I 1 9 NOV 2004 ULTRA- LATE PROGRAMM NG ROM AND METHOD OF NANUFACTL’JR% W‘él@%f

~the Invention This invention relates, in general, to Read Only Menories

1 (ROVE) and, nore particularly, to ROV and a nmethod for manufacturing the

- ROVB, wherein the ROV are capable of being programred very late in the
manuf acturing 10 process. Background of the Invention 15 Mist, if not all,
enbedded m crocontroller parts have a Read-Only-Mnory (ROVM nodul e
on-board. During engineering devel opnment, system designers typically use
enbedded Non- Vol atile Menor NVM. . t I r J.CF, code.
However , onceUPE5A§§§F§mQ§@éé%%@ﬁ%beﬁgﬁggﬁhéﬁﬁ$%vég¥gé éor%gigiﬁmr use
and vol une production begins, often ROMis substituted for NVM This
decreases costs, both directly through die size reduction (program ROM
can be a significant fraction of die size) and indirectly through bower
probe and test costs. 25 Increasingly, custonmers see a substantial fraction

o the value they add to a m ghQGantfolher rsyshemdo be the software,

al gorithns, etc. InteIIectua#—groperfy—tg—NENHQUOH they build into the
code t m crocontroller is running Thus, suppliers need to build die
which are identical in all other aspects (CRU, digital nodul es, anal og
nmodul es, o, etcy)ibuinvwehbidhf bengatscoda geaeedlintBOMeaBoOniyxi mum
flexibility of their production lines, manufacturers would like to del ay
putting theegefees N (RGN ) asnlat foas passibhéarhyt heof BbMscamidor process. A

common .
method for manufacturing the ROMs, whereiln the ROMs are

capable of being programmed very late in the manufacturing

10 process.

Background of the Invention

15 Most, if not all, embedded microcontroller parts have
a Read-Only-Memory (ROM) module on-board. During
engineering development, system designers typically use

{ embedded Non-Volatile Memory (NVM) to debug their
microcontroller code. However, once the system and code

20 have been released for customer use and volume production
begins, often ROM is substituted for NVM. This decreases
costs, both directly through die size reduction (program
ROM can be a significant fraction of die size) and
indirectly through lower probe and test costs.

25 Increasingly, customers see a substantial fraction of
the value they add to a microcontroller system to be the

Intellectual Property (e.g. software, algorithms, etc.)
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inventory of wafers past the point of ROMcoding will not serve al
custoners. 10 Another reason to delay putting the code in ROMis that
custoners sonetines wish to -upgrade their code and al gorithnms. \Wen these
code changes and corrections are nade, the custoner |ooks for m nimum
cycle tinme. The wearlier the code is stored in ROM the | onger the cycle

]5 tinme for code updates. Together, these pressures have driven

manuf acturers to devise nmeans of programmng ROM at |ater and | ater

stages in the fabricatiogn c , di1atr At irwenAnhea
f or mati on EP%YS?Fthuéggo(%5%.%égﬁenis ?§EE?E%§?$81, i,lSlbeO, and

4,208, 726_for exampl t Woth 1 hakee RRoghaawend dane iicadr éasi ngly
popul ar. T%%usheaﬁgpg%eggtggggifgrogranning i s acconplished by |on

| npl antation,b it f bkBOcathfotiules,i anerl dgeweldudiesl-ectri c
| ayer) . Ex%%%lgéﬂéﬁ gﬁpgég%ogggg areggg disclosed in U S. Patents

4,230, 505, ;44 3@%0_égﬁﬁt4wi§g0digzarenandoae 586re29in ROMsomd Br ocesses,
program ng dafa I'n is delayed until slightly later in the process 19
NOV 2004 igpkanbing1thipughtet elfednkackprbBOctégnoAdn@S,S. Patent. 609),
by using the nmetal as a mask (U. S. Patent 4, 3 54, 399) , wusing hjgh
energy i nphantsa8tub¥rysivegldelleker to bedny pUtS}DBaﬁéﬁt§Q@F2??;%6§fand
4,591, 891) Progranm ng has al so been del ayed until contract formation
(U.S. Pateassi4t826s3p0s54b289i836he $aBg4Ca420NaRFO5EEFr 4967 hi s
| ast approach, the ROMis programed using contacts to t.he pares . of
transig?orSnbantheyapfayafgrsgpast the pO%nt or KoM cdding kAT ¥t

serve all customers. |
10 Another reason to delay putting the code in ROM is

that customers sometimes wish to upgrade their code and
algorithms. When these code changes and corrections are
made, the customer looks for minimum cycle time. The

earlier the code is stored in ROM, the longer the cycle
15 time for code updates.

Together, these pressures have driven manufacturers
to devise means of programming ROM at later and later
stages in the fabrication process. ROMs programmed at
Active Area formation are still used (U.S5. Patents

20 4,021,781, 4,151,020, and 4,208,726 for example) but ROMs
with later programming.are increasingly popular. The
means of late ROM programming is accomplished by Ion
Implantation before deposition of ILDO (the first inter-
level dielectric layer). Examples of this process are

25 disclosed in U.S. Patents 4,230,505, 4,342,100, 4,390,971,

and 5,585,297. In some processes, programming data in ROM

is delayed until slightly later in the process by
-2 -



some ROM desi gns whichidel ay programming until. later in 10 the Hagkngndi0os

result in a large bit-cell size. Mny nodern processes for

hi gh- perf ormance applications have as many as five |ayers of netal.

I ncreasi ng nunbers of interconnect |ayers are |ikely used in conjunction

with plariarization techniques |ike 15 Chem cal Mechani cal Polishing (CWP)
The i ncreased back- end cycle tine means that ROM programm ng at a step

close to ILDO deposition is no longer "late" in the process. In- order to

keep the cycle time for custoner code n nm ng
nust be nowel aveng a‘%@?mﬂ%ht%%cﬁm%@ésgfgiug%ﬁwﬁgbl{tjsgfv: ?éggg%wst be

kept small and even reduced if possi bl C g U sl tphschighly
desi rabl e .0 ¥t o/l Yer et oL alfde ST u?é\sg\?\% ﬁ OVer cone these pr obl ens,

whi ch are ine ve and eas) ‘_;pr%t_gll(lJ apd @8ikkse. Further, in
some SpECIq"I%Bﬁg'pJ‘Sf kat 1 oHYY %%h tru%)? as 2 substantia l'y reduced chip

area. 19 00 Br,ief of SCr 05 ﬁ'@ hawsngs4FbGL, 89is.a plan
vi ew, portS THARB" Soré) en’ aﬁ\;\g% a ROM array in accordance with an

embodi ent,, of 1h 41 198en Fh& o ediSu@tﬁBC&bﬁﬂatifemamehl ons
t her eof’ broﬂ&raa\/\l/ar?/(‘,quiaésr%g% fro%?secﬂ%n line 2-2 in FIG 1; FIG 3 is a

secti onal w%/v ,P%ﬂﬂgr@ ihereod, byoken, 836, a.BvathaSﬁlQeeanﬂrom section
line 3 3 i G 1 FIG 47is a pian view, portions thereof broken away,

of a ROM af ey 'af‘l@)ccorﬂan@ely\n I@sﬁn@pﬂﬂﬁdﬁaemrbo‘dhﬁefwb’lois phegprasest
i nvention;” FIG is a sectional view, portions thereof broken
using contacts to the gates of transistors in the array.
Some ROM designs which delay programming until later in
10 the back-end result in a large bitcell size.

Many modern processes fof high-performance
applications have as many as five layers of metal.
Increasing numbers of interconnect layers are likely to be
used in conjunction with planarization techniques like

15 Chemical Mechanical Polishing (CMP). The increased back-
end cycle time means that ROM programming at a step close
to ILDO deposition is no longer "late” in the process. In

order to keep the cycle time for customer ROM code_changes
low, ROM programming must be moved even later in the
20 process. Further, bitcell size must be kept small and
even reduced if possible.
Accordingly, it is highly desirable to provide
methods and structures which overcome these problems,
which are inexpensive and easy to perform, install and

25 use. Further, in some specific applications, the

structure has a substantially reduced chip area.



15 away, as seen fromsection line 5-5in FIG 4; 'FIG 6 is 1 v 200
view, portions thereof broken away, as seen from section Iiﬁesg?gl%ﬁl G
)- 4, FIG 7 is a plan view of a ROMarray, portions thereof broken away, in
accor dance with yet another 20 embodi ment of the present invention; Fi G 8
s a sectional view, portions thereof broken away, as seen from section
line 8-8 in FIG 7; FIG 9 is a sectional view, portions thereof broken
away, as seen fromsection line 9-9 in FIG 7; , 25 FIG 10 is a
sectional view, portions thereof broken aay, as sec n fromsection line
10-10 in FIG /; -F-] G 11 is a sectional view, eview, portions, thereof

broken 19 NOV 2004 away,.as seen fromsection.|ppgyidqdl in FIG 7, and
FIG 12 is a sectional T f the present
invention. Detailed Description of the Drawings As will be explained in
detail below the present disclosure deals wwth a Read Only Menory (ROM

array preferably-enbodied as.a ROELI OpotidAsi Rhegralret reikeeuiawal) such as
a finished ROM or Rgll por ti gnaof a pr'ogessor or the like. In ov:%}\c/)i ew this

F?X'n's.”g% g?g% 3 g §PPdyct Ar asuBstEAte havhngnaepbordiiety off $iet ching

present invention;

FIG. 2 is a sectional view, portions thereof broken
away, as seen from section line 2-2 in FIG. 1;

FIG. 3 is a sectional view, portions thereof broken

10 away, as seen from section line 3-3 in FIG. 1;

FIG. 4 is a plan view, portions thereof broken away,
of a ROM array in accordance with another embodiment of
the present invention;

FIG. 5 is a sectional view, portions thereof broken

15 away, as seen from section line 5-5 in FIG. 4;

FIG. 6 is a sectional view, portions thereof broken
away, as seen from section line 6-6 in FIG. 4;

FIG. 7 is a plan view of a ROM array, portions
thereof broken away, in accordance with yet another

20 embodiment of the present invention;

FIG. 8 is a sectional view, portions thereof broken
away, as seen from section line 8-8 in FIG. 7;

FIG. 9 is a sectional view, portions thereof broken
away, as seen from section line 9-9 in FIG. 7;

