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Technical Field of the Invention 10 The present invention rel ates(§e/driib y
to menory devices and in particular the present invention relates to read
only menor¥YOOROM8IEnbedded i n a dynam c random access nenorBCT/TRANY707
Background of the Invention Sem conductor nenory systens are conprised of
two basic elenents: 15 nenory storage areas and nenory control areas. DRAM
for exanple, includes a nenory cell array, which stores information, and
peripheral circuitry, which controls the operation of the menory cell
array. DBAM arrays are manufactured by replicating mllions of identical
circuit elenents, known as DRAM cells, on a single sem conductor wafer. A
DRAM cell is 20 an addremgﬁmﬁw%mmpﬁpmme 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 transistor. The
capaci tor holds the value of each cel I_, r}amel y a."I" or a"0," as a charge
on the capacitor. Because the gradual |y | eaks away,

DRAM ca itors 2 Vi ce
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capacitors the cells periodicall o the in e | ost,
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cell at a predefined voltage |evel refreshes a cell. The required

ref reshi ng opedemiaceess srepraay (DRAM).

Background of the Invention

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 aﬁ 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,
pame]y a “1” ora“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 circnitry for the



makes DRAM nenory dynamic rather than static. 30 The transistor f-t@ 2%AM
cell is a switch to let.-control circuitry for the 0 9 JUN 2006 / 815

PCT/ USO 9707 2_ 5 RAM either read the capacitor value o its
state. T g)@foé?é?stor is controlled by a row |ine coupl ed?grgﬂ{sﬁg}@ggfe

connection. In a read operation, the transistor is activated and sense
amplifiers coupled to bit lines (colum) determine the |evel of charge
stored in the rrermry cell capacitor, an? reads the charge out as either a
"1™ or " dependi n uontheIFveI of_ char. eln,hgee tor Inawite
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capaci t or |s charged to an appropriate |evel. Frequently as in the case of
m cr opr ocesonwal]ediyca pwoline edupdadsto itsrgataxtdnmectiepplniacaad eperatisg thei ¢
integrated circuitry (ASICs), it is desired to incorporate read only nmenory
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wafer. This typically requires the formati on of separate additional
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devices 20 (diodes, bipolar or field-effect transistors), which

i nt er cddnempetatios the eerse agnplifigr sfovebporaengd datl ahe mnmsqmellzcapmcsipor iA ROM
basically consists of a nmenory array of programmed data and a decoder to

sel ect the cﬂ@%gdk@gﬁgﬁgoﬁﬁatgledgpl red address in the nenory array. Three
basic types off ROV are mask- progranmmbl e ROV, erasable

Frequently, as in the case of microprocessors, microcontrollers, and other
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
IEemory 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 vsed during



25 progranmabl e ROV (EPROME) and fi el d- programmabl e ROMs (PROVS). The data
array is permanently stored in a mask-programmable ROV at the tbFEJUﬂfmﬁ
manuf acture, by selectively including or omtting the switching ellenents at
the row cWIOWIPP§Ifersections in the nenory array. This reqRET/E8028398)eci al
mask used during 0 9 JUN 2006 WO 03/ 050815 PCT/ US02/ 39707 3 5 fabrication
of the integrated circuit, which is expensive and feasible only when a | arge
guantity of the same data array is required. EPROVMs use a special charge-
storage mechanismto enable or disable tHe switching elements in the nmenory
array. |5 t fabgicatieeof thep pntegratedtcdrevin| wingk ispxipsesve andsfieasibleaingcwhéncal char ges
at the nenory array locations are provided. The data stored in this manner
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allowing it to once again be progranned. ROMs are typically manufactured
with all switching elenents present. | he array, , . with.t connection at
each row- col ﬁtr?ﬁage%{]eéﬁh%léﬂ t8r$%B F%d%@%tﬂ}?fwﬂr{acéﬁé e(%?m%'?tf Hé&% naer?%rgénéfenem
or an anti-fuse elenent. In order to store data in the P these elenents

