WO 03/ 050815 PCT/ US02/ 39707 5 HALF DENSI TY ROM EMBEDDED DRAM Techni cal
Field of the Invention 10 The present invention relates generally to nenory
devi ces awomns@asti cul ar the present invention rel ates treTresazizont y
menory (ROM) enbedded in a dynami ¢ random access nenory (DRAM . Background
of the Invention Sem conductor menory systens are conprised of two basic

el ements: 15 nenory storage areas and nenory control areas. DRAM for
exanple, includes a nenory cell array, which stores information, and

peri phersal circuitry, which controls the operation of the nmenory cel

array. DRAM arrays are manufactured by replicating mllions of identical
circuit elenents, known RSt onductor wafer. A
DRAM cell is 20 an addreﬂsl‘ga I'e Io@a*?t% at c]g%ki(sbt%gémgne bit (binary
digit) of data. In its nost common form a DRAM cell consists of two
circuit conponents: a storage capacitor. and an access field effect

transi stor. The capacitor hol Hechpical Kigld, of the Inygptionee| | npanely a " 1" or a
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information will be lost. Reading the stored data in a cell and then
writing theraidbm dvaese memay(BBAMI. | at a predefined voltage |evel
refreshes a cell. The required refreshing operation is what nmakes DRAM

menory dynam ¢ rather than staBhékeraifhdDighd hassict or of a DRAMcel |l is a

switch to let control circuitry for the ) i
Semiconductor memory systems are comprised of two basic elements:

15 memory storage areas and memory control areas. DRAM, for example, includes a
memory cell array, which stores information, and peripheral circuitry, which controls
the operation of the memory cell array.

DRAM arrays are manufactured by replicating millions of identical circuit
elements, known as DRAM cells, on a single semiconductor wafer. A DRAM cell is

20  an addressable location that can store one bit (binary digit) of data. In its most
common form, a DRAM cell consists of two circuit components: a storage capacitor
and an access field effect transistor. The capacitor holds the value of each cell,
namely a “1” or a “0,” as a charge on the capacitor. Because the charge on a
capacitor gradually leaks away, DRAM capacitors must be refreshed on a regular

25  basis. A memory device incorporating a DRAM memory includes logic to refresh
(recharge) the capacitors of the cells periodically or the information will be lost.
Reading the stored data in a cell and then writing the data back into the cell at a
predefined voltage level refreshes a cell. The required refreshing operation is what
makes DRAM memory dynamic rather than static.

30 The transistor of a DRAM cell is a switch to let control circuitry for the



WO 03/ 050815 PCT/ US02/39707 2 5 RAMeither read the capacitor value or to
change its state. The transistor is controlled by a row line coupled to
its gate womaestsid®n. In a read operation, the transistor PcI/sorswat ed and
sense anplifiers coupled to bit lines (colum) determne the |evel of
charge stored in the nenory cell capacitor, and reads the charge out as
either a "1" or a "0" depending upon the |evel of charge in the capacitor.
In a wite 10 operation, the sense anpli2fier is over-powered and the nenory

cel | capsici RiMiestheeRad gRtapitdNvARPbORIdhahg: liLtk. Tht aauenddiy, as in the
case of microprocessors, nicrocontrollers, and other application specific

I nt egr at ed %bﬁt?dﬂeh%ra(f%@ ]ﬁ‘?e)cou lted'tégggétk rcSH'netc ”&02[1%9& é%iat’icﬁfa%e only

menory (ROM 't n ad fonto on a SI e sem conduct or
15 wafer. This .typica ires forna n of..se di tional
peripheral U@PHE: éFPFVUX%H&?ﬂf ﬂﬂg@W§s?Qﬂ '@%ﬁaes Iﬁ%N?gﬁF?% and
additional circuitry require addltlonal senlconductor mafer space and
fabri cati onthsrloved9f chargpstoraddan thg memenseelltdapaciiparaar reags shoschorgeda pt e
fabrication. A read only menory (ROV consists of an array of sem conductor

devi ces 20 e{théredds or hi‘Pddegendingfupeh thedbielalf chargo i it ofgaritorTn @hwrite
interconnect to store an array of binary data (ones or zeros). A ROM

basi cal y C% %& R séis 1ﬁ{er6}£ b Rwerddl é}ﬂrtﬁmﬁq&%eﬁl &?Qciﬁ)r(i’seCOder to
sel ect the d ocat ed at desired "address in the nory array. Three

basi c types granmabl e ROVE, erasable 25 progranmabl e
ROV (EPRO\/E%I&?‘I%[ %“eﬁpé’f%l?’&g"l\lﬁiam e ROMs (PROMB). The data array is
permanently stored in a mask-progranmable ROM at the tinme of manufacture,
by sel ectively i AESQYENAY) 35N BEicALe of gicFPrARPIEh NHETOSPEFRBISESs 2Rd Othple r ow-

