1 A Read Only Menory Array and a Method of Manufacturing the Array Field of
she tpvention 5 This invention relates to a Read Only Menory (ROV
array and to a nmethod of nmanufacturing such an array, which can be used
either integrated on a single sem conductor chip with a m croprocessor to
forma mcrocontroller, or in stand al one nenory devices, or, indeed, as
part of any electronic chip that requires ROM 10 '

Background of the Invention As el ectroni c,devi ces and apparatus using such
devi ces becone nore and nore conplicated énd/or "user-friendly", they
require larger and | arger anmounts of nmenory in order to store the sof twar e
necessary for theRead &nhy:tM@mQIy Aemiyr and” AcMethioh oy Manufeeturing: the
nunber of blocks of ROMon a particul ar Aghiag need to increase, which
increases the chip cost and size thereby re§QC|ng t he manufacturing vyield,
or extra menory chips nmust be provided in the apparatus. There is therefore
a need for nenory arrays whi ch hq%gkﬁ(EOﬂusumwehﬁbg allomﬁng the nmenory
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15 number of blocks of ROM on a particular chip need to increase,
which increases the chip cost and size thereby reducing the
manufacturing yield, or extra memory chips must be provided in the
apparatus.
There is therefore a need for memory arrays which have a
20 structure allowing the memory cells, formed of individual
MOS transistors, to be arranged as densely as possible in the array,
so as to increase the data storage capacity of a given area on a
semiconductor chip. -
A number of solutions to try to increase the cell density of
25 ROM have been proposed. In European Patent Application EP
0109853, published 30th May 1985, there is described an array of
MOS transistors formed in a semiconductor substrate having a
plurality of continuous diffused lines (bit lines), with alternate
diffused lines serving, respectively, as the source and drain regions
30 of a number of the MOS transistors. A plurality of conductive word
lines are formed over, and insulated from, the diffused lines,
crossing the diffused lines at right angles, with each conductive word
line serving as the gates of a number of MOS transistors. Each
transistor of the memory array is thus formed in a region having
35 two continuous diffused lines and a single word line, with a single




line. In order to reduce the capacitance between the diffused |ines and the
Qonductlve (polycrystalline silicon) line, a thin layer of field 5 oxi de
is produced over the diffused lines to isolate the diffused lines fromthe
polycrystalline line. Furthernore, a thick layer of field oxide is
generally required in the region between adjacent diffused |lines and

adj acent polycrystalline lines in order to isolate one nenory cell from
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20 below the polycrystalline line forming the gate of the selected
transistor with an implant, for example of boron ions, to produce the
required threshold voltage.

In US Patent No. 5,449,633, published on 12th September
1995, there is disclosed an alternate metal virtual ground (AMG)

25 ROM array formed in a silicon substrate of P-type silicon. The array
includes a ROM cell matrix which is defined by a plurality of rows
and a plurality of columns of ROM data storage cells. The AMG ROM
array includes a plurality of parallel, spaced-apart buried N+ bit
lines formed in the silicon substrate. Alternate buried N+ bit lines

30 are contacted by a conductive metal line at two contact locations
within an array segment to thereby define contacted drain bit lines
of the ROM cell matrix. Each buried N+ bit line that is between
adjacent contacted drain bit lines is not contacted. Each non-
contacted bit line is segmented into a length sufficient to form the

35 segmented source bit line for a preselected plurality, for example 32
or 64, of ROM data storage cells, thereby defining a column of the
ROM data storage cells in the ROM segment. That is, a first column of
ROM data storage cells is connected between the segmented source



-3- bit line and the first adjacent contacted drain bit line. A second

¢ol umh of ROM data storage cells is connected between the segnented source
line and the second adj acent contacted drain bit |line. Each ROM segnent
thus consists of 32 or 64 cells, with eachg % segment being isolated from
each adjacent segnent by field oxide regions and a segnent select line is
provided to select which particular ROM segnent is to be read. The cells
are progr anmebitbline npadirthenfirsti adjapentogontasted draine bty libed a%o‘iﬁ@onﬂefore

|ne PoLYClYD | Botunl SORON i 'sediack dcdlid ri?%dh‘ﬁ@f:tetdhﬁef\*/*e imé! nes.

In each of th ove two cases efore armounts o ld o tde
i sol ati on ar esegigantedy spures dmfc@n@héhmcsnécﬂaasaeh c&né%gte@f 18| loxi de

LZOI ati fﬂ a][ ellrigdeﬂaentl{temefegmtt?asm@{m§ dff321rdi¥\ﬁdﬁg:e‘lis§|vditl@>@aéh {ﬁyers
uses I e 0X] 0 ea he actiye areas ere epglclin elr
size. In or dePe8HeRt gv’éﬂg astegl om |fac cf‘%i fé&gn}ﬁ%tgﬁaégf% ﬁ?

3 paci pg : dt hgr edpiohs nard ng segmenasehectrﬂlﬂenm pyovided ttloeséllectstwhnchay

escri pe apo C I each
bit line rreanﬁgl{thg her esegkn 3 ?Aelbagﬁ%ajedl O?ﬁ@% eng‘&t ;)%lg égfl ﬁ’nes
on the chip. unplammamthgbom zons, a@|demmdt9 awes deforer dhge t he
density of thﬁﬁ?’c&%tagi Soonﬁﬁbﬁﬁ 'ﬁné/quf&kﬁéd Okl the Nan%ﬁtaqiﬂerse because

t he required c I n teps woul ed to pgl_duce ver

fine
lines. Fdi her mor el igachn el dBeoabovs twp &é%l gefopy large namopets of
progranmm ng t field &ixide tl%mloﬁl ake réequired Qﬁ produce thebRIOM! blork?5 Sudlr ocess,

h f h di.f
of manuf act ur Rirgenft ek prs R0RRDNG Tt hdebERvler peidl Yk o o
and t heref or egtdmmﬁg field adoeidet l:amersad:aueest hbefﬁieidsbnﬁiept@chxttnﬁ@tme the
programm ng | ?c%‘“ﬁe?? ﬁltei‘éﬂg r@hﬁ‘{:lg\é P sﬁ?e 34n grder o %ﬁehpt ffgder to

produce dense rabl & to ér of
netal cortfact the M\aeeqmaSeanusi havel 2 hmlmmncépa@ngndhptﬁhybdu@étm&e
amount of fi elghraxigde lheqqéhgﬁ Brief Summary of the Invention The present

e sl A, Eer b tos, b S e
Accordingly, bﬂn&ci ilind cvnpected theedchvbitt line preaus dhat ahB@Vimustabef ar med
on a silicon SLib layt ?ﬁgﬁ h&er?sri{ya%fbﬁl'etc'ﬂ figetesh 'tﬂeachip. and increasing the

20 cell density would increase the density of the metal lines, which. is
very difficult to manufacture because the required masking and
etching steps would need to produce very fine lines.

Furthermore, in the second array described above, the step of
programming the cells takes place early on in the fabrication

25 process, so that, for each different programming required, a
relatively large amount of manufacturing must still be carried out
after the programming is known and therefore the time taken to
produce the finished product after the programming is known is still
relatively high.

30 Thus, in order to produce denser ROM arrays, it would be
desirable to reduce the number of metal contact lines required to
read the data cells and to reduce the amount of field oxide required.

Brief Summary of the Invention
The present invention therefore seeks to provide a ROM array

35 which overcomes, or at least reduces the above-mentioned problems
of the prior art.

