write
operation to the analog storage array has been completed, and
accordingly, if tied to the output enable pin OEN, would enable
the outputs at all times except when the analog storage data was
being created or revised.

Now referring to Figures S5 and 6, a still further
embodiment may be seen. This embodiment, like that of Figures 3
and 4, utilizes two pages of four differential analog storage
locations to provide two pages of four analog voltage outputs as
controlled by the output enable OEN. Howéver, in this
embodiment, four input voltages VINO through VIN3 are
simultaneously sampled and ‘held by the saﬁble and hold networks
28a during a write operation as controlled by the write signal
WR/. Thus, during a write operation, the four analog signals
are sampled, then converted to four differential signals by the
single ended to differential convertors 30a, to be parallel

- loaded into the non-volatile floating gate differential analog



accepting parallel inputs, are advantageous in applications where nultiple
anal og voltages to be stored are sinultaneously avail able, and

particul arly advantageous in applications where the relationship between
vari ous anal og voltages at any given tine is nore inportant than the

absol ute val ue of the sane analog voIt es taken at different “tines.

Now referring to Figure 7, one stil f Tt her enbodi, ment the present
invent i orf YRAPIFe 3TEEY. a?hFQ“Eﬁ%%&ﬁ?mﬁﬁ §ae giaddrgss tGRFHEtEHbOHPnEHPtof

Fi 2, th h | bl e h ff
265, HowRATA LB on Sat ARt 150t L ieR) PRgRy R 8o 08 oY ORPRRRE 7 i s
oper ati Ve, i LLAMNEncOULKY £ AOAMe A 1A GaL! Elbion Bl 1t her

from t he "output 0 ana 0g convert or respon Ive; in this

enbodi Werumbaﬂn@atel gt bhtsiih Glé &2 S Ay mwc@@dlt,-h%ewredThtﬁoeJ;ﬂht
bit digital signal may ge prOV|ded to the digital to analog convertor

various V& courseh agSmalybéayedh LXGNTFRyuddy 5, a sixteen pin package
-12- direct connection of the digital to analog convertor input to an

ei ght bi twidlls readdilghtackbinfodit@ bprigercinee shivhs addreasybit e} egbatrét
circuit form the digital to anal og convertor would e included on the
chip, wi tup ttive edighlit pagpst of Diha hogughl tRige tsitorage kbehdd beowprdeddedr bfigh
pin connections on the integrated circuit package. In the specific

enbodi merdessivash | Alkegnasivelnowrdedstienado cheaingded conlehbp Prouidadift
register 42 for, receiving as the DATA I N signal under control of the shift
in cl ockiGidffdiredek, 3ntngh@%’E“se‘?’?‘é’P%%né@"ﬁ&F P8SHRAGSt tﬁ@or@hl ft

register 1o broyide thesgigot,oiy parajlel output 1o the ages as

desired.

The embodiment. of Figures 5 and 6, or other embodiments
accepting parallel inputs, are advantageous in applications
where multiple analog voltages to be storea are simultaneously
available, and particularly advantageous in applications where
the relationship between various analog voltages at any given
time is more important than the absolute value of the same
analog voltages taken at different times.

Now referring to Figure 7, one still further embodiment of
the present invention may be seen. This embodiment is similar
to the embodiment of Figure 2, though includes an output enable
on the analog output buffers 26a. However, the single ended to ‘
differential convertor 30 of Figure 7 is operative not from the
output of a sample and hold circuit, but rather from the output
of a digital to analog convertor 40 responsive, in this
embodiment, to an eight bit digital signal providéd thereto.
This eight bit digital signal may be provided to the digital to

analog convertor various ways, such as, by way of example, by



digital to anal og convertor 40. The enbodi nents of the present
i nvention utilizing a digital input, whether a parallel input to the

digitat to anal og convertor 40 or a serial input to a shift register 42,

have various advantages over prior art techniques using digital to analog
convertors to convert a digital signal tp.an analog voltage. °In

particul agjrbtt Webhnde: 164 &5k ivhd I Sy i& 2l ehrtand 1081 BGhSe b LNidp i td anto

anal og convertor 40 is used to store in this enbodi nent, eight analog

vol t ages. eAGRO, bitIChusingt G giwdIBidge ofoRCQasihereBus D s erirodidyent (or
any of the other enbodinents of the present invention) are non-vol atile,
and may hategradedtelycwiniiam,e e phwstalp tof anaiygt evnwettmtitwould

rel oading the same into the anal og storage nenory. Further, the digital

i nput devbeeinciudéd on edfentchipentitin thecleigbhtdésputHeR0 thrdughedprct to
Figure 7 are single chip non-volatile integrated devices, not requiring
digital tb&harategrery RIVridad thepugh ial sgnsecpiens ehhn dritharatrsd
requiring $egarate r%gisters for holding the digital input, information for
each digiFéF Rt package. 1In the specific embodiment shqqﬁplqﬂﬁﬂqﬁfe 7

q . _vol ati . q
VAR SRS ER I R R RS SR T

achi eve { Ugo0e51Aedad SHA toarkl! o YHOANTRLE ULBhLEL1 %A ididiled NRUL are
hi ghly usa Fe, 0 I nstance, i'n various sysfens such as Sensing and data

acqui siti @RosYSEEd®al CIHES MM GHHC h1%Y HYetTha WAELE PEOLCE dihg A3k StOring
digital signals under processor control, still rély on anal og sensors and
transducegnifeokégifige AN Grok3ldeddafe i ght bit parallel output to the
digital to analog convertor 40.
The embodiments of the present invention utilizing a
digital input, whether a parallel input to the digital to analog
convertor 40 or a serial input to a shift register 42, have
various advantages over prior art techniques using digital to
analog convertors to convert a digital signal to an analog
voltage. In particular, it will be noted in Figure 7 that a
single on-chip digital to analog convertor 40 is used to store
in this embodiment, eight analog voltages. Also, such analog
voltages once stored in this embodiment (or any of the other
embodiments of the present invention) are non-volatile, and may
be immediately available on power up of a system without
reloading the same into the analog storage memory. Further, the
digital input devices of the present invention such as described
with respect to Figqure 7 are single chip non-volatile integrated
devices, not requiring digital to analog convertors for each
analog output to be provided, not requiring separate registers

for holding the digital input information for each digital to



set biases, null offsets, etc. " The enbodi nents of Figures 1 and 2
illustrate one formof inplenentation of the systemwhich nmay.be referred
to as Cctal Sanple and Infinite Hold Anal og voltage storage systens. These
enbodi ments have ei ght programmbl e non-vol atil e anal og DC* vol tage source
out puts (CH7-CHO). The programm ng of tj$§_voltage sources is perfornmed by
~the selection of the gégger ol tage source throu Q the ggagnﬁllselect
inputs CSZTESEI SRAVBY - appfit ndPt het Brpdte 55’%58 FeV8F 4P “The 1 REPPHY
either dir | t r ' Qi q LN face.
When t he c%ss géfil E‘%PF%\QV? lgggna%%?#%vgl&aeﬁ%?:klai ggggﬁgféd‘r“% t he

sanpl e/ holf NlyRr KomBdndht § NEo SARL é¢dB: e \Méstigeay%guhé. Ightiated to

wite the sanpled anal og voltage |level to one o the non-volatile storage
el ement s awmpriifehed BYilDeifsdaan®lqgitel eGipdtNRteShE§R1ESAsabie heoend of
the wite cycle, the RDY/ pin goes Iom1ané>the stored anal og voltages from
the array iavstangefulihanepichy systdmdlaudi dsheepstipnyt andhaavgh the anal og
out put buffers. The anal og out put buffers, which nmay have an enable
control, pcomidgdtaohosystgmsiansine®|nage il Glysgembnehiba. pidee Sapor t
Circuit Block contains all the necessary