25 FIG. 10 is a sectional view, portions thereof broken
away, as seen from section line 10-10 in FIG. 75

FIG. 11 is a sectional view, portions thereof broken
-4-



formed thereon, where each switching transistors i's logically anfl 9 iNgY p0(
geonetrically arranged in an err 15 having first and second di nensi ons,
Wth switching transistor operating as a nenory cell. Each-on nenory cel
further includes a control termnal such as a gate or base term nal and a
first and second controlled term nal such as a drain and source or 20
emtter and collector. In the preferred enbodinment the control termna
and one of the controlled termnals act as address |lines or signal lines
for the nenory cell so as. to prqvide.a _neans -for. tivel nabling a

gi ven menoPyaYeeld® S%Wﬁgogbép&?%l@&tlrl&ei Zl:} ter rﬁr?\gEtl,E(‘f'drﬂ)é'i nay%cf? col | egt or,
is selectively I hy filled .vies, I sl uatiss d or
hit lines, pref %&gggl ﬁajﬁ rasts'G‘letljﬁljcdlOD%ESSL @@%34%%{:%{% eval uate cIpiiHrlléér‘f}ta/hereby
each menory, c%hl @%%%%& 3 Rl yrality of swles corresponding to each

eval uate | ine.” For "vari ous peg%ornﬁnce reasons these staves are generally
one state for no or zero evaluate lines coupled to the 5 controlled

term nal and one state each for each evaluate |ine being coupled to the
controlbed termnal . geaydiheldis dhietROM prefigrasawidudes two or nore
conductive interconneCt tayers with atirst or earlier or |ower |ayer

i ncl udi ng one and possi bly both of the address 10 |lines. These address
lines are preferably oriented along a first |ogical or colum dinmension of
the array whereaseaghlcekl cixpluheedolinmiesadrledbetloe ddrfe FERHEES |ines. A
second and | ater conductive layer includes one and preferably both of the
first and séesohdseval dapéds| wich. a Read Only Memory (ROM) arrdy

preferably embodied as a portion of an integrated circuit

10 such as a finished ROM or ROM portion of a processor or
the like. 1In overview this ROM includes a semiconductor
substrate having a plurality of switching transistors
formed thereon, where each switching transistors is
logically and likely geometricaily arranged in an array

15 having first and second dimensions, with switching
transistor operating as a memory cell.

Each—a® memory cell further includes a control

( terminal such as a gate or base terminal and a first and

second controlled terminal such as a drain and source or

20 emitter and collector. In the preferred embodiment the
control terminal and one of the controlled terminals act
as address lines or signal lines for the memory cell so as
to provide a means for selectively enabling a given memory
cell.

25 The second controlled terminal, drain or collector,
is selectively coupled by filled vias, to one or more

evaluate or read or bit lines, preferably a first and
-5-



15 Preferably the evaluate lines will be orientedfalong a second oY@ 2§60
row di nension of the array with each nenory cell in the row sharing the
sanme evaluate |ines. This advantageously allows the very | atest stages of

" the ROM manufacturing process to determ ne the ROM progranm ng 20 by
providing, filling the selected vias at a very |late stage in the process.
The ROM may further include a third, fourth and so on evaluate |ine each
selectively coupled to the second controlled term nal wherein these

addi ti onal _eval.yate || nes 1oy e optionally herged 12125 Rididy or a

penul ti mat 8°C8HAuEY fvél-ayer rst, “second and third eval uate

line a nenvié §EhEyC8P < ggggec@rg UpBhit kg of bk HC@aspeRdingd.0 the

menory -6 | speci states suitable for encoding 2

bi t's per ﬁs 2 Faghs ?e&@%§ﬁaﬁ9@c?@5§oﬁ@dtﬁﬁ%@ witkle e arex pleigred lisn

det ai | erence othe i1llustrations for various enbodi nents in

accordance Métgtéﬁé PLESRBL 0P iBYBNEKANUaTBUSinELGoohpileda thl ahevi ew of a
.l ead Chly Menory (ROM 10 in accordance with an enbodi nent of the present

i nventipn. -ROM-d01k8 peehenabl ynanbaddedatn aarhl fior leaydr edalwedgr at ed
circuit as an integral portion of the 10 circuit in accordance with
standard nanué ass tngngoupeelntquese Refierpilhgdaddirmioadl-ly to FIG 2 which
is taken along section line 2-2 of FIG 1, ROM 10 i ncludes 'sem conductor
substrat e mirtlawimgra phear BOMt prégevenlyninchiided EWp 6F FWEchi ng
transistors 12, 13, 14, 15, 16, 15 17, and 18 fornmed thereon. It should be
under st oodcohact teasistersonpect3zlayarsgithea fFrsin@r183&tdeEny¥ a

lower layer including one and possibly both of the address

10 lines. These address lines are preferably oriented along
a first logical or column dimension of the array where
each cell in the column shares the same address lines.

A second and later conductive layer includes one and
preferably both of the first and second evaluate lines.

15 Preferably the evaluate lines will be oriented along a
second logical or row dimension of the array with each
memory cell in the row sharing the same evaluate lines.
This advantageously allows the very latest stages of the
ROM manufacturing process to determine the ROM programming

20 by providing, filling the selected vias at a very late
stage in the process. The ROM may further include a
third, fourth and so on evaluate line each selectively
coupled to the second controlled terminal wherein these
additional evaluate lines may be optionally formed in

25 earlier or a penultimate conductive layer. Note with a
first, second and third evaluate line a memory cell can

encode a plurality of bits corresponding to the memory
-6 -



portion of a single: rowin an array of transistors, with por ti pris NOfY Dor
rows being illustrated in the top plan viewof FIG 1. Simlarly

o transistors 12, 70, 71,72 are a 20 portion or section of a single colum in

the array of transistors with portions of seven colums being illustrated
in FIG. 1. As will be explained in nore detail presently, each transistor
operates as a nenory cell with transistors 12, 13, 14, 15, 16, 17, and 18
25 defining a row (or partial row) of nenory cells and 12, 70, 71, 72

d_fining a colum artial) o [ I his-sgeahnf pcherbodi ment
NMOS trans?%%%rssﬁégl%f??#%%d 1%€%Eﬁg2%§££%3%ei?oﬁﬁlche u%derstood by

those skills d in the_art h ducthyihbes anditypes O
transistorgeﬁaﬁegé' u????zégéﬁ??géhgé?ggge further understood that although

the portion o FK%$1 t . al Ong, SeetlpBnteneo2t Rei s15udesetiibed, as a
section ofeépi%%no %%ngégg%elﬁs and the portion of ROM 10 taker, al ong

section lipe 3:-3 is,5de565iPROnAS ansSgetbonanteawtohutheobrrerpty cell s,
this is aﬁgﬁr%$¥%§?§ de??niti%n. In other words, the portion of ROM 10

t aken %Iongnf?ggigﬂ_line 2-2 can be described as 10 a section of a colum
of menory cells and the portion ROM 10 taken al ong section |line 3-3 can be
described as a 7ges}ipncof1aisow pfamembey cél hsReFafBlyt YeBOTY, 13, 14,
15, 16, 17, 18, 70, 71 and 72 can be manufactured using any conveni ent
t echnol ogy(r#@y 10 in accordance with an embodiment of theé present

invention. ROM 10 is preferably embedded in a multi-

layered integrated circuit as an integral portion of the

10 circuit in accordance with atandard manufacturing

techniques. Referring additionally to FIG. 2 which is

taken along section line 2-2 of FIG. 1, ROM 10 includes a
semiconductor substrate 11 having a plurality (seven in
this view) of switching transistors 12, 13, 14, 15, 1ls,

15 17, and 18 formed thereon. It should be understood that
transistors 12, 13, 14, 15, 16, 17, and 18 are only a
portion of a single row in an array of transistors, with
portions of four rows being jillustrated in the top plan
view of FIG. 1. Similarly transistors 12, 70, 71,72 are a

20 portion or section of a single column in the array of
transistors with portions of seven columns being

illustrated in FIG. 1. As will be explained in more

detail presently, each transistor coperates as a memory

cell with transistors 12, 13, 14, 15, 16, 17, and 18

25 defining a row (or partial row) of memory cells and 12,
70, 71, 72 defining a column (partial) of memory cells.

In this specific embodiment NMOS transistors are utilized
-7-



15 exanple, in this enbodiment a | ayer of gate oxilde is fornmed oh & NIV 2004
surface of substrate 11 and using comon patterning techni ques gates 20,
.21, 22, 23, 24, 25, and 26 are forned. Control termnals or Gates 20, 21,
22, 23, 25, and 26 are, for exanple, polysilicon which nmay 20 doped to

i nprove conductivity. Further, each of gates 21, 22, 23, 24, 25, and 26-is
formed as a long strip of conductive material which extends perpendicul ar
to the paper in FIG 2 for the length of the transistor array or sub-array

so that the transistors in the arrgy/ or.sub 2 ay.are.a Lgned in
col ums. D@l nst w3bl aAg %Bﬁ?E@Eogg,é§2?h§§? an lgéﬁa¥% Fg?nég? S??%g

standard sel f-aligned |inplant technpgue resht pehoul d be
not ed t hat®e®E r oPF HCngﬁgﬁﬁFsag £g?%?né%2%§yé§?9§8F@a§3h38 and the ot her

controlled  termnals_or source- 31, 33nadbdir 3d4qathgenat enaheng the
row in Fﬂﬁtﬁgkﬁe?hatIgaﬁﬁo?;éng?s %%g %?gg? fransistors 12, 1 1%, 15, 1.6,