Accordingly, in a first aspect, the invention provides a ROM
array formed on a silicon substrate, the array being formed in a




-4- single active regi on bounded by one or nore isolation regions formed in
fhe substrate, the array being forned of one or nore ROM banks, each ROM
bank conprising a plurality of bit Iines forned of substanti al I y parallel
regions of a first conductivity type foroegd.in 5 the silicon substrate, a
plurality of word |ines forned of substantially parallel conductive |ayers
arranged on top of, and substantially perpendicular to, the plurality of
bit lines, whsingle mﬂ;vwceoglopobbund&l dfy aunmmnmomeusblamm fregiansour ce and
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cell and an adjacent t line to the adjacent contact. According to a
second aspect S&lectatk datderell oHansistIs. i s provi ded a ROM array conprising a

plurality of pai rSP@éfedelyl lthésflﬁdi!dc&ﬁiuctﬁfl wypé ik yobftyperiNacuad thefir st
bit line of a res Ctl\(li g Eb ?ug & a respective contact and a
second bit |if&€ PE }%zt P& %a & WECsel ectively coupled to the
sane resEtive In one embodiment, the plurality of bit lines includes a first
set of bit lines and a second set of bit lines, the bit lines of the first
set alternating with the bit lines of the second set, and the array
further comprising at least one row of contacts, each of the bit lines
of the first set being coupled, directly or indirectly, to a respective
25 contact, and each of the bit lines of the second set being selectively
coupled to two adjacent contacts, being the contacts to which the
adjacent bit lines of the first set are coupled to, first and second
select lines extending over the row of bit lines, substantially parallel
to the word line, for selectively coupling a transistor cell to be read
30 into a path between two adjacent contacts by selecting the path from
one contact via one bit line, the transistor cell and an adjacent bit
line to the adjacent contact.
According to a second aspect of the invention, there is
provided a ROM array comprising a plurality of pairs of bit lines and
35 a plurality of contacts, a first bit line of a respective pair being
coupled to a respective contact and a second bit line of the
respective pair being selectively coupled to the same respective
contact by means of a first select line, a word line extending



contact by neans of a first select line, a word |ine extending - 5-
Substantially perpendicularly over the plurality of pairs of bit lines and
formng transistor cells both between a pair of bit |ines and between

adj acent bit lines of adjacent pairs, and @ second select |ine selectively
coupling adjacent bit lines of adjacent pairs, wherein a 5 transi stor
cell fornmed between the first and second bit lines of a particular pair
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respective contact, ang each, of tHe bit |ines OthhF sggond set. being
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lines are 35 m§§|”é’&0iav§°‘r%9 & Qg%%?’ﬂ‘? ’ é@%ﬁ’&gtlg’eﬁyoﬁgﬁ%%lﬁf S§sel ect
transi st @0 alternating with the bit lines of the second set, and at least one row
of contacts, each of the bit lines of the first set being coupled,
directly or indirectly, to a respective contact, and each of the bit
lines of the second set being selectively coupled to two adjacent
contacts, being the contacts to which the adjacent bit lines of the
25 first set are coupled to, a word line extending substantially
perpendicularly over the row of bit lines and forming transistor cells
between adjacent bit lines, first and second select lines extending
over the row of bit lines, substantially parallel to the word line, for
selectively coupling a transistor cell to be read into a path between
30 two adjacent contacts by selecting the path from one contact via one
bit line, the transistor cell and an adjacent bit line to the adjacent
contact.
According to one embodiment, the first set of bit lines are
directly connected to the contacts and the second set of bit lines are
35 selectively coupled to the contacts by means of a select transistor
formed by the first select line extending over the second set of bit
lines and the row of contacts, each of the bit lines of the second set
also being selectively coupled to an adjacent contact via a select



formed by the first select line extending over the second set of bit |ines
and the row of contacts, each of the bit lines of the second set also being
sel ectively coupled to an adjacent contact via a sel ect -6- transistor
formed between the bit |line of the second gset and an adjacent bit |ine of
the first set by the second select |line extending thereover. According to
an alternate enbodinent, the first set of bit lines 5 are selectively
coupl ed to t htrapsistercferméd abétivesn thewbit linearnd tfe sceendcettanthsinst or
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20 extending over the second set of bit lines and the second row of
contacts.

According to a fourth aspect of the present invention, there is
provided a method of manufacturing 2 ROM array on a silicon
substrate, the method comprising the steps of:

25 providing a silicon substrate and producing at least one active
area therein, which is isolated from other active areas on the
substrate;

forming a plurality of substantially parallel bit lines of a first
conductivity type in the substrate by forming a photoresist mask on

30 the active area defining the plurality of bit lines and implanting a
dopant into the substrate through the mask at a relatively high
concentration;

forming a plurality of substantially parallel word lines on top
of, and substantially perpendicular to, the plurality of bit lines, by

35 growing a layer of oxide material, depositing a layer of polcrystalline
silicon on the oxide material, doping the polycrystalline silicon to the
required conductivity and then etching the polycrystalline silicon to
define the word lines;



of, and substantially perpendicular to, the plurality of bit lines, by 35
grow ng a |l ayer of oxide material, depositing a |ayer of polcrystalline
silicon on the oxide material, doping the polycrystalline silicon to the
requi red conductivity and then etching theypolycrystalline silicon to
define the word I|ines; -7- formng isolation regions between the bit and
word lines by inplanting a dopant at a | ow energy such that it cannot pass
t hrough the pol ycr fermiag isedagpni regionsorhetwgen hidienditd andnaordntings by
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fos! T ed ol et PR B e A e o ot

uitry o e silicop substrate i de active

area contld ni sefee IR’@W%P\SF&./W %ﬁal%eﬁ B erninsd, cé’é'%‘r‘fgwllgye&%&rent
pol ycrystal | i fiorai thec @ondoctieityodf tthe thamtell eegionofofpthey crssdistors mehith
silicon, before dopi n%et Eﬁdtéhe cﬁequi red conductivity. Preferably, before the
step of progrﬁ?ﬁn’ 8% d%¢ ansi stors, a further step of fabricating
ot her nodul es on t fernsimigs coatasts cand lae passivationdlayer desi thed arnay. one

embodi ment, the Stgp plpRFAAELBSIHHASC BE S b;%hﬁé%rﬁ iﬂiﬁhﬁﬁiﬁ%f.

dopi ng unwanted transistors |n the array so as to rmisglatjon areas in
the arrayd Br msrdphigies sompriss {Hel Oepapiting @@réhﬁemr t PRfycrygtalline

invention wil kil o MReeokide natesial, Besh Minufcnafingxethel edesivéd
reference to the dran nge o 30 me "t SiSirato“098ad NGl RUAYS lea?
containing the ROM array and then depositing a second layer of
polycrystalline silicon on top of the first layer of polycrystalline
20 silicon, before doping to the required conductivity.

Preferably, before the step of programming selected
transistors, a further step of fabricating other modules on the
substrate, can be performed if desired.