-14- circ@nd ptosipgr dbghtahes lgmbyaundex progessoy ¢dhtagd, | svbll Fely t he
i nput of the single ended to differential convertor into one of the

floati ng &t &n3R8PoeRFJFRRNEITANIHIGIRS FoRring dBpéedetobi2ee® Ehannel
sel ect pins ng-CSOL Thg copirol - address interface logic (part of the
support ciSEuPtPFFSpePPbt nRE i % nal digital control functions and the

sequenci ng The embodiments of Figures 1 and 2 illustrate one form of

implementation of the system which may be referred to as Octal
Sample and Infinite Hold Analog voltage storage systems. These
embodiments have eight programmable non-volatile analog DC
voltage source outputs (CH7-CHO). The programming of the
voltage sources is performed by the selection of the proper
voltage source through the channel select inputs CS2-CS0, and by
applying the proper analog level at the VIN pin,.either directly
or through an appropriate digital to analog interface. When the
WR/ is pulled low, the analog level at VIN is sampled by the
samplé/hold network and at the same time a write cycle is
initiated to write the sampled analog voltage level to one of
the non-volatile storage elements as selected by the channel
select inputs CS2-CSO. At the end of the write cycle, the RDY/
pin goes low and the stored analog voltages from the array are
simultaneously available at the outputs through the analog
output buffers. The analog output buffers, which may have an
enable control, provide a low impedance voltage sourcing

function.- The Support Circuit Block contains all the necessary



functions. Test logic (not shown) is also provided for the ease of full

function production testing of the system As stated before, this system

i npl ement ati on has a nunber of advantages over conventi onal

| Apl enent ations of nulti-channel sanple and hold networks. Since the

voltages are stored in floating gate sfqQrage cells, the stored voltages
@

t - vql at,is | ' le qml t I
Ctor o o EaRAETY o Pe o e R AR e P T o

efreshing I's required

to hold tehem ¥Ek! 2868t A6 WA & dhg ¥ hde@ tBCHEABErdMEi W0 braroacy of the
vol t age over |onger periods, |arge capacitors external to the nonolithic

| npl enentiaticodnar 6fi tar £ Bddtyints efhtel Rina 165Gk edotlige SoBiLmMbWHey Ady
unreliable. The described inplenentations are conplete nonolithic systens,
maki ng t s sedeetedceby sheldhdmelsissdeothpdhsr €62+@30 di ritog |gorttaralest .

The enbodi nent of Figure 7.shows an inplenentati on where the sanple/hold
bl pck hagddeessr aptacfaicei ldgin Gaxt afi gheaksupportned xepidorwlesteorforms t hi s
formthe systemoperates as an Cctal Digital to Anal og convertor (DAQC)
system the Apssrpay dbgitakhmamgak dungtieas| andnthatseprerimuncti on of

DAGCs. There are al so a nunber of advantages of {his, system over
convent i SHECCARPE:r DRESHolRA3S ninots Alyasmg i?hégf)?e%’é‘?]‘%"%%%t%?ﬁ the gase

-vol ati ' I | ti, .
o5 vor &t relh; ESREr RR P st PR oF N B ST 1Y SRR (o be

neld 0SSR CcHo0 MLl SR 1Y AORREYE fofer ) Al ol 0

the system non-nmono n enen very s
monol i t higg,f0BNGeAPE5 RSN [ fnd Nifnent at ions of multi-channel sample and

hold networks. Since the wvoltages are stored in floating gate
storage cells, the stored voltages ake non-volatile, whereas in
conventional implementations, voltages are stored on capacitors,
which leak and hence frequent refreshing is required to hold the
voltages accurately. Also to increase the hold accuracy of the
voltqge over longer periods, large capacitors external to the
monolithic implementation are invariably used. This makes the
system bulky and unreliable. The described implementations are
complete monolithic systems, making the system very small in
size; which relates directly to cost.

The embodiment of Figure 7 shows an implementation where
the sample/hold block has been replaced with an 8-bit digital to
analog convertor. 1In this form the system operates as an Octal
Digital to Analog convertor (DAC) system, the floating gate
analog storage cells emulating the function of DACs.

There are also a number of advantages of this system over
conventional multi DAC monolithic systems. The present system

is a non-volatile system. Conventional multi DAC systems are



conventional nonolithic forns, which relates directly to the cost. Al so
the cost of inplenenting additional enulated DACs in the nonolithic form
is much lower for the present systemas conpared to the conventional

inpl ementation. For the present system each additional DAC is just one
floating gate analog storage cell and one anal og output buffef, whereas
for the conventional systenms it neansléne full DAC and one anal og out put
buf f er. Jblatikans Iorcomyeoitiivhad syptement bheobspwtf digigel mursehacfe DACs
(e g., 16), the present systens will cost much |ess because the die size
will be teebe beid ¥ gieparpitel gon-volatijptBeBPsy thaACHRYS o~ | oati ng

gate cells vaI be used to  store the analo volta in fully differential
fashi on. vahttiling RRKINGGoe S¥SHEM RERTIPTA b"%&/‘gr ef'@}eerﬂ,r@éeqts | ess
sensitiv stem noi,se _and is ess ltl eto te ur
offects. fwﬁﬁm%m%tla%msagﬁ% saeﬁﬁebadmﬁaeiﬁﬁi RS o e s
avallabl 41, rentla ation h|nthe
imted %?u @y}gg%égi;wh%hﬁ grrf TSy h%\c}‘!{])r%légg’?dg %gérlarne]do lyatr’fo &e
pVEf erregs, BNt S c% QW £l gmpféﬁé!fx&g? 488 Qf&?&’ff‘ e@rl\fica‘%e‘&“nidso‘% the
sanpl e and oI output VSH to be” out put rect y to a select ed anal og

out put b€ Shono i & ERd! 1ANmALh! 1866 £bP the Sfeshld afly duiaaciasnode,
whenever the wite signal WR/ is high. In this track node (WR' high), the

vol t age &&hpaied heo aliepWonoentlienaanphplanentat domet ik t32 drelskeass t he
I nput voltage VIN. Also at the sane tinme the VSH
-16- vol $pgeen sepats selittc.onkd PaSpést just anaé ofloatt ing datd emadeg sel ect ed
by the channel select inputs CSO CS2 through the decode
storage cell and one analog output buffer, whereas for the
conventional systems it means one full DAC and one analog output
buffer. This means for monolithic implementations of large
number of-DACs (e.g., 16), the present systems will cost much
less because the die size will be small with higher yields.

Note also that pairs of floating gate cells will be used to
store the analog voltages in fully differential fashion. This
has advantages of not requiring any references, is less
sensitive to system noise and islalso less sensitive to
temperature effects. Also more accuracy is achieved because a
wider dynamic range is available through the fully differential
implementation, within the limited supply range (5V system).