17, and 18). in the.égM/§h§¢ﬁ81§ CopuRN, t 8hy1 BakcWohhlaneadj-acest transistor

in the ro .eFQQI%§anp e, first adjacent pair of transistors 12 and 13 in

the row share sourgesternipalidd, ophil gowabtensabeyotesesoaddathacent pair
of transistors and 14 10 in the row share drain term nal 28, etc. Thus,

first adjaceniopabf Srofi 10apskshosBSohyy. 8ecti@h1Bind4B15,18.6/17) in each
row share a source termnal. and alternate adjacent pairs of transistors
in the rowddceiped3dds 454460on Af 1418plsharefamenary cethbnathis
is an arbitrary definition. In other words, the portion
of ROM 10 taken along section line 2-2 can be described as
10 a section of a column of memory cells and the portion of
ROM 10 taken along section line 3-3 can be described as a
section of a row of memory cells.
| Transistors 12, 13, 14, 15, ie, 17, 18, 70, 71 and 72
can be manufactured using any convenient technology. For
15 example, in this embodiment a layer of gate oxide is
formed on the surface of substrate 11 and using common
patterning techniques gates 20, 21, 22, 23, 24, 25, and 26
are formed. Control terminals or Gates 20, 21, 22, 23,
24, 25, and 26 are, for example, polysilicon which may be
20 doped to improve conductivity. Further, each of gates 20,
21, 22, 23, 24, 25, and 26 is formed as a long strip of
conductive material which extends perpendicular to the
paper in FIG. 2 for the length of the transistor array or
sub-array so that the transistors in the array or sub-
25 array are also aligned in columns. Drains 27, 28, 29, and

30 and sources 31, 32, 33, and 34 are formed, using

standard self-aligned implant techniques.
-8-



15 The conmon term nal .concept is optional and istincluded in ﬂrﬁsNUV 2004
enbodi nent to further reduce nenory area. However, if substrate area is
rnot a concern, individual transistors can be fabricated, rather than

"~ transistors sharing a common terminal. It should he. further 20 understood
that in the preferred enbodi nrent where MOS nenory cells or transistors are
used, the respective termnals being r ferred to as source or drainis
arbitrary as the transistors are inherently symmetrical in operation. For

this reason in the art t Eﬂagrn]ngsaeﬁﬁgﬁ F%ﬂg&%ﬁqedeggggggaﬁg a5

scource/ drairi sHah8 hér &8°P b8° 0 as-controllTed termnals. In

oper ation f an g%f?agra |350éméaea ﬁg&ﬁgaﬁg5gglb$nq§gqq%§ the term nal

-0 19 NoV E@ﬁnﬁo he®f! the two ternmnals or the

termnal to which,curren ow-whent h e i+ lbnaSs enabl ed
or turned Bﬁr%h%a%ﬁeoara%U¥%%g Ehé 85? SBtOEQnggl?%&Erggﬁsﬁﬁﬁgfmﬁ5 Each

drain tern%ﬁ lrn%oéasFIég’Z gg ﬁgakseﬁeﬂn%QéﬁglsE@ra (kl.bst, signal 1ine,

which in this e Iment is designhated as a "pre- charge line. It should be
not ed %n;pgtgkgs§25|ggal1h|n@5nay6belq$eqnasla Y phettlkange” line in
sone nDdes of operation and not in of hers 10 Generally, during operation

the "pre-chasges 4iB6mhSn terminal with an adjacent transistor in
the row. For example, first adjacent pair of transistors
12 and 13 in the row share source terminal 31, while
alternate or second adjacent pair of transistors 13 and 14

10 in the row share drain terminal 28, etc. Thus, first
adjacent pairs of transistors (i.e., 12/13, 14/15, 16/17)
in each row share a source terminal and alternate adjacent
pairs of transistors in the row (i.e., 13/14, 15/16,
17/18) share a drain terminal.

15 The common terminal concept is optional and is
included in this embodiment to further reduce memory area.
However, if substrate area is not a concern, individual
transistors can be fabricated, rather than transistors
sharing a common terminal. It should be further

20 understood that in the preferred embodiment where MOS
memory cells or transistors are used, the respective
terminals being referred to as source or drain is
arbitrary as the transistors are inherently symmetrical in
operation. For this reason in the art these terminals are

25 often referred to as source/drains and here in may be
referred to as controlled terminals. In operation of an

NMOS transistor the source normally denotes the terminal
-9_



connected to sone conmpn potential, such as ground, to conplete aﬁdiﬁﬁhﬁﬁﬂ@
t hrough each of the transistors or nenory cells. In the enbodi nent
illustrated in FIGS. 1, 2, and 3, "pre-charge" lines 36, 37, 38, and 39
care formed 15 in a first netal |ayer and extend perpendicular to the .

paper in FIG 2 so as to extend parallel with each colum of transistors in
the array (see FIG 1). Each drain for each transistor is connected to the
adj acent one of "pre- charge" lines 36, 37, 38, and 39 by contactstgo. Not e
20 that the portion or section of the colu tfwdststminal sr aedtBy
transi stor &oﬁﬂglé@,tﬂltfﬁldlqﬂe%h%?%e%t%%imr%@n 19{5? rip of conductive materi al

such as polysilicon or netal to formihe gpte wo=fiotheachlir ansi stor and
simlarly wmmnﬂnﬁlxﬁﬁmﬁphg?eg%ﬁﬁ?%e"w%r first signal line 36. Here 25 it

wi || he understood that once th rayrQfat baNshat ohe dsafipr AEd, the entire
array i s covereiSkeh 5$|§9§P£%§ ?%su gting material (e.g. silicon oxide)

whi ch is then 0 NOV 2[J (optian nphamari "ed and; patterned to form

oper ni ngs fepupEent ARt & Hﬁg%g%ggogﬁgg contacts to be expl ai ned p%%§pntly)

The openings are fihlgg EﬁrEegﬁiggng7nenaL.29Layeﬁ Wt A Sa COGRGICT Ve

material5 to fornFeontacts 4 (and optimally, tha other c nt%gts) Sui t abl e

mat eri al for fi%kkgg g@sngha§ihagluﬁ&cﬁeﬁal§hiQOFV§PFPF@H; or The |ike.

The first mePaf faver s then deposited to forn1con%ac 8 40, 4. 41 f metal)
i otier <

and pre-charggiéhggédBQS 37rp38-chnd g8y, lavenel Ltas er contacts or
connecti ng ?lne I ncl uded npre-charge"

that the first signal line may be used as a

' i thers.
1ine in some modes of operation and not 1n ©

i ' " —charge” line is
10 Generally, during operation the "pre charg

i round, to
connected to some COmMMmOn potentlal, such as g .

' i the transistors oI
complete a circuit through each of

. . ]
memory cells. 1In the embodiment illustrated in FIGS p

d
2, and 3 "pre-charge" lines 36, 37, 38, and 39 are forme

i the
15 in a first metal layer and extend perpendlcular to

i Jumn
paper in FIG. 2 so as to extend parallel with each colum

h drain for
of transistors in the array (see FIG. 1). Eac

j of "pre-
( each transistor 1is connected to the adjacent one p

charge"” lines 36, 37, 38, and 39 by contacts 40. Note

sistor
~0 that the portion or section of the column of tran

ommon
formed by transistors 12, 70, 71,and 72 share a ¢

111 metal
strip of conductive material such as polysilicon Or

to form the gate 20 for each transistor and similarly

! i signal line 36. Here
share a common "pre—charge' or first g

istors
25 it will be understood that once the array of transi

i i r of
is formed, the entire array 18 covered with a laye

(e.g. silicon oxide) which is then

- 10-
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10 in the first netal layer. In addition to contadts 40 con

"pre-charge" lines 36, 37, 38, and 39 to drains 27, 28, 29,

respectively, contacts 41 electrically connect sources 31,
tolines 42 in the first nmetal |ayer. 15 Depending upon th
integrated circuit (and the nunber of netal lavers 'n' in
ROM 10 is enbedded, a plurality of |ayers are connected to
source termnals 31, 32, 33, and 34 and to each other by c

necting 9 NOV 201
and 30,

32, 33, and 34

e specific

the 1C) in which
the shared
onducti ve vi as

filled with an, el eﬁﬁrl o %rg%egoggggt E\é%tg%tn%lal &lo, fhefcepdaiegd eomare

referred t&°B51°PP gdp e understood that th
| ayers are no %Ggenﬁrallxdf rped ebntelals ardpd ldxplieineef e

| ayers her &PH other conductive nmaterials (such as dope

e conducti ve
rred to as netal
d seni conduct or

mat eri al ) can b%tﬁg use@ iN & ggngge@kglqlap@blgauwomi ﬂ%ﬁaﬂwmaﬁﬁ

addi ti onal Py°Fs

sectlona view along section line 3- o

f FIG

can be seen. (b3t 4 hl Wl Abdhcrivel nat@:NAN 200£cak mqsvéopa@chs 46,

47, and 48; each of the shared source termnals 31,

etc. of

tranS|s§org %%mal@y, ThotaR@ne2 iconfrarcned .i n Suhdabileamaksiadial ARF  (net al

| ayer. 1) of the plurality of netal |ayers. Conductive pa
47, and 48raneiher wa¢ gener dhly udec mergdisar PP laised WA (He

t he pl ane of and across the paper in FIG 3 tqg reduceig
plurality oher ¢adsauinetnlevalyeat ésl ithes e
40, 41 (if metal) and pre-charge lines 36, 37,

as well as any other contacts o

10 in the first metal layer.

dq%enéé% s'in

& ctﬁ
38, and 39,

r connecting lines included

In addition to contacts 40 connecting "pre-charge

lines 36, 37, 38, and 39 to drains 27, 28, 29,

respectiv

and 30,

ely, contacts 41 electrically connect sources 31,

32, 33, and 34 to lines 42 in the first metal layer.

15 Depending upon the specific integrated circuit
number of metal layers 'n
embedded, a plurality 'n-1'
shared source terminals 31,
other by conductive vias filled with an elec

20 conductive material; hence,
filled vias.

lay
referred to as metal layers here

materials (such as doped semiconductor material)

35 used in some specific applications.