In one embodiment, the step of programming selected

25 transistors includes doping unwanted transistors in the array so as
to form isolation areas in the array.
Brief Description of the Drawings

One embodiment of the invention will now be more fully

described, by way of example, with reference to the drawings, of
30 which:

FIG. 1 shows the layout of a memory array constructed in
accordance with a preferred embodiment of the present invention;

FIGS. 2 - 10 are cross-sectional views along a word line as well
as a bit line depicting steps in the process of fabrication of the

35 memory array in accordance with the preferred embodiment of the
present invention; and

FIG. 11 shows a layout, similar to that of FIG. 1, of a memory
array according to an alternate embodiment of the invention.



accordance with a preferred enbodi nent of the present invention; FIGS. 2 -
{0 are cross-sectional views along a word line as well as a bit line
depicting steps in the process of fabrication of the 35 menory array in
accordance with the preferred embodi nent _of the present invention; and FIG
11 shows a layout, simlar to that of FIG 1, of a nenory array according
to an alternate enbodi nent of the invention. -8- Detailed Description of
the Drawi ngs Thus, as shownDetiRdGDeéscaipkion af rthe Prawingsdi ng to one

enbodi nent of the e ' n§.d | ncl,u t dﬁ% ROM
cells. Each bank i?hgg’pgér aspggﬁ]b%d gﬂg@vr\l/ & .ﬁ%t %@%gasg?é[c?hr 5?1 @39-4, Fach
of which nakeenthodimentofc the present inventinnc inclades e thanksnbt and| ¥ nef (not
shown). 1t Shmdlcih_éeuy.ndﬁaéﬁ WK RakepdtitdlBRCE Ry VfCEMABKSICRThRS g
into the agraé. Thi s arﬁr?’/,S I's defiped, wi.thin a single piece of tive
area of siic8rt GAFRIOf Whigh) eleSRicAlhEPACt 108 AFGSRECHYR o chve
1;: : %I dloxi ﬂe- bixﬂstal line (iref eshb}mg. thtt.«mlemm rlsdf thrlekstbod nthalp eamy rmu?baowf in
, the ban consists o .plurality o i T ubst i .
paral | el cont P M & £ s@l}?llﬁh%éﬂi-#%d ?ﬂbs Saﬁ&% §n8s f@gﬁle’g W'&Hﬂ
3-2, 4-1 and 4-€inglhgdecec of Lantiveorde+ ofli filicemd whiele ds f isolatedfrom otheres of
the ROM array, . | e stood that nore bit lines 15
can be added f‘%ﬂlgem mj“'? abg via/g%%g)?a{l@ %?g&t:’he bit |lines shown._ Runni Ego
perpendi ddl ar to t Referting to ithestiestebankp br imurthe | vey sheva v Flis lofthfior d
X ln_es 15- _}_hanﬁaﬁﬁ'@,c%&iﬁsa?ﬂ al @patm@u]gﬂw pRiR berdmdtdntially yaeagslal | i ne
silicon. e upper an e lower, sets ro e, Separ,a Yy, a
| ef t - enabl e ségggFu?ﬂ%é\Stldlf%ﬂgdnf}Hﬁﬁrﬁéf aP@BV\é'%fzéo andv\z?eg BT]ne@q -the
upper set and4thendove?. bThkse zolimneigfhN+odiffusdde timed doenditing bin lides of
external |ogi g dest 0, . [ty | gf.f - I ct
line, right- eﬁ'éeoﬁibg’glaé&%}‘l ?ﬁe@?9§%§%gg§2bg%z§dgr%§gei @g&lﬁ@ﬁéﬁt qﬁiggg)et her
with the 1%ft camdid eddetlein al similan wayoparallelwia ¢he rbjt niirgsashewnwi t h sel ect
transistors 3 o R Cfs t fsbtOlof
right hand si e'“ng%“% %%Peﬂ&fr‘}'g‘.léévég e ﬁiqklgf%?gsggﬁﬂ ﬁ@élreg%ldj %&gﬁ 0
ri ght - enabl e &ewsecel word tines APsh andk 8d2.0r6p wref;lsﬁg& |Whichs are dggme(d,,
the |ower banky7polytey@alie $ilevsh.! eThe seppst ahd e2lowdr gbls 6! @ois lar@es
22-1 and 22- Zéegar]rgtelﬁo%%r 221t cR4Efe S8%2t Yine 145 °fhe number of rows of
20 word lines in the upper set and the lower bank can be eight or
sixteen depending on the external logic design (mot shown). In
addition to the left-enable select line, right-enable select lines 12-1
and 12-2 are provided, which, together with the left-enable select
line 11, form a switching mechanism with select transistors 31, 32-1
25 and 32-2 to select a ROM cell at the left or right hand side of a bit
line. Both the left-enable select line and the right-enable select lines
are also formed of polycrystalline silicon.
In the lower bank 7, there are shown left select line 21, right
select lines 22-1 and 22-2, and upper and lower sets of rows of
30 word lines 25-1 and 25-2, 26-1 and 26-2. In this lower bank 7, the
left-hand bit lines 1-1, 2-1, 3-1 and 4-1, of each pair are connected
between the middle and lower rows of contacts 9-1, 9-2, 9-3 and 9-
4 and the right hand bit lines 1-3, 2-3, 3-3 and 4-3 are arranged
parallel thereto, but not directly connected to the respective
35 contacts.
Since the complete array is built within a single active region,
there is no field oxide for isolation. To form the necessary isolation
between the bit lines, all that is needed is for a dopant of opposite



30 word lines 25-1 and 25-2, 26-1 and 26-2. In this |lower bank 7, the
teft-hand bit lines 1-1, 2-1, 3-1 and 4-1, of each pair are connected

bet ween the m ddle and | ower rows of contacts 9-1, 9-2, 9-3 and 9- 4 and
the right hand bit lines 1-3, 2-3, 3-3 an¢y 4-3 are arranged par al | el
thereto, but not directly connected to t he’ respective 35 contacts. Since
the conplete array Is built within a single active region, there is no
field oxide foy s@lthél NR. bitolihes,nfarhexarapks sBogon, stol beiimmplantededm thhe bi t
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It lines d f r t
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the N+ biltO | i pesetzate ithrongh thel p@}mysﬂallmﬁa gilaoas t urtchﬁmlpﬁ@ istafeatthen,

such as area f& Er\l?\%lﬁbsh% l%ﬁ’ an?g)lhﬁﬁéldaht %”dB@égﬁ?%‘l‘ 161 015hgmke o and wor d

| i nes using dopant 1S

t f f the d d bit
lines, the woPdl&dd @mi? quné§3f3’d?p Wr%%@%@n%é{rbﬁa B gEF gﬁ\goﬁrjl tﬁg |
Itorl or a{t V\hBéﬁ;véeIfJ'tﬁe ON;rdébmgﬁxgsteaml restwieeh p u]:ytrystallliaﬁe dinesAté:Adroe! |

ransi st or su is formed be in
together wt h %‘3&9&)@? | £ ﬁéegvﬁcom )FI 85‘?%1“? }ﬁ’ﬁﬁﬁ}%‘é lg«%gr\;;ena
di el ectr |1cc;5 (nthe sHlt)vrrrn)d awordp dinesnusingl dopant twlechi is hnxrp@te&@ftcnde can be
programed to Ch .a r I t
whi ch opens afémbr%%%iv?q ot ﬂle %V(ﬁ.?i %d 619 hﬁgarmgewom Ipfhn%oé ogjr?ozl te
type to the Nmaset densfdx aggnged annayl Bbponrl%aa:rt,bévfrqrﬁr &ﬁlﬁbd)&léetWéS

transi st or ce}i ﬁ:Pé(PUEﬁ‘ théh PRbY&iomst al | | ne silicon Word line 15-1 using a
55'18} 'e\r/ﬂ ycm orr] SN RoM coliiransisior such'ad 40758 formed BerRed oRI N bit
lines 1-1 and 1-2, together with the polycrystalline silicon word line
15-1 running above a dielectric (not shown) and perpendicular to
the bit lines. ROM code can be programmed to a cell, such as 41 by,
for example, a layer of photoresist which opens a window to the cell
41 to be programmed. A dopant of opposite type to the N+ bit lines,

25 such as Boron, can be implanted to the transistor cell through the
polycrystalline silicon word line 15-1 using a relatively high energy
of 160-190keV with a relatively high dosage of 1x10!4 cm2 to
2x1014 cm-2, as shown at 42. Since the programming step involves
doping the gate of the tramsistor cell to increase its threshold

30 voltage, transistor cells formed by the left-enable select line and the
right-enable select lines, which are not required, are also
“programmed” by doping to have implant regions 10 at the same
time as the ROM code programming step so as to avoid any
unwanted current leakage during operation.