(ei ther the flndkisgnase, REPrapiate Vghiege RiFce Heveie edecircad ehprges tibe MEBIPHH) are 15
sel ectively programed using appropriate voltage pul ses supplied by a PROM

programmer. @nagldchtioml arerpravédedr ' herdegrsaoreeth thiseanstr & ganepdlyparmeatehy st or ed
in the nmenory array. Programabl e |inks have been used extensively in

pr ogr ammpl e pf xthied Rl iBROM ARYERS) 15R0ABkY Belifoffinea0mon form

of programmable Iink 20 1S a fusible |i en a user receives a PROM
t,s_of, an or lattice

of " conduct or SRS afitebh A papeltie gt T S ing P Rpbinte Tt P e {1 ce s
conducting link, call a _fusible link, connects a
with the connection at each row-column intersection being made by means of either
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
programmmer. 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 afusible 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.



transi stor or other electronic node to this lattice network. The PROMi s
programed by blow ng the fusible links to sel ected nodes and crg%wq 0en
hts

open 25 The conbi nati on of blown and unblown lin
di gi tal M&Z@% eérn of ones and zeros signifying data thg’t%ﬁ‘zsgguser Wi shes

to store in the PROM By providing an address the data stored on a node may
be retrieved during a read operation. WO 03/030813 0 9 JUN 2006
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call an_anti-fuse link, has been develo ed for in |ntegrat d. circuit

applications. | H{e&sRf YISy héecoﬁfjéﬂ?ea a%@ﬁ}fﬁl‘ celhag ARy f‘ésr‘? Ben circuit

as in the case with fusible Iinks, the pr ogr anmm ng rrechanl smin an
anti-fuse bas ‘tmintde&clepd:daforasesimimtegsétcd:cliirctuimplicaﬂoalsi Trestaad| fther esi st ance
link. Thus the anti-fuse link presents an open circuit prior to 10
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mat eri al ring  progranm ng, ric1n between the
conduct i ve mat erials is broken down by redet erm ned applied voltages,
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materials together. Like RAMcells, ROMcells need to store either a data 1
or a ddba @rogriznoigsaidgloMactstance bmvmemézmn aftemprdgrammihge ARONhsedikst o onl y
one program state. For the reasons stated above, and for other reasons

stated bel eyt lf'W(‘.‘MiiCt:trQ(%%QBﬁl rﬁ@dl)%f Etdub el HARF seiiddnBfctive hitendst upon
readi ng and under standi ng the presen

and 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



20 specification, there is a need in the art for a ROV enbedded- DRAM whi ch
can be fabricated with single state ROM cells. Summary of the Inq'g%'N%DBThe
above-nmenti oned probl ens with ROW enbedded- DRAM and ot her 25 probl ens are
addr essed WP 03eogi5esent i nvention and will be understood byCreac/ssgo7 and
studying the follow ng specification. In one enbodi ment, a nenory device
conprises a read only nmenory (ROM cell hard programmed to a first data
state, a dynamic nenory cell, and access 0 9 JUN 2006 WO 03/ 050815

PCT/ US02/ 39707 5 5 circuitry to couple the ROM cell and the dynam c nenory
cell to diffe&iraitry & cobiply the ROM<ell hnd gieodynemicmbmdiyaiitto différabtial dégisi ty read
only nmenory (ROM enbedded dynam c random access nenory (DRAM device
conprises a 1%%[\/! array conprising first dynam c nenory cells, a ROM array
conprising hard programmed 10 non-volatile nenory cells and second dynam c

menory cells. Sense anplifier. circuifry i.s cqupled to dj enti digit
" hes” of the' RoM Tt #Pes ittt AL i, el B itodr (D Pk
array. Access circuitry couples one of the non- volatile nenory cells and
one of the s@ymamic@ndam ascess mrmyoryéPRAN) deviee conprises aRRAM affayi t |ines in
response to a pair of word line signals. 15 A nethod of operating a
read-only nmesemprisifffifst §@anfit agneoriyicells, a ROMsdrrayroompkiyging dlatd progiammed
non-vol atile nmanner to a first data state, providing an un- progranmed

vol ati | §grenpey \6@lile m@rﬂgry%%ﬁgﬁrftj &Qon?@hﬂna}n‘ﬂ@ ity cand secondpiggory  cel |
capacitors in response to“word [1ne signals.

circuitry is coupled to differential digit 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