(and the

' in the IC) in which ROM 10 is
of layers are connected to the
32, 33, and 34 and to each
trically

the vias are referred to as

it will be understood that the conductive

ers are most generally formed of metal and will be

in but other conductive

can be

Referring additionally to the sectional view along

section line 3- of FIG. 3, it can be seen that a
-11-

plurality



signal lines 50, 51, 52, 53, 54, 55, and 56 are forned 10 frornrn;,(t%l.li\ifi]‘iayzgplé
n and connected to sel ected ones of conductive pads 45, 46, 47, and 48 by
vias 60 that are selectively filled with an electrically conductive
material; hence the vies that have been filled are referred to as filled
vias. As can be seen best in FIG 15 1, evaluate lines 50, 51, 52, 53, 54,
55, and 56 extend generally parallel to the rows of transistors with two
eval uate lines being associated. with each row of transistors in the array

of transistors. For exanple, arid referrin eci fiLc d 1S +Hle and
3, it can bé §@@ﬂuEG1WﬁaPa@§a%§at§6Piﬁ?s §8%a% ’ang?gagisociated with the

row of transistors containing transistar s th3makibtok® 128t cia, not shown
in FIG 1 8P238deyaldsfe S HEL 82 gﬁd §%C§a%§-assééiated with the next row

of transi st@rgs, Aneludi ”%ortmre"’c‘f‘%in?tt‘?lre 7, -8valdtatie 1H (nfetedld Sbyear e
#th X

associ at ed £hé SnéESWr transistors inclu ing transistor 71

etc. Filled vies oupl I ad phes afaldies . cadiidivierpaeksid o
sel ected oﬁeg)on?%g%p uP%F??ﬁgg% -12 19 NOV 2004 evaluate lines to define

firs; t. 1qgic,eutpyts _of; tfe QW fofrmae e realllys .r By aoligeramaty on of FI G
1, in t%e first KOM/’OF'transistors filled vias 60 connect sel ected ones of
conduct i Vesﬂégéd‘%it%t ¢nel Qo8] eGtied ienaheofpleval wat ersl ldaress0-ind 51.
For exanple, only evaluate line 50 is connected to conductive pad 45 and
both eval ughgehi R@s F2. andSIeanecamigetzerta.o conductive pad 46. Al so,

eval uat e .
A plurality of read-out or evaluate lines or second

signal lines 50, 51, 52, 53, 54, 55, and 56 are formed
10 from metal layer n and connected to selected ones of
conductive pads 45, 46, 47, and 48 by vias 60 that are
selectively filled with an electrically conductive
material; hence the vias that have been filled are

referred to as filled vias. As can be seen best in FIG.

15 1, evaluate lines 50, 51, 52, 53, 54, 55, and 56 extend

generally parallel to the rows of transistors with two

evaluate lines being associated with each row of

transistors in the array of transistors. For example, and

referring specifically to FIGS. 1 and 3, it can be seen

»0 that evaluate lines 50 and 51 are associated with the row

of transistors containing transistors 12, 13, 14, 15,

etc., not shown in FIG. 1 or 3, evaluate lines 52 and 53
are associated with the next row of transistors, including
transistor 70, evaluate lines 54 and 55 are associated

25 with the next row of transistors including transistor 71,

etc. Filled vias 60 couple selected ones of the

conductive pads to selected cnes of the plurality of
-12-



lines 5G and 51 are both 5 i LE WRY 200t
(h connected to the second conductive pad i

first row of transistors and only 10 evaluate line 52 is connected to the

second conductive pad in the second row of transistors. Thus, to read-out

the information stored in ROM 10 (and ignoring any addressing or other

specific connections that may be included in the plurality of netal

| ayers, 1 15 through n-), individual nmenory cells in the array can be

addressed by activating the transistor making up the cell. Taking

transistor 12 _as_.a specific exanple,-: addriesshitgutss acatpl fehed by
connectingewﬁﬁgﬁéﬁaﬁdgeslFﬁeggquS glkggnnnghboten?}al, such as ground, and

provi ding an 20 apprQpria ti-gl; 40 gatre 20.1, By rappleyifigr sin row
appropriat@eﬂ8féhfféﬁ%fo %&aﬁ%&%& fine 50 and measuring the current flow

the D o | o %&61%%51_%@%%@ ia1kl hedvied BRrkeitesn ccorduiciias phd 45 and
e e

eval uate | can etermned. In the present exanple, current wll

flow becausg %icltli% }f)iaQSGQS?Xie@cS., Ho &elddvedsicas scamectd itpteval uate |ine
50 to source g , are filled with an electrically conductive material.
Similarly trapsi $ot hng0 51-13 Fbrd NSV @04 orriay dye laddressidt mP prdper |y
biasing the tirst signal line or pre-charge |ine 36 and gate 20 and, usi ng
the second cgigealccd fes condevalivat @ad rds 32 AdBEvalnatfi sL1 i3t 3mce
current will flow for each evaluate |ine because 5 a filled via 60 exists
coupl i ng t hadewal wate donnectedc srdgendretiad® #4662 Hlansifhittr 1379 5" Yddr esed
by connecting "pre-charge” line 37 to a conmn ngentiahkjsuch as ground,
and provi dilngeas 58pprdphilaggepsosht iCANNES e &2 1By eCC

conductive pad in the first row of transistors and only

10 evaluate line 52 is connected to the second conductive pad
in the second row of transistors.

Thus, to read-out the information stored in ROM 10

(and ignoring any addressing oI other specific connections
that may be included in the plurality of metal layers, 1

15 through n-1}, individual memory cells in the array can be
addressed by activating the transistor making up the cell.
Taking transistor 12 as a specific example, the addressing
is accomplished by connecting "pre-charge” line 36 to a
common potential, such as ground, and providing an

20 appropriate potential to gate 20. By applying an
appropriate potential to evaluate line 50 and measuring
the current flow the presence or absence of a filled via
60 between conductive pad 45 and evaluate line 50 can be
determined. In the present example, current will flow

25  pecause filled via 60 exists, 1.e., the vias connecting
evaluate line 50 to source 31 are filled with an

electrically conductive material. Similarly transisotr 70

-13 -



10 applying an a '
ppropriate potenti ;
curront fl ial to evaluate Ifi
ow the preserice or absence of fiIIedtSiglgg gétaggnnﬁékngﬂa e
conductive

pad 45 and evaluate line 51 can be determ ned

current will
“i.e.
with i
an electrically conductive naterial

connecting "pre-charge' line 37 to a common

provi ding 20 an . _
eval uate |ine appropriate potential

by connecti
gate 23 and £
her ei nbef or@.

"pre-charge' line 38 and an

oth transistors 14 an

with thems i&ggi upnasperf evailAgLEh i%%gggg

?oth.evalua e’ |lines.
ashi on, eaghseghtei nutrhenar Fayti

flow, or the _

5 a filled via 60 exis
conductive pad 46.

Transistor 1

1ine 37 to a common potential,

providing an ap

10 applying an appropriate P

measuring

filled via 60 between conductive

5] can be determined.

will not flow because no filled via 60 exi

and 3), i-&-4 rhe vias conne

15
source 31 are not filled with an
material.

( Tra
1ine 37 to a common

20 an appropriate potential to ga

connecting evaluate line 50,

Transistor 15 is addressed by connecting
38 and an appropriate potential as abov

read by connecting evaluate line 50,

25 hereinbeifore.

via 60 associated with t

read operation,
- 14 -

S 6adh bygcobieet FgEeday ok Y

ts coupling the evaluate

propriate potential to gate 21.

the current flow the pres

In the present example,

nsistor 14 1is addressed by connecting

potential such as groun

Both transistors 14 a

In the present exanple,

-y V g X | |

Tr ansi st or

14 is
pot enti al addressed by

such as ground and

; to gat i .
30 é@dﬁésasﬁcmytmxbw@ﬁ%ﬁrﬁéﬁ%ﬁhgzggggg%i?%faﬂgbyl tbhfect i ng

_ 15 i s add

PL QORT i 8¢ £gpehensiEabnés a[)ﬁiief' 0
i ne SQ, 51 as descri bed 25
e,aaf Bl edInvical60 associ at ed
peration, current will flow for

13l%ggéggyeggg4ebalaasbnﬂu@ﬁ e ogous

n the present enbodi nent

1ine current

3 is addressed by connecting "pre—charge"

such as ground, and

By

otential to evaluate line 51 and

ence or absence of
pad 45 and evaluate line
current

sts (see FIGS. 1

cting evaluate 1ine 51 to

electrically conductive

"pre—charge"

d and providing:

te 22 and 1is read by

51 as described hereinbefore.

"pre—charge" line
e to gate 23 and is
51 as described

nd 15 have a filled

hem so that upoen performing the

current will flow for both evaluate lines.
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presence of a filled via 60, is designared as a ldgic '1' while the absence
of afilled via 60, or'the lack of 5 current flow, is designated as a logic
"0". As will be understood by those skilled in the art, the specific logic
out puts can be reversed, depending upon the followon equipnent. FIG 4
illustrates a Rea-Only-Menory (ROM 110 in 10 accordance w th anot her

enbodi nent of the present invention. In this enbodi nent, conponents simlar
to those on FIGS> 1-3 are designated with a simlar nunber and a 1 is added
to the reference nunber to indicate the differentyepboti irentheGeherdl |y,
ROM 110 is §i M | &fmipadSoRGMARITKEe FShHA a plurality of pre-charge
lines 136, 137, 138, and 139 are fornegoﬁg%éH@§t@ageehtlﬁlp@v exafpfe as
extensions pf esain t Bn nihal Brasyt 198 and 130 (e.g. doping aq,entire
|l ine instead of only individual draigoteggia@b§bnated by EnéPgdi-ng

pol ysi | i con,pesehberof0aséimt tBHdULTor "faterial directly on the§§urface of
substrate I11.) In any case, " rg-%ggﬁg@ kiRes0136r $®$,1P§§;° nd 139

ext end per pendlieuthe ﬂ@sﬁﬁéepgger i'n the sectional view al on %§Q£§on l'ine
5-5 of FIG 5. In this embodi : Sné“\g}lb

the ‘apr e- dogrige'' 0'i-ned e cont act ed
only 25 at theredgedle¥ thé gg%g "or bl ocks. As can be seen in FliGg# the
gate lines and, hence, th%h%%%nggyyygatxnnﬂeeWGﬁedWﬂqxﬁﬁe?ogether whi ch
results in pedesshgoth®Yares.

' follow—-on
utputs can be reversed, depending upon the
]
equipment. .
| - _Memory {(ROM} 110 1
( FIG. 4 illustrates & Read—-Only-Me Y
i resent

10 accordance with another embodiment of the p

p

i GS i

I

I !