A block diagram of another preferred embodiment is shown in
Figure 8. The decode block 44 allo&s the sample and hold output
VSH to be output directly tb a selected analog output 5uffer.
This condition will occur in the so called track mode, whenever
the write signal WR/ is high. 1In this track mode (WR/ high),

the voltage VSH at the output of the sample and hold network 28

follows the input voltage VIN. Also at the same time the VSH



bl ock 44. When the wite signal WR' goes low, the internal storage routine
starts and continues until the RDY/ signal goes |ow RDY/ going |ow
-signifies that the VSH voltage has been successfully stored in one of the
sel ected non-vol atile storage |locations. At this tinme, the input of the
sel ected output buffer gets switched fromthe VSH input to thé output of

th | ect.ed -vol ati | t | .. Not e that | ected .
andl 09 ot FrLPgeed S Fof Sﬁl%r‘i o A eritablEer bt por

r :‘:)\(/)v)m f)gleys%@ét%j%@ tlci)%!s é(ﬁ;'e}srhl %5 ac'%urtrzosderggfdee%t ur é:hgﬁllé \ARA?J(g%rget o]
choose thg AP!' enViie WJF] gtr{‘ﬁt éwu g%e%ehowetﬂ%%ﬁ{efﬁ&i ed

voltage at t e out put CH of ecte su¢h that a certain

desired PAIYWERIEroutind §¥a£€§1aeascérm%éy it i18dneNabe/ak Sgndagod i
track node feature can be included in all the other preferred enbodinents

descri bediowas desif efbing low $igiiEi eraditeHes e Fogitgeé Rasdbeédnand 8,
voltage Vsh is the input to a single ended to differential convertor

networ k suddesstully atbeddntntond dff gtee sélectBie monrgbeathlledstorage
differential network generates two voltages Vpi and Vpn. The follow ng
equat i onslastadianse r dtathdashinpe bethee aempudh ofVitdfe swllectaddomut Vpi
= (Vsh-Vref)/AV + Vref AV = Attenuation Factor

(Vr ef - VsPuidlex: g@tes switcheghfzon g 86K ﬁ@Putthé'-O\/é‘-ﬂFev@PFa@% of 1$hee

symetri cal I y generated around Vref. The attenuation factor (Av) can be
-17- selected non-volatile analog storage cell. Note that th

selected analog output buffer gets switched to the internal
storage cell output from the sampled and held VSH signal (VSH
sampled at the time WR/ goes low) only when RDY/ goes low. This
track mode feature allows the user to choose the appropriate VIN
voltaée that would set the proper stored voltage at the output
CH of the selected channel such that a certain desired parameter
in a system gets tuned or nulled. Note also that this track
mode feature can be included in all-the other preferred
embodiments described, as desired.

In the embodiments of Figures 2: 4, 6 and 8, voltage Vsh is
the input to a single ended to differential convertor network
(VIN in the embodiment of Figure 7). The single ended to
differential network generates two voltages Vpi and Vpn. The

following equations show the relationship between Vsh, Vref, Vpi

and Vpn.
Vpi = (Vsh-Vref)/AV + Vref AV = Attenuation Factor
Vpn = (Vref-Vsh)/AV + Vref

This implies that the Vsh voltage will be symmetrically

generated around Vref. The attenuation factor (Av) can be



chosen suitably to provide opti mum dynam c range utilization of the
non-vol atile storage range. Simlarly, the Vref (reference voltage) can

al so be suitably chosen for optimmdynanm c range utilization. The
differential voltages (Vpi, Vpn) then go to the respective high voltage
swi tches (Vphv switch, Vnhv switch). The high voltage sw tches Vphv switch
and Vnhv switch either turn ONto |et~}e high voltage progranmi ng voltage
Vhv ( gesBpaead shyteheystpporevide aptinymodnamg cpaasgenubsligahiam®t Vnhy
progranmm ng hi gh voltages respectively, or turn OFF to _block the Vhv high
vol t age ﬁPGgPQﬂWWﬁéaQBE?aﬁ%P#ﬁiﬁnﬁiﬂﬁﬁ-ngSéﬂllﬁélﬁhetp§sﬁéﬁfiOQ?KRﬁﬁPQﬁuI

Vnh ' hi gh I .. .Each high I | Vph d Vnh

Lur ns’ ONVRRERERE: Sfloal o chg LAk, FRCTR 262 CobPHSRATLS CHhor

then th A ' Vol t V] d_V E hi | t i tch

Vph_ and U CERHRE of FRREHARIC e Y SRR BaBeTe WRAL "POb ERILSURC and Vi
I h ; | . '

L R e S e AR

control ehet REghCRBNAE e SEH AN RN W3¢ chSBhdl ¥nnvokl206n SEage. The

support circui € block generates thé proper high voltage progranmm ng

vol tage V¥i¥nf O BBOYELMERhEhidle vl iftlaRfet BlrbdafimdnddQo1€84é Svhhe vol t age
reference bl ock generates the Vref voltage. The differential to single
ended congentpasetiakg phersupdonpirandtVblovk))t agepaks ook e vgtar ramef t he
differential storage cells and generate the single ended voltages Vse. The
si ngl e - ¥ntedprobragminyskigthermlgages tespasalivglyut put tihrd fGHE toThe

anal og out put buffers then provide buffered outputs CH For each pair of

di f f er enblarkstbeafbvceigh Ydrags progeamming voltage from passing on

to the respective Vphv and Vnhv programming higﬁ voltages. Each
high voltage switch Vphv and Vnhv turns ON whenever the
respective input voltages Vpi and Vni are higher then the
respective stored voltages Vpo and Vno. Each high voltage
switch Vphv and Vnhv turns Off whenever the respective input
voltages Vpi and Vni are lower then the respective stored
voltages Vpo and Vno. The decode network selects the proper
pair of.differential storage cells under the control of the
channel select inputs (CS2-CS0) for voltage storage. The
support circuit block generates the proper high voltage
programming voltage Vhv for programming the differential storage
cells. The voltage reference block generates the Vref voltage.
The differential to single ended convertors take pairs of Vpo
and Vno voltages from each pair of the differential storage
cells and generate the single ended voltages Vse. The single
ended voltages Vse then go to the analog output buffers. The
analog output buffers then provide buffered outputs CH. For

each pair of differential storage cells there is one



-18- differential to single ended convertor and one anal og output buffer.
The differential to single ended converters use the followng relationship

to generate the single ended outputs Vse: Vse = 1/2 AV
(Vpi -Vpn) + Vref Av = sane attenuation factor as used in the single
ended to differential network ‘Through the above

rel ation(s({;isf‘%ege%z:i)sailnggesggd g %Eé%ytq?&,‘ée% r(r%sta%] ug%let Ogﬁ% egs%u I&_;:I anal og-
vol t age = hy). u S et al S [ he

