ﬁiHI GH DEI‘G#TY READ ONLY MEMORY Technical Field The
“invention relates to the retrieval of di gitized information, and in
&partlcular to - the retrieval of digitized information stored within a

read-only menory ("ROM') | e I nvention '
Storing digital audio or *&%@fﬁlﬁl}m@ﬁ%&m& quality requires a

great deal of menory. For exanple, it would require approximtely 64
mllion menory sites to store 5 15 minutes of audio sanpled at a rate of

64 kbi th hi gher qual ity and/-or | onger durati on woul d
naturally require even greater anounts of nmeno and naturally, the sanme
‘woul d be true mtumoelate@mﬂrerremewéo’édqgmedwiémtmmdmpuncslem@onductor
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digitized audio and vi-deo infor mation within such
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Storing digital audio or video mformatlon of reasonable quality requires a great deal
‘of memory. For example, it would require approxxmaxely 64 million memory sites to store
5 15 minutes of audio sampled at a rate of 64 kbits/s. Audio of higher quality and/or longer
duration would naturélly require even greater amounté of memory, and naturally, the same
would be true for video. However, the capacity énd density of semiconductor memory
devices, pérticularly ROMs, have increased dramatically in recent years As. aresult, the
storage of substantial quantmes of digitized audio and video mformatlon within such

10 devices has become feas1ble

While present ROM archltectures will support the storage of large quantmes of
digitized audio or video information upon a smgle integrated device or chip, there is an ever’
increasing need to minimize the physical size of the chip that provides the storage. This

| need to minimize the physical size of memory is seen tb be most critical in the portable,

15 personal mﬁio/video playér arena. Clearly, the consumers' preference for "very small
portable audio and/or vidéo entertainment units is evident from the popularity of rrﬁhiature.
stereo cassette players and televisions. It follows that if audio and/or video is to be stored
within a solid state memory device for use in portable players, it would be advantageous to
utilize a storage system that could prov1de a greater data storage density than that of - |

20 currently available ROM devices. - :

The gforemenﬁonéd problem is sblved, in accordance with the principles of the _
'~ invention defined by the claims, by providing a system and method for the storage of digital
~ information wherein data that would normally be represented by multiple bits of
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10 dewices has becone feasible. ) Wi l'e present ROM
architectures will 'support the storagg'of | arge quantities of

- digitized audio or video information upon a single integrated device or

chip, 't ' ng)é,h' IhBG aﬁﬁg hifTh RIOWIZ 1 VAT si ze
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advan ous ‘to e a storage systemthat could provide a greater
dat'a st @ f@envéation) Vhe idventibiis pafticilirlyuwellesiited twhativeduldbtdsidesedces . -
Summary O The 1nvention : The aforenentjoned _problemis sol ved,
i n accorelatively law-speed datp retrievabsystenas; sucheas those pdapise tp provads audicyangiort he
clainms, b rovi di ng a,system and method for the storage of digital
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10 FIG. | is a schematic dlagram showing a decoder circuit and a portion of a

high-density ROM that facilitate the practice of a particular method of the invention;
* FIGS. 2A and 2B are schematic diagrams showing a decoder circuit and a portion of
a high-density ROM that facilitate the practice of an alternate method of the invention; and |
| FIG.3 prdvides an illustration of various signal waveforms that are applied td and
" 15 produced by the cirouit of FIGS. 2A and 2B. |

' Detailed Descripti
_ -FIG. 1 pfovides a schematic diagram showing eight memory sites (101 through 108)
within a portion of a high-density ROM, and an associated decoding circuit 100. lEach
memory site is shown to include a field-effect transistor ("FET") (109-1 16). Asis well
known to those familiar with the art, logical values 1 and 0 are typically tepresenied within
20 ROMsby the presence or absence of a connection to an FET at any given memory site --
One bit being stored per mémory site. Each memory site within a ROM is tyl:;ically
addressed via a single bitlineand a siﬁgle wordline. In FIG. 1, lines 117-122 are bitlines, -
‘and iihes 123-126 are wordlines. Asis also shown, éach mexnory site within the ROM can
be addressed via three separate and distinct bitlines. For example, any one of memory sites
25 101-104 can be addressed via bitlines 117, 118, or 119, This three bitline addressing