] . B . . . .

i urface of
50 semiconductor material directly on the s

1 r 13 r

in the
138, and 139 extend perpendicular to the paper 1

i i - 1G. 5. In this
sectional view along sectlion 1ine 5-5 of F

l S

an be seen in
25 at the edges of the array ©or blocks. As C

1 stors can be
FIG. 4, the gate 1ines and, hence, the transls
- ¥

' i he area
oser together which results 1in reducing €
-15-
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 cduced rél 2t:\l\?<\a/ tngAI;OQ\)/}‘ ROM 110. However, the perf'ormance of RO\A11§0N% 20(%
reduced relative 1o 10, besau;e of the higher resistance produced by
the sem duet 1V "pre-charge” lines, but can be augnented by strappi ny or
| avers throu ! rrei :n either ROM 10 or ROM 110, all of the interconnec%J
Layers thro g t tal layer n-1 can be conpleted prior to programmn At
sore co! ent time after metal layer n-1 is conpleted, a layer fg.

ing material is deposited over netal |ayer n-1 and pl Zmar?zed 10

It should be noted that the ' ' |
_ _ pl anari zation st S i '
i ncl udes t ke dest ried pr G A g tk}%ffiﬁﬁi%%aﬁrpﬁ .oefl,[ﬁ(%bﬁg@%? engae%?gao\rml e

absence of each filled via 60 i i
1.60 in reduced relative tocﬁoﬁi¥%,ngégﬁgktéfffﬁénﬁiéméﬂ vies 60 or

resistance produced by the semiconductive "pre-charge”
lines, but can be augmented by strapping or the like.
5 Thus, in either ROM 10 or ROM 110, all of the

interconnect layers through metal layer n-1 can be
completed prior to programming. At some convenient time

after metal layer n-1 is completed, a layer of insulating

material is deposited over metal layer n-1 and planarized.

10 It should be noted that the planarization step 1is
optional. A mask which includes the desired programming
information (i.e., the presence or absence of each filled

via 60 or 160) is used to form filled vias 60 or 160 in
communication with the conductive pads. Here it will be
15 understood that, depending upon the specific fabrication
technigues used, filled vias 60 and 160 can be formed as a
part of metal layer n-1, n Or with another material {we
call ?? plugs, see page 17} with very little change in the
described procedure. After the formation of filled vias

20 60 or 160, final metal layer n is deposited and etched and

a passivation layer is deposited and etched to complete

the ROM.

As will be understood from the above description,
either ROM 10 or ROM 110 is programmed with specific
25 information after virtually the entire ROM has been

fabricated. Therefore, future increasing numbers of

ve little or no effect on the
-16 -
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comuni cation with the;conductive pads. Here it w'll 15 understongtHgy,me
dependi ng upon the specific fabrication techniques used, filled vies 60
and 160 can be fornmed as a part of metal laver n-"I, n or with another
material call ?? plugs, see page 1.1; with very little change in the
descri bed procedure. After the formation of filled vial 20 60 or 160, final
netal layer n is deposited and etched and a passivation |ayer is deposited
and etched to conplete the ROM As will be understood fromthe above

descriptiogb%ﬁéﬁé§§yo{féﬁ€é?émm{ggw 1A0his prograpaedi s pdr Spesedi c 25

informatio er vir the entire ROM has been fabricated. Therefore,

future incrﬁﬂ§&quﬁynp@g§ Snnd ot er epanecird ayensleted. haerthetrte or no
effect on t é-16 9 NOV f%, | at eness of programm ng, since that step is

performed giier-dhe &y&géCQﬂﬂQCfoiay@ySSpmeiﬁbmp¢@d@d¢aFub@hé??uceﬁack-end
cycle tinme for any specific code can be reduced substantially, singe t he
ROVE are i dgnid€abtiql By) abpestishd ROMS | atdel pengrai Ay 3t &psSPAFES,
bitcell size small and even reduced in sone applications, Thus,.  custoner
codes can hechmnges mtogiatmatd ystées | ashla nupEtcid t hdtEestbskaREi al |y
altering cycle tinme. One nethod of reading either ROM 10 or ROM 110 is as
10 fol | ows s Chasmd evéen "preuctdr " sPRaedPRbl S  Ke3d- B "Détode the
address of the byte/block to be read; C.Charge Lhe, sehgetgd: Ok Ruce

without substantially altering cycle time.

One method of reading either ROM 10 or ROM 110 is as

10 follows:

A. Charge all "pre-charge" lines to VD, Read’
B. Decode the address of the byte/block to be read;
C. Charge the selected gate electrode or electrodes
to Vg, reads and
15 D. Sense the appropriate evaluate line by whatever
means decided upon.
In this method, the evaluate lines of cells with missing
filled vias (60 or 160) will not be connected to their
"pre-charge" lines and will not be brought to Vp read-

50 These cells can be distinguished from the evaluate lines

of cells with intact filled vias. Thus, the method allows

the two bit-states to be distinguished.
An additional method of reading either ROM 10 or ROM

110 is as follows:

25 A. Charge the evaluate lines for the data to be read

to Vp, Read’

B. Charge "precharge" lines to Vg read;
-17-



to V Read; and 15 D. Sense the a
ppropriate eval uate |
means deci ded upon. In this nmethod, the evaluate Ilneslg$ gglrhaqqy¢&N 20k
F]?Z[nﬁ fIL|ed vias (60 or 160) will not be connected to their
bg & gt ?Lgﬁi slh:age?rgrr;dt \r/]\nell nlot be Pr ought to VC,, Read 20 These cells can
evaluate lines cells with intact fil i
Thus, the nethod allows the two bit-s ngnract filled vias
S, . -stales to be distin
addi ti onal method of reading either ROM 10 or ROM 110 igugzhfgiI§QS' 25 A

Charge the evaluat% | i nes for t
r 3¢ Qe 38l a BrCharge rgwechar ge” i
% 17 1 9 NOV 20 8 Oﬂ@c&% %Zéress of the data in thaqtmrow % Chlapgz

t he sel ect ‘%;Eﬁ_%
what everC °d o2 g\é%dggl%gbson%tgét kﬁgﬁsggboﬁgﬁﬂ &:rﬁj ot har. i >
e uence e "pre-charge"
evaleﬁa?]:a f.elnles n;genrg Jﬂ\gﬂcﬁﬂ;l\ét@_é&‘aﬂuaﬁ Fiencc GnneSIRRETF t he

S 85 Curt ent flow in correspondi ng eval uate |ines.

means decided upon.

5  With this sequence, the "pre-charge” lines of cells with

missing filled vias will not be connected to thelr

evaluate lines and as current will flow in corresponding

evaluate lines.
Turning to FIG. 7, a plan view of another embodiment

10 of a Read Only Memory (ROM) 210, in accordance with the
present invention, is illustrated. In this embodiment,

components similar to those in FIGS. 1-3 and FIGs. 4-6 are

depicted and overall ROM 210 operates or may operate in an

analogous fashion. Thus the discussions below will focus

15 largely on distinctions and. the minimum discussions
requiréd to explain FIGs. 7-12. Generally, ROM 210 is
constructed similar to ROM 10, except that additional

evaluate lines are included in metal layer n-2 (and/or

other metal layers if desired see FIG. 12), as will be

20 explained in more detail presently. The additional
evaluate lines are then programmed by coupling, attaching,

or connecting (or not) them by filled vias to conductive

pads. As will be understood by those skilled in the art,
the filled vias may be formed as separate plugs between
25  the formation of metal layer n-2 and metal layer n-1 or

during the formation of metal layer n-1, depending upon

the specific process used.
-18 -



. Turning to FIG 7 i
MBrTOry (ROM) 21- , a pl an vi ew of another enbodi ne '
0, in accordance with the pregéﬂfnfnvéﬂtfg a Béba NﬂNyﬂmé

n, is

illustrated. In thi

: t hi s enbodi

and FIGs. 4-6 ar : i ment, conponent -

y e S sim .

- an anal ogous fashigﬁpl$aed and overall ROM 210 OLg;atg those in FIGS. 1-3
di stinctions and the ni hus the discussions bel ow will ? or may operate in
Ceneral | Y, ROM 210 i s QIOITSJT di tSCSSSi ons requi red to eng;s 1E| | ar QE| y on

ructed simlar to ROM In Gs. 7-12
10, except that '

addi ti onal eval ua i

\ te lines are i i

el | avers |t don e included in netal i
f%T%%gqgﬂggdfﬁéht12)luagrox¢@.l%e%g%?glg[g?%ggﬁ?ﬁringéher

detail presentl JOC
coupling, att Cﬁéf a Ltlonal eval uate lines arg th
2%§ds. %é 295 Qﬁaezlﬁngf(braﬂg%ﬁt?ﬁan]%y fiFngﬁSPzgnfga by

conductive
Clled vias mo wi [ be understood by thogs '
: KinLked o ~
Yoo oEaasoncparat ey pFGgE BETAGen 25 < he et o of
n o

nmeal |ayer 792
n-1, dependi u metal |ayer n--1 or ur i ¥
(?Ea RQAmplie &ﬂ@@eﬁléeﬁﬁécggga&sg y%?%S%%gﬂ&mudgggchﬁﬁﬁri|ayer

NOV t.he

rre d y 7

to FIGS. 8-12, a co
. , npl ete ar ) -
transi stors,sal tdho o] dransi storsedj
(& HnmgﬂethQ#m%%%dﬁ%%|V|ties or ?iggilof@?%iﬁg?gzgnt oor
rsijgoul d be

used) is provide. R ;

: : ferrin -

referring adﬂhﬂhnﬂaf erring Lo pals sid i

_ ( Tik 245 phns1ansrstepelfoP®

& a sem conduct or 1S tPe E%@%lonal vi ew al ong Sectfgi ﬁb éxanpl e and
provided. Referring to pair 215 of tran51s£ors ne 8-8 of FIG

10 example and referring additionally to the sectional view

along section line g§-8 of FIG. 8, & semiconductor

substrate 211 is provided, which in this embodiment 1s

doped p~type: The plurality of pairs of switching

transistors 213, 214, 215, and 216 are fabricated on the

s and columns to form an

15 semiconductor substrate in row

array. F1G. 7 can be 277 tO FIG. 1 if the reader

considered the 27 take vertically and the columns toO be

( horizontally oriented on the paper- since each pair of

switching transistors is substantially similar, only one

20 pair 215 will be discussed 1in detail.