' . I ' f
G Ter entifen o ahg HIRFePEROIATRS NI nBlD SERNSRTRschef PR ¢ Common
to all t%l‘iiofwfi%@eQE&QEiéBQﬁ%Qet&eéén%rametl\{Qh‘éin@'i@ \éata\éahw@pli{@é tAQe:

swi t ches provide™the Vphv and Vnhv” high voltage progranm ng voltages to

the selected differentialvsest ar agg2call svp¥popand+ Vinge£i nes provi de the
read back stared voltages fromthe selected differential storage cells and
get conpar ed Aw = amépataatudtion ofdages ds0 Wedddm ttiven sdNgl Beehd€dd to

vol tage switches or turn OFF the high voltage switches. The S11, S21, S31
are decoded si gnal sliffifexenhéadlesetheortlogi c. S11 allows the high voltage
progranmi ng voltages to pass on to the storage cells. S21 provides the Vcc
vol tage to t h&haoyghgéhecabpye wrelatinnshisaddec §linglgr endedt Aetpetad back
node through transistor T3 and al so equal current | oads through

transi st SFEO™PE &AYAFSEOVBRE SAP S aivd og2 oA taIfutYER 7 YRR usi ve,

ur i ngt he pr SGERER Ho PoAa BatREROIRE ARPTER: Hhurin s Mo PTER =P Bt LHBCK

o el G OULPTLAY SSFUEAEE Iy 3ELCp U aobastt g0 oel I 1
differential storage cells. The circuitry in the dotted block
Al is common to all the differential storage cells. The Vphv
and Vnhv high voltage switches provide the Vphv and Vnhv high
voltage programming voltages to the selected differential
storage cells. Vpo and Vno lines provide ﬁhe read back sﬁored
voltages from the selected differential storage cells and get
compared to the Vpi and Vni voltages to either turn ON the high
voltage switches or turn OFF the high voltage switchés. The
S11, S21, S31 are decoded signals from the decode logic. S11
allows the high voltage programming voltages to pass on to the
storage cells. S21 provides the Vcc voltage to the storage
cells when the storage cells are in the read back mode through
transistor T3 and also equal current loads through transistors
T4 and TS. Voltages Sl1l1 and S21 are mutually exclusive, meaning
that bqth are not active at the same times. S31 is active only
during the programming read back mode and not during normal read
back mode. During a programming sequence the selected pair of

storage cells is erased by providing the proper high voltages to



-19- the storage cells. Thereafter, through a repeated increnental high
vol tage program pul se and programread back sequence, the storage cells
are progranmed. The increnental high voltages Vphv and Vnhv are
respectively applied to the storage cells, then the voltage stored is read
back as Vpo and Vno. The voltages Vpi, Vni .and Vpo are conpared
respectively at the high voltage sw t&Bes and the increnental programi ng
cont i nuethei atlepageeatl s f orThegeh foeri hehoabdls aimtepeadtissd rigadelpaokalol t ages
Vpo, Vno equal the input voltages Vpi, Vni respectively. At this point,

t he pai rhdghdveleagatProgran ecahfispoeeram axead ipack reequaneel, thad back
node by having S21 active and S11, S31 inactive. In the normal read back
node, thét?éaaebaekl%o#mgé@gréﬁﬁqedanﬁ%om%@sea%ﬂ Helgh fYditagepal to
single ended convertor and generate the voltage Vse. The Vse then passes

to the akBRBg2RBuYRRY R (%85S t&?’&”d@’ﬂ'ﬁé‘%dﬁ&d@dﬁf”ﬁ%@l dfors T1-T7

bl ock d.ﬁé””ﬁ#lae”“agt—ﬁ%@ R S0 ared dhed® b RS Dby R compar es
the out by, Ciiel vhie 9 SGLPY-analgocbutles tzoe%lb}cf?% A4l doyol tage

VSH. Thi's be “Use ona anm ng sequencet
achi eve %ﬂeagé CSRLULLON A HRCURACmentif] d&f&j &uﬁ@o%@,&% egt he first

programm ng sequence, after the individual cells of a”pair o ifferential
storage ¢Rhiépeddfr DEefoPr@haABIEdnbocéBs UBSPEGiH e &radd t}:wﬁsvb’@@a@é@ Vno,
~the selected channel output CH is conpared to the sanpled and hel d” vol t age
VSH, andvpepevisid ngquah the ispipuivodtagde weihparmi afe sieddisrduyapentcel | i s

programmed with a finer increnmental set of programm ng hi gh voltages.
this point, the pair of differential storage cells are placed in

the normal read back mode by having S$21 active and S11, 831
inactive. 1In the normal read back mode, the read back voltages
Vpol and Vnol pass to the differential to single ended convertor
and generate the voltage Vse. The Vse then passes té the analog
output buffer to provide the voltage CH1l. Transistors T1-T7 are
N channel enhancement devices.

In the embodiment shown in the block diagram of Figure 10,
an additional lobp is provided which compares the output CH of
the selected analog buffer to the sample and held voltage VSH.
This loop will be used in an additional programming seguence to
achieve finer resoluﬁion and accuracy. As described above for
the first programming sequence, after the individual cells of a
pair of differential storage célls have been programmed to the
respective voltages Vpo and Vno, the selected channel output CH
is compared Fo the sampled and held voltage VSH, and depending
on the output of the comparator 46 the proper cell is programmed
with a finer incremental set of programming high voltages.

Finer incremental programming voltages are applied to the proper



Finer increnental programm ng voltages are applied to the proper

-20- cell and the CH output conpared to the voltage VSH bet ween each

i ncrenental high voltage application until the output of the conparator 46
swi tches. Note that during this time the cell which is not receiving the
finer increnental high voltage, does "Qdeed recei ve the sane final high

pr Ltgfgﬁé"%gf”a SadPEhs GG el CBBnRReS tantBSaratBide vl thi Sadh o
finer . Lscegrael: 16 Uolibgh MBhi 208 PLOGLANTI Nl piic e AP at o

46 smntc es agal n Ironaf ~“Séquences ~provi de

vol t age SGROA LN @mwﬁ%hggwpaﬁ;égntﬂét a@flﬁgawgs frxeertwtdm oH to

sanpl ed an ol tage VSH ies any O ut path offsets and

provi desyedh ef s AL iviidgt BRedP8ho oMt PetheNOA T ARG Roltage, Welse
various preferred and alternate enbodi nents of the present invention have

been di stidssdl werk das ahebedmieEehali Righebditage tasviwds keppidd D tig t hose
skilled in the art that various changes in formand detail nay be nade

t her ei n dutimytthelepiarst sggueanet bé Bpyhi vohralgs qupey tdmenioaf. The

-21- CLAI M5 1. A programmabl e

non- vol RFIFTamEing) sesiueage cenrggain be repeated with even a finer
incremental step of high voltage programming until the
comparator 46 switches égain. These additional sequences
provide higher output voltage resolution and the comparison of
the analog buffer output CH to sampled and held voltage VSH
nullifies any output path offsets and provides better accuracy
to the analog output voltage CH.

While various preferred and alterna;e embodiments of the

present invention have been disclosed and desc;ibed herein in
detail, it will be obvious to those skilled in the art that

various changes in form and detail may be made therein without

departing from the spirit and scope thereof.



conprising, in a single integrated circuit: a nonvol atil e anal og
sanpl e storage array for storing a plurality of anal og voltages in an
equal plurality of analog voltage storage |ocations and for providing as
an output a plurality of parallel analog voltage outputs in response

t her et o; addressing neans for directing an anal og vol tagé i nput
signal to one of said plurality of anat2ig- voltage storage |ocations of
sai d nonvol ati|l e anal og sanpl e storagraMay dependent upon the input to
t he addressi ng neans; and, ~ write neans responsive to a wite signal
to cause an anal og voltage input to be stored in one of said plurality: of
anal og voltage storage |ocations-of said nonvolatile analog sanple storage
array dependedt upoRregtampaple BerTolaipilke PealeHevadtRrgesFRYLARaNS.