35 Before reading a cell, the bit lines are pre-charged. To read
the cell 40, the word line 15-1 is brought high while the other word
lines are kept low. Referring to the bit line 1-2, the cell 40 is on the
left hand side of this bit line. Therefore, the left-enable select line




2x10[err] cnferr], as shown at 42. Since the progranm ng step involves
flopi ng the gate of the transistor cell to increase its threshold 30
voltage, transistor cells formed by the | eft-enable select |line and the

ri ght-enable select lines, which are not_ﬁ@qyired, are al so "progranmed” by
doping to have inplant regions 10 at the Sane tine as the ROM code
programm ng step so as to avoid any unwanted current | eakage during
operation. 3511 is turief @mg whéldi keepingelhe rigte-dndbleisedectalimepr 22chamged.

To read the celhl,y4Qe t I ' s r - 1] ' oiher
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the |eft handthemeoupledite bi sensenamplifier efnnteshawin) |and theametalsbingct |ine
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and 12-2 off. e corguctive netal |1 ne connegting the ﬁf&jﬁm 9-1 |'s then
coupl ed t o a Sloatiagamdfi theecell nist neh FrpgragyBed , SUFSDE Wi ‘Eoﬁ-’ﬁ&té‘ﬁg t he
?gnhgft 9-2 i gofitaeynolqd ﬂﬂtﬂbﬁglll Fdhfblebitn?hé' litliﬁnﬁﬁroﬁ 3 éﬁegb@lat ?Dg-thﬂ({:x%ehﬁeltl
progra . current w ow from caontact. 9- ro e bi
line 1-1, thr g@ﬂinphiéepﬁs%g th, ﬁﬁﬁt sbsl%?r I%lqneg%pg,%%gggpn he sel ect
tL ansi isltor 31cogtacoP-athrought the bimuiiaet %9}.2 Iththeugiellt e poogrammed21b. | f
the ce IS pt ; r ' . t he sense- lifier.
10 5 PRl B2, Gelectel Y 'che"Sel - B T2 1775 0hont o
hi gh whi 11 ot her wSimilarlyegoareadcéir cebindlrrbe rward lineadSel sis| braughtnies
12-1 and 12-211?%1? &Hﬁg d&ﬂhgpeﬁofw-liﬂeaf@n&;%gowg mhal rishfengBIRN86lechy t he

contact 9-1 is Swtc t e sense-anpl i cuit.

. | he netal .lj.ne
connecting t h&ngsni?d: andy 1%232 A6u tyedeoBhe ’ff? cogdpetivegngtal LHSS are
kept flt Ogt ilng cohﬁ_eémezqﬁbl ci:)ﬁta{w'?-ﬂf Qgrmm@bt d aor thr?wtsewﬁéJaxﬁpmexf rqifnuitilez
contact 9-1, ssin e sel ect transistor - r ine 1-2,
through the ¢ ef%a g}nr?g COOPRCHRE +hE E%tﬁgétig% @%&%@%&Sﬁgﬂél {hel I ne
2-1. |f tlte cetheri metabdinesnan, kept dloating. Wifl thebeeleise aot dpriogramemed,
sense-anplifi : 1| a . oM : i gn
descri bed abog{elfregglvl%ngo?rvletfg%l mé%gt%qg%eggﬁ?é g%r gg\lte\%g %l t 1?@?62,

so that the RORthr thrpughnthee biadimedérdethrongh the cold 4l gping tbaﬁ}ie?%l fe
metal |ine wagoh@@hig-odh@ughatie it linene-1.A I eIl & praprdmimedNtd he
conmpact ROMin accor daﬁcg with 25 . on errbodel_rrgln .fog thi's rnvention wll
be now descri GBEeng| will e detected by the sense-amplifier.
20 It will thus be apparent that, with the design described above,
only one metal line is required for every two bit lines, so that the
ROM array can be made denser that in the prior art where one metal
line was required for each bit line.
A process for fabricating the compact ROM in accordance with
25 one embodiment of this invention will be now described. FIGs. 2 to
10 show the schematic diagrams of the process steps, which will be
further described below.
Referring firstly to FIG. 2, the process starts with a P-type
silicon substrate 160. A layer of pad oxide 130 of thickness 300-
30 400A is grown on the substrate followed by a layer of silicon nitride
135 of thickness 1500-1600A. Well-known photolithography and
etch techniques are used to define the active region with photoresist
200 and to remove the silicon nitride at the areas where field oxide
is to be grown. Since there is no field oxide within the ROM array,
35 the active region is a single piece of area with the field oxide
surrounding it. After the field oxide 170 is grown, the silicon nitride
135, as well as the pad oxide 130, are removed.



10 show the schematic diagrans of the process steps, which will be further
descrj bed bel ow. Referring firstly to FIG 2, the process starts with a
P-type silicon substrate 160. A | ayer of pad oxide 130 of thickness 300- 30
400A is grown on the substrate foll owed -bFla-l ayer of silicon nitride 135
of thickness 1500- 1600A. Wl | -known photolithography and etch techni ques
are used to define the active region with photoresist 200 and to renove the
silicon nitride atAshshawmda RH@r 8, faneNg+ dif dimei photordsistgmask. isStheve t here
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20 with both ROM and SRAM, additional modules such as buried contact
patterns and etch steps are performed at this time. After finishing
the additional modules, a second layer of polycrystalline silicon 126-
12 of thickness 3200-3500A is deposited as shown in FIG. 6. The
polycrystalline silicon is then doped in a well known manner to the

25 required resistivity by, for example POCI3, or by being implanted by
a dopant such as Arsenic. Photolithography and etch steps are
performed to define the word lines, the left-enable select line and
the right-enable select lines which run substantially perpendicular
to the N+ bit lines. The photoresist is then stripped.