20 Brief Description of the Drawings Figure 1 is a sinplified block diagram
of a ROM enbedded DRAM of an enbodi nent of the present |nvent|(Drg ‘?pghtufr gure
2A |IIus ‘SE’ ggiarr of conplenmentary digit |ines of an enhodi nen t he
menory of %ﬁ?o and 25 Figure 2B illustrates a pair of ¥ Uﬁﬁ?m tary
digit lines of another enbodinment of the menory of Figure 1. Detailed
Description of the Invention In the follow ng detail ed description of the
invention, reference is made to WO 03/050815 0 9 JUN 2006 PCT/ US02/ 39707 6

5 the acconpanying draw ngs. that forma“part her and in which is shown,
by way of ithfaSIaRayINe %rﬁwcr%té%erpﬁ%ﬁreomn BRIGHE SPWRAYI Y nay be
practiced. In the drawings, |like nunerals describe substantially simlar

conponent s dfiilosttdtomt sgehdic aehodimenty irewhichThe sevestitrotiagbatpsacticed. doagbe | bed i n
sufficient detail to enable those skilled in the art to practice the
i nvention. dhieigseNROfhBAlsSdeEBbeRabsthhtidIFaImARECpsHentshidhghout kIRQI cal , and

el ectrical changes may be made without departing fromthe scope of the

present inve Uéraf()itﬁzw-gh%‘htezgré};ﬁb %@ﬁ%%dde%ggééd ﬁtts%fﬁ'égrﬂ defhllttg%nzﬂﬁh

descrrptron I'AC PUCT Ur6 Ravi ng - an exp osed Sur ch to
formthe |ntegrated circuit (1C) structure of the I nvention. _ The term

substrat e i SKilgfhierthe apdo practicee ipnentiani Oghsasabodimentepmay bentilized aads ubst r at e

is also used to refer to 15 sem conductor structures during processing, and
may i ndOudestmcheal, lagreal sandleddctriray ehangeemaj b madetveithdul deprmignfroiahér waf er
and substrate include doped and undoped
scope of the present invention. The terms wafer and substrate used in the following
description include any structure having an exposed surface with which to form the
integrated circuit (IC) structure of the invention. 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)



sem conductors, epitaxial sem conductor |ayers supported by a base

sem conductor or insulator, as well as other sem conductor st r uf Quitdisitkel |
known to one skilled in the art. The term conductor is understood to

i ncl ude sewiacridesss ors, and the term 20 insulator is defi neBCTWSD2BIarde any
material that is less electrically conductive than the materials referred
to as conductors. The followi ng detail ed descriptionis, therefore, not to
be taken in a limting sense, and the scope of the present invention is
defined only by the appended clains, along with the full scope of

equi val entss tportioshi 20hargiuctead loalynR GV ep@ation t1R2.d Th2 RRdf erayintenteddediune 1, a
sinplified block diagramof a ROM enbedded DRAM 100 of the present

i nvention is tﬂ@éﬁfam@ﬂwﬂm Iﬁggxnd@dfé SfnE@halific CARUREG SOl BirdhiRy 98£RS0r 110

for bi-directional data c tion. The rnenory includes an array o

f
menory cells 112.. The array, i ncl udes nam c ( 0 9 JUN 2006
031050815 PCPF%B%&Q%‘W‘? dalg Sigrpes rf%vgﬂ%o%i‘ ‘B%Rg%@%}ﬂ 19 OCpOcS‘FgY)on 122.
The ROM array is "enbedded" in the da/nam' c nenory and nay include sone
dynani ¢ cel | signabsnt4Odromns itheprioeesgons 24ddress oiicBikiydkdd. Xoderederg8c@dal st or age and
retrieval fromthe array in response to control signals 140 fromthe

processor. Adidtedes 160 ataliyid yddted6 sighaldddodad sth2freadrdes¥locheondsfithd 3ayanal yze
address signals 142 and storage access |ocations of the array. 10 Sense

circui tryol3kehs YrGhry 932 %ﬁﬁg&jﬁ} Rad Hﬁmﬁtﬁ?tf@ri@% agﬂgfﬁgh' Bh@u?&étﬁ‘tﬁ pdata to

1/0 circuitry 134. The 1/Ocircuitry operates | Irectional manner to

ot ed that ¢ FECRERGEA” SRI eFg AR s BBt eirmabRatr B Rkt o st or e
the input data. Dynamc nenories are well known, and those skilled in the
art will from processor 110 and pass this data to array 112. It is noted that the sense
circuitry may not be used in some embodiments to store 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  1in 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 entitied “ROM-