2. The programmuabl e pon-vo] atil e, anal og vol tage,source of claim1l wherein
each of COREPEARERY: vHR 1o RI R dRFS b FEFRLtsai d nonvol atil e anal og

I t ' di ff tial I I t or, I'ls,
Whoreby an andl BEPUULTTALE SReHe THMELY o GRFAG ALFFE GRLI SHOSARE & ot or age
array | 1%3:8?‘%9;;"" £ L3P i’&élt\?&ﬁ?a the, diff %ﬁ;‘fﬁ'&ie belyeen, the L1o,
representi'ng fhe*stored anal og vp‘ﬁ age. and X art Rer - Conpriaing - means

"eSPONS! 1k AgkNEcYPhIATEo ke Forkl NS £50ed JvaRYheShghgh ohBpuRrgvi ding two

vol tages having a differential voltage _ _ N
-22- 1 espARShY et 0ok Na SAIE Eh vl d RO It Aot BhE s e{ g NEE 3boABEl OO

thereto; )

addressing means for directing an analog voltage input
signal to one of said plurality of analog voltage storage
locations of said nonvolatile analog sample storage array
dependent upon the input to the addréssing means; and,

write means responsive to a write signal to cause an
analog voltage input to be stored in one of said élurality of
analog voltage storage locations of said nonvolatile analog

sample storage array dependent upon the then current input to

the addressing means.

2. The programmable non-volatile analog voltage source of
claim 1 wherein each of the analog voltage storage locations in
said nonvolatile analog sample storage array comérise
differential analog voltége storage cells, whereby an analog
voltage stored in said nonvolatile analog sample storage array
is stored as two voltages, the difference between the two
representing the stored analog voltage, and further comprising
means responsive to the voltage of a single ended input signal

for providing two voltages having a differential voltage

* ¢ L n S * : !



vol t age storage cells. 3. The programmabl e non-vol atil e anal og

vol tage source of claim1 further conprising a sanple and hold circuit

al so responsive to the wite signal for sanpling the voltage of the
anal og i nput signal and tenporarily holding at the output of the sanple
and hold circuit a voltage responsive to the sanpled voltage, -and wherein
said wite neans is responsive to the -28+te signal to cause the anal og
vol t age imgsplonaivieeltd thesaaniplednpbrtayel twishici dddfifereothbelséanakoyi n one
of said plurality of analog voltage storage |ocations of said nonvolatile
anal og selplagesistoaggeacedysdependent upon the then current input to the
addr essi ng neans. 4. The programmabl e non-vol atil e anal og vol t age
source of claim3 wherein each of the anal og voltage storage | ocations in

id | ati] I I t [ i ff tial I
Vol tage storage cals PRSERBBSELA BRATBRLaLHIE AR I0E Ml tPRCSAPRECe OF
| ati |.e .anal I t ' t .two,vol , th
ovorat S AT, F-RRTR! BeRbRLafe A Moold LIRS BRISEhiSSS L0
wher ei n t:’é%ﬁ%%réﬁb% t%”‘ép@%gi%r&&'ééﬁ%i Zf&?s M 1 tt?xeaHMI:ggeSéEn@Aefor
sanpling the voltage of a single &nded I'nput “sigral” and i ncfudi ng neans

for tempaianidgy iRphdi BEghue ¥Akt8RSohaVi 1Y o dinenehthel cuvphi age

responsive to the sanpl éd vol tage. _ .

-23- the shi@lRr aaHAKBRE! 81iPEHLY 04 ahdltta P HPponelikadeoSOHE CEambled
voltage, and wherein said write means is ;esponsive to the
write signal to cause the analog voltage input as held in said
gample and hold circuit to be stored in one of said plurality
of analog voltage storage locations of said nonvolatile analog

sample storage array dependent upon the then current input to

the addressing means.

4. The programmable non-volatile analog voltage source of
claim 3 wherein each of the analog voltage storage locations in
said nonvolatile analog sample storage array comprise
differential.analog voltage storage cells, whereby an analog
voltage stored in said nonvolatiLe analog sample storage array
is stored as two voltages, the difference between the two
representing the stored analog voltage, and wherein the sample
and ﬁold circuit is responsive to a write signal for sampling
the voltage of a single ended input signal and including means
for temporarily holding two voltages having a differential

voltage responsive to the sampled voltage.
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clainse 3 or 4 wherein said addressing neans is a neans for directing the
out put of said sanple and hold circuit to one of said plurality of anal og
vol tage storage | ocations of said nonvolatile anal og sanple storage array
dependent upon a coded input to the addressing neans, and wherein said
addressing neans further conprises decoding neans to decohe sai d coded

I nput to select a respective one of sar#3plurality of analog voltage
storage | ocati®ns THe yricdrammeblat hba-aodioil e aamd og Stcdntage aonayge of

6. The programmabl e non-vol atil e anal og voltage source of claim1 wherein
sai d analokpimd thee 4t whageihosaidonddoésshigl means/ dlsat meaamalfog sanpl e
storage array are electrically erasable analog voltage storage cells.

7. The préirectind dheoputphtt Pfesahdl srppde t ot carguitctai ane fierein
sai d anal og, vol tage storage |ocations of said nonvolatile anal og sanple
storage 335y RYWFYiSHt phgagaleyd €olragr ePrage 1°°at1038.°fh§abgogrannable

non-vol atil e al vol tage soufce of any one of clajns 1, 3, 4, r 7
Wher of n AV AR Oles B 095 APBLS SHPFRSS iR SRReR oo FRABs 2 atpReal 1 1y
O Dl e iR, [3le BUAKELLEA,"BLAL A AAY BleLof 'IRTIANGE802hG0 VO, | 20°

9. The Qoo SMFRRLE NRHEekaLs! § 208109 N 1295 SRUSR Ahid coded

input to select a respective one of said plurality of analog
voltage storage locations of said nonvolatile analog sample

storage array.

6. The programmable non-volatile analog voltage source of
claim 1 wherein said analog voltage storage locations of said
nonvolatile analog sample storage array are electrically

erasable analog voltage storage cells.

7. The programmable non-volatile analog voltage source of
claim 6 wherein said analog voltage storage locations of said
- nonvolatile analog sample storage array are floating gate

storage cells.