30 Since there is no field oxide to isolate the N+ bit lines, an
isolation mask is then formed which opens the photoresist on the
entire ROM array in the active area. A dopant, such as Boron, is
implanted with an energy 30-40keV and a dosage of 4x10!2 cm-2 to
6x1012 ¢cm-2. With this energy, Boron cannot pass through the

35 polycrystalline silicon word lines in the array which have a
thickness of 3700-4300A. So only the substrate between the
polycrystalline lines receives the dopant, as shown in FIG. 7. Since
the N+ bit lines have a dosage of 1x1015 cm-2 to 5x1015 cm-2, the



a dopant such as Arsenic. Photolithography and etch steps are perforned to
gdefing the word lines, the |left-enable select Iine and the right-enable
select lines which run substantially perpendlcular to the N+ bit lines. The
photoresist is then stripped. 30 ce there is no field oxide to

i solate the N+ bit |ines, an isolation na i's then formed which opens the
photoresist on the entire ROMarray in the active area. A dopant, such as
Boron, is i npbﬁfet:ﬁdeV\Bbfomrstsysarlgyﬂﬁosﬂsétea\teamglan dostageno thehNP[ bitr |

cm[err] to 6 y, Boron cannot pass through
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to FIG 8, f
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Ehe DLOQF ammdf(épkil@l‘ﬁ ema2 ftbgbxmldt EmSll]?hThEs I»rﬁl ¥s thieusladsisid wb&ﬁgesofd)rs
as shown in are rne a t he code
progranmm ng rrgﬁ élfaé’tl%e g %‘ﬁallign?%lgbi ﬁtﬁge ”3 ﬁv lgﬁ%%i%amred cells
remain atl%s | tmcnsis&hm €asc khawnOir7 - KIGBV1) Tbe qism)ttunmi sxfflat thiee samer tipped.
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performed. A therein.of Unpregrammed bﬂ rewain sattheh)w ditated saely %ﬁa%t -as
shown in FI G T9e ThO86relRE s |th@§Ssﬁ-iﬂ{1§ gn parallel with the N+ bit |i nes

As shown in FIG gubgflaqeucetnrt y(fa{)la%%tzgﬁon by forming a layer of glass 180
20 and opening electrical contacts in the glass using well known
techniques are performed. A layer of conductive metal 190 is then
formed and patterned as shown in FIG. 9. These metal lines run in
parallel with the N+ bit lines. As shown in FIG. 10, electrical contacts
between the metal and N+ bit lines are formed at the ends of each
25 bank which consists of the word lines 125-1 to 125-2 and 126-1 to
126-2, the left-enable select line 121 and the right-enable select
lines 122-1 and 122-2. Finally, a layer of passivation (not shown) is
formed in a well known manner.
Turning now to FIG. 11, there is shown schematically a layout
30 of a memory array according to an alternate embodiment of the
invention, where similar elements to those of FIG. 1 have the same
reference numerals. As can be seen, in this embodiment, only three
contacts 9-1, 9-2, and 9-3 are shown in the tof row of contacts and
the bit lines 1-1, 2-1, and 3-1 are not directly connected to the
35 respective contacts. Furthermore, the contacts 9-1, 9-2, 9-3 and 9-4
in the second row of contacts (in the middle of the drawing) are
"offset" by one bit line with respect to the contacts in the top and
bottom rows of contacts. Of course, as in the embodiment of FIG. 1,




between the nmetal and N+ bit lines are forned at the ends of each 25 bank
whi ch consi sts of the word lines 125-1 to 125-2 and 126-1 to 126-2, the

| eft-enabl e select line 121 and the right-enable select lines 122-1 and
122-2. Finally, a layer of passivation (n shown) is fornmed in a well
known manner. Turning nowto FIG 11, theré is shown schematically a | ayout
30 of a nmenory array according to an alternate enbodi nent of the

i nvention, wheontastsi9-ar irel eachntowt ard ledectrichllif| Conredied etogbthesaras are
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wi th respe‘ttt ediaceat (e zespective; fentaghs %,aﬂaﬁhﬂr §v§s 56SREsHYELY s 1D
CourS?, ?S_ i nltllwecoprrb@ﬁlit rbgn: a@j‘afﬁhﬁcoiatacts 9-213%-3 ?ﬁdg Qg,sr%pkcﬁve%%?[ﬁw
are electrica cophect e get her , .as are gontac - ... Each o e
contacts 9-1, ﬂéf‘y’ém 48 TO¥-c grélg!’gnﬁ?é%‘fsteﬁnFofg TS Iolvﬁ%stﬁﬁ-c]il,tEﬁl-l%s, agds
etc, respecti ded ytop Thows, oft centacteandt & left stleotdine 41 2x@ndsdoer3dthe bit
arranged 5 l.a t Y Se Q-1 94 9=

respectively, ﬁlgljﬁ ?ﬁg %‘%"'B?‘r‘f:‘}v‘iﬁé)g@tw a(gj ggg{nat%%oﬁ?rgépg gglfgpgr%nsg%tgr% 4,
respect i vidly, therebetweemi e row. A right select line 12 extends over the
bit lines and the IQRordey @f réAD tAflsEst8r Tel 40 Lfor ebRdihple, el Wwordt BRES

¥ ansi ot ors 185 1 REAGHE biEDn. HefeGhas o e Bkcline ohvds ShrcILAp ipon; the
exanpl e, the te&ftdhdrd'&idd ofsthis Obighiindli gTheRRdbry, r iheg léfo-enhblebistlect rigne - 2,
O et L1 i 8 il ool THORE o
sel ect |ilfel2Thief conductiihemetmhdline i sannestiag Hieneontantedtl g conplesk
o sy el SRk AP AOP o) OIS U O e g e
floating. |f cRBtagk|9-2 és rﬁpuﬂg@}br"dm&m@mfﬂéﬁl lipes are oélP‘FtPéﬁn t K thent act
1,11 Sl i rganaits ol s bt e stabgn.  aures o
tﬁr ough the bﬁldflh"newf‘f 1qtalc9p§a§6§‘ ﬁﬁé’ugél khe4(§?f}et°ﬁrtaﬁﬁﬂs{ ef?ﬁme(ﬂ‘%clfftz,
passing 20 select line 11 and contact 9-1 in the middle row of contacts, through
the bit line 1-1, through the cell 40, through the bit line 1-2, passing
the select transistor formed by select line 11 and contact 9-2 in the
middle row of contacts, going back to the contact 9-2. If the cell is
programmed, no current will be detected by the sense-amplifier.

25 Similarly, to read the cell 41, the word line 15 is brought to
high and the right-enable select linel2 is turned on. The conductive
metal line connecting the contact 9-1 is switched to the sense-
amplifier circuit. The metal line connecting the contact 9-2 is
grounded while the other metal lines are kept floating. If the cell is

30 not programmed, current will flow from the contact 9-1, passing the
select transistor formed by right select line 12 and contact 9-1 in the
upper row of contacts, through the bit line 1-2, through the cell 41,
through the bit line 2-1, passing the select transistor formed by
right select line 12 and contact 9-2 in the upper row of contacts,

35 going back to the contact 9-2. If the cell is programmed, no current
will be detected by the sense-amplifier.




the select transistor formed by select line 11 and contact 9-2 in the

fmddl & row of contacts, going back to the contact 9-2. If the cell is
programmed, no current will be detected by the sense-anplifier. 25
Simlarly, to read the cell 41, the word_kLiyne 15 is brought to high and the
right-enable select linel2 is turned on. The conductive nmetal |ine

connecting the contact 9-1 is switched to the sense- anplifier circuit. The
netal |ine connect Thys} lthe cuset aft afprdpriategrogivdeitcuitry etot bentrohehenet al