- 2- information is effectively stored at single nenory site within a
-ROM This is aecconplished. by enpBoying a nultiple bit-line menory
architecture, in conj unctlon W|th a data decoder. - Wth this
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relatively | ow speed data retrieval st ens, such .as those adapted to
provi desesgslil bisnepyesented by a/FHE that proen aiswischable path bativeen bitlined . 19 (the _
Brief_Descri. The Drawin t he .draw :
FIG 3 s ta“éﬂh E tline) an WQM%S\@@@E@&@@%W&&H@%% (ﬁleport ion of a
! ah- deiikirinéafae i) aldibind ShRsllenl bSthEROTo. fh éﬁén‘éé‘bi" method of the

I'nventi on; are- sc emit I a rams showi n ng a

decoder represented bypanl FETRonhdcting bitline 117 (theleashsigifieart &Sttlﬁﬁ)’lahdil giouhdCindi t at e

the practice of an alternate nethod of the invention; and
the bit sequence 00 is represented when there is no connection between an FET and any of

: the bitlines at a particular memory site.
10 In order to read the two bits of information stored at a partlcular memory site in the
ctrcmt of FIG. 1, the three bitlines and one wordline assocxated with that particular memory
site must be accessed. For exatt_lple, to read the value of the data stored at memory site 104,
wordlines 123, 124 and 125 are grounded to ensure that the channels within associated
FETs 109-11 1 and 113-115 are maintained i ina non-conducttve state Simultaneously, .
15 wordline 126 is supplied with a voltage Vdd This apphed voltage causes the channels
within FET 112 and FET 1 16 to be placed in a conductive state, thereby selectmg the
column of memory sites which inciudes 108 and 104. A connection between decoder
circuit 100 and bitlines 117, 118 and 119 is then effected. To accomplish this, bitline
control conductor 127 is supplied voltage V44, while bitline control conductor 128 is
20 grounded. This places the channels within FETs 129, 130 and 131 into conductive states,
thereby selecting the row of memory sites 101-104 for reading (i.e., conductive paths
- between ,Bitline 117 and line 134, bitline 118 and line 133, and bitline 119 and line .132 are
established). The grounding of conductor 128 maintains the channels within FETs 135, 136
and 137 in non-conductive states.
25 thh the bitlines and wordlines i in the state descnbed above, memory site 104 is
selected for reading and the combinational loglc devices (138-141) within decoder 100

produce the followmg



FI'.G 3 provides an illustration of various signal waveforns that are
applied to and -5 produced by ‘the ci rchit of FIGS. 2A and 2B.
~¢Detailed Description - . FIG 1 provides a schematic di agram

showi ng -ei ght no i tes t hro 10 withip.a partion of a
hi gh- densi ty Hg}] “&ﬁﬁﬁgﬁl ﬁlsé)(fgﬁlﬁ"é‘b’“gggﬂﬁ?% légﬁ%ﬁfefuliegl eEgigh " nenory
site i s shown gp&ipl I ( 109-116). As is
“wel | : knoaﬁéﬁlﬁg ose ggll%llg?%{\}é?ﬁ aheﬁ{aéﬁf&%%gl&tggl %éilges 1 and 0. are
typically repsigasidewdt within 20 ROV by the presence or absence of a

connection to an FET at any given nenory site -- - One bit. being stored
per menmory site. 'Each menory site within a ROMis typically - addr essed .