8. The programmable non~volatile analog voltage source of
any one of claims 1, 3, 4, 6 or 7 wherein s;id nonvolatile
analog sample storage array includes a plurality of buffer
means for providing a plurality of low impedance analog voltage

outputs in response thereto.



claim 8 wherein said buffer neans includes an enable buffer nmeans for
enabling and di sabling the buffer nmeans outputs. 10. The
programabl e non-vol atil e anal og voltage source of claim8 wherein said
programmabl e non-vol atile anal og voltage source has a first plurality of
anal og vol t age storage | ocati ons and W? reln said plurality of buffer

f

f 'd' I I f b I I
response t hEI"V-l) I a§§g§%%na'p% HoPul el i b 8= OB 4F .

d pl f { t h t
:gfgnfl Iros‘:"t raa}1 urali ty él %éle&iu]%ﬂféaﬁ? ’&é% s c%hggl %nnlﬁ %?ét an séu grgegond

plural ity ?,@ggfogrgpsmlﬁ A iy néfh%r bRRLEE! b MG SEpperond

plurality o Irst plurality og voltage storage |ocations are
coupled to said second plurality of buffer means to provide said second
plurality of buffered anal og voltage outputs. 11. The progranmabl e

non-vol atil e amal ogheobkageamfitXe ndr-¥d1aitD1k0 anhebgi Bostage f ssstce
plurality is an integer nunber N tines said second plurality, and wherein
sai d nearsf fadraims @l eberein véaich memnradimaAbleahionhy-vollashlel dnakigpl urality of
anal og voltage storage |ocations are coupled to said second plurality of
buf fer nyvadsags sovricdehasial Hewinlplnalditivt pfoanabggimb@amaﬁmm t age
out puts conprises said addressing neans, whereby N pages of said first

pl urali tylo(ﬂata}mlS»ogndth@ag@ set%gélq@cla-tt%ﬁ RuffpE BeRR®sEXW for

provi di ng avy
pro ldlng a plurality of buffered analog voltage outputs in

response thereto is a second plurality of buffer means for
providing a second plurality of buffered analog voltage outputs
in response thereto, said first plurality being substantially
larger in number than said second plurality, and further
comprising means for selecting which second plurality of said
first plurality of énalog voltage storage locations are coupled
to said second plurality of buffer means to provide said second

plurality of buffered analog voltage outputs.

11. The programmable non-volatile analog voltage source
of claim 10 wherein said first plurality is an integer number N
times said second plurality, and wherein said means for
selecting which second plurality of said first plurality of
analog voltage storage locations are coupled to said second
plurality of buffer means to provide said second plurality of
buffered analog voltage outputs comprises said addressing
means, whereby N pages of said first plurality of analog

voltage storage locations may be addressed for providing any of




- -25- N pages of said second plurality of buffered anal og voltage outputs

at a tine. 12. The progranmabl e non-vol atil e anal og vol tage source

of claim7 wherein said wite neans is first responsive to a wite signa

te erase the voltage stored in the respective analog voltage storage

| ocation of said nonvolatile analog s, E‘pl e storage array bef orre causi ng an
[

| | 1 t to be stored in iy ana
"ot age Nk a9an ot dadd Rban SORaTIaRYors: PRELARER A alah B e

array. rogr ammabl e non-vol atile anal og voltage source of
claim1 PUYPREF %%n?)mr ¥ of . means for providing an output signal

I ndi cative of the conpletron of a wite operation by said wite neans.
14. The programmabl e non-vol atil e anal og voltage source of claiml or 7

further compriged phe 4hobdAlnddb A4l vol AR SE! BhalBaNTol thod SESI1LLY 2

mul ti-bit parallel digital signal and converting sard nulti-bit parallel

digital sfgeghiho7 x@tier?é‘ﬁ{ QG i W3k eameankdianak o8t | PPsorsd BRAltd @ sai d
wite nmeans. . The progranmabl e non-vol atile anal og vol tage

source _ahcéasﬁgﬂ&lfwtéﬁse:m voadagk segkediein MER@Srd Sfedtewd ving a
multi-bit serial digital signal and providing the sangp to said
analog voltage storage location of said nonvolatile analog
sample storage array before causing an analog volfage input to
be stored in the one of said plurality of analog voltage

storage locations of said nonvolatile analog sample storage

array.

13. The programmable non-volatile analog voltage source
of claim 1 further comprised of means for providing an output
signal indicative of the completion of a write operation by

said write means.

14. The programmable non-volatile analog voltage source
of claim 1 or 7 further comprised of digital to analog
convertor means for receiving a multi-bit parallel digital
signal and converting said multi-bit parallel digital signal to
an analog signal as said analog input signal to said write

means.

15. The programmable non—volatile'analog voltage source
of claim 14 further comprised of register means for receiving a

multi-bit serial digital signal and providing the same to said

Hllllll ] IIIII IIIlI II III|



-26- digital to analog convertor neans as said nulti-bit parallel digital
si gnal . 16. .The programmabl e non-vol atil e anal og vol tage source of
claiml or 7 wherein: . said nonvol atil e anal og sanpl e storage array S
a-means for storing a first plurality of analog voltages,. sai d
addressing neans is a neans for directing a second plurallty of anal og

vol tage input signals to an equal Iur%ﬁ ty of analog voltage_storage

| ocat i ofkd-gdftadait® AARIATCSORECERRF dbea%“ar?p? Sasith g Iadrtay PeEpLABENt upon
the inpug, t.o Hhe .addr.essi ng neans; and, said wite neans is _
responsF&@ 5 1a SHERS - 'signal to cause a second plurality of anal og voltage
inputs to be stored in a second plurality of said first plurality of
anal og vol tage storage | ocations of said nonvolatile analog sanpl e storage

array depend ﬁég?i%% aFEFErﬁgﬁ *55&g1#é’4553§§’ i gﬁggeg%s.

17. The progrannab I'Te anal og vol'tage so

wher ei n said il St g W QiHer¥ 1hS an i nteger nunber ti mes said second
plurality, whereby any one of N pages of a second pIurallty of anal og

vol t ages may 8 &idBH¢NANISE ¥na3bgl §8mp Te 4o g Al ptdy e sa@amegnsanpl e
storage array at one tinme, and wherein any one of N pages of a second

pl ural i torofstoaialgo@ Mildstgelaovapit g B \arx) gor oxo ldkexead, one tine by said
nonvol atil e anal og sanpl e storage array.
said addressing means is a means for dlrectlng a second
plurality of analog voltage input signals_to an equal plurality
of analog voltage storage locations of said nonvolatile analog
sample storage array dependent upon the input to the addressing
means; and,
'said write means is responsive to a write signal to cause
a second plurality of analog voltage inputs to be stored in a
second plurality of said first plurality of analog voltage
storage locations of said nonvolatile analog sample storage

array dependent upon the then current input to the addressing

means.

17. The programmable non-volatile analog voltage source
of claim 16 wherein said first plurality is an integer number N
times said second plurality, whereby any one of N pages of a
second plurality of analog voltages may be simultaneously
stored in the nonvolatile analog sample storage array at one
time, and wherein any one of N pages of a second pluralify of
analog voltage outputs may be provided at'one time by said

nonvolatile analog sample storage array.

AL AT



-27-. 18. The programmabl e non-vol atil e anal og voltage source of claim
1, 4, 7 or 11 wherein the addressing neans includes neans for. providing an
anal og voltage input signal as an output for the respective one of the
pturality of parallel analog voltage outputs dependent upon the input to
the addressing neans; 19. The programmabl e non-vol atii1 e anal og

vol tage source of claimi1, 4, 7 or 1t2dterein the wite neans is
rresponsi ve tol8a wrheePsPgrrRmalle APScveAathdrognadbrayeliagritsqugase

conpared w th the anal og vol tage output of the respective anal og voltage
storage PECSLRER And?t o’ PoviluéhereinetBRogAdAfs AYNE eHERDT e 1GT UdeEs ponse

R e A e P e

providingog pLUr BLLLXCOL DUNOIE khe o308 09 YOLERGERPALPTIalNg, the ot eps

of : ng-a nonvo ana?og anple storage arr for

Stori ng goRtuba! bh¥plf s A0a ittt %%)%ﬁstha. %Hpsgg?b £hb U aidsk 19y anal og

vol tage storage I ocations; storing a urality of analog vol t ages
in the peapaltity of anal og voltage storage |ocations of the nonvolatile
anal og sanpl e storage array; and, (c) statically reading out a
plurality of analog voltages stored in the nonvol atile anal og sanple
storage array to provide a plurality of parallel anal og voltage outputs.
13. The programmable non-volatile analog voltage source
of claim 1, 4, 7 or 11 wherein the write means is responsive to
a write signal'to cause an analog voltage input to be compared
with the analog voltage output of the respective analog voltage
storage location and to provide a fine programming sequence in
response thereto to cause the analog voltage input to be more

accurately stored in the respective analog voltage storage

location.