application specific integrated circuitry (ASICs), it is desired to incorporate read
only memory (ROM) together with or in addition to RAM on a single semiconductor
15  wafer. This typically requires the formation of separate additional peripheral
circuitry and interconnects for the ROM. The ROM cells and additional circuitry
require additional semiconductor wafer space and fabrication process steps that
increase the overall costs of device fabrication.
A read only memory (ROM) consists of an array of semiconductor devices
20  (diodes, bipolar or field-effect transistors), which interconnect to store an array of
binary data (ones or zeros). A ROM basically consists of a memory array of
programmed data and a decoder to select the data located at a desired address in the
MEemory array.
Three basic types of ROMs are mask-programmable ROMs, erasable
25  programmable ROMs (EPROMs) and field-programmable ROMs (PROMs). The
data array is permanently stored in a mask-programmable ROM, at the time of
manufacture, by selectively including or omitting the switching elements at the row-

column intersections in the memory array. This requires a special mask used during



colum intersections in the nenory array. This requires a special mask used
during WO 03/050815 PCT/ US02/ 39707 3 5 fabrication of the integrated
circuit, whioslsisss expensi ve and feasible only when a | ar geTgisansi7vy of the
sane data array is required. EPROVs use a special charge- storage nmechani sm
to enable or disable the switching elenents in the nmenory array. 1In this
case, appropriate voltage pulses to store electrical charges at the nenory
array locations are provided. The data 8tored in this manner is generally

per manens 1@beiohtidn offthe snt€frae dirtidt, Mhich ik eapdngivetant ifgikiblabhlpwhegai t to once
again be programmed. PROVs are typically manufactured with all sw tching

el ements pr Fﬁ%é‘eéundgﬁ%ﬁghﬁg&ﬁé/data‘ﬁfr&yhis,tr QN 'E?’f{rdl\%‘u?et ﬁ?ﬁl Epgecol um

i ntersection nmeans of” either a fuse ele or an anti-fuse

element. In order to store data i e.PROM, t hese l.enents (either the
Fuse or "t hesiafies mesBatoqiip ehavart SrbI LR bR sy Eapembd BSbct i vel y
programed usi ng appropriate voltage pul ses supplied by a PROM progranmer.
Once the el drhif saser eppseRyipiaNptase polses Watare elechisahehossss af thememetyi n t he
menory array. Progranmable |inks have been used extensively in programrabl e

read only amaplogatidis@ pdeidede The Batabiddyintthie nwositr 5@enamnlly permanént
programmable link 20 is a fusible link. Wien a user receives a PROM devi ce

froma t‘mnuLﬁﬁtivfseerraseghsﬁa@a@dﬁv{?@am ﬁﬂ&m@@ 18 oficd agh bé Yrodfankdd.i ce of

conductors or seni conduct Ors. each cross-over point of the lattice a

e octron o ASes SRk B PeRidhisl R Bl bR BeS i e a®h) bt owi ng

the fusible links to sel ected nodes and creating.an open 25 circuit. The
conbi nat i on véih the eoRneaiEen HriarbiRY oS piepeeiuyedngmaie by Beansiaf eghet ern  of
ones and zeros signifying data that the user wishes to store in the PROM
By a fuse element or an anti-fuse element. In order to store data in the PROM, these
elements (either the fuse or the anti-fuse, whichever are used in the design) are
15  selectively programmed using appropriate voltage pulses supplied by a PROM
programmer. Once the elements are programmed, the data is permanently stored in
the memory array.
Programmable links have been used extensively in programmable read only
memory (PROM) devices. Probably the most common form of programmable link
20 is a fusible link. When a user receives a PROM device from a manufacturer, it
usually consists of an X-Y matrix or lattice of conductors or semiconductors. At
each cross-over point of the lattice a conducting link, call a fusible link, connects a
transistor or other electronic node to this lattice network. The PROM is
programmed by blowing the fusible links to selected nodes and creating an open
25  circuit. The combination of blown and unblown links represents a digital bit pattern
of ones and zeros signifying data that the user wishes to store in the PROM. By

providing an address the data stored on a node may be retrieved during a read

operation.



provi ding an address the data stored on a node nmay be retrieved during a
read operation. WO 03/050815 PCT/ US02/ 39707 4 5 In recent years, a second
type of pwogsassabl e |ink, call an anti-fuse link, has beenndevsioped for
use in integrated circuit applications. Instead of the programm ng
mechani sm causing an open circuit as in the case with fusible links, the
programm ng nmechanismin an anti-fuse circuit creates a short circuit or
relatively low resistance |ink. Thus thé anti-fuse |link presents an open
circuit prior tomkicdt f@haMEeathdapge 6f prowah@sdbsd IRIE @alt of BRecFise Mingf t er
progranmm ng. Anti-fuse links consist of two el ectrodes conprised of

conduct | ve AdLOr aReILERRIARE LY £ IBLERLAL, ;RN0IAY! Rl agTpald nd of 2

di el ectric Or 1nsu er’i et ween ring programng, the
dielectric in between tge,conductive materials, i brokeﬂhggwﬁhGX

pr edet er mi NRQEEFPMNE GBI S8USIRH Y} P CHICBIE £F 0P Fisedd t KShe
conducting 15 and/or sem conducting materials together. Like RAMcells, ROV
cel | s need the psegramemagigt hechapistaimaaniangriuse devi coeatespyshogsicniy of act or s,
however, may limt the ROMcell to only one programstate. For the reasons

stated abovelataBly 16Wresddtiife 1k ATRRSthS hiki-Gehe Didk @vesshis ah oped tir to
apparent to those skilled in the art upon readi ng and understandi ng the

present; 20 %%}L_{H“&E?‘%ﬁg low ?c%ies‘?adfcé cBniEhigh Lﬁkrtpﬂggsrl%ﬁﬁfﬁgrAﬁﬁ-ﬁJse inks