Svia a |ngle | in Li ne 17-122 are

o £ Tiaro' kbl Haich 8/ 9ottt St lfeert G | agl BB 200
nmenory S' t e .Wihé¥ 133tdna IBﬁM)ﬁl?éing conned&d 6lﬁﬂ%ﬁtl’{éréfo§é%ra€ﬁ separ ate and
distinct bitlines. For exanple, any one of nenory sites 25  101-104 can be _

addr essed Vi aniamtalmade_gmal'/l 31g:m8levdca_nk119 This three bitline addressing

low output (logical 0) at the output of AND-gate as a result of line 132 being
10 | ~ata logical 0 signal level

 When the FET at the particular memory site being read provides a connection |
Weeu a most significant bitline (119, 122) and ground (such as the FETs at memory sites
104 and 107) the output of inverter 138 will _produce a logical 1, while all other logic device

15 outputs will be 0. When the FET at the memory site provides a connection between an
intermediate bitline (118, 121) and ground (such as the FETS at memoty sites 103, 105 and
108) the output of inverter 139 will produce a logical 1, while all other logic devices output
0. When rgading-a memory site havmg an FET providing a connection between a least

~ significant bitline (117, 120) and ground (such as the FETs at memory sites 102 and 106)

20 the output of inverter 140 will be a logical 1, while all other logic devices will output logical
0. Finally, if the FET at the memory site being read fails to pfovide A connection between
ground and any of the bitlines (such as the FET at memory site 101), the output of AND-
gate 141 will be a logical 1, while the three inverters will outpuf logical Os. o

'F_IGS. 2A and 2B are schematic diagrams showing an alternate decoder circuit (200)

25 and a portion of a high-density ROM that facilitate the practice of the invention. Eaéh
memory site (201-214) is shown to include an FET (215-228). Lines 229-236 are bitlines,
and lines 237-243 are wordlines. As shown, the memory sites within the ROM can be
addressed via four separate bitlines -- bitlines 229-232 address memory sites 201-207, and

bitlines 233-236 address memory sites 208-214, The four bitline addressing permits seven



-3- effectively allows data that woul d have required two bits of
I nformation (and two separate ma'rﬁ)Ty sites) to be effectively stored
~¢at each nenory site. Any nenory site can be nade to represent any of

four states corresponding to the pit series 00, O 10, ar 11. The bit .
series feparale l“gI Fggtm%gm%gﬁto;é)atte MEneLy; S&E’sasiblé%"%:cﬁ%?xém@ Eorbet ween

'bitIine”ﬂa? t.he ) st significant "bitline) and ground; an FET
swi t chabl'y %rgr? esc%qln%(ﬁ%i tline 118 (the i ntermedi ate bitline) and

J

ground represents the bit sequence 10; the sequence 01 is represented

by an FET connecting bitline 117 (the least significant bitline) and |
ground, and anFET eanng¢tionhetivesnaamost-significapthitlanet (832,286 handeere i s no-

connection between an FEI. and .an aaeyothe bitlines.at, a particular
.rrerm_r§ si te. Sggpndmos 'S}%?lf?ﬁaa'g@%@égv@?h@?ﬁﬁs‘% QltéF"?snlfl@r mati on stored
at a particular nmenory site in the circuit of FIG 1, the three

bi.tlines and one wordline associated with that particular nenory ° site
must be accesndRET éanmeetion hetweentamaoseaignifivantvbit lire (232,1286) griftaa st ored at
menory site 104, wordlines 123, 124 and 125 are grounded to ensure
that the charsAeand least-rignificansdusi line4230, 234) representsybe bit serigsd01:13- 115 are

mai ntai ned in a non-conductive state. Sinultaneously, 15 wordline 126:is
supplied with a voltage vdd. This applied voltage causes the channels

withig FET 112 FEIdcd{ﬁ?ct%@e?&eB% s@éo%ﬁ?ﬂbsi—@igﬁifﬁ:%@iﬂ%ﬂg 2350a5e, thereby

selecting the - ‘colum of nmenory sites which includes 108 and 104. A
connect i on  bendaseconddeasesignificant bitdine (230] 284)aeptedentsithebis sekieg, 118 and 119
‘is then effeczltoggj. To acconplish this, bitline