15 appreciate that the above-descri bed ROM enbedded DRAM has been sinplified
to provide a basic understanding of DRAM t echnol ogy and i s not0BrU8RMEd to

descri be a{d 3 the features of a DRAM The present invention uses the
basi c ar A YEE e and fabrication techniques of a DRAM difd W8P #as an

enbedded 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 | ook-up table, or
ot her data that does not require a dedigated ROM nenory devi ce. Enbeddi ng

ROM st orage. i Mis, nost econom call beneficial if the i s not
subst anti a Wg"ﬁ%ﬁmw}?ﬁrﬁ%ﬁ? kegein ‘)éfer?ﬂﬁ?r Q%oﬁ?temﬁln%g’]i?’wnal I
fabrication changes all ow t he enbedded nenory to be fabricated using known
t echni ques tedehes thet slight nicglifitasionsid felricationnaasks elew IR AM cdllsthbe hetdory 25 in
a manner that is externally transparent. As such, an external processor, or

system  doesgaRimdaasd/@RRV B IbyRAGHAE Bhe dePl toR Sridliase ThelMehbis Badatieed
menory. One technique for physically programm ng ROM enbedded cells is

descri bed i Sq..Pat ent 134 .137 i ed 7, 20 titled "ROM
0 9 JUN 20:%) %%)@%MW@%@%@%ié@?“%t“g%m@m'@ﬁ%& por at ed
herein by reference. U. S. Patent No. 6,134,137 teaches that slight

nodi fi cat i G§OW-ribe BISEERLARYeHHORRER e 2D AWNPFVAR R@M embesldsd DRAM- ~pr ogr anmed
to Vcc or Vss by shorting the cell to wordlines. The nenory reads the ROM
cel I s i1 ‘a nmanneAs ¢xpdtined abaentinventidnal REMidegict hprogivdiiwe Hits stafes, descri bed
bel ow, the present invention provides an inproved ROM enbedded DRAM 10 As
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and 0. When the nmenory cells are'read, therefore, both data states are
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and DRAM memory device. The ROM memory cells can be programmed to only
one data state. This is accomplished by shorting se]écted ROM cells to one voltage
15  to remain 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 (Vcc). Shorting the memory cell to an adjacent



and DRAM nenory device. The ROM nenory cells can be progranmmed to_aopl one
data state. This is acconplished by shorting selected ROMcell s Q%J@I}héﬂﬂﬁ
voltage 15 to remain programmed in a non-volatile manner. Referring to

Fi gure 2A, wo sioamisfi ed schematic di agram of an enbodi nent e€T/ushE3persent
invention is described. The nenory includes dynam c nenory cells 151 and
152 that can be selectively coupled to conplinentary digit lines 160 and
162. The digit lines can be electrically coupled to sense anplifier
circuitry 170 to detect a 20 voltage diffeerential between the digit |ines.
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bal ance the digit lines to a predeterm ned voltage, such as Vcc/2. Menory

cells are ha . i 0, .2 .. as -volatile
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exanple, 25 U S. Patent No. 6,134,137 issued, October 17,. 2000 entitled

" ROV EVBEDDEPRrImRaiemgieag 1ogie serremey aply berppssible for sorpe fabsication gyaHert t he
menory cell to either its wordline of an adjacent wordline. Shorting the
menory cel | ffbe hasl progrivinnieg techsigue of Urb. Rateit Ny. &,134di3¢ ipamexavpdy of Shorti ng
the nenory cell to an adjacent 0 9 JUN 2006 WO 03/050815 PCTI US02/39707 9 5

wordline resuchiiqud fdrgreimhin@ng ROM célfy §sihd/8 DRAMNRbEEAbN2 Gifél to its own
wordl i ne, however, may result rn a digit Iine to wordline short during

fabricatign. hrg ﬁr. kNG, 1. 0gi REARE onl sible for
sone fabr1 ?ca%é%gﬂﬁ]lﬂg{)%)ﬁ §&r eﬁ?éﬁtrﬁ p?:%]g‘r]%ﬁ%ngng tecﬁaﬁﬁéﬁ% noélm%.ggggcgatent No.
6,134,137 is an exanple of a  technique for ]ré)éogramﬁ ng ROM cel |l s using a