ROM enmbedded- can abricated w ngl e state cells.
Sunmary of the. | nvention The above-nentioned
1 6F Grah

ROV ortbe dd e CBIAR) GBS CTBPTHEROT EAvar i S0 SCBba Byt e priatent
invention and will be understood by reading and studying the follow ng
speci fi cat i @l having some kind of a dielectric or insulating material between them. During

programming, the dielectric in between the conductive materials is broken down by

predetermined applied voltages, thereby electrically connecting the conducting

15  and/or semiconducting materials together.
Like RAM cells, ROM cells need to store either a data 1 or a data 0.

Processing factors, however, may limit the ROM cell to only one program state. For

the reasons stated above, and for other reasons stated below which will become

apparent to those skilled in the art upon reading and understanding the present

20  specification, there is a need in the art for a ROM-embedded-DRAM which can be

fabricated with single state ROM cells.

Summary of the Invention

The above-mentioned problems with ROM-embedded-DRAM and other

25  problems are addressed by the present invention and will be understood by reading
and studying the following specification.
In one embodiment, a memory device comprises a read only memory (ROM)

cell hard programmed to a first data state, a dynamic memory cell, and access



I n one enbodi nent, a nmenory device conprises a read only nenory (ROM cell

hard programmed to a first data state, a dynam c nenory cell, and access WD
03/ 050815wB@3/&BD2/ 39707 5 5 circuitry to coupl e the ROViPcalusoasudor he
dynamic nenory cell to differential digit |lines. In another enbodi nent, a

hal f-density read only nenory (ROVM) enbedded dynam c random access nenory
(DRAM) device conprises a DRAM array conprising first dynam c nmenory
cells, a ROM array conprising hard programed 10 non-volatile menory cells
and secand @ynan © csapeile ROM sl HrInke damphit neatory célt wudiffereniial digiupl ed to
differential digit lines of the ROMarray and word lines to access rows of
the mermory |REAM array. Access circuitry couples one of the non- volatile
menory cell's and one of the second dynamic nenory cells to the differential

digit lines in respopse t ir.of. word |ine signals A et of
operating a r eadﬁ&ﬁp@eﬁ@'ﬁﬁ?@mg%P@é@fnﬁg’orﬁ?fgwﬁ%n}ff}/ pﬁé@! ) errpe%er‘?g?egcgcel | in
a non-volatile manner to a first data state, providing an un- progranmed
vol ati | e nedimepiceniomaaersamewsy IR AYDlevice cpmpiges SR menory  cel |
capacitors in response to word line signals. 20 Brief Description of the

Drawi ngs Fi guniprising frsedysianid inbinedy dlllockROM grraycahprisitharé ploegaeoe®RAM of

an enbodi ment of the present invention; and Figure 2A illustrates a pair
of comploemei Al il Fhdmdrl BES it s@ébn%rﬂryaafniﬁexﬁ&mefy celifiesemeRmypliats Fi gure 1;
and 25 Figure 2B illustrates a pair of conplenentary digit l'ines of another

embodi ment COII'CUtl‘[pyeiS %%HBE:X toociiftgrielc‘lgerﬂedi,ét lines of the ROM array and word lines to
access rows of the memory ROM array. Access circuitry couples one of the non-
volatile memory cells and one of the second dynamic memory cells to the
differential digit lines in response to a pair of word line signals.
15 A method of operating a read-only memory comprises programming a first
memory cell in a non-volatile manner to a first data state, providing an un-
programmed volatile memory cell, and accessing both the first and second memory

cell capacitors in response to word line signals.

20 Brief Description of the Drawings
Figure 1 is a simplified block diagram of a ROM embedded DRAM of an

embodiment of the present invention; and
Figure 2A illustrates a pair of complementary digit lines of an embodiment of
the memory of Figure 1; and
25 Figure 2B illustrates a pair of complementary digit lines of another
embodiment of the memory of Figure 1.

Detailed Description of the Invention

In the following detailed description of the invention, reference is made to



Det ai |l ed Description of the Invention In the follow ng detail ed description
of the invention, reference is nmade to WO 03/050815 PCT/ US02/39707 6 5 the
acconpanywog@3ds@ns ngs that forma part hereof, and in whi eaTisoyboown, by
way of illustration, specific enbodinents in which the invention may be
practiced. In the draw ngs, |ike nunerals describe substantially simlar
conponents throughout the several views. These enbodi nents are descri bed
in sufficient detail to enable those skilled in the art to practice the
inventi gn. Behetormpdigttignizawmgieint femi pdri Rereofamet] ihOvlsith isshowa) by waygi cal ,
and el ectrical changes nmay be made w thout departing fromthe scope of the

present | nV@f‘ltH'uF{P%th eEﬁfc@nB@ﬁfrﬁént@ﬁldwﬁlHQ M AEntibnehay Bt friQick@! hoeng

description inc e any structure aV|ng an exposed surface with which to

formthe integrat circu ructure. of the i term
Cobet rate | Qe Bk unEals deldoh b Lty Rt s RpaP i Otk fbao e
substrate is also used to refer to 15 sem conductor structures during
processi ng, seyaenl wigysi Adesrrembndiments asradescriedtin gaifisienp detail fognapledhess