1 ow from  nePRIHHPSselkle HiBsTEhatles ot cofiipdle SURTIR e KORT T ac

sel ect |ine 1to dbel readt faot every jomet n@nt@ppeemdr (mﬁt@} lingntraguiseds hr ough the

bit line 1-2, thro?ﬁ%ﬂf‘%b&?'ﬂe 4 aféifto %ﬁt ﬁln%Z -step qﬁs%@g t he
sel ect tranS|stor or righ Pl ec |ne 2.1n the
Spper row bf  SHIHBCRITIE Drogeings HaReN coRh@fintlit. 1o on ordhdinesi |

programred, n@aQdr besk ﬂﬂiricab&l det’ﬁféréfbrby thee psangacwiiig fiige. required4 -

Thus, the use, of ogi c nt Lol ropriate
sel ect lines é‘?]acﬁfﬁ@r‘ﬁdn ‘gﬁ gug oqfc m\& %‘Tf%ea & %858 q%ead for
every one conpragrammiedeintio rthmeamey]msr gHortet thianl haﬂllstntdaevmpparﬁlet t hat

t he programm i h i r t after
the bit and wo §*S:Ed?1res ltasvgmg% Pg{)d%l? Eﬂ%ﬂ Hﬁﬁfeé‘rag %rglo(f?hrelhgn%nﬁ]act uring
tinme requi® edppbmwﬁq@lllén@ %ﬁgna@mﬁ@bmata ROVPhisr egAuetioar ihe ROM code i s
programed i ”h%ﬁdfﬁcﬁfr{g tifheS h@r%&rnctummy hihpertafit Wﬁ@ﬁeefﬂ%?stﬁﬁlsﬂo%hﬁr

cells must be rt?lg ﬁ%o?}feé?f o a<;tHrl ne g@’t”lgp g Fr{;iftal i ne
a u ‘?Tfﬁ?@f u

silicon are f
particularly i amnedvum testedr s Iar ¢hé ast] eacH lracROewodersibh eof the

such ﬁSEVUCir?mﬁﬁ%?ﬁdﬁﬁﬁ'ﬁ%@ﬁ R R s Y
requi re d¥ el dargeehmolmt d)ﬁrpyec%asmgltlnobrdﬁrotmigbngaﬁenthﬂ deord diesbandat e
the word li ”e?h@"i‘i'nélh%t e@abfaﬁmgg?&bn% aétﬁﬁ gﬁ@%;ﬁé‘s uri O | QGRBSdirhéntshe

enbodi nents of the |nve I on abov ers o ROM arrays
manuf act ur ed ©fribgginyention desegbedyrhay ebl‘f’a@ﬁﬂ HoROM HEY¥ave been

fabricated camditufatnined ﬁﬁnaugh nﬂ) tthe R@g@c%@m vmltcindca«roohﬁ 121@es [Havgr ammed
e 2 e S BRERUERY o OB Vb kol 6’ KB SA88°SaRln 5 be
20 programmed into the array, subsequently only requiring the final
stages of the manufacturing process to be completed.

It will be appreciated that although only two particular
embodiments of the invention have been described in detail, various
modifications and improvements can be made by a person skilled in

25 the art without departing from the scope of the present invention.




It wll be appreciated that although only two particul ar enbodi nents of the

[ nvent i or—have—been described in detail, various nodifications and
| Mpr ovenent Amea bub g ip ”w a person skilled in 25 the art wthout

departing {HM t he present quegtion. 15 - dains 1. A
ROM array ferned : on substrate having one or nore active regions
bounded by one or nore first isolation regions, the 5 array being forned
in a single active region, the array bei@kgifmsr red of one or nore ROM banks,
each ROM bank conprising a plurality of bit lines formed of substantially
paral l el regions of a first conductivity type formed in the silicon
substrate, a plura (ROM amay formed gmrarnsticom subsiraiat having pbe 01 sore

conductive la 0, f S t ' Y, nghecul ar
o, the plur alriye ofeRRebaRdEd by PonéTor Mtte" oS MulaBO f*%gf e it

lines form sodFay heingfarmed| i@ single pfctivey Ipgione| the; AFAY; be HRe
portion of thefvsied okimere ROMIibagkbetaéte RONE badkac@npripingt aopluralityt b€ bi t

| ines form ng at e gl ectyode gf .the .data | i skor.«the ROM array

further 15 cbﬁpgﬁnﬁ ngorgéeé{)r?g F@bﬁtﬁtﬁ%}fy r%adgﬁﬁfs r%éﬁggségo%gn%gnduct I vit

type, oppositeohductietyirype formled tinvithy silipen substmate,bat phunalifylj oft emorddat a

cell transist by. 1 [ | , ' I

cell transist (;ﬁr'hgs a?%%é&a%ﬁ%ﬁ#%@%@?ﬁg cg)ﬂgﬁﬁﬁéeﬁla&ga@()%‘f%@ey\(ggé}ﬁ

adj acent 181t fomeef, uansbrsubstaniially pereensticylas oy thesplusality efatbat dinss,

]E_rantS' StO(er Wﬁzstréﬁpadaﬁaqe%t Eo{ﬁdﬂavﬁgrmgcﬁgc%dunﬁgt Poﬁﬁa&c{ﬂrée mgzrel n the
irst conductiyvity e Is of type an secgnd conduct i yi S

of P+ type. 28rain eie?é?@égpaq) & data gell; ﬁr@npé?qﬂ N 2 PBi?lf/tthé g’é@‘ind

conductivity tineeektenidngebetocenmharidiscem portBarsownfi thes bit 4ines foraivg

array according recedi i LeLpn.t [ [ j on
regi ons bound?néa@hgp%éﬁtgm%r %ﬁoﬁ’g gé@i \%l}rggngﬁ@ra:}ge?gpnﬂgd%%yj f’gjlt@éljoxi de.

5. A RM acomprisingrstiocopd: ésclationregionn ®fchasenongh sosductividy wiyne, | i nes

e oy med Of oBBbYRE YRS ah) BRse\cdonlBivity fype, forfidd BethbeRCaRflRy O any
precedi ng cl ai erein the . . . .

data cell transistors by implantation with dopant, and wherein

selected data cell transistors are programmed by implanting a

channel region between adjacent bit lines under the word line of the

20 selected data cell transistors with dopant.

2. A ROM array according to claim 1, wherein the first
conductivity type is of type N+ and the second conductivity type is
of P+ type.

25
3. A ROM array according to claim 2, wherein the second
conductivity type is formed by implantation on Boron ions..

4. A ROM array according to any preceding claim, wherein the
30 first isolation regions bounding the one or more active regions are
formed of field oxide.