- aﬁ_FET connection between a most-significant bit line (232, 236) and a
15 " least-significant bit line (229, 233) represents the bit series 011;

an FET connection between a second most-significant bit line (231, 23 5)
‘and a least-significant bit line (229, 233) represents the bit series 010;

20 anFET connection between a second least-significant bit line (230, 234) and
 a least-significant bit line (229, 233) represents the bit series 001; and

nd connection between the bitlines at éparticular memory site represents the
" bit series 000. ' |
25 | .
In conventional single bit-line ROMs, storage _of such _seven-staté information would
fequire three separate memory sites. _
fn order to read the seven different information states that can be stored at a
: part'icular memory site in the circuit of FIGS. 2A and 2B, the féur bitlines and one wordline

30 associated with that particular rﬁemory site must be accéssed. To read the value of the data
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control conductor 127 is supplied vol tége Vlerr], while bitline control
- conductor 128 is 20 grounded. This pl®%tes the channel_s within FETs 129,
¢« 130 and 131 into conductive states, thereby sel ecting the row of

101-104.f t t t :
oY Sk R i A 25 DB R e e
1 13 | t _
b e LR associated 30k TR0 il SBRHSRAI GO M 2T
Wt h t hSimultirieoasly,anordiine P43 issspplied with Sicitage Vessorthiiake cHaanels withiory site

104 is - selected for reading and the conbinational |ogic devices
(138 14FETai22hiand 428 areanlaced in a condugtivedtate Afennestionbetwgen decoder circuit

| th f 138
2 s 208 ng pifinep 22932 B et 2 Blpotihng ko SoRiP Bohaulor SRS, 156
~therefo rv@lt@ V4! While pR@hding billine control conducto:SZG” Ahid ﬁé{&k the channels within -

-FETs 246-249 into conductlve states, and maintains the channels within FETs 250-253 i in

non-conductive statés.
FETs 254-256 (FIG 2B) are then clocked sequentlally with non-overlappmg signals
10 CLK1,CLK2and CLK 3 as 1llustrated in FIG. 3. Following one full sequence of the three
~ clock signals, the logic dev1ces in FIG. 2B (257-262) produce an output that is indicative of
the FET bitline cormecnons for the FET at the particular memory site being read. A logical
) 1 sxgnal at theQ outputs of flip-flops 257-262 and the output of AND-gate 263 correspond
to the followmg bit series:

15

Bit Series ngicél 1 Oﬁtput at:

110 Q  offlip-flop 262

. 101

1Q of 'ﬂip-'ﬂop 261

- 100 Q  offlip-flop .260
011 Q  of flip-flop 259
010 Q  offlip-flop 258.

- 001 Q  offlip-flop 257

000 | AND-gate263




5 | ow out puts (logical 0) at the output of inverters 139 and 140 as
a result of : lines 133 and 134 not being connected to ground
“@nd therefore each = maintain a logical 1 signal |evel; and

| ow out el . by f lipe 132
o out Wi 4 55 b O ) b0 S ES8) b gRhcbd BE 132
the par teadingpandyufierrtiie applicatiosi ofghe third sequeMiislRfock sipRAl) Bid @vices 257088 Wween a
nost significant bitline (119, 122) and ground (such as the FETs at nenory
sites Will producesthe falloming:he out put of inverter 138 will produce a | ogical
1, while all other logic device 15 outputs will be 0. Wen the FET at the
menory site provides a connection between an - I nternmedi ate bitline