20. A method of providing a plurality of nonvolatile
analog voltages comprising the steps of:

(a) providing a nonvolatile analog sample storage array
for storing a plurality of analog voltages in an equal
plurality of analog voltage storage locétions;

(b) storing a plurality of analog voltages in the
’plurality of analog voltage storage locations of the
nonvolatile analog sample storage array; and,

(c) statically reading out a plurality of ahalog voltages
stored in the nonvolatile analog sample storage array to

provide a plurality of parallel analog voltage outputs.

R




- 28- 21. The nethod of claim 20 wherein: i'n step (a), each
storage location in the nonvolatile analog sanple storage array is a pair
of differential analog voltage storage cells; in step (b), each
anal og voltage stored in the nonvolatile analog sanple storage array is
stored as two voltages, the difference between the two representing the
stored anal og voltage; and in st28p (c), statically reading out the
anal og vol tages sftrheemethodhef peldinofR20swheagdncel |s for each of a
plurality of storage locations in the nonvolatile anal og sanple storage
array, and codmestepg(eachepahrstdrags tlagesibo an theahogvedatiabe
proportional to the difference between the respective pair of voltages.
22. The mathod stmplei stovagkarday s &t ppitbpf dhEfepeat byl \aralages to be
stored are_first provided in digital form and then converted to anal og
form f or Vet Bpggestorage cebks; The nethod of claim 22 wherein in step (b),
the anal og voltages to be stored areﬁfrovided in hit parallel digital

form and t heniBofiv&Pt &) 1t 0®&FRI HF 4% MOLERIEt GFQG8S 1n the nonvolgfellfet hod
of claing231mhe£ein insgéeg éfgf 1:hes anglog gol%a es %g be sttred are
provi ded*PRIBP t SEBRTRI SHPHTIRI I T heardCFR&nBohter YRE“2EEH ar al | el
forn‘andd&??@r&ﬂc@”@é?@eeﬁQgﬁgféyb §%8E§ggnting the stJred analog

voltage; - .

and in step (c), statically reading out the analog

voltages stored in the pair of storage cells for each of a

plurality of storage locations in the nonvolatile analog sample

storage array, and converting each pair of voltages to an

analog voltage proportional to the difference between the

respective pair of voltages.

22. The method of claim 20 wherein in step (b), the
analog voltages to be stored are first provided in digital form

and then converted to analog form for storage.

23. The method of claim 22 wherein in step (b), the
analog voltages to be stored are provided in bit parallel

digital form and then converted to analog form for storage.

24. .The method of claim 23 wherein in step (b), the
analog voltages to be stored are provided in bit serial digital
form and then converted to bit parallel form and then to analog

- form for storage.
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-29- . 25. The nmethod of claim 20 wherein in step (b), the plurality of
anal og voltages stored in the plurality of analog voltage storage
I'ocations of the nonvolatile anal og sanple storage array are stored one at
a-tine. 26. The nethod of claim20 wherein in step (b), the
plurality of analog voltages stored in the plurality of anal og- voltage
storage | ocations of the nonvolatile amdPog sanple storage array are
stored a pluraPkPty Breamethad of claim 29 wipsehppt hodstEP i mE® wherein
the plurality of analog voltage storage |ocations of step (a)_ is N tines

the plur BEREFLEEY pof Ao 53 9es ehgeeduiputlRe RBHadddy wkarloge) at

any one ting, so that any, of N pages of parall el al o vol t age out puts
may be seV@&#F?%I?t?ﬁ?ﬁﬁ(ﬂﬁf§q+9ﬂ§eﬁf(5¥? n°nv°f%t§§% aﬁ%%?ﬁﬂ. & claim 20

further copprising the step. of rovi din n_anal og vol tage input signal to
be st oredsggraﬂe %ﬁf%ﬂta’feors’:t%ee‘fé’gﬁee#i gegb'ﬁ%' of the plurality of parallel

anal og vol tage out puts dependent upon the input to the addressing neans;
29. The nmethod of claim 20 wherein during the storing of an anal og

vol tage, the apgl 0Tyl hitdifod o UMANESOMABrERR 1ANSGY M9 1 ages out put of

the respective anal og voltage storage location and a fine progranmm ng

sequence p3nueaNsitgt o€ ddhlog voltages stored in the pldrality of analog
voltage storage locations of the nonvolatile anaiog sample

storage array are stored a plurality at a time.

27. The method of claim 20 wherein the plurality of
analog voltage storage locations of step (a) is Nltimes the
plurality of parallel analog voltage outputs provided in step
(c) at any one time, so that any of N pages of parallel analog

voltage outputs may be selectively provided in step (c).

28. The method of claim 20 further comprising the step of
providing an analog voltage input siénal to be stored as an
output for the respective one of the plurality of parallel
analog voltage outputs dependent upon the input to the
addressing means;

29. The method of claim 20 wherein during the storing of
an analog voltage, the analog voltage is compared with the
analog voltage output of the respective analog voltage storage
location and a fine programming sequence is'conducted'ih

response thereto to cause the analog voltage input to be more
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response thereto to cause the anal og voltage input to be nore

-30- accurately stored in the respective anal og vol tage st.orage | ocation.

- 30. A programmabl e non-vol atil e anal og voltage source conprising, in a
single integrated circuit: a nonvol atil e anal og sanpl e storage array
for storing a plurality of analog voltages in an equal plurality of anal og
vol tage storage | ocations and for pro© Faing as an oqutput at |east one

anal og 34 oL SHIrech 1ne §BBn E-SPREF £Y%); 3nalog vidadssiSteT@dsns f or
directiig% n,_anal og voltage input signal to one of said plurality of

anal og %Eﬂﬁ?%torage | ocations of said nonvol atile anal og sanpl e storage
array dependent upon the input to the addressing neans; and, wite
means responsive to a wite signal to cause an analog voltage input to be

stored in o of | h - V, Qﬁﬁ;'ons of
sai d nonvol 2:?91 e i?ﬁ@ga%{é‘g‘r’?'&%“%ofgggkg% aé;Aé ep n‘é%% %pogn t eé t hen
cur rent s &y, e AdRGI8l BALUEAIPed cizeuic 1. The programmabl e
non-vol ati'l e anal og vol tagé source™ of claim 30 wherein the addressing

neans is al s rofRARL Y andalyr BaRbe %Eﬁ?&faﬂ‘@' Sty et dqpiH@ld ty of
anal og voltages is provided as the.output of the noqvolatple anal og sanpl e
St or agepluralajty of analog voltages in an equal plurality of analog
voltage storage locations and for providing as an output at
least one analog voltage output in response thereto;
addressing means for directing an analog voltage input
signal to one of said plurality of analog voltage storage
locations of said nonvolatile analog sample storage array
dependent upon the input to the addressing means; and,
write means responsive to a write signal to cause an
analog voltage input to be stored in one of said plurality of
analog voltage storage locations of said nonvolatile analog

sample storage array dependent upon the then current input to

the addressing means.