t her eupon. Both wafer and substrate include doped and undoped
sem conduct skiled @pht artit@prasted the deotior. Oteembsdippotsteay ipyutdizbd swd
sem conductor or insulator, as well as other sem conductor structures well

known t oy ongrglthihl, §8bitdl anﬁré?ecﬁ[c;al chERBed BAYHE ALY GhBbut & !&'r'ﬁﬂ% Fehoed to

i ncl ude sem conducétors, and the tern120 insulator is defined to include any
el et B SRR e SR et DR %LPPQ{@@I 5 Rt “to
3e taken in g qultingﬁéense and tgg scope %f 5? reseﬂ ent | e is
ef i ned onl JessyiPtipreingBisle 308 SETHE ha &IaﬁﬁtjP% ¢ BUERE il v ’§E(5‘|b ¥
equi val ents to which such clains are entitled. 25 Referring to Figure 1, a
sinplified hiteggitedicaguinChbtrectiROVE teliedueidn. The term substrate is understood to
include semiconductor wafers. The term substrate is also used to refer to
15  semiconductor structures during processing, and may include other layers that have
been fabricated thereupon. Both wafer and substrate include doped and undoped
semiconductors, epitaxial semiconductor layers supported by a base semiconductor
or insulator, as well as other semiconductor structures well known to one skilled in
the art. The term conductor is understood to include semiconductors, and the term
20 insulator is defined to include any material that is less electrically conductive than
the materials referred to as conductors. The following detailed description is,
therefore, not to be taken in a limiting sense, and the scope of the present invention
is defined only by the appended claims, along with the full scope of equivalents to
which such claims are entitled.
25 Referring to Figure 1, a simplified block diagram of a ROM embedded
DRAM 100 of the present invention is described. The memory device can be

coupled to a processor 110 for bi-directional data communication. The memory

includes an array of memory cells 112. The array includes a dynamic (DRAM)



DRAM 100 of the present invention is described. The nmenory device can be
coupled to a processor 110 for bi-directional data comrunication. The
menory iwoloadsemsian array of nenory cells 112. The array ipaglusdz397a7 dynani c
(DRAM WO 03/050815 PCT/ US02/39707 7 5 portion 120 and a read only (ROV
portion 122. The ROM array is "enbedded" in the dynam c nmenory and may

i ncl ude sone dynamc cells. Control circuitry 124 is provided to nmanage
data storage and retrieval fromthe arrdy in response to control signals
140 fronst hgopicackesmi.a rdadloelg $ROM)qivktidry 1 222 6TheoR OMC aderis f&8baldddYindecoder
130 anal yze address signals 142 and storage access |ocations of the array.

10 Sense ci fediitiabhid Agnlody Hx?@ﬁa%%cfﬁ@goﬁ@td%érﬁﬁ@ehﬁecéi'itfcﬁléir@tﬂﬁingmE’s! e

output data to’1/0O circuitry 1 The 1/0 circuitry operates in a

bi -directional_. ner to recejve da&a g rag:?dpr cessor. 110 ang ga slthi S
data to arr&yViqes tojtpanage daia Sprageapd Fefueyal fotn I aKay 1 {FSRAe Fur ol used i n
sonme enbodi nents to store the input data. Dynam ¢ nenories are well known,
and those skignplsd40rdramy ghegpcagiqr| Afdres piratirydd6.tXrdecadse 1 FhddeY descri bed
ROM enmbedded DRAM has been sinplified to provide a basic understandi ng of
DRAM t echnoldegydeam80 hsalywetadidresesigeads 142 debstoiape accabd locdtionbef theatray.es of a
DRAM The present invention uses the basic architecture and fabrication

techni qugs Gbnd ORON-AMD RALM Be8addht£LIBRAHE M BET: ?lé Judsut AR YO atile

storage of data. This data can be used to store boot-iype data for a
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require a d storage 1Tn a DRAM i s
nost econom cally beneficial if the DRAMis not. substantially altered

during fabr ifkaR PEseHPT bHbpugd pashthis daiato arEay g lf ispatsdithadthetsnihanges al | ow
t he enbedded nenory to be fabricated wusing known techniques. Further, it
is desired tocmaymhai midbpeset ingnmefentbedimanoioystore the input data.
Dynamic memories are well known, and those skilled in the art will
15  appreciate that the above-described ROM embedded DRAM has been simplified to
provide a basic understanding of DRAM technology and is not intended to describe
all of the features of a DRAM. The present invention uses the basic architecture and
fabrication techniques of a DRAM and provides an embedded ROM array for non-
volatile storage of data. This data can be used to store boot-type data for a system, a
20  non-volatile look-up table, or other data that does not require a dedicated ROM
memory device. Embedding ROM storage in a DRAM is most economically
beneficial if the DRAM is not substantially altered during fabrication or operation.
That is, small fabrication changes allow the embedded memory to be fabricated
using known techniques. Further, it is desired to maintain operation of the memory
25  in a manner that is externally transparent. As such, an external processor, or system,
does not need special protocol to interface with the embedded memory.