(118,5121) ag R h@nhin inJ .sites 103, 105 and
(108)- The out %‘?Pq{)f- ig\? %&P‘%’SQW it %‘f%‘?‘d%gﬁg%%’gi cal 1, while all other

| ogi ¢ devi ces out put 0. Wen reading a nenory site having an FET
necti on between a_ | east significant bitline (117, 120)

provi ding a ¢on | ) ) _

and ground (g\%ﬂ“"ﬁgtsﬂﬁgmﬂ@ﬁéa@he%mﬁfﬁ'@fﬂmzﬂnlﬁlmﬁ)théo t he FIUt put. of
inverter 140 wil. jzal 1, while all other |ogic devices wll output
| ogi cal oﬁpﬁ*gtﬁ@ﬂﬁ%ﬁ%@t he FET at the nenory site being read fails to
provi de a connection betmeen ' ‘ : :

10 FIG.3 provides a depiction of the output signals for the logic devices shown in FIG. 2 as
- . the sequence qf the three clock signals are applied during the reading of memory site 207.
The outputs of the logic devices are considered to provide valid information following the
‘application of the third seciuentiﬁl clock signal (valid from time t, on).
It will be understood that the ROM/decoder arrangements of FIGS. 1, 2A and 2B
15 are only portions of a iarger devices containing many more rows and columns of ;i;emory |
o sites that are accessed and_read'in a manﬁer similar to that described above. Furthermore,
the pa_rticulair methods described above are only illusﬁ'ative of the principles of the present
invention, and that various modifications could be made by those skilled in the art without
o departing from the scope and spmt of the present invention. One such modification would
20 include applyih’g the invention to ROM/decoder arrangements wheréiﬁ each memory site is
capable of being addressed via many more than four bitlines. In general; the multi-bitline
~memory scheme of the invention provides for (n(n-1)/2)+1 states to be represented at a
single memory site; where n is the number of bitlines provided for connection to a single
| memory site. For example, if the basic architecture of the circuitry of FIGS. 2A and 2B is
25 applied to a ten bitline per memory site arrangement, each memory site would be capable of
repreSentiﬂg one of 46 unique stetes -- Analogous to data that would normally require M
‘separate memory sites for representation; where M=élog,((n(n-1)/2)+1)i1. In the case where
n=10, the number of individ_ua_i ihemory sites, M, would be 6. It will also be understood
that any number of logic circuit arrangements (combinational, seqﬁential, or hybrid) can be

30 empl_oyed as a decoder for the multi-bitline ROM arrays disclosed and clalmed The design



ground and any of the bitlines (such as the FET at nenory site-101), the
out put of AND- - gate 141 w || txa?ﬁtogical 1, while the three inverters
s:wW |l output |ogical OCs. FIGS. 2A and 2B are schenatic di agrans.

showi | t te d .Ci i 200) 2 5 and tion of
i ah- derft Rg° HETCERerRens PGS Finb dsroite CutyrnoyerSbonf one st
nenory %“E?;“é)(ig%“%g’wiﬁi&?;ﬁ@gt o include an FET (215-228). Lines 229-236

are bitli 7-243 are wordlines. As shown, the nenory.
'sites within the ROM can be -addressed via four separate bitlines --

bitlines 229-232 address nenory sites 201-207, and - ~bitlines 233-236

address nenory sites 208-214. The four bitline addressing permts seven

-5- separate information states to be. stored at each nmenory site, as

follows:. For exanple, for menory sites 201-207: ' an FET'

connection between a nost-significant bit line (232, 236) and a
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5 =~ second nost-significant bit |ine (231, 235) repré@senissHidia tihd BEEN
seri.es 110; an FET conne@trion between a nost- si gangpg,aonglt
‘kine (232, 236) and a 'second | east-significant bit i nc—rﬁ-ae———-

234) r-eprEEents the bit series 101; 10 ' __ MisiShekt BAMRG LA

bet ween d nost-significant bit line (231, 235)}
second | east-significant bit line (230, 234) represen mm m&mul m
100; an FET connection between a nost-s

(232, 236) and1 aAlréad.Onlymemoryl@&ﬁde-@n@ais{ﬂgg:ant bit line (229, 233)
represents the bit series 011; an FET connection between a

second nost - si ynarkayefindiyidual mmomsles (20%04) including at leastzong switchable

I'east - si gme}cnlogya&ementatea& t(52a12d9§1t6233) represents the b|t seri-es 010;

and a
i es
t line

o a plurahty of bitlines (117-1 19), each capable of being connected to each of sa1d
5 s_witchable memory elements in a particular row of said memory site array; and '
| - a decoding circuit (100) connected to said plurality of bitlines, adapted to provide
‘an output indicative of the connection of a specxﬁc switchable memory element in said

partxcular row of said memory sites to one or more of said plurality of bitlines.