DRAM f abr i cafideut dspaeingiiom dhapiessabu verion (kg exampirg ROMeslicean begkardg
DRAM fabri cati on can be used
programmed by eliminating cell dielectric so that the cell plates are shorted to a
program voltage, an electrical 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 a result, 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, Vcc/2. The sense amplifier detects this differential

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



wi t hout departing fromthe present invention. For exanple, ROMcells can be
hard programred by elimnating cell dielectric so that the cell (gl fNedglbar e
shorted to a programvoltage, an electrical plug can be fabricated between

the cel | YW %/®8813nd shorted to a program vol tage, the RONTEVTP2EEH7be

programed using an anti-fuse 15 programm ng techni que, the ROM cells can
al so be programmed by providing a high |eakage path (not full short) such
as through an active area to the substrgie. The enbodi nent of Figure 2A uses

two nenory cells 151 and 152 to store .bit of data. e.qf .th nory
cells i ® a Waddndr Wt anmadiveieth @&tﬁmﬁﬁgz f%@ﬂlfgéeﬁaounéagﬂ digit B"%gﬂgﬁi c cell,
such as a non-programed ROM bit that had to be skipped 20 because the ROM
cel | s are aehmpinsrabghegpraethrgclevele VpaR.alhe yensdemplifies détects Has diffefentiad  cel | s
in the ROM portion of the array are skipped in order to use the Half Density

option to sgedkEerNBMdRiit Bndshall p"r@\ﬁdi&sa%gi_c%idbﬁt ut.and "0" data states. Thus,
the ROM cell can be programed to provide either a logic one or a logic

o1 ogr ammed <o or S PUREERE P s sk PAF nIE PR g S I Y2 o

activated together to access both nepory cell 151, and 1521. In response,
di git |ine 6ef daja.pOpe efithegnggponyrallnisa fard programmed ROM cehhand dhesgecp

precharge level, Vcc/2. The sense anplifier detects this differential
bet ween & hecetliig atdyhamiscelinshchrao \DRYe caphcwir celbn@he RiQMitcelllcan bent r ast, when
word lines 0 9 JUN 2006 WD 03/050815 PCT/US02/39707 10 5 W3 and W4 are

act i vat ed. gl gidhnhdd1e 67t i 16k e OF Qe 36K, FoflbtarhBomdBry QAP 1S at

t he precharge |l eve The sehse anplifie etects t erenti al
et ueen e 0 T R 48, AR on S R0 ot
WL1 and WL2 are activated together to access both memory cell 151, and 152,. In
response, digit line 160 is pulled to Vcc 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 WLA4 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



bit of data. One of the nenory cells is a hard progranmed ROM cell and the
second 10 cell is a dynamic cell, such as DRAM capacitor cell. JThéUN{8h cel |
can be programmed to provide either a logic one or a |logic zero. For
exanpl e, neowosyseei | 151, and nenory cell 152, are hard prigreseesdraro Vcc.
In operation, word lines WJ1 and W.2 are activated together to access both
menory cell 151, and 152,. In response, digit line 160 is pulled to Vcc and
digit line 162 remains at the precharge 15 |l evel, Vcc/2. The sense anplifier
detects this differential between the digit Iines and provides a |ogic one
output. |8 ceRigiaatvoltidesdr weedctrcalgiud¥ad RfdbAM¥Aedb@weas the\call @thteshindi t |1 ne
162 is pulled to Vcc and di glt line 160 remains at the precharge |evel,

Vcc/ 2. The s t t e digit i nes
and pr ovi deshtieRar prbiin iGE: B GfirenledhbbAC th%*ﬂ?ﬁ‘?%‘éﬁé%s.ﬁ%y ROM
enbedded DRAM has been descri hed. The nenor rovi de el s .that can be
pr ogr ammed t(Br%rgrinﬂ’ﬁgé‘s@ﬂépémnéyserﬂf’%r%@gZ"r?ﬁf“r‘ﬂ@e i yI‘R%PVl g3 hdghor second
menory cell in a pair of cell, different data states are stored. Two word

| i nes are usdsikage path émd ftllﬂlehorérmclya&:tbthgbahracti‘B’em‘amsJethorsebmatet. he cells is
25 hard programred, sense anplifier circuitry identifies the appropriate

data state. The RW#oagh kpseafic &ibdUiMereiRRIbden iMukRicd i ddebdrtedNerei@Aner s.
For exanple, ROM cells can be hard programred by elimnating cell