5. A ROM array according to any preceding claim, wherein the
word lines are formed of polycrystalline silicon.

35
6. A ROM array according to any preceding claim, wherein the
polycrystalline silicon forming the word lines is deposited on a layer
of gate oxide grown on the silicon substrate over the bit lines.



pol ycrystattime—siticomform ng the word lines is deposited on a |ayer of

bat e oxi g m Iﬂﬂ i1icon substrate over the bit |ines. - 16 - 7.
UL Y ml ﬂm any preceding claim wherein the second isol ation
regi ons are forwed® by i fipl antation with Begon ions. 5 8. A ROM array
according to any preceding claim wherein"the selected data cell
transistors are programmed by inplantation with Boron ions. 9. A ROM

array according to any preceding claim wherein at 10 |east sone unwanted
transi stors fornmed,i [r er: ] anted with. Bor | O f

I sol ation ar eZS [ nAt Ezeégf,ﬁggﬁf%ﬁ%{@é@%%gyﬁggﬁﬂﬂg ﬁgﬂfﬂd a ;#é;;)lpeg{e?glr} ng
claim wherei seadmsd pselationt yegibndi arel formed rhy udydantations withetBoromiions.i nes
and a second set 15 of bit lines, the bit lines of the first set

alternating with the bit lines of the second set, and ihe array [further
conpri si ngsqat 81 easA &M suray acepnding sto eppnpwceding K1aim.; wastein thee first

set bei ng coupdledtedidaRat Lyl OfrahSiBtaraChte/ . programbRaP apy | iveplaanitimi , wathd
each of the bbt | i nes of the second set being selectively coupled to two

adj acent 20 POEPRIODS: being the contacts to which the adjacent bit |ines
of the first set are coupled to, first and second sel ect |ines extending

setectively cupli fy ROFF il koot ' & BRL Hprcbeaind chimiOpfleleififar, ©F
adj acent 1dbnt keast symeenawpranted ttmangistons f faymeshdnc dhe aarray i areoimpiantedy; t

line, the traggjst e 4 AS86h Hehs'innehd AriRe adj acent contact.
11. A ROM arrg@ﬂg%rpﬁsﬁ%@g&ip ural%ty ol? pz%?sl of bit dIa’;anes and a

plurality of contacts, a first bit line of a respective pair being 30

coupl gd_ to a F@SD_EN :R@Mcdifa?}gtacaﬂﬁﬂri]ﬁgst@@ﬁﬁ pidcellinge ctdind, haheesine e ve f
pair being selecti.yve upl ed .t o the sane, respgcti ve cont ac aps of a
first sel ect Pfq{éi,ly%l (&0&3 ﬁpﬁ% lgglﬂlgﬁﬁi% lrghﬁgféﬁt #’él ﬁ?“'%@ﬁ@eﬁd%&ﬁ?r?@ over
t he plurd4d t yobfbipdines, dhebbit lineeofathe firstrisely altemating ovith dhesbifolines

bet ween a pai bj ' a V\Fﬁl&] ' Ok tatl agizacent
pairs, and a ég%ﬁdhé%4ﬂ£$§f’i ﬁgdse?e%ﬁlﬁ%ety C%JS | gsé aage;\%h%gi@{ei I nes of
adj acent pai r of coméacssn each rafnthes bt liges | off herdirsbsetubsing woupledst and

second bit 1i Hﬁﬁcﬂgr 8r ARbireElY afto PRI fespEdtive cbffét P¥indhead foft tielbget | ine
bei ng controlle . ] ]
lines of the second set being selectively coupled to two adjacent
20  contacts, being the contacts to which the adjacent bit lines of the
first set are coupled to, first and second select lines extending over
the row of bit lines, substantially parallel to the word line, for
selectively coupling a transistor cell to be read into a path between
two adjacent contacts by selecting the path from one contact via one
25 bit line, the transistor cell and an adjacent bit line to the adjacent

contact.

11. A ROM array comprising a plurality of pairs of bit lines and a
plurality of contacts, a first bit line of a respective pair being

30 coupled to a respective contact and a second bit line of the
respective pair being selectively coupled to the same respective
contact by means of a first select line, a word line extending
substantially perpendicularly over the plurality of pairs of bit lines
and forming transistor cells both between a pair of bit lines and

35 between adjacent bit lines of adjacent pairs, and a second select line
selectively coupling adjacent bit lines of adjacent pairs, wherein a
transistor cell formed between the first and second bit lines of a
particular pair can be read by the first select line being controlled



- 17 - such t hiEs

fo the respecTﬂ ; the second select line is controlled such
that the second bft §ire o6f the particular pair is coupled to a first bit

| ine of an adjacent pair, and wherein a Lrla;ngi stor cell formed 5 bet ween
a second bit line of a first pair and a first bit line of an adjacent pair
can be read by the first select |ine being controlled such that the second
bit line of tisackithet thaisecondcbitplisd ofb the sparticplact paie isonoacouphel the
second sel ect thd %spécti)ﬂ%“cr taqda tcﬂﬂ] t?@&fg‘ﬁe&?’f(@ﬂe tigt cd)ﬂt?ﬁll&fl ofig 11 st

pair is not caqu dtoth |r$t acen air via the
second sel ect q“ftn ¢ poco denpastiqulyr pain é%wuplﬁél ﬂ@vﬁ dirspihit

Ibl nels i ncl u]gil 'l‘ﬂleafofldilftadjtﬁéerﬁi phir} dnun%ea@ﬁth t % &%ﬁ@i&ﬁbﬁ%lloi"oﬁéedg'eggﬁd the
It | nes | Irst se er. I e .

set, and 4 igggvye%a S%‘f'f’é“fhm ?Jﬂ%a %‘éc‘ﬂl‘i)fa ﬁl‘i‘ét B%tt ipe nefs agf t he
first set be| lagjamnplpmjr ahnr bet teadoibyi thik rfﬁtst |seledtoline riesingc tonolledt act ,

foo o acont - SEei? thal gl e THOT, BR oG BROR BOLAET 10, SRP °T

two adj acent con ac con actst it lines
of the first m&pe@ﬂé’ecgqmaéﬂ angl the vwecandi seleet linedii canttdieahtsuah| tha20

per pendi cul ar kpe %\éSén& M3t rlﬂi’é o?fthQ' Firdt! gconﬁnﬂo'{ %gb{éﬂnw "cﬁé'ﬁltsgrbl‘feﬁﬁeS

bet ween acertjt bit, Jines, first @ es extending over
p

Hﬂt line of the particular pair is not coupled

the row df¥ bi Pf|thgead J@GB%tP&Fﬁ ivad | the psgegndepelest dime. word 1ine, for
sel ectively coupllng a transistor cell to be read into a path between two

| | h h fr
e The traner ot & ROM Uil shitpafbiie st BARt P b Qtnbafipet aRPTding act
13. A ROM ar r ayfirsgtcsmt dofh bitt tine$ aandh 4 2secohdrsitroft bit Tinest thee]?ltohnbs tofl thlees .
t I ne
are directly ﬁy&g@@f &t h?%ﬁﬁ \ﬁﬂﬂtf{l'l‘ét Pltaglﬂe§ h(ﬁ‘ ﬁ?é: %@goﬁ(? sel aBp aﬁé%?%

are sel ect] oupl e e con Sel‘ect
formed byl he°¥1¢ oW GQEtaPtSneeaéht@ﬁdh%d)lb\lmeSthfetb@e(fmstl sebtbedfigbit |ines

and the row ogog %S‘l@HaCdlﬁectBﬁCdi HditdLy0i fo lal Ff‘s%e@ﬁv& NeoRAEQ NS¢ Hach! ?P bei ng

selectively ¢ d.to an adj acent .contact v a.se)Ject tyansistor forned
bet ween thg bﬁfeplmhéw Pf]ég ¥5Radssst bemesse ecﬁﬁeiadjcﬁléﬁ 80 ttWQ ne of the

first set by adimcentaontauthcbeidg the codmacdisngo twhkichoviss -adjacent bit lines

of the first set are coupled to, a word line extending substantially

20 perpendicularly over the row of bit lines and forming transistor cells
between adjacent bit lines, first and second select lines extending
over the row of bit lines, substantially parallel to the word line, for
selectively coupling a transistor cell to be read into a path between
two adjacent contacts by selecting the path from one contact via one

25  bit line, the transistor cell and an adjacent bit line to the adjacent
contact.