2 The invention of clalm 1, wherem said plurahty of bitlines further comprises a
10 plurahty of n bitlines and wherein sa1d decodmg circuit further comprises an n-line to |
* ((n(n-1)/2)+1)-line decoding circuit connected to said plurality of n bitlines, adapted to
provide an output on a p‘articular one of said (n(n-1)/2)+1 output lines indicative of the
connection of a specific switchable memory element in said particular row of said |

- memory sites to one or more of said n bitlines.

15 3. The invention of claim 1, wherein each of said switchable memory elements is

connected to no more than one, if any, of said bitlines.

4. The invention of claim 1, wherein each of said switchable memory elements is

“connected to at least one of said bitlines.

5. The invention of claim 1, wherein said switchable memory element comprises

20 a transistor.

6. The invention of claim 1, wherein said decoding circuit includes sequential

- logic elements.

A



20 an FET connection between f second | east - si gnifff TR@EHEET HAS BéEN l
(230, 234) and o ‘a least-siQnificant” bit linel|(229, RRBBACED :
« represents the bit series 001; and : no con j et

DLl Thes at g Aacileular DY ShiSil S SSSR, MG nghudes combingeldl 715

)

-seven- si '-ce Eﬁ’lfe {mation woul d require three separate nenory sites.

ogic elemernts . e :

In orderiﬁo rea’s the seven different information states that can be stored
at a - particular menory site in the circuit of FIGS. 2A and 2B, the

four bitlines and one wordline 30, associated with that particular menory
site nust beS8adcmethed fomretrieving digital data eoraprisipg.thg steps of: i

-6 - st ored at r i.t.e. 207. wordli.nes .237-242 are grounded to
ensure that *eREuRaARIRaY of  iflik? feenbBlct miCRsiBe e 5857 01" 055 557)
are ngintai nﬁ@tei-&lirﬁxé‘@ﬁieﬁ?ﬁ%‘}}dﬂéﬁid%lﬁhﬁty of bitlines are interconnected at said
memory site; and ' - '
producing a signal as a function of said determination, wherein said signal is

representative of one of (n(n-l)/2)+l data states.

9. The invention of claim 8, Wherein said step of determining which, if any, of
10 said plurality of n bitlines are connected to ground at said memory site, and said step of
producing a signal as a function of said determination employ combinational logic

decoding.

_ 10. The inventio_n of claim 8, wherein said step of determining which, if any, of
said plurality of n bitlines are conneétgd to ground at said memory site, and said step of

15 producinga signal as a function of said determination employ sequential logic décodihg.
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Si mul t aneousl vy, wordline 243 is supplied with a vol tage V[ ef|r THiS@GHAEtHADBESN
channel s wwthin - FETs 221 and 228 alk- pl aced in a condugtive BEH&.&:E% '

“-connection between decoder circuit 5 200 and b|t||nes 229- FFFs5—tHen

ef fected by supplying bitl ductor 244 with. = voltage
V[err], while grounding billilﬂ? & Jonmw MY MEMORYi s pl aces the
channel's within FETs 246-249 into: conductive states, and maintains the
channels within FETs 250-253 in non- conducti ve states.