Referring to FIGS. 7 and 8, it can be seen that pair

of transistors 215 includes & common source terminal 220

with drain terminals 221 ang 222 spaced from source

terminal 220 on each side thereof. The spacings form a

25 first channel area 295 with a gate terminal 226 in

overlying position and a second channel area 228 with a

overlying position. As can be seen

gate terminal 229 1in
-19-



* substra . . . . . _ .
substrate 211 i provided, whicn in this embodimert (s doed p- it NI
. | I stors , 214, 215,
;?Pglcaéﬁg-og the 15 sen1conductor_substrate in rows and co?ﬂgnglfoa;grn1a
vert?éall andC?R be ??? to FIG 1 |f_the reader considered the ?? take "
vert pairyOf smﬁtgh?gguP?an?s?e horlzonLaIIy oriented on the paper. Since
( ( . . ors is substantiall simla :
pair 215 will be discussed in detail. Referring toyFIGS. 7rén3ngy ??ecgg be

seen that pair of transistors 21 includes a comp s€ te
. . L e . .
drain ter mbealts 2PFHnd D2 FIPYELF T om :tourrge tepzrn'@g\):ﬁfi Zz%ﬁigbggﬁ%?d\g a

t hereof. The spacings forma .25 fir
. | : Sty ghannsh caneap22bs b hsaigahd
t er mi nal 2ZEWM@QM§94§H?uf?ﬁﬂﬁ?$iﬁl%nd A second chginelsareaZZEQafsﬁga gat e

termnal 229 ino ' iti
200 transﬁg¥éggr%h§¥ﬁﬁf4f”§1§§ £ Pecsged connected togethgrlioVv

by an address line 230 that is preferably an extension of

s the common source region 220. While a common source

terminal is disclosed for each pair of switching

transistors, it will be understood that the terminals

could be connected so that the common terminal is a drain

terminal, if desired. Also, each gate terminal for each

10 transistor in a column of transistors is connected

together by an address line, e.g., line 231 connecting

gate terminal 226 and line 232 connecting gate terminal

229. These address lines 231 and 232 are preferably

extensions perpendicular to the paper in FIG. 9 of the

15 gate terminals 296 and 229. Lines 231 and 232 are formed

of polysilicon in this embodiment but could be formed
and/or connected in the first metal layer, if desired.
Further, field oxide 235, or other means of insulation
such as, for example, trench isolation, is positioned

20 between and surrounding adjacent drain terminals to

separate the pairs of fransistors and prevent the

formation of parallel and extraneous current paths. Here

it should be noted that pairs of transistors sharing a
common terminal are explained as a ﬁreferred embodiment,
55 but each transistor could be fabricated separately without
the shared terminal and/or without common address lines

231 and 232, if desired for some specific application.
.20 -



best in FIG 7, common source terminal 220 and the ot her
_ ( , 1 _ conmo
termnals in the adj acent pairs of switching transistors 213, 13%9&[?00#
and 216 are connected together by an address line 230 that is preferably
an extension of 5 the conmon source region 220. Wile a comobn source

termnal is disclosed for each pair of swtching transi i i

_ sistors, it will be
understood that the termnals could be connected so that the common
terminal is a drain termnal, if desired. Al so, each gate term nal for

each 10 transistor in a colum of transistors is ehé
! ca | et by an
232:@@& line, t e.ptg.plqnaﬂfxﬂgffcmm&%qtrﬂ@’e gt &1 er ﬁ%orga Zggerggr)\%&l i ne 23)2/
ng gate termna 9. These address |]nes 1-ghdedB2dar e
preferably 1 Qﬂﬁtsgmns-@ermcﬁ%qﬂed?t%%ﬁtiﬁeé%%%%? r:fugné)?Fl G % of the 15 gate
termnals 226 and 229. Lines 231 and 2% aéfsfgéﬁgid@pr@hyshéi conin this
ie][rbgglsimregé dgﬁFera:bwth d ?&T?r‘%@bdu%t}fd‘f%r Tonnected in the first metal |ayer
. urther, fie oxi de 5, heh - IR nshef fahsiukation such ,
gzj, a](‘:g:]t eéafmir ! @ictx‘_é@lcllqa}’%%? di‘(?]f)rﬁa,‘ff% fp%éln%lon%ﬁ 20 between and surroundi ng
ain terninals to, separ he; paiis @hdtmapsistdngeand prevent
;gteedfénﬁrr?tcpb_nﬂeﬁ ?%?%‘H%’fe%nﬂmg%?%ﬁee%uslcurrent paths. Here it sﬁould be
at pairs of transistors shariggidedcommpagtiéreingly &h€ expl ai ned a
a preferrecﬁl_é‘?r%%%ﬁl%#fyﬁ%yblgﬁr{l each transistor could be fabri ca’ltoed >
separately w ég_oug hlenggggggege&ﬂ@@handﬂ?he pilulhedd t¥offon address |ines
237. and 2:32%°%t Ei%_ iTed for some specific application. -20 1 9, NOV 2004 A
plurality Ofocgn%‘gcgéVgagéi‘@@rél Aohhkstedbodi rerh @Iﬁﬁpod&h 9n- %)2 are
sequenti al I§/ POPfed” an onnected. GCenerally, these conducztli ve Jliayers
oincide withithe,y of each pair of cwitching transistors 213,7 219

16 215, and 216 and to each other by vias filled with an

In FIGS. 8

electrically conductive material or the like.

and 11, this plurality of conductive layers is illustrated

as a column 239 of metal positioned on and electrically

connected to each drain terminal. Additionally, in this

15 embodiment, a plurality of parallel pitlines 240 are

formed in metal layer n-2 in spaced relationship from each

other and from columns 239, as can be seen best in FIGS.

( 10 and 11. Optionally the gate strap 237 (not sown in

FIG. 8) may be included and periodically connected to

20 address lines 231, 232 thus gate terminals 229, 226.

A final conductive layer of the plurality of

conductive layers (in this embodiment n-1) is deposited

and formed to define a conductive pad 241 for each of the

drain terminals and in contact with the associated drain

25 terminal through the associated column 239. Conductive

pads 241 have a slightly elongated configuration (see FIG.

overlie the associated bitlines 240, as

_921 -
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conductive layers normally formed during the fabrication 5 of tth NOV 2004
associated integrated circuit and may include substantially any nunber
desired or required by the associated integrated circuit. The plurality of
- conductive |layers are connected to each drain (e.g. 221 and 222) of each
pair of switching transistors 213, 214, 10 215, and 216 and to each ot her
by vias filled with an electrically conductive material or the like.. In
FIGS. 8 and 11, this plurality of conductive layers is illustrated as a

colum 239, tal positigpedq qn amigheet rical Iy2, i.eonnectast to each
drain ter nilﬁéflg%ﬁgéieﬁ ghalEIq%,' inthis i5 enbodinent, a plurality of

paral l el buthines 240 areierredain ducayiere maxdmiaslpacerl rel ationship
from each 'f(%b%%r% gﬁ% fromecbel umtms 239, as can be seen best in FIGS. 10 and

11. Opti Ongg'ﬂécttfi%e%l & oStde@p b2 T deptbisavime 24 Flagd e lfgte i ncl uded and
periodi cal 'y connectéd to 20 address lines 231, 232 thus gat ,t’ergi nal s
e

229, 226.  Anfjukaliveopdiet iva | ayer cofplisiegsl drealg PO eo Ve layers
(in this enbodinment n-1) is deposited. and forned to define a conductive

pad 241 f ok igach 20f mae bedrfairmeiceras redpa i I TONRESET nt1he associ at ed
drain 25 term nal through the associated columm 239. Condt ti%’ed&aﬂ? 241
have a sl i ghtsteloonget eetednfliagimatioh ¥bagiad 13454 as Yo Gverlie the

associated bitlines 240, as | _
the formation of metal layer n-1, depending upon the

specific process used. Generally, in this specific
example, the inclusion of a filled via is indicated by a

10 "O" and the omission of a filled via 242 is indicated by a

Tll" .
In a similar fashion, a pair of filled vias 243 and
244, i.e., vias filled with an electrically conductive

material are selectively formed or not formed between

15 conductive pads 241 and a pair of bitlines 246 and 247.
Bitlines 246 and 247 are formed in metal layer n and
filled vias 243 and 244 can be formed as separate plugs
between the formation of metal layers n and n-1 or as a

portion of metal layer n or metal layer n-1, depending

20 upon the process used. Again, in this specific embodiment

the inclusion of a filled via 243 or 244 is indicated as a

"Q" output in conjunction with bitline 246 or 247,

respectively, and the omission of a filled via 243 or 244

is indicated as a "1" output in conjunction with bitline
25 246 or 247, respectively. In this embodiment, a portion

of the programming of ROM 210 is accomplished during the

formation of the plurality of metal layers (i.e., the

-7 -



" 19 NOV 2004 illustrated in FIG 11. Filled vias 242, i.e., vial1 inb?dmm4
with an electrically conductive material are selectively firnmed between
bitline 240 and sel ected conductive pads 241. As expl ai ned herei nbefore,
filled as 242 may be forned as separate Plugs between the formation of

nmetal layer n-2 and netal layer n-1 or during [he formation of netal |ayer
n-1, dependi ng upon the specific process used. Generally, in this specific
exanple, the inclusion of a filled via is indicated by a 10 "O' and the

om ssion of a filled via 242 is indigat yna1)l" trldt assivtid ar fashion, a
pair of fikbotagiasays3 LhEoUs 4f“eicti.a‘§. ,l% i‘% i led with an el ectricall y
conductive material are selectivelyf,or megQiveat, figr red befileed 15
conduct i vefpaBgt22p Qﬁdfé?&gﬁrvégsbgﬁgfneSOZE% and 247. Bitlines 246 and
247 are formed in_netal Jlayer n.and,ddd, ethevipam Rdduwandy 2441 carkd® for med
as separat§16Pu§g3 é% %ﬁg ﬁg?hgtion of metal layers n and n-1 or as a
portion of tal _layer or. ng%bohaw$'ﬂheLputﬂxmﬂﬁympﬁKmQRﬁh t he process
used. Agaiﬁggfﬁ £ isrégggi i°c enﬁodinent the inclusion of a filled via 243
or 244 s hg%%%%tedT%%tai%qp@qq Rniniticly drmes tdrditd iRl 2460 247,
respectively; and the om ssion of a filled via 243 or 244,|s,|nd|£$ ed as a
"I output i G URGIOR fitin lkid ine 2246 aovd 24t 3 pebt 11275 . this
enbodi ment, a portion of the progranm ng of ROM 210 is acconplished during
the formatjonoaf; the plurality of nmetal layers (i.e., the I NOV 2004

contact |aver through netal layer n-1) , that is t _ _
Generally, bitlines 240, 246, and JE%, which may also

be referred to as evaluate lines or signal lines, extend

10 either to an edge of a block of ROM 210, to the edge of

ROM 210, or the array of switching transistors where an

external contact or terminal is provided. Thus, three

' itli itioned
evaluate lines, or signal lines or bitlines are positio

so that they can be selectively connected tO each cell

15 (switching transistor) in each row of cells in ROM 210 by

filled vias 242, 243 or 244 . Also, gates of transistor

- pairs 213, 214, 215 (specifically gates 228,229), and 216,

etc. are connected in columns by word or address lines 231

and 232, which can be formed, for example, by polysilicon

20 or the like. Each transistor in the array of transistors

has three bitlines and three potentially filled vias

associated with it thus providing two bits of data encoded

by four distinct states. For convenience of the following

j i ] i i ted BLO
explanation of operation, bitline 246 is designate '