13. A ROM array according to claim 12, wherein the first set of bit
lines are directly connected to the contacts and the second set of bit

30 lines are selectively coupled to the contacts by means of a select
transistor formed by the first select line extending over the second
set of bit lines and the row of contacts, each of the bit lines of the
second set also being selectively coupled to an adjacent contact via a
select transistor formed between the bit line of the second set and

35 an adjacent bit line of the first set by the second select line
extending thereover.



- 18 - 14. A ROMarray according to claim 12, wherein the first set of bit
lines are seFi. ,mmﬂ [j to the contacts of a first row by neans of a
sel ect trangliik m he first select |line extending over the first
set of bit lihes ahd thesfi*rst row of conjgcts and the second 5 set of
bit lines are selectively coupled to the contacts of the first row by nmeans
of a select transistor forned by the first select |ine extending over the
second set of 18it A R€3Maadrayhecearding tocraimt k2, whereinrthe finstt betr of bit
conprising a r ng e n c t he
mp 9 3 BREONHe! Wobival ?‘3‘5‘%‘*% I ﬁ:&g 168N B Il

first and second rows o contac ein ectrica conne
t oget her, whePEid selrets iransistar fopmegl b }1 ithe sfigst eseleste mevéxgcn@&gn@vprt o the

cor r espondi ngt}fwmiraptsat Qf birelines and ﬂw/vfﬁyt FERNSf Wontadis! £t thé aegbagor

formed by 4 he_sec elect lin he firs t of .bit |ines
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sel ectively cby:pimdns oofla seleontteanisistof folaedebypnther firstviselet dige adj acent

Second sel eot SRHaEs DGR ¥he°sont R of i Jhes Sha' IR oW BE SRR, ("
second row of theomreayt Surther comsprisingnat kexbngk rown of acontactsg witlRahe array on
a silicon subgbiragson 1ﬁgoé@ﬂtﬁeﬂ 6PN Birftd ahfCsSlonldS r&¥vs tﬁf]%n%&g .

silicon bstrate a east _.one acti ve ar ea erein S

i sol at ed onﬁ"]@PHé‘F tqq}’@eﬁTféig§° Ehe Whesein, the first set of bittlknes r?gea

plurality of wbéﬁﬁﬂ?ﬂ 2blipledanal ihe! cbn*e ofdingotontacty If gandieebhdli fowt ype
in the substrate b on.t he act(*]ve ar eﬁ}ldefl ni ng

the plurali ty PS I?Q@ggﬁﬁﬂp% ergeaoB}ﬁn@e’ AEPAhS Lq.%s Gt e

t hrough the rrwsﬂendingaorvletahevﬁrgl mtgbfdnndnmsr ahd ohe &rond row of fortm n?l a
I I f ntia

Belrjg)gnljlt Zu?arém&ﬁﬂghgl ﬂ%réa?&%(ﬁ{d T% %E)v&* ﬂlt hﬂ@§ a?r@ §£Qctﬁ’$elga[:?8{uy€l‘ré BS (?om de Y

mat er i al 13depeentartsg of tb@yécccmd o rykichl armeacgaoemow dhe t eyTesganding

material, dopgggathie bgohi’édh)é%ﬁ'd IseRect! ﬂrhﬁﬁ&‘totrofdrﬂféd 'tﬁ@dse%BBQUEé b&t ty

and then etc t he pol ycrystalline |I|c nes;
form ng i sol gilpgrp’?tﬁ é‘f %nsePﬁB bf&t d’l%’fn&sl st'hﬁysq aFI"P‘TVnQir

dopant at a |eyneieesgy such that it cannot pass through the
pol ycrystralline silicon formng the word Iines and of a relatively

20 15. A method of manufacturing a ROM array on a silicon substrate,

the method comprising the steps of:

providing a silicon substrate and producing at least one active
area therein, which is isolated from other active areas on the
substrate;

25 forming a plurality of substantially parallel bit lines of a first
conductivity type in the substrate by forming a photoresist mask on
the active area defining the plurality of bit lines and implanting a
dopant into the substrate through the mask at a relatively high
concentration;

30 forming a plurality of substantially parallel word lines on top
of, and substantially perpendicular to, the plurality of bit lines, by
growing a layer of oxide material, depositing a layer of polcrystalline
silicon on the oxide material, doping the polycrystalline silicon to the
required conductivity and then etching the polycrystalline silicon to

35 define the word lines;

forming isolation regions between the bit and word lines by
implanting a dopant at a low energy such that it cannot pass through
the polycrystralline silicon forming the word lines and of a relatively



- 19 - low concentratlon ch that it does not affect the higher
concentratild n u R E ng the bit |ines; progranm ng sel ected

transi st or s : by formng a photore3| st mask defining the
areas of the"word Ilnes of selected 5 trangstors, and inplanting dopant

t hrough the polycrystalline silicon of the defined areas so as to pr oduce
channel regions of the selected transistors having a predeterm ned
conductivity dpw oaaentradon tsushe dhatuin dwcsynoif affieet dhanhigher egi ons of the

V

transi stors WhgnhbeafratiBat of &d dfor?rﬁﬂ b1 linest Or M ng contacts and a
passivation layer on the arra 16. cturi ng a ROVIarray
according to cl ai mPISEIARENRE nSg ﬁ%teét &l'ﬁnﬁﬂfs‘:qrériﬁ ﬁg RfaQ byt feening

i nteﬁ conpri s£$p hfoltdi?%lsdeilmﬁktdéfﬁn@ f%ﬁétarém’@f ?i‘he midrylcmggad)f Ise%?ecftezdl con
on the oxi mat eri a nufact uri ot.her desire ctronic

circuitry gn #F\%“%?W%’or?nguﬂ Hﬁﬁ? g AoPaRt ¢ g ﬁifl i ng t he
ROM array and silieon defpths tdefimed areasnsb laayty pmtbdtmrl y:haumlardzgmns sof ith®n on

top of the 11 i8ledsd StrafishOly Saahg! o' BiedbiehBed PELRICAAR) Neidi8rorke

requi red conducti vi
according to émrnelthctumndupng of athey channelr tmpnéoﬂ%rthgu trgnsistarsr whielk

step of progrgma Agt Selee®d ahgansi stors the step of fabricating other
nodul es t he subgtrate I T desi rrg;;hod of manufacturing a

;
ROM ar r ayP%ccor di n O%I%f%téfa’é‘faar rﬂasilé’aui’@ Yo7 o0& &tiid-he step of

progranm ng sel ected transistors includes doping unwanted transistors in

the array so 4% 1o { Qi o?tr'n%ﬂui%c%‘iir?né " tﬁ“@Mar QS/ according to claim 15,
wherein the step of forming a plurality of word lines, comprises first

depositing a first layer of polycrystalline silicon on the oxide

15 material, then manufacturing other desired electronic circuitry on
the silicon substrate outside the active area containing the ROM
array and then depositing a second layer of polycrystalline silicon on
top of the first layer of polycrystalline silicon, before doping to the
required conductivity.

20
17. A method of manufacturing a ROM array according to either
claim 15 or claim 16, further comprising, before the step of
programming selected transistors, the step of fabricating other
modules on the substrate, if desired.

25

18. A method of manufacturing a ROM array according to any one
of claims 15, 16 or 17, wherein the step of programming selected
transistors includes doping unwanted transistors in the array so as
to form isolation areas in the array.