One technique for physically programming ROM embedded cells is

described in U.S. Patent No. 6,134,137 issued October 17, 2000 entitled “ROM-



25 in a manner that is externally transparent. As such, an external
processor, or system does not need special protocol to interface with the
enbedded wemnys1One techni que for physically programr ng PRONMSeriwaded
cells is described in US. Patent No. 6,134,137 issued October 17, 2000
entitled "ROM WD 03/ 050815 PCT/ US02/ 39707 8 5 Enbedded- DRAM', i ncor porated
herein by reference. U S. Patent No. 6,134,137 teaches that slight

nmodi fications in fabrication nmasks all o DRAM cells to be hard progranmed

to Vcc 05 VEmbeid&hDRANMY ihdiepdaked hteinwy @dldraes. UlRePaandNoy 6/184d37t he ROM
cells in a manner that is identical to reading the DRAM cells. As descri bed

bel ow, the rau‘?l?e%%atisﬂ%ﬁ%&)&ﬂfﬁfﬁ%\ﬂﬁrﬁ%ﬁﬂ@dﬂi&rﬂﬁsﬁy%m&ﬁ%ﬁgﬁ%%ﬂ 10 As

expl ai ned above, convéntiona vices programtw data states, logic 1
and 0. Wen the nenpry.cell re.read,. therefore. bo dat a st at are
feadi [y avaPlCSBBI] 19 ¥5hor YDy g e eill S dlieror g s he

conbi nati on ROM and DRAM nenory devi ce. The ROM nenory cells can_be

progr anmed ROMsEYs ingrmanisr thas isdflenticgpgeadingidedpiVseidla. by dssrsibedng
selected ROMcells to one voltage 15 to remain programmed in a non-volatile

manner . Ref BElbiv) hetpRedengink entidf, pravidésal infprecdROEhatbaldad BirAdvh of an
enbodi nent of the present invention is described. The nenory includes

dynami cgremory celslegolbnkd aBaGk, taivehiidial ROMRRyRES Boktanetwo &eaphed, to
conplinmentary digit PI nes 160 and 162. The digit Iines can be electrically

coupl 20 o REGet s SASHEhEt Sl Vgh0 HERR, shgPRutalies
pre-charge/equilibrate circuit 172 can be provided to bal ance_t digit
lines to a prdipesiiblednyeniashdhe preseahinygnNRLProVidee APRORATIPLROM har d
programmed, as expl ained below, to operate as a non-volatile ROMcells.
and DRAM memory device. The ROM memory cells can be programmed to only
one data state. This is accomplished by shorting selected ROM cells to one voltage
15  toremain programmed in a non-volatile manner.
Referring to Figure 2A, a simplified schematic diagram of an embodiment of
the present invention is described. The memory includes dynamic memory cells 151
and 152 that can be selectively coupled to complimentary digit lines 160 and 162.
The digit lines can be electrically coupled to sense amplifier circuitry 170 to detect a
20  voltage differential between the digit lines. Additionally, a pre-charge/equilibrate
circuit 172 can be provided to balance the digit lines to a predetermined voltage,
such as Vec/2. Memory cells are hard programmed, as explained below, to operate
as a non-volatile ROM cells.
Numerous methods are available to program the ROM cells. For example,
25  U.S. Patent No. 6,134,137 issued October 17, 2000 entitled “ROM-EMBEDDED-
DRAM?” describes ROM cells that are fabricated to short the memory cell to either

its wordline of an adjacent wordline. Shorting the memory cell to its wordline

results in reading a logic one (Vec). Shorting the memory cell to an adjacent



Nuner ous net hods are available to programthe ROMcells. For exanple, 25
U S. Patent No. 6,134,137 issued Cctober 17, 2000 entitled "ROW EMBEDDED-
DRAM' deswpiobesosiROM cel | s that are fabricated to short thecwdarsoz/go7orl | to
either its wordline of an adjacent wordline. Shorting the nmenory cell to
its wordline results in reading a logic one (Vcc). Shorting the nenory
cell to an adjacent WD 03/050815 PCT/ US02/39707 9 5 wordline results in
reading a logic zero (Vss). Shorting a gell to its own wordline, however,
my resudt iverdindiregultslin fRding awegiclémeVsHoShoding agliftalsiosatwailinds such,
hard progranm ng Iogi c zeros may only be possible for some fabrication

layouts. Th&, 8Qitufe ng&ﬁlﬁ%é}% ﬁf\nﬁ%fa.%ﬂkatm Moshdg, 137 1s an

exanple of a tec’hnl gue ? programm ng sing a DRAM fabri cati on.
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cells can be hard programed by elimnating cell dielectric so that the
cel | pl at esThe bardimwpgraniming chipgeyeidiSyBiterigdo. k4l cis ep exampe ghacan be
fabricated between the cell plates and shorted to a programvoltage, the
ROM cel | catechgiqpe g pacgreaming RQMacelBnisingfa BRAM fabriegiammOthgr t echni que, the
ROM cel | s can al so be programed by providing a high |eakage path (not

full shegt) cenBudsiol P {;’% aqe@w@eu%ﬁ%mm FReLibRER be REq enbodi ment
of Figure 2A uses two rmry ell's 151 and 152 to store a bit of data. One

f th
dynan c. cel M8Grbalthe e U BLP A Renr bt el Kb CUT B e 20° °

because the ROM cells are only progranmed to one polarity, As a result,
hal f of theProgeamged by ehmirREng self diplsatrigrsotthal the el laﬁe@a@léh?}ﬁ‘@dO@n order to

use the Half Density option to store ROMbits that represent both "1" and
"0" data st ptogsam Thitspe, abeledbvh] plug can be fabricated between the cell plates and

shorted to a program voltage, the ROM cell can be programmed using an anti-fuse
15  programming technique, the ROM cells can also be programmed by providing a high
leakage path (not full short) such as through an active area to the substrate.