25 bitline 247 is designated BL1, and bitline 240 1s
designated BLZ2.

f operation of ROM 210, the
223

In a preferred method o



formation of filled vias 242. However, if only filled vias 243 and1ihiﬂﬁ&éﬂ
i ncluded, the programall takes place after the formation of the plurality
of metal b5.layers. That is, all programmng then occurs only with the
formation of filled vias 243 and 244 and bitlines 246 and 247. General ly,
bitlines 240, 246, and 24 7, which may also be referred to as eval uate
lines or signal lines, extend 10 either to an edge of a block of ROM 27.0,
to the edge of ROM 210, or the array of switching transistors where an

external contact. or termnal is _prqvided. Thus, ree s evalata-dides, or
si gnal | i nesmoonbisolirges °&r & 1958k ildﬁézd%%go etalsfz’t 5 qéfi can be selectively

connected to each cell 15 (switchi,ng t I Stk A 283h oW furaddds in
ROM 210 by {(ef-idl-| 8@ Wi&s 25@2,@54?3&?9?&@: nz%%rté)at es ? tra\rllési stor pairs

213, 214, 215 (specificall ates , 2 angd Ahal alran@isc@onirected in
col ums byb\h(of“"@yorofad‘ditdé#li &Y é%g gﬁ% 2132, whi ch can be forned, for

exanpl e, by polysilic 20 ar .t |1 ke pFactiddansd dorsupptenaraay of
t ransi st or $Neh &L ERY é)gfntifirtaInisnleSé:og%ddt ree potentially filled vias

associated w th it thus providing twe kid& ofs daitre @itioded 23 four
di stinct s@&ted@ PSP %@%\%@%ﬁgﬁce of the following explanation of

operation, bitll is, designajed HBL @ raafs hittdi ne 2y addersithat ed BL1,
and bitli né:ofw(?cl%;%dzgzg)si gnat%?d BL2. In a preferred nethod of operation of

OM 210, t he ;19 NOM AU £ MR SPUreA torgesisgripder t il Fort @&l pai r - of
transistors o
pbitlines BLO, BL1l, and BLZ to be read. When bitline or

signal line BLO 1is activated or read, 1if filled via 243 is

10 present, current will flow through the selected

transistor, as indicated by a ng" in this example. If

filled via 243 is not present, current will not flow

4 : L [ 1]
through the selected transistor, as indicated by a 1" in

this example. Similarly, as each bitline or signal line

15 BL1 and BL2, is activated a g ar a "1" will be read if

filled vias 244 and 242 are present or absent,

respectively.
In a preferred method of operation, voltage or

current sensing is used to sense bitlines BLO, BL1, and

20 BL2, simultaneously. In this encoding operation, four
states are generated on the three evaluate or bitlines.

Four states for this specific example are shown in TABLE 1

below.

24 -



(e.g source 220 for pair of transistors 215) is gnounded by way df gaggyeigt
Nile 2310. Any individuyal transistor i-11 the array of transistors can be
addressed by supplying an activation potential to the address |ine 231 or
232 connected to the gate of the transistor to be addressed and supplying
a "read" voltage sequentially to the bitlines BLO, BL1, and BL2 to be
“read. When bitline or signal line BLO is activated or read, if filled via
243 is 10 present, current will flow through the selected transistor, as
indicated by a "0" in this exanple. If _filled via 243 is not present.,
current will not flow through tH%A%%@e%ted transistor, as indicated by a
"1" in this exanple. Simlarly, as each gi line or signal line 15 BL1 and
BL2, is activated a "0" or a "1BLQi | be Yéad if filled vias 244 and 242
are present or absent, In a preferred net hod of operation,, voltage or
current sensing is used to sense bitljnes BLO, BLIyo ahtl2edpr52°
sinultaneously.Igtaﬁﬂsjencodingloperation, four states arg gggerated on
the three evaluate or bitlines. Four,states fofilhed ¥pécPti € éxanple are

shown in TABLE 1 sbetewi:1 9 NOV200k™ TABLE 1 . B

BL1 - BL2 State O: 19 1 filled via 4 1
No filleg vias Statatg:2: 0 1 . ap 2421
filled via at 243 State 2: 1 1 0 filged via

filled via at 244State 3:

esent two pits of data. It

The above four states repr

(

cation of a larger

is smaller per pit due to the

t

10 overall cell, but one tha | | O e o
i With more evaluate Or pitlines

e (no filled via) evaluate or

( ) r
r

g further ahead in the

however, pdt the programmin

OMs 10 or 110,
- 7 (i-€.y ROM 210)

(i.e.,

i IG.
espectively). The embodiment of F -
r g approximately one half a

0 or 110. The

has the advantage of regqulrin

embodiment nas the disadva

_25 -



State 3: 1 | 1 0 i it NQY

The above states represent two bits of data. It is this en](c:lo:j: ﬁg 3/'(19?2%} 2&%
allows the fabrication of a larger 10 overall cell, but one that is smaller
per bit due to the encoding. Wth nore evaluate or bitlines nore states can
be encoded. The no programmed (no filled via) evaluate or bitline is one

state and each filled via represents another state. As nore |ayers of netal
are used in the 15 integrated circuit (or in the ROM, the sanme density is

achi eved but nore bits are encoded. 114 onal b heme
pr ogr anni ng FEAGTREF e & 497 % hcgeiul?larbgr%%é i ongﬂpr océs?l.xiﬁ' can \égiiigﬁt t th?tte

t_he i nclusion of the additi FtL i i
vias 242 pr W%%%cﬁ%%@ngs ﬁen%%@htﬁ}?sc%%ﬁp%%gﬁl% Pﬁ?l%?i%g?b?ﬁogdl\/: (23(;0

(i.e., over ROMs 10 10; 5 dd 4 - . , -
. tal ot ystyated b F&GS. id and fabrespetonvel y).
The embodi méift" olfeﬁzlr% %1 (|a}%. " ROM 210) has the advant age o? req\tji r?/)ng

appr oxi mat el y one. hal fy 8% 25 MGh ki SplEperonsttas KOMTa0tonl
enbodi ment Has the advant age ‘of requiifiﬁ%ptmmo -25 9 aNrC))\/DSO%YO' The

pr ogr anmi.ng i N0y rbEath on. i i
perfor rrea du%cﬁ%%%h%leﬁr;os%%o%g%fbm néteohahendkestuprbgraitng. stage is

earlier programming. In some specific applications, it

may be convenient to include even more evaluate lines in

earlier metal layers to further increase the number of
memory bits that can be stored in each cell.
10 As will be understood from the various drawings and
embodiments described, a major source of area savings in
the new ROM is the availability of three or more metal
‘layers in the multi-layered integrated circuit. In a
traditional ROM, the goal is to produce a bit cell that is
15 as small as possible, the size being controlled by the
active area and the programming mechanism of the cell.
Strapping and complex sense amplifiers follow to detect
( the current that the traditional cell can source oL sink.
In the new ROM described herein, no special cell is
20 produced because standard transistors can be used. Since
ecach new cell can supply two bits of data, effectively
twice the area is available for the device. That is, the
area per bit has essentially been halved so that the area

of each cell could be doubled and the module will still be

55 the same size as prior art ROMs. Thus, in the new ROM

there is a reduced burden to develop a smaller cell than

presently disclosed or an innovative way of programming.
-26 -



earlier metal layers, il.e. , earlier in the fabrication process.9HIQkévAI0%
in many applications the substantially 5 reduced chip area per bit. nore
than makes up for the earlier progranmng. In some specific applications,
"it. rmay be convenient to include even nore evaluate lines in earlier
netal layers to further increase the nunber of nenory bits that can be
stored in each cell. . 10 As will be understood fromthe various draw ngs
and enbodi ments descri bed, a major source of area savings in the new ROM

is the availability of thr eegx(;irtthr(raorn%V tal., @¥ersiin dhedildd - -drayered

i nt egr at ed FEIFEEGFY. PET3ESS (PAditioRal the goal is to produce a bit
cell that is.15 as small__as .p 1.kl e, I+Z & 1 Rel NG £ rld egd-tiwd he
active ar e&e&#d StE 6rso§nrear%%1 %é%ﬁgc?ﬁaﬁﬁgnﬁt the cell. QNSt rappi ng and

conpl ex sense anphi;fiers fold;on t¢ delecl-t ithe e &t difatcdlies timadi ti onal
cel | can séarée orAls?iOﬁk?chlen t he new ROM des-chri bed herein, no special cell.

is 20 prodyuced_be e..51 adarnd Ad-ars Sroecg@adserl ,used. Since each new
cell can supply two bits of data, effectively twice the area is avail able

for thesdevi,ceeaThaly /idecridle iy edepefudiichthas ris'sentica landemrdal ved so
that the area of each cell could be doubled and the nodule will still be
25 the sang,phBe1a%ils @f ate REAMiceThuishout tHEemdiROMInHere is a
reduced -burden to develop a snaller cell than presently disclosed or an
i nnovat i ve eWay cobnprogr dmiisngake?. 61iXTuNOV RGOLTFERHEL BEL AR of the
novel new ROM cell structure, the cell size is metal | invited a q:tnot
di ctated byitke heriause ar edmpAlego seriFe ﬁeféaéﬂsphéaébttievé”%ﬂcgﬁ:eé‘? ‘e

{cells in the new ROM can be increased or decrease%,. M
o achieve either a very low power or very high speed ROM.