31. The programmable non-volatile analog voltage source
of claim 30 wherein the addressing means is also a means for
determining which of the stored plurality of analog voltages is
provided as the output of the nonvolatile analog saméle storage

array

32. The programmable non-volatile analog voltage source
of claim 30 wherein each of the analog voltage storage

locations in said nonvolatile analog sample storage array

(T



-32. The progranmabl e non-vol atil e anal og vol tage source of claim30
wherei n each of the anal og voltage storage locations in said nonvolatile
anal og sanpl e storage array - 31-
conprise differential analog voltage storage cells, whereby an anal og
voltage stored in said nonvol atil e anal og sanple storage array is stored
as two voltages, the difference betweei3lthe two representing the stored
anal og vebtmgese adlif feré¢detak anmlcy vplteganstoesgpenseldks | owhéeelvpldrage of
a single ended input signal for providing two vol tages having a

di f f er eng@n@alogovre bispae resprertiine sadd W@P’Salr%)tbhevwé @@ $dRLe dstorage
differential apalog voltage storage cells The programabl e
non- vol aRFFaY ahdl %"@F’F/%‘Ft%@et%l}ﬁ?éﬁag@ﬁrclza? nilBﬁf?ﬁ‘?’c‘ﬁ%rb%BW‘? s¥RR) WSanpl e

and hold circuit also . responsjve to the wite sign for sanpling, the
vol t age BFPTFRENLART otPf i 'I)R %‘Igﬁ% ogh ¥OoLEAPor a?’i’&yg‘ﬁ’é?lﬂi?ﬁ p’fhg"%t put

f h I d hol d I h I d
Vol t age, BARES FETETISREe <, e, Thakies 8%, aHERITY LEebo el Betayna 10

th I tt
be-tor enoT P Ene S 2P prEI‘éﬁsf%y*‘%gﬁn o BT PIRLEL IL oCat ons of
sai d nonygkabid £s&N8b Ofhe seem&fecﬁtwﬂa‘aeaﬁaayaﬁgp&ﬂéfﬁf:eﬂefal Ligaiden

current input to the addressing neans programma

non-vol atbl€agdad Oy tegersource of claim32 wherein said anal og voltage

storage | ocations of

33. The programmable non-volatile analog voltage source

of claim 32 further comprising a sample and hold circuit also
responsive to the write signal for sampling the voltage of the
analog input signal and temporarily holding at the output of
the sample and hold circuit a_véltage responsive to the sampled
voltage, and wherein said write means is responsive to the
write signal to cause the analog voltage input as held in said
sample and hold circuit to be stored in one of said plurality
of analog voltage storage locations of said nonvolatile analog
sample storage array dependent upon the then current input to

the addressing means.

34. The programmable non-volatile analog voltage source
of claim 32 wherein said analog voltage storage locations of
said nonvolatile analog sample storage array are electrically
erasable floating gate storage cells, and wherein said write
means_is first resﬁonsive to a write signal to erase the
voltage stored in the respective analog voltage storage

location of said nonvolatile analog sample storage array before
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said nonvol atil e anal og sanple storage array are electrically erasable
floating gate storage cells, and wherein said wite neans is first
responsive to a wite signal to erase the voltage stored in the respective
anal og voltage storage |ocation of said nonvol atile anal og sanpl e storage
array before -32- causing an anal og
vol tage input to be stored in the one 82said plurality of analog voltage
storage |lcmetingnanofnadipg vodhageainpwt aralbeg stamede ist bhagenarefiysaid

35. The progranmabl e non-vol atil e anal og voltage source of claim 34

wher ei n Eiuraidryolodt rRhalagavodtagepsorzas dpsatdongy ofnépddes a buffer
means for providing a plurality of |ow inpedance anal og voltage output in
r esponse RBIRAS11gnanawRgr ERRPG; SLPERIRLAGRSs i ncl udes an enabl e buffer
means for enabling and disabling the buffer means output. 36. The
programmabl e non-vol atil e anal og voltage source of claim30 or 34 wherein

t he addressin ans includes ns - for providi I Vv I nput
signal as an gs put oProgﬁngnggggcf‘?f}ev Jﬁaétlo © t%%%%%q]ttggeogl)%gggl | el
anal og vq 2+ Ot P e t | t the1addegsskog neans;
37. The pérfogggr%rrnggﬂeu%%ﬁgggl gg??engﬁg@é%{@o '%eloéggsrcg og c?aélgm 30 or 34
wherei n thyer 3 isln@ 198RES ai BukEEPORSANS £8r Hro¥ildidgsia0pah-hoiEguse B, anal og
vol tage input” to be conpared wi th the anal og vol tage output of the
respect i vanpdtind@ 4ekliagevoltage output in response thereto, and

wherein said buffer means includes an enable buffer means for

enabling and disabling the buffer means output.

36. The programmable non-volatile analog voltage source
of claim 30 or 34 wherein the addressing means includes means
for providing an analog voltage inpuf signal as an oﬁtput for
the respective one of the plurality of parallel analog voltage

outputs dependent upon the input to the addressing means;

37. The programmable non-volatile analog voltage source
of claim 30 or 34 wherein the write means is responéive to a
write signal to cause an analog voltage input to be compared
with the analog voltage output of the respective analog voltage
storage location and to provide a fine programming sequence in
response thereto to cause the anélog voltage inppt to be more
accurately stored in the respective analog voltage storage

location.

38. A programmable non-volatile analog voltage source

comprising, in a single integrated circuit:

T



storage | ocation and to provide a fine progranm ng sequence in response
thereto to cause the analog voltage input to be nore accurately stored in

t he respective anal og voltage storage |ocation. 38. A progranmabl e
non-vol atil e anal og vol tage source conprising, in a single integrated
circuit: -33-~ - 33- a pair’ of

electrically ef 3y off eQatthgcqdtle ErissbratfRatitiplgedevalif@geesit 0aage
cells for storing an analog voltage as the difference in the voltages

stored i nidinglividitaget sabragematell y of dragettionpnge aekbllsg aalitdge @ o0vi di ng
as an output at 1|east one anal og voltage output in response thereto;
buf f er meehes didifjearesicee inothdevalt pyrs oftatesl dinf teedifferenndbbg vol t age
storage cells to provide a |ow inpedance anal og output in response

t her et o; &nRlkog voltagei sEoregM sCe bkpormrd £ap Profidiagspgnan evtealsat an
anal og voltage input to be stored in ttQS:gPai r of electrically erasable

floati ng YRAT @ EPENPCFarOtRTd LYY AOPGES EBPFSLOF T - 39.
ai d DUt or LA BeGH8 " APENALTE CBLFFE o HERHe ol e dREERG AR |
disablir“%&é&%JNUUT@éggeggérQ&éQyélls to provide a low impedance analog
output in response thereto; and,
write means responsive to a write signal to cause an
analog voltage input to be stored in the bair of electrically
erasable floating gate differential analog voltage storage

cells.
39. The programmable non-volatile analog voltage

source of claim 38 wherein said buffer means includes an enable

buffer means for enabling and disabling the buffer means output.
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