FETs 254- Abstraet|Qf TR@Disclasuréren cl ocked sequentially wi th non- over| appi ng
signals 100 CLK 1, CLK 2 and CLK 3 as illustrated in FIG 3. Follow ng one
full sequence of the t hree clock signals, the logic devices in FIG 2B

vt o A b sttt
%6? g (r;?lr eggtgggueﬁ;aﬂm Wﬁ?ﬁé‘}%‘i b;lg%mn t f g‘?tﬁég&feﬁéé BReBY lgutore atét%%leg at ©
B| t sg ][ :c leflgem?llyg&gtegaﬂm aBOMu tThEStlS accomphshed by employing a multcl)ple b1t-hn& o ]} 10
f lip-fl odng‘g £%-utecture in conjunction with a data decoder. With this arrangement it is '
5 possible to store at a single memory 51te mfonnatxon that would have required up to
 élogy(n(n-1)/2)+1)1 individual memory sites in a conventional ROM (where n is the

number independent of bit-lines connected to an individual memory element in the

mventlon) The invention 1s particularly well-suited to what would be considered relatxvely

low-speed data retneval systems, such as those adapted to provxde audlo and/or videotoa - :
10 wuserona real tlme basis.
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5 hi gh output (logical 1) at theQ termnal of flip-flop 262;
low out puts (logical Os) at theQ terminal of flip-flops 257-261 and the
out put of AND-gate 263. 10 FIG 3 provides a depiction of the output
signals for the logic devices shown in FIG 2 as t he sequence of the
three clock signals are applied during tthﬁeading of menory site 207.
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single menory site; where n is the nunber of bitlines provided for
cpnnection to a single menory site. For exanple, if the basic
architecture of the circuitry of FIGS. 2A and 2Bis 2 5 applied to a ten
bitline per nmenory site arrangenent, each nory site would be capabl e of
representing one of 46 unique states - Andl’ogous to data that would

normally require M = separate nmenory sites for representation; where
Meelog[err] ((n(n-1)/2)+1)u. In the case where n= 10, the nunber of
al so be understood

i ndividual nmenory sites, M would be 6. It wll
Ioglc circuit arrangenents (conbinational, sequenti al

t hat any nunber of
Gforgﬁmﬂti-bitline ROM arr ay's

. or hybrid) can be 30 enployed as a d

di scl osed and claimed. The design
| ogi c circuit arrangenents suited to such ~decoding (many ‘i nputs
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-9- .CLAIMS L A read-only nmenory device conprising: an array of individual
swi t chabl e nenory el enent at each

menory sites including at | east one

of said sites;

bitlines,

tion of a Specific swi tchabl e nenory el enent in said
said nenory sites to one of said

~a plurality of bitlines,
each of said switchable nenory elenents . in a particu- |
‘menory site array; and a decoding circui4/onnected to said plurality. of

adapted to provide an output indicative of the connec-

bitlines, each indi-

plurality of

((n(nv-l)/2)+1) uni q
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2. The invention of claim1l wherein sai dipw tchabl e menmory el gMBRPLACENENT SHEET
conprises a transistor. 3. The invention of claim1 whereinjsaid d 6 91996
circuit includes sequential |ogic elenents. 4. The inventi or)| Betecl. 2?6;1 199
wherein said decoding cirui HIGAEDENSITYREADRONINAMEMORYeE! errents.

The apparatus as recited in claim1, wherein each of said switchable rrermry

el ements is connected to no nore than one, if any, of said bitlines. 6.

" The apparaus as reC|ted in cI aim1, wherein each of said sw tchable nenory

el enent s i SARSHEAS Riselgsll’e one of said bitlines.

P - 10 -

A system and method for the storage of .digital information wherein data that
would normally be represented by multiple bits of information is effectively stored at single
memory site within a ROM. This is accorﬁplished by employing a multiple bit-line
memory architecture, in conjunction with a data decoder. With this arrangement it is
possible to store, at a single memory site, information that would have required up to
élog,(n(n-1)/2y+1)u individual memory sites in a conventional ROM (where n is the
number independent of bit-lines connected to an individual memory element in the
invention). The invention is particularly well-suited to what would be considered relatively
low-speed data retrieval systems, such as those adapted to provide audio and/or video to a

user on a real time basis.