10 Further, there is no process risk or additional process
cost because the new ROM uses a native NMOS or PMOS low
voltage device in the preferred embodiments or any native
device in another process. In addition, the cells can
easily be retargetted for different applications without

15 changing fhe array efficiency because the active area can
be sized independently.

Thus, several embodiments of read only memories
{ embedded in multi-layered integrated circuits and methods
of fabrication have been disclosed. In some of the

20 embodiments the programming is performed with the
deposition of a final metal layer and the ROM is then
passivated. This provides a ROM which is standard until
virtually the final processing step, so that last minute
changes in codes will have very little effect on customer

25 cycle time. In some embodiments, programming is performed
with the deposition of two or more of the metal layers,

optimally the last metal layers, and, while the
-27-



!
5 increasing/decreasing[the current sink/source and speed capabilities of
the device without affecting array efficiency. This makes desi gn! da$i0&r 200!
and | ess risky because a sinpler sense nechani smcan he produced to.
achieve either a very | ow power or very high speed ROM 10 Further, there
IS no process risk or additional process cost because the new ROM uses a
nati ve NMOS or PMOS | ow voltage device in the preferred enbodi nents or any
native vice in another process. In addition, the cells can easily be
retargettedefigridhkfienent applhheat apsewdoi@uli catedshang rghithe mrar ay
efficiency because the active area can be sized independently. Thus,
several enbgdimpatsiefl reeadeankyvaeepitied 1yenrbedded in nulti-layered
integrated circuits and nmethods of fabrication have been disclosed. In
some of the 20 emhademeat satrbe shoagr ammi nig sics iperd epeed Mict h t he
deposition of a final netal |layer and the ROMis then passivated. This
provi des a Kabhbdhinehtksost ahdapdesenitl invientdiakl y fuygheiral processi ng

step, so that last mnute changes in codes will have very little effect on
cust oners 25m@ytFécatfrens| angormpepyediemsst ¥ilpr ogcarmiteg theosserstkdrids® with
the deposition of two or nore of the netal layers, optimally the |ast

metal |ayersn whd, awki| Bet HestaBr iatPoRci §NERTSHOPY noNETESMIG c 46, t he

chip area per bit is reduced substantially. ghile ge hﬁye own and
descri bed spet$fieveRhbBRi mBnPStof IRECHr E8ehf'Si RFEHTTEN AT drHer

g‘é?! re i1 OB B P oGBESU el B PG, SPREDOEH: S EAVEntPoR e AL i m ted
o the parg%ggig{cggiggs that do not depart from the spirit and scope
10 of this invention. For example, ROM programming can be
initiated at an earlier stage of the fabrication process
than described in the embodiment shown in FIG. 11 by
moving some of the programming vias to other layers such
as shown in FIG. 12. Other examples include using more

15 metal lines or layers or using more bitlines to encode

more bits per transistor.
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shown and we intend in the appended clains to cover all nodificdty ddy (208
do not depart fromthe spirit and scope 10 of this invention. For exanple,
.ROM programm ng can be initiated at an earlier stage of the fabrication
process than described in the enbodiment. shown in FIG 11 by noving sone
of the progranm ng vias to other layers such as shown in FIG 12'. O her

exanpl es include using nore 15 netal |ines or layers or using nore bitlines
to encode nore bits per transistor. 19 NOV 2004 What is clained is: 1.
Read Only rﬁfﬂﬁ§ﬁQh§ﬂpﬁgged inannulti- layered integrated circuit,
conpri si ng: a'sem conductor subs-rate (11) having a plurality of

swtching transistors (12, 13, 14, :15, 16, 17, 18) formed thereon in a
first direction, wherein each switching transistor of the plurality of
swi t ching transilst or & Fepet &y demenvendid!lc nbedifd it p d?"g]ﬁﬂ/ of
switohing 3Q,4ranslitlirdibd Redduie, diomgstinmgleline a row of memory
cells; a plurality of first signal lines (36, ?B 38, 3%? C%Jig{edogo t he
pluralify of swPt ERFHGACMEICT GREOStEaER Fhils N gIhI2 15 ¥ Br The
pl urali ][y ]?,L,iftichghgsitg@aﬂsilgtm (ﬁ@,baimg 1ciqupl ed I]E(i), ar’ asktici farmwed i r st
term nal of a correspondi.ng_ sw.tching transist.or J ity of
swi t chi ng tP&REPSL dr's %%&%&c#%%&%ﬁ’gﬁgeﬁ%lﬁe egafd{ @lwp%l?{agi %/y of first
signal |inesageivicog as ame cdntradt tyt edmsnalt dhomatt tassststene menory cel |
in the row_of ry_2 ; lur.al4 of ,qganduaGty | ayersh aaupl ed to
a second Fgreﬁgﬁgll‘g’ %F g‘agﬂ%Hgs o(i:a:iegtle(il@lsdvvitt%lllcehipnl t,rgﬁgs% \sktgforﬁcl)lf thgde

10 transistors in the first direction define a row of memory

cells;

a plurality of first signal lines (36, 37, 38, 39)
coupled to the plurality of switching transistors, each
first signal line of the plurality of first signal lines

15 being coupled to an associated first terminal of a
corresponding switching transistor of the plurality of
switching transistors and each first signal line of the
plurality of first signal lines serving as one contact
terminal for at least one memory ce;l in the row of memory

20 cells; '

a plurality of conductive layers coupled to a second
terminal of each associated switching transistor of the
plurality of switching transistors and to each other by
filled vias (60), the plurality of conductive layers

25 including a conductive layer defining a plurality of
conductive pads (45, 46, 47, 48), each conductive pad
connected to an associated second terminal of a
corresponding switching transistor of the plurality of
switching transistors;

30 a plurality of second signal lines (52, 53) serving
as output terminals for the row of memory cells; and

additional filled vias coupling selected ones of the
conductive pads to selected ones of the plurality of

second signal lines, wherein the plurality of second

-29-



plurality of switchingitransistors and to each ot her by filled yi
the plurality of conductive layers 25 including a conductive | ayirgem\fs%hwb
a plurality of conductive pads (45, 46, 47, 48), each conductive pad

- connected to an associ ated second term nal of a corresponding swtching
transistor of the plurality of switching transistors; 30 a plurality of
second signal lines (52, 53) serving as output termnals, for the row of
menory cells; and additional filled vias coupling selected ones of the
conductive_p ﬂglt ; sekestede0nesoat phe 1 phesakift Fhef rogendEIYnal | i nes,
wherein thé g urality of second 9 NOV 2004 signal |ines serve as out put.
lines of theltdw of menmory cells . 2. ROMof claim 1, wherein each
transistor in 5 the row of nenory cells shares a. comon term nal (31,

wi th an adjacent trapsis in the.row o Y G S ransiersdyy dadj acent
pairs of transi &t or s%ﬁﬁ Eﬁg Pgwcggﬂ#egﬁr&h%%gﬁ% shar e .on °{3P rce
termnaj (8h): anbe afdmaipryt eedilsalshag2g3R CORRRP™ ﬁ@rﬁﬁﬂ‘%i yl’lof irst
signal lines_are_ 10 t h ;L0 +@@c i ceorfomemerny e 118, The ROM
of claim 1" HeP8i ﬁdﬁgggg\% ?gﬁﬁﬁgﬁ??ansi stors in thﬁt%eol Ald £ YndfoFews of
swi t chi ng wheasbystdiecans BRige@tt STREEMLPurdl Ty of columms of” 15
sw tCEi ng %gﬁﬂgi §h95s- ofte 'Fllglge a:?@wh?fcecrtﬁrmmazmsﬂei mrghch G2 tthe
switching transistors in the urality._af r It INg tXansd sé or s
and the pl beamipglof(28s) uARe 5128 15\ &r%yng)vftsrfgrfssitzg)lrggr%lncl udes a gate
terning) (236hect@ehoneokudh @b swiche iomporr &ei®Grls having all of the
gat e

( 3. The ROM of claim 1, wherein the switching

transistors in the plurality of rows of switching

transistors are aligned to form a plurality of columns of

15 switching transistors.

4. The ROM of claim 3, wherein each of the
switching transistors in the plurality of rows of
switching transistors and the plurality of columns of

20 switching transistors includes a gate terminal (226),

coiumn of switching transistors having all of the gate

each

terminals of the switching transistors in the column

connected together.

25 5. The ROM of claim 3, wherein each of the

plurality of second signal lines 1is oriented generally

parallel to the rows of switching transistors and gach row

of switching transistors has an associated pair of second
signal lines.

30
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terminals of the switching transistors in the columm connected tp@e$mgrgﬂm
25 5. The ROM of claim 3, wherein each of the plurality of second 'signa
lines is oriented generally parallel to the rows of switching transistors
- and each row of switching transistors has an associated pair of second
signal lines. 30 19 NOV 2004 6. The ROM of claim1l, wherein the plurality
of conductive |layers connected Lo the second termnals and Lo each other
by conductively filled Vies further includes a plurality of third signal
lines in a firsé con?H%tﬁgﬁ Laveiaphi oF {Bethencendugluvelliayecfand fill ed
e

vial coupling Selec ones of the conductive pads to_sel e nes of
the pluraldeydeftiner davergnapnnesksd %O FRE 8% %FgﬁﬁP%?%m%%fgin t he

plurality gg%éoo{héftb?iQBﬁ&ubtﬂﬁélySfilabdieahedfwkthethénaéyéﬁsaﬁed first

term nal s and each i1 ncfudes a contact . adjacent 3t g ;Rlcock of the
menory. 8.phm&&i&kwo@fcFaFﬁgl?lﬂﬁ@ieﬁﬁn?helBIﬁrgﬁfgg gfghffgéteéignal li nes

conpri ses f, (opedr 8681 eanduet eonduatevealayer Fhd ROVLeH Mhﬁﬁnlq wher ei n
the plurality of conductive layers gpd thhlgdryiaspeaaptisesimiaia 20

coupling se
ones of the plurality of third signal lines.

7. The ROM of claim 1, wherein the plurality of
10 first signal lines is fabricated with the associated first

terminals and each includes a contact adjacent an edge of

a block of the memory.

8. The ROM of claim 1, wherein the plurality of
15 first signal lines comprises a doped semiconductor
material.
9. The ROM of claim 1, wherein the plurality of

conductive layers and filled vias comprises metal.
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