8208, kg St el 0 R s

fabricated between the cel {lates and shorted to gram voltage I n
ot her enbodi AEFRIGIatEdHE ‘F?&\ﬂv@é ?S@%ﬁp%%osep?‘&jp%lﬁﬁ‘@&“l}%‘?ﬁgt%sﬁﬁﬁlﬂc fuse

programm ng techni que, or by providing a high
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.



| eakage path (not full short) such as through an active area to the
substrate. Although specific enbodi nents have been illustrated and descri bed
herein, it 10 will be appreciated by those of ordinary skill i@ %3N 2Bk
that any arrangenment, which is calculated to achieve the same purpose, nay
be substituted for the specific enbodi nent shown. This application is

i ntended to cover any adaptations or IYariations of the present invention.
Therefore, it is manifestly intended that this invention be |imted only by
the cl ai RpLaRddiheq gqui val ents thereof. 0 9 JUN 2006 12 What is clained is:
. A half-density nenory device conprising: a read only nmenory (ROV) cel
hard programmed to a first data state; a dynamc nenory cell; and access
circuitry to § UBJ'GE tipye RC]\/ICG%II and t.hg dynamc nmenory cell to

di fferentl al ﬁ& P MY IR BMBYY "&ievi ce of claim | wherein the access
circuitry conpidadesly erhofySROM pdeslihatdgrog@mpieddo beirwaien stdg ROM cel | and a
first digit line; and a second transi stor coupl ed between the dynam c nenory
cell and a sed@rermyf giemory e¢lb andyher ei n gate connections of the first and

second transi : it L The nenory
§éc9£lssclx%{éﬁfrg_¢t(r5]’ H?‘Lﬁéj%@{éﬁg%@ e dg‘%ﬁlc rﬁé?m ééu to

device of claim 1l wheréi I's hard progra to Vcc. 4. The
menory ddiffecentiof digit singn. | wherein the ROMcell is hard programmed to Vss. 5.
The nenory device of claim1l wherein the ROMcell is a capacitor cell hard

programed using an electrical potential to short a dielectric |ayer of the
ROM cel | 2. 6. ThemeRoBr devite\of cRifl weddifmte aokess EirduifryrCorffsMesel | is a
capacitor cell hard . L

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 Vcc.
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
programmed by physically shorting a storage node of the ROM cell to receive a voltage

signal.



programmed with a physical conductor fabricated between capacitor plates of
the ROM cell. 7. The nenory device of claiml wherein the ROMc¢ell is a
capacitor cell hard progranmmed by providing a high | eakage patﬁgfiutﬂnmﬁ
storage node of the ROMcell. 8. The nmenory device of claim1l wherein the
ROM cell is a capacitor cell hard prlggrarmed by physically shorting a
storage node of the ROMcell to receive a voltage signal. 0 9 JUN 2006 13
9. A half-density read only nenory (ROM) enbedded dynam c random access

menory ( M M : i SL 00 L Si i dynami c
menory czRf\s;AgﬁRC%Iﬁ% rayJ%@xpﬂ%F}so?}ﬁg ﬁalE g&gg%aggg%%érﬁ%ﬂipvmo{%ﬁsl e menory
cel | s andesoo@RAMY devicccampring: cel | s; sense anplifier circuitry coupled to

differenti al d'Q it lines of .the RC]\/Iarra%lé word lines to access rows of the

memory ROM ar? %I\gﬁﬁaﬁﬁ%’ggrés"&g?réhﬁjxnla?‘c[ B8WpifeSone of the non-vol atile

menory cells @R@Mﬁﬂa}ﬂéonﬁﬂtﬁingﬂﬁe@ﬂdgﬁﬁfh@dﬂr@n%ﬂﬁlﬂé’m@ﬁnbfﬁcdll@ahch&bcdﬁ(ffer enti al
0

digit lines in response to a pair word |ine signals. 10. The ROM
embedded YIRANE BEVPRECEHS: ¢l ai m 9 wherein the access circuitry conprises: a

first transi sifte SAMMEdirdaiYeaIpIddE dﬁ}?é?éﬁ{fagéigithﬁemé KON htrgy.and a first

digit line; and a second transistor couple et ween the second dynami c
menory cel | s wod lines seavoend rowg pf the meaoryROMamaygané connections of the first

and second t rz?crégslsscﬁr%iﬁy% gou% eu(?Aeeoq 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.