Fig. 1
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7k A‘?ead-only menory devi ce conpri sing: an array of indivy

: . ! I n |LQ%@JLA@5§W_ - SHEET
sites including at |east one swi tchabl e nenory el enent lat eac{beﬁf ESBaLléb -
sites; a plurality of n bitlines, each capable of being kqgm@g _________ E ____________ Zm
to each of said switchable nmenory elenents in a parti cul
menory site array; and an n-line to ((n(n-1)/2)+1)-1ine decoding circuit
con- nected to said plurality of n%itlines, adapted to provide
an output on a particular one of said (n(n-1)2)+1 out put |ines
i ndicative of the connection of a specific swi t chabl e nmenory el enent
I n sai d pacduaImsar: r ow of said nenory sales to one of said n bitlines
8. The invention of claim7 wherein said swtchable nenory el enent
conprises a transistor. 9. The invention of claim?7 wherein said n-line
to ((n(n- 1)/2)+1)-1ine decoding circuigs dncludes sequentjal logic ele-
ment s. 10}, TAeri y’mIKﬂTHDﬁY7CﬁH€K@$ <t 0

((n(n-1)+1)-Tine decoding c¢jrquit tncludes conbjn

an array of individual memory's s incfiding at least one

switchable memory clement at each of said sites;

a plurality of bitlines, each capable of being connected to

each of said switchable memory elements in 2 partict-

" lar row of said memory site amray, and

a dccoding circuit connected to said plurality of bitlines,

adapted to provide an output indicative of the connec-
tion of a specific switchable memory clement in saqd
particular row of said memory sm',s lo one of _smd
plurality of bitlines whereby, for n bitlines, w:h'mtﬁ-
vidual memory elcment represents one of a plurality of
((n(n—1)/2)+1) unique information states. .

2. The invention of claim 1 wherein said switchable
memory ¢lement comprises a transistor. .

3. The invention of claim 1 wherein said decoding crrcuit
includes sequential logic elements. L

4. The invention of claim 1 wherein said decoding circuit
incindes combinational logic elements. .

5. The apparatus as recited in claim 1, wherein each of
said switchahle memory ‘elements is commected to no more
than one, if any, of said bitlines. )

6. The apparatus as recited in claim 1, wherein each of
said switchable memory elements is connected at least one
of said bitlines.
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"l ogic elements. 11. The apparatus as reci ted in claim7, vdagpﬂﬁ e,ach;atgr '
sai.d switchable nenory elenent is connected to no nore than one, Ibé;@%B @b

said bitlines. 12. The apparatus as recited in claim7, yedet.n 0 [
said switchable nmenory elenents is connected at | east one o
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1. A read-only memory device comprising:

an array of individual memoary sites including at least one
switchable memory element at each of said sites;

& piurality of n bitlines, each capabie of being commccted
to each of said switchable memory elements in a
particular row of said memory sitc amray; and

an o-line to ((n(n-1)/2)+1)-line decoding circuil con-
nected to said piorality of n bitlines, adapted to provide
an output on a particular one of said (n(n—1)/2)+1
output lines indicative of the connection of a specific
switchable memory element in said particular row of
said memory silcs to one of said n bitlines.

‘8. The invention of claim 7 wherein said smtchablc

memory clement comprises a transistor.

9. The invention of claim 7 wherein said n-linc to ((n{o~
1)/2)+1)-line decoding circuit includes sequential logic ele-
ments.

10. The invention of claim 7 wherein said p-line to
((n(n~1)/2)+1)-line decoding circuit includes combinational
logic elements.

11. The apparatus as recited in claim 7, wherein each of
said switchable memory elements is connected to no more

Jhan onc, if any, of said bitlines.
12. The apparatus as rccited in claim 7, wherein eack of

said switchable. memory clements is connected at least one
of said bitlines.
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