2191893 | NTEGRATED CI RCUI T DUAL PORT STATI C MEMORY CELL BACKGROUND OF THE
| NVENTION 1. Field of the Invention. The.invention relates to the field of

dual port static menory cells. 5 2. Prior Art. In data h Td‘ o
there is sonetines a need for a random access nenory wth dual por'taz 3.88 3

t hese nenories, for ( instance, n words of mbits can be

read i fromthe nmenory in parallel through a first port or ports. i
Al so, .dy of n bits can 10 be read fromor read into the nmenory in

paral{ el Y4 second port or ports. The use of such a dual port nmenory is

descr (N Jconjunction with Figure 1., Dual port nenory cells using

bi sta Luits are known in the prl'o‘r art. The general |ayout of these

cel s T Me#or i bed inodyo8s) it ol Boft Witr8hmlibochs, the of osest

I nvention, there is a general departure fromthis prior art Iayout whi ch -
perm ts thepidiarbtmd oM TeE MmvEensey cell. 20 -2- SUMVARY OF THE
| NVENTI ON Accordrng to the present invention there is provided an

i nt egrated circui tlduaéieggrg! Latinverrg'imr‘y cell forned

The invention relates to the field of dual port static memory

cells.
5 2. Prior Art.
. In data handling there is sometimes a need for a
?52- random-access memory with dual ports. . In these memories, for {M

instance, n words of m bhits can be fead into or from the memory in
parallel through a ti?sf port or ports. Also, m words of n bits can

10 be read from or read_into the ﬁemoty in paraliel at a secénd port or
ports. The use of such a dual port memory is described in
conjunction with Figure 1.

Dual port memory cells using bistable circuits are known lﬁ

the prior art. The seheral layout.or these cells 18 described in
15 conjunction with Figure 2a. This is the closest prior art known to
the Applicant. As will be seen with the present invention, there is

a general departute from this prior art layout which permits the

Eg} tabrication of a denser cell. (

20



in a substrate conprising: a first continuous region in said substrate of a
5 first conductivity type;, a second continuous region in said
substrate of a’second conductivity.type; first, second and third

transi stors of said second conductivity type forned in said first region;
1Q "~ . fourth, fifth and sixth transistors of said first
copguctivity type fornmed in said second regi @n+ said second, third, fifth{-

and-si xth transi stors_being coupled to forma bistable circuit; a first~
word line for accessEﬂ&ﬁﬁggﬂEhﬂﬂLlﬂﬁgﬂﬂﬂﬂrst 15 port coupled to -said
bi stable circuit through said first transistor; a second word line for ’
accessing said cell at a setreanding to venprasenpl rwenticpathiene §¢ girbeidsd cuit

through said fourth tapantédr@ted ¥rcuit dual port statié SemBb} ckiiGrarmep! €d tO
said first transistor, for prOV|d|%§ d%gﬁ at said first port; a second bit
iCOPRTLSAB8: p

line coupled to said @ pypatrate roviding date at said second
port; whereby a dual port refefst eehtinudus agidedn 85id substrabtiRidfFa

DESCRI PTI ON C]:5', THE DRA.WSN%nductivity type;

a second continuous region in sald substrate of a

second conductivity type;
first, second and third transistars of said second
conductivity type formed in said first region;
10 fourth, fifth and sixth transistors of said first
conductivity type formed in said second region;
said second, third, fifth and sixth transistors
being coupled to form a bistable circuit; '
, a first word line for accessing said cell at a first
15 port coupled to said bistable cirbuit thrdugh said first
transistor3 - _
a second word line for accessing said cell st a second
port being coupled to said bistable circuit through said
fourth transistor; _
20 a first bit line coupled to said first transistor for
providing dats at said first port; _
| a second bit line coupled to said fourth transistor
for providing data at said second port; .
\v; o . uwhereby a dual port memory cell is real;zed.
25
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Figure 1 Ql ock diagramillustrating the use of a dual port RAM 5

Figure 24 i Jsi\rates the |ayout of a-.prior art dual port nenory cell.

Figure 2b W YustYates the layout of a dual port menory cell 10 fabricated
i n agcor ith the present invention. Figure'3 is an electrical

schemat‘l the overall layout of a dual port nenory cell built in _.
accordancewi th/the present invention. 15 Figure 4'is a cross-sectional . \,f
el evation vhew’of a substrate show ngza nenory cell built in accordance o

with the present invention, this cross-sectional viewis generally taken
t hr ough EM F . 20 Figure 5 is a cross-sectional
el evatio 341 REPT sﬁﬁ, g—m a menory cell built in accordance
with the present invention, this cross-sectional viewis .generally taken-

t hrough section lines_ 5-5 of -Figure 3. 25 IS a cross-sectional
el evation view 5* sures ipts r‘a}’é%'g&%ﬂb"%\ 151‘3\‘&)&#‘3:%? I*hBurte 9tn® BH¥3r dance

W th theppresatt invention, -~ - 4 - this cross-sectional viewis generally
t aken L;hrough section |ines :

'Figufe 2a'111ustrates the layout of g2 prior art dual port

memory cell.

Figure 2b 111nstrates the layout of a dual port memor& cell

10 fabricated in accordance with the present invention. o

Figure 3 is an electrical schematic showing the overall
layout of a dual port mgmory'cell built in accordance with the
preseht invention. . .
15
.Biﬁure 4 is & cross-sectional elevation view of a substrate
showing a memory cell buillt in accordance with'the present invention,
this cross?sectlonal.vieW'ia génetally taken through section lines
4-4 ot Pigure 3.
20 ' .
Figure 5 is a croSSQBQctional elevation view of a substrate _
showing i memory cell built in accordance with the present invention, o
this cross—-sectional view is generaliy.taken through sectién lines
5-5 of Figure 3. | |
25
Figure 68 is a cross—-sectional elevation view of a subsﬁrate

showing a memory cell built in accordance with the present invention,



66 of Figure 3. Figure 7 is a detailed |ayout (plan view) of the presently
5 preferred enbodi nent of a cell built in accordance with the present’
|nvent|on .. - 5 - DETAI LED DESCRI PTI ON OF THE | NVENTI ON A dual poft
stati ¢ menory cell is described. In the follow ng description, nunerous
specific details are set forth such 5 as specific conductivity types, “ef cf ;
in-order to provide a thorough under st andi ng of the present |nvent|oh
be obvi ous, however, to one skilled in the art that the present
i nvention may be practlced w t hout these specific details. In other
i nstances, well-known structures and processhng. steps have not been
described in detail in 10 order not to unnecessarily obscure the invention.
DESCRI PTI ON OF SYSTEM IN VHI CH THE PRESENT | NVENTION | S USED In the
presently preferred enbodi , the dua y.cell is f br| ated
B Eh Conol bretElt FHaBt s TRy 07 5 BBy CRHRR piGingn sy T84 G868
integrated ci gegide Wogsede @ont ai ns t he dual 15 port random access menory is
a discrimnator, portions of which are described in conjunction with Figure
1. Referring to Figure 1, the portion of the discrimnator which includes
the dual port MenDry p{pafd ar fs EWREN11Q) 1dsbut! (bl 3169 ofnendlipteabitaga or
recei ves serial data and determ nes whether. a 20 particular receiver is
entitl ed tosreceterredaenbqidoket off adesld. buﬂm1eipasﬂcswéann£y'bth(ﬁheanyedqeﬁgth

"The transm ssi,on_sy.stem i ncl udes a
invention.
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start and stop sequence to pernit the identification of the beginning and
7 packet (HDLC protocol ). The packets include codes which are
adai nst codes in the pattern nenory.50. If a match 25 occurs, then ,
et \of data is saved (i.e., the receiver is entitled to the packet).
&\t the data is witten over andsthe receiver is thereby denied i
ass t- tthe packet. (The data is - 6- initially brought into a rolllng»
; n Ahe discrimnator and data is. sinply witten over existing dat a”
'h occurs.) The pattern nennry 50 of each discrimnator stores
ELED (DESCR JHENENVENTEON are written into the nenory 50 5
t hr ough I|nes 29 (flrst part). Sixteen bits of 'any of the patterns can be
accessed, for instance, to update the stored patterns. The apparatus shown
in Figure 1 is Usddal cpardnptetecupedaryscelleas déarratiepat tiar tise of nmenory 50
with the beginning of each data packet whjich contains the access codes to
det er mi nef 9o M deRcaiPt 388ur'§""°?‘?“§ @pagtitie details pre sef forth puch s ap
i ndi caty of} tdgatifcUebhadtitviey dypes, 2tB2 tinCukddr I8 YidAasNg tndrbligts
entitled to receive that particul ar data packet. - The stored patterns in
menory SOumderstansiingnef [the prementativepiieny n Ibnwiddc ke nehivdpys cyhoevery ough a
second poyt r | Ln acket bs f8geive the
data is a£ppl |n§ds%itrtie1%8in?} }?‘eagﬁ #gaf othlei Ee?é‘%f r%gér:ﬁnttgcem r“glyl gp B ¥e7 :
the sane #itRutdtiekel Spéadcldevmibe pat btrer ARSRUNtes We1ikndwnOom each Of

the patterns are sinultaneously read and these sixteen bits are applied to
si xt een Structures and processing steps have not been described in detail in

10 order not to unnecessarily obscure the invention.

DESCRIPTION OF SYSTEM IN WHICH THE PRESENT INVENTION IS USED o/

In the presently preferred Embodiment. the dual port memory
cell is fabricated with complementary metal-oxida-semiconductor
{CMOS) technoldgy. The integrated circuit which contains the dual

15 port random-access memory is a discriminator, portions of which are
described in conjunction with Figure 1.
Referring to Figure 1, the portion of the discriminator which
1nc1;des the dual port memory (pattern memory 50) is 1llustrated.
The discriminator receives serial data and determines whether a
20 barticular receiver is entitled to receive each packet of data. The
packets may be of any length. The transmission system includes a
gtart and stop sequence to permit the identification of the beginning \;/
and end of a packet (HDLC protocol). The packets include codes which
are matched against codes in the pattern memory 50. If a match .
25 occurs, then the packet of data is saved (i.e., the receiver is
entitled to the pncket). Otherwise, the data is written over and the

receiver 1s thereby denied access to the packet. (The data is



exclusive OR gates, two of which (gates 54 and 55) are shown in 20 Figure
1. Thus, when the first bit of data in the packet is applied to one
teem nal of all the gates fromline 52, the first bit of the sixteen
patterns stored i-n nenory 50 are read froﬁrthe menory and one bit of eac
pattern is applied to one of the gates. Then when the second bit is '
applied to line 52, the second bit in each of the 25 patterns is readsfro

MENDry 50, etin tTHE1 e BEbMRILY En bR a0REELAR B MR 20| AW @M hthdtdNEndlafadaand
the stored patterns match. The outputs of exclusive OR gates are applied

to sixteen ANG §hPRYY Futhtessoyer existingndaby 1fAze mmtchorccaraphent that the

out put of mask 51 prgéi geetednNiéibryngoilost BadihA188t BlnREorPMords s110EHE
gates then act to pass the output of gates 54 and 55. The out put of the

gates 56 and 2PP Bi® PASSPTRRt ( TreseppatEang are awittan dnte iheonendtivchO ar e
shown, spegi fﬂlﬁ%}: lfil %é Qﬁgréﬁ p@?g 5981 G bl td Rl Léti’;ﬁ%fa'tﬁé’ ;{a‘i?@i g &

cl OCkI ng sigha ATA a rese signal to reset e flirp-tlops ftor
each packet. ¢ berngrcessederfori tnatapae citobupdwien thdstoned mittlerd®s pattern,

onlylow3|gnals are_applied.to the D teymnal fth flos However ,
Y eh 18 el ol e Bpntinst®, gnowm, 1o A ERES ) 15 e g0’ Gamaefh i, Fh o
renains set Wsfsdtedn hét@re@Updtitbridiidel mdmdigs8b WitiNdhe Ibsgamxﬂgedrtachheuta

flip-flop. The output of the flip-flops are |atched as indicated by |atches
60 and 61 andp't"d’@totﬂ‘!’;ﬁ}t cortaipa the eReess, ceded ol determine nth ahmaksid

the ai xt conosTardiTnofh 29, 40Ues, BFS, R pabpfE e 1f IRy BRY & ©

. user has paid for a particular service and is thus entitled to
\./ receive that particular data packet. The stored patterns in memory
50 are used one bit from each pattern on each memory cycle through a
second port for this matching.

15 As each packet is received, the data is dpplied one bit at a
time to line 52 from the rolling bufrer. At the same time, data is
read from the pattern memory . One bit from each of the patterns are
simultaneously read and these sixteen bits are applied to sixteen
exclusive OR gates, two of which (gates 54 and 55) are shown in )

20 Figure 1. Thus, whén the first bit of data in the packet is applied
to one termiﬂal of all the gates from line 52, the first bit of the
sixteen patterns stored in memory 50 are read from the'memory and one

. bit of each pattern is applied to one of the gates. Then when the
~second bit is applied to line 52, the second bit in each of the

25 patterns is read from memory 650, etc. _

~ The exclusive OR gates provide a low output 1if the data .and

the stored patterns match. The outputs of exclusive OR gates are
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The system of Figure 1 has the capability of matching the first 256 bits of
a packet with the stored patterns. In sone instances, it may be desirable
to have patterns which are shorter in 20 | ength. The mask nenpry 51 storess
a A k pq‘tern for each of the patterns stored in nmenory 50. These nmask

are accessed at the sane tine in the sane manner as the.pattern »ﬁ
s accessed. The storage of a_pjnary one in the mask pattern enabl?
A ates 56 and 57, Thus, if a pattern in nmenory 50 is. 150 bits in Iength
he \05 cbrir espondln naskﬁgattern woul d consi st _of 150 binary ones and the

r exai ndef*RAM LA A FETTR INHERF2PH Ao THREAS; ﬁﬁr’s"“zg'(t)es“sﬁﬁ ® %o &ppear as

mat C.Ebn%euma riﬂepm%eatopfmasiaesld%avﬁerseanm enput ‘toSthe RaREL Y
s~force the outputs of gates 56 and 57 to beﬁow The dual port RAM

used fronfpardedt mIhess ﬂ!@e‘peﬁf‘wﬁt schdocprss ghanquiputigrt gsseecihandored in
memory S0suM t oyt \{tggg % §Ss§ Oag\%t ey %E@eﬁa%e{ Wi .%\h%es 29

perm t acceSS| ng o any of - st ored erns Thi s
"is usefl teinemdaspe towo ohemgehthaa showed spatifically I\tmo-rhﬁis 58 sndsisagl e port

RAM i s used for t hat the patterns would be
changed b?%ﬁ?cé%g;ng %ﬂe‘ﬁ?nﬁ??&vﬁrbu‘gﬁ E‘ﬂ'é‘ Iﬂi\ﬁlﬁgﬁwﬂ‘% 2 e¥hifected to
the excl upigt PEgmAl @3- réérseantmmﬁcmp% 280%aBh! pddke®2C aP3bAEHR I S 10
accessed and thus to change a single pattern nay require accessing the

entire netene 1PRI GRtARTbeDwARN FBRT dAENEBRY OF [pathermyventy |lowagtgralef a
pr| or artagyaa.pp?%é RAM!A%J %Q?M\ﬂml of the flip-flops. !lowever, if a high

10 signal is applied to any of the flip-flops, the flip-flop remains set

with a high output until a reset signal is applied to the flip-flop. o/
The output of the flip~flops are latched'as'iddicated'by latchés 60
and 61 and the output of the latéhes are applied to a matech word
regiéter 84. By examining this register, it can be determined if any'
15 ot the sixteen stored patterns matched the beginning of the data
stream. .
‘The system of Figure 1 has the capability of matching the
first 256 bits of a packet with the stored patterns. In some
instances, it may be desirable to have patterns which are shorter in
20 1length. The mask memory 51 stores a mask pattern for each of the .
patterns stored in memory 50. These mask patterns are accessed at
- the same time in the same manner as the pattern memory is acqessed.~ ) \;/
The storage of a binary one in the mask pattern enables the gates 56
and 57»_ Thus, if a pattern in memory 50 is 150 bits in length, the
25 corresponding mask pattefn would consist of 150 binary ones and the
remeinder of the pattern binary zeroes. The binary zeroes make it

appeaf as 1f a match occurs independent of the dita gtream. The



Fi gure 2a. The prior art dual port RAMcell .30 typically included a 15
bistable circuit (not shown). Wen CMOS fabrication is enployed, both p and -
n echannel devices are used in the bistable circuit. Bit line A (I'ine 31)
parallel to bit [ine B (line 32). Similarly, word line A (line 33) and
liqmeyB (line 34) are parallel, and perpendicular to the bit lines. In s e . A
casgs bit line A conprises a 20 true line gnd conplenentary line, and Bi
line"B a true line and conplenentary line™Tn one such prior art cell,
line A and its conplenentary line are coupled to the bistable circuit
through transiiaey zerbes fdricet tipdtpitay ot ygdtppesaniabs? do be ﬁwand it
conpl ementary line are coupled to the bistable circuit throug
‘transistors of the dfSoStak Porh M reed f’??p‘é‘“EXEME‘E"Y_WW"TFE’%AL
PORT RAM CELLyofenfHt fgRE Sh¥EobAMRELEN o hokbidH 50 Phbnolberdlith1 ko liMige! |
36 of the present - - Invention again includes a bistable circuit (not -
shown in thi somegupé)thewﬂtlee‘nehe Ipnn)rzaapﬁr@é:l recegsiagyef 46| biteSigids of

per pendi cular_to.qgn d the Qi nes .are endlc | ar one
anot her. Mré '?p@? ﬁcgl J\BB? T%e ﬁ'i(al flﬁe“??‘) ’("? s‘fg’gé b Harenes ttg?) wor d
5 line B (Iigerd) pattsbﬁsmomatblﬂﬁtAu S RAAgld ort qmlm s igea Fox ImeR6ry8) .
The bit lines A and B (lines 40 and 38, respectively) are perpendicular to

one another. 3. WPt 1o SBATIIPATY RAMyothe pattATnE Moo pe R8BRY Rel s to

2 il S R i e g e 80 o

exclusive OR gates. When this occurs, one bit in each pattern is

10 accessed and thus to change a single pattern'may require accessing
Y '

the entire memory.

PRIOR ART DUAL PORT MEMORY CELL

The overall layout of a prior art dual port RAM is shown in
Figure 2a. The prior art dual port RAM cell 30 typically included a
15 bistable circuit (not shown). 'When CMOS fabrication is employed,
both p and n channel devices are used in the bistable circuit. Bit
line A (line 31) is parallel to bit line B {line 32). Similarly,
word line A (line 33) and word line B (line 34) are parallel, apd
perp;ndicular to the bit lines. In some cases bit line A comprises a
20 true line and complementary liﬁe, and bit line B a true line and
" complementary line. In one such prioy art cell, bit line A and 1its

A complementary line are coupled to the bistable circuit through
transistors of a first conductivity type and bit line B and its

complementary line are coupled to the bistable circuit through
25 transistors of the opposite conductivity type.
OVERALL LAYOUT OF THE DUAL PORT RAM CELL OF THE PRESENT INVENTION