13.  The memory device of claim 9 wherein the ROM cell is a capacitor cell hard
programmed,
using an electrical potential to short a dielectric layer of the ROM cell,

using a physical conductor fabricated between capacitor plates of the ROM cell,



to receive first and second word line signals, respectively. 11. The ROM
enbedded DRAM devi ce of claim9 wherein the non-vol atile nmenory Oq:gthﬁ, 2006 €
hard progranmed to Vcc and the second dynamic nenory cells are n

programmed. 12. The ROM enbedded DRAM device of claim9 wherein the

non-vol atile nmenory cells are hard plrograrmed to Vss and the second dynam c
menory cells are not programred. 13. “The menory device of claim9 wherein
the ROM cell is a capacitor cell hard programmed, using an el ectrical

otential to i j ing a physical
(F:)onduct or fab?%]g%%g%hgéea%\%\geg%méggglgs?%r?g{)?%dtaggBc%\ﬂ(tgﬁﬂeée“ celgl, 8 )SS JUN 2006

14 usi ng a hi géing ephysial gatrtbetweesm asstarage rgle oh iR @M deHeéo ROddveel |, or using a
physi cal sport.bet ween a storage node of the ROMcell to receive a voltage
signal . Y4'"8KSKEPY - density read only nenory (ROM) conprising: an array of
ROM cel |l s each conprising first and second nenory cells, the first nenory
cell is programmed in a non-volatile nmanner to a first voltage and the
second rénor (¢ hadfdenpity read gnlymangorybR@M) cemprisiggpaci t or; and access

Uit _ - it
circuitry coup) %g#e cg' I{(ﬁgﬁeﬁgg%lhmpﬁﬁh% rf;ias\f\’gl?& &cbnd B@;ingﬁpc?e?@ tpéf fifsy! L1y

el ectrically cou sec menory cel to differential
sensi ng oenuy tellis pidgrariined mad fonderiatile maR@vitod ficdt abhage4nditersecondt he fir st

vol tage has a Iejv.el oI@\t}L/cc. 16. ill'he he%l f_-d({snsi ty ROM of claim 14 wherein the
first voliHRY relkis 2 vPlilg meponye!l C4PACion B4 od of operating a read-only
menory conpri gicdsk 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 Vcc.
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 by
hard programming the first memory cell to a first voltage level,

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 coupled together.

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.



programming a first nmenory cell in a non-volatile manner to a first data
state by hard programmng the first nenory cell to a first voIt@qﬁJq$?mw;
provi di ng an un-programmed volatile nenory cell; and accessi ng bot e
first and second nenory cell capacitors in response to word |ine signals.
18. The nmethod of claim 17 wherein thﬁ first nmenory cell is a capacitor
having first and second plates perma %ntly coupl ed together. 19. The net hod
of claim 18 wherein the first and second capacitor plates are permanently
coupl ed by, apRhY highdd AR isabherith [HeGirihd soRk EdlacAGfla@llrb Nt er medi at e
dielectric layer of the tirst nenory cell capacitor. 09 JUN 2006 15 20. The
met hod ofpeohaien!yl ouptedrtei fabridaging a cenduatod beteeemtie fapand senong kapaeitorar e
pernanenth% coupl ed by fabricating a conductor between the first and second
capaci tor”®flates. 21. The nethod of claim 17 wherein the first nenory cel
conprises a plate electrically coupled to the first voltage |level. 22. The

nmet hod of_ claim 21 wherein the plate is electrically coupled to the first
vol t age 1dvel Thgmethad %fﬁl%ﬂ‘ 1 yvhgredn Hhe fipgtgnemory cell comprises a plate

electrically coupled to the first voltage level.

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

voltage level that is equal to Vcc or Vss.