The embodiment of Figure 2A uses two memory cells 151 and 152 to store a
bit of data. One of the memory cells is a hard programmed ROM cell and the second
cell is a dynamic cell, such as a non-programmed ROM bit that had to be skipped

20  because the ROM cells are only programmed to one polarity. As aresult, half of the
cells in the ROM portion of the array are skipped in order to use the Half Density
option to store ROM bits that represent both "1" and "0" data states. Thus, the ROM
cell can be programmed to provide either a logic one or a logic zero. For example,
memory cell 151; and memory cell 152, are hard programmed to ground (Vss). In

25  operation, word lines WL1 and WL2 are activated together to access both memory
cell 151, and 152;. In response, digit line 160 is pulled to ground and digit line 162
remains at the precharge level, Vec/2. The sense amplifier detects this differential

between the digit lines and provides a logic one output. In contrast, when word lines



cell can be programmed to provide either a logic one or a logic zero. For
exanple, nenory cell 1511 and nenory cell 152" are hard programmed to
ground (\Ve)03/05083125 operation, word |ines W.1 and W.2 ar e paatiSezsed7
together to access both nenory cell 1511 and 1521. In response, digit |ine
160 is pulled to ground and digit line 162 remains at the precharge |evel,
Vcc/ 2. The sense anplifier detects this differential between the digit
lines and provides a |logic one output. 1t contrast, when word |ines WO

03/ 050815 POVLISHNPWASNEYE actlhidsl, W lmed 6Q\lidlpulled ta@idundtaad digii liyiet 160i ne 162 i s
pulled to ground and digit line 160 renmains at the precharge |evel, Vcc/2.
The sense a%}hélflé &t thQEFe%ﬁérée le'%ls Ve %@@Eﬁs@'amp@i%‘ei"@&@ct& f8s de@ichiihi nes and
provi des a oglc zero output. The enbodi nent of Figure 2B uses two menory
cells 151 a 152 to,.st f the nenory cells is a

hard progr amfeiroRER S8l mﬁ%%fldtfﬁgwg%scaoﬁ lczfﬁo‘&‘gtp ‘is a dynanmic cell, such as

DRAM capaci t or ceII The ROM cell can be progranmed to provide elther a
logic one or a | dgeembhedinentsf Figuimi wses fuprmomarz cells hﬁlﬁnddﬁa BRETY cel |

152,, are hard programed to Vcc. In operation, word lines WJ1 and W.2 are
activat ed t bigetfldera. tGneaxfeksmemotyhcehie o lyard ldgrarbhed ®(MIBR dnd the secaslponse,
digit line 160 is pulled to Vcc and digit line 162 remains at the precharge

15 levellp Vegh % a dPRNSEBAE saémislﬁmm Sph8reel NThe RONIRERRAI B bet ween the
digit lines and provides a logic one output. In contrast, when word |ines

W3 and W4 A F %1%5 ?{]Qfgde e(iit'h lofg Q\?) ]o?élé)gmggljol %%r g)?artrﬁ/p[ﬁg r&é}ﬁiorg cgh line

160 renai ns pa?gr?rﬁe pr eRWAT ge e sense a fier detéects
this differential between_ the dlﬁ | i nes and rovides a logic. zero
out put. 20 @G8hcIndIngROTYACHdPE. e A PiosNMsaiR Yded mmentiors WBkkPSdescr i bed.
The nenory

WL1 and WL2 are activated together to access both memory cell 151, and 152,. In

response, digit line 160 is pulled to Vce and digit line 162 remains at the precharge
15 level, Vcc/2. The sense amplifier detects this differential between the digit lines and
provides a logic one output. In contrast, when word lines WL3 and W14 are
activated, digit line 162 is pulled to Vcc and digit line 160 remains at the precharge
level, Vcc/2. The sense amplifier detects this differential between the digit lines and

provides a logic zero output.

20 Conclusion

A half-density ROM embedded DRAM has been described. The memory
provides ROM cells that can be programmed to a single state. By hard programming
either a first or second memory cell in a pair of cell, different data states are stored.
Two word lines are used to access the memory cell pair. Because one of the cells is

25  hard programmed, sense amplifier circuitry identifies the appropriate data state. The
ROM cell can be programmed in numerous different manners. For example, ROM

cells can be hard programmed by eliminating cell dielectric to short cell plates to a



provi des ROM cells that can be programmed to a single state. By hard
programming either a first or second nenory cell in a pair of cell,

di ff erentwoaBassiat es are stored. Two word |ines are use@cCrasars®wss the
menory cell pair. Because one of the cells is 25 hard programed, sense
anplifier circuitry identifies the appropriate data state. The ROM cell
can be programmed in nunerous different manners. For exanple, ROM cells
can be hard programmed by elinmnating ckl|l dielectric to short cell plates
to a WO 63/ @biidin vielEdgd )50 24 Si8dtidal phig Gnredgbranmaddictwes, thocelbpiates end r i cal
plug can be fabricated between the cell plates and shorted to a program
vol tage. | nsﬁéﬂﬂﬁﬂtoeafB?Q aHF\FHlt% e.! SRV BB him&a) tRERORI 89T @ed usi ng an
anti-fuse progranm ng Techni que or by providing a high |eakage path (not
full short) sct)J(%h as, thro(ugg ?ﬁuaCtr' ve areatetﬁ .t he OS&RJbStg(il%l lthhough
speci fic enBhUT ABAFS RAGEHERAY FOSTREI SR Ide &8 P BE HE 811 10

w il be appreC| ated by those of ordinary skill in the art that any

ar r angenent Jeakpgepath (ot full sharisaeh %SdhféPéE]il ay activeerrehipdhpeisbae, may be
substituted for the specific enbodi nent shown. This application is

i nt ended to coverAldnyghdpgpifat ¢émbslinents bave taen dhstrefedtaheé dpsceibehbereinyent i on.
Therefore, it is manifestly intended that this invention be limted only

by the gbai %11%@%%&&@%%&@%@@!&9 gl in e HB{HaPABARrREIhéie0RNBR707 12

What is clainmed is: 1. A nmenory device conprising: a read only nenory (ROV

cell hard pr, rgﬁ’&g t ell; and

access ci rcu%) ry ogttzoo%c er té}@éaﬁ%?ﬂ%g%q%%%%ab? %lbg%@?%}n%% {:HE’Eer yé:cel | to
embodiment shown. This application is intended to cover any adaptations or

variations of the present invention. Therefore, it is manifestly intended that this

invention be limited only by the claims and the equivalents thereof.



differential digit lines. 2. The nenory device of claim1l wherein the
access circuitry conprises: a first transistor coupled between the ROM cel |
and a firwDodiogists | ine; and a second transi stor coupl ed berCwmasaz/s41e7 dynam ¢
menory cell and a second digit line, wherein gate connections of the first
and second transistors are coupled to different word lines. 3. The nenory
device of claim1l wherein the ROMcell is hard programed to Vcc. 4. The
menory device of claim1 wherein the ROMcell is hard programred to Vss.

5. The menorwhdeytiagnegdfiscl aim 1 wherein the ROM cell is a capacitor cell
hard programed using an electrical potential to short a dielectric |ayer
of the ROMcell. 6. The nenory device of claim1l wherein the ROMcell is a
capacitor cell h r ith.a physical conductor fabricated

bet ween capg(’:i to%%egﬁéggéﬁ%gn cell. 7. The nenory device of claiml
wherei n the ROM qgbid by anc@@RRCROM) celhhrdpaogampiedas afirsdiaystqae;ovi di ng a

hi gh | eakage path froma storage node of the ROMcell. 8. The nenory

devi ce of clai m B dynewis mempey Rl | is a capacitor cell hard WO

03/ 050815 PCT/ USQ2/ 39707... 1 rogr hysi.c . i st orage
node of the ROM &&19° fnécurlt&égol %/)Oélpge tﬁ?/o agéu grilé/gﬁlgld%%&ciﬂ %{)ﬂ#r& g%?%i ty read
only menory §fReBAtigabedard dynam ¢ random access nenory (DRAM device
conprising: a DRAM array conprising first dynam c nmenory cells;

2. The memory device of claim 1 wherein the access circuitry comprises:
a first transistor coupled between the ROM cell and a first digit line; and
a second transistor coupled between the dynamic memory cell and a second

digit line, wherein gate connections of the first and second transistors are coupled to

different word lines.

3. The memory device of claim 1 wherein the ROM cell is hard programmed to
Vce.
4. The memory device of claim 1 wherein the ROM cell is hard programmed to
Vss.
5. The memory device of claim 1 wherein the ROM cell is a capacitor cell hard

programmed using an electrical potential to short a dielectric layer of the ROM cell.
6. The memory device of claim 1 wherein the ROM cell is a capacitor cell hard
programmed with a physical conductor fabricated between capacitor plates of the

ROM cell.

7. The memory device of claim 1 wherein the ROM cell is a capacitor cell hard

programmed by providing a high leakage path from a storage node of the ROM cell.

8. The memory device of claim 1 wherein the ROM cell is a capacitor cell hard



a ROM array conprising hard progranmed non-vol atile nenory cells and

second dynam c nenory cells; sense anplifier circuitry coupled to

di f f erentwalo3absagis |i nes of the ROM array; word |ines toPaaasss3970ns of
the nenory ROM array; and access circuitry to couple one of the

non-vol atile nmenory cells and one of the second dynamic nenory cells to
the differential digit lines in response to a pair of word |line signals.
10. The ROM enbedded DRAM devi ce of claiin 9 wherein the access circuitry
conprises: grégramined by phiysitally shotipgadtdiagewmels of e ROM vel @dirédeeverenory cel l's
and a first digit line; and a second transistor coupled between the second
dynani ¢ nendPiagsetigigland a second digit |ine, wherein gate connections of
the first and second transistors are coupled to receive first and second
word line signals, respectively. 11. The ROM enbedded DRAM devi ce of claim

9 wherein tige nom Hal-dthdi§ reatedidy shefBly ROV chdedddarBgnamresionvadéess and t he
second dynami c nenpory cells are not programed. 12. The ROM enbedded DRAM
devi ce of cmmery (RRAM) Aevierecondiisipgl atile menory cells are hard

programed to Vs g%gh c &%? ' 2T | ks. are not progranmed.
Mo 65/ 080815 T UEBaM 855 gty ‘fecl:%ﬁ of claim9 wherein
the ROM cel |l is a R@PB&irdydongRisinghafdpropfaaghaimtdyolisle Rgen@ity B4IRGIEI Cal
potential to short a dielectric layer of the ROM cell
second dynamic memory cells;

sense amplifier circuitry coupled to differential digit lines of the ROM array;

word lines to access rows of the memory ROM array; and

access circuitry to couple one of the non-volatile memory cells and one of the

second dynamic memory cells to the differential digit lines in response to a pair of

word line signals.

10. The ROM embedded DRAM device of claim 9 wherein the access circuitry
comprises:

a first transistor coupled between the non-volatile memory cells and a first
digit line; and

a second transistor coupled between the second dynamic memory cells and a
second digit line, wherein gate connections of the first and second transistors are

coupled to receive first and second word line signals, respectively.

11. The ROM embedded DRAM device of claim 9 wherein the non-volatile
memory cells are hard programmed to Vcc and the second dynamic memory cells are

not programmed.

12. The ROM embedded DRAM device of claim 9 wherein the non-volatile
memory cells are hard programmed to Vss and the second dynamic memory cells are

not programmed.



usi ng a physical conductor fabricated between capacitor plates of the ROM
cell, using a high | eakage path froma storage node of the ROMcel |, or

usi ng a pWeoIBosisishort between a storage node of the ROM eelrtusbo3grerei ve a
voltage signal. 14. A half-density read only nmenory (ROV) conprising: an
array of ROMcells each conprising first and second nenory cells, the

first menory cell is programed in a non-volatile nmanner to a first voltage
and the second nenory cell is a volatile nenory cell capacitor; and access
circuitry cdapl edteansreadg desich oROMne @ wheraid e OM de#l in6 camsited detithatd y

el ectrically coupl es the first and second nenory cells to differential
sensing ci PERERMPed 15 The hal f-density ROM of claim 14 wherein the first
voltage has a le f im; 14 wherein
the first vol tag\e{l(g ngdh el eveallﬁ&f}nt&?/ﬁ) &%h[fﬂggéﬁ%xgg%%o&é@t@ng a
read-only nmenory usmrgwp}rysmgl. copdugsretatrcagedebetw et capRiitor plat ol tHerR@M

non-vol atile manner to a first data state; providing an un-progranmed

vol atil e neﬁ’éuay cell; and accessing both the first and second nenory cell
capacitors in re . i i of claim 17
wherein the fi rs?ﬁﬁg%glrl ﬁ)g:e eq)ahf?(%%%ggﬂ en dé\%)lfﬁhghg%ﬁgé@%gl%w

PCT/ US02/ 39707  1ling a physical short between a storage node of the ROM cell to receive a

voltage signal.

14. A half-density read only memory (ROM) comprising:

an array of ROM cells each comprising first and second memory cells, the
first memory cell is programmed in a non-volatile manner to a first voltage and the
second memory cell is a volatile memory cell capacitor; and

access circuitry coupled to read each ROM cell, wherein the access circuitry
electrically couples the first and second memory cells to differential sensing

circuitry.

15. The half-density ROM of claim 14 wherein the first voltage has a level of
Vce.

16. The half-density ROM of claim 14 wherein the first voltage has a level of

Vss.
17. A method of operating a read-only memory comprising:

programming a first memory cell in a non-volatile manner to a first data
state;

providing an un-programmed volatile memory cell; and
accessing both the first and second memory cell capacitors in response to

word line signals.

18.  The method of claim 17 wherein the first memory cell is a capacitor having



first and second plates permanently coupl ed together. 19. The nethod of
claim 18 wherein the first and second capacitor plates are permanently
coupl ed bwoappbogihg a potential sufficient to break down &0cT/US0t/8970edi at e
dielectric layer of the first nenory cell capacitor. 20. The nethod of
claim 18 wherein the first and second capacitor plates are permanently
coupl ed by fabricating a conductor between the first and second capacitor
plates. 21. The method of claim 17 wherldin the first menory cell conprises
a plate el ot andsicbyd platgsipetnanendy edupdediopetbgre. 22. The net hod of claim 21

wherein the plate is electrically coupled to a bias voltage equal to Vcc
or Vss.

19.  The method of claim 18 wherein the first and second capacitor plates are
permanently coupled by applying a potential sufficient to break down an

intermediate dielectric layer of the first memory cell capacitor.

20. The method of claim 18 wherein the first and second capacitor plates are
permanently coupled by fabricating a conductor between the first and second

capacitor plates.

21. The method of claim 17 wherein the first memory cell comprises a plate

electrically coupled to a bias voltage.

22. The method of claim 21 wherein the plate is electrically coupled to a bias

voltage equal to Vcc or Vss.