In Figure 2b, the dual port RKﬁ cell 36 of the present
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I NVENTION In Figure 3 the dual port RAMcell includes a bistable circuit
haV|ng the p-channel transistors 12 and 22 which are cross-coupled wth
' transi stors 14 and 20. The p- channel 15 transistors are coupl ed ,
Tery] while the source ternminals of the n-channel transistors are _
doupkef, to ground. The bit Tine A (line 40) is coupled to the bisfable e
t hrough a p-channel transisto®=10. The gate of this transistor Ak
word-line 37. The bit line Bin the presently preferred S
t conprises conplenmentary 20 |ines 38a and 38b. These lines are

gpect.ivel h £s of. these transistors rlse t he ne B
@ i e 39). 1RYE %er-ﬁ Fﬂ't(%l nc?l%rmﬁe?‘\'/\ifeé’ﬁ ?h:thﬁrr%rrd gr?? &rf By Y\Qi‘?“ufa and
the cell &fo bh@undtRér Aafld 3thes vibalinedeard pbhﬁexh!ihulhﬂ% ofe &'ioemqu ed to
the bistable circuit through a p-channel transistor (line 40) while the

ot her bit MorfcspesidictilycMord, 1ipe A L1ine R7Iuim Rerepaddcalar  thdPE or s
(transistofhel§ @dels). me MraDRLY WER ¥ IoCho Thfy RURb PERTnRAM CELL
OF THE PRESENT | ENTI The transistors and lines of the cell of Figure 3
have been aﬁr)avm'l'hm bidslinegnd agdi Bh(Hinesc#@aadt 38 nespeqtdival yy@rgosi tions in
t he actual 0 e,a a ut for the presently preferred 5

enbodi nent® fx ‘#c“llp tq:%‘i’g Lnoﬁxg single cell falls within the boundaries:
shown at arrows 74 amtll 7& sdée, whis layoat ‘peradts hagnsi-adenbutylddles t and B/

(38a and 38b respectivel'y) extend over the cell
be fabricated when ‘compared to the prior art cell of Figure 2a.

10 . ELECTRICAL.SCHEMATIC OF THE DUAL PORT RAM CELL OF THE PRESENT
" INVENTION - ) W/
_ In Figurela the dua;-port.RAu cell includes a bistaﬁle
circuit having the p-channel transistors 12 and 22 which are
cross-coupled with n-cﬁannel transistors 14 and 20. The p-channel
15 transistors are eoupleg to VCC while-the-soﬁr#e terminals of the _
n-channel transistors are coupled to ground. The bit liné A (1line |
40) 18 coupled to the bistable circuit through 8 p-channel transistor
10. The gate of thiq transistor comprises word line 37. The bit
line B in the presently preferred embodiment comprises complementary
20 1ines 38a and 38b. These lines are conpled-to the bistable circuilt
through the n~channel transistors 18 and 18, respectively.  The gates
of these transistors comprise the word line B (line 39). '. \;/
Ancther distinction between the prior art cell of Figure 2a
and the cell of Figure 2b-and 3 is that one of the bit lines is |
25 coupled to the bistable circuit through a p-channel transistor (line
40) while the other bit lines are coupled to the cell through

n-channel transistors (transistors 16 gnd 18).
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and as will be seen are fabricated froma second |evel of netal. The word
line 37 is disposed between and parallel .to the bit lines 38 10 and 38b.
Line 37 is spaced-apart fromboth lLines 38a and 38b. Wrd |ine 37 is .
coupled to the gate of transistor 10 thrpugh a via 77 which connects this
metal line to a polysilicon gate nenber” e via 77 is on the cell boundary

andps hared wi t bepan@pghheotmgr CeiE. puiT voar eiugblr iorgree [PRESENT ayeghmol i i
a mfrror |nage to the cell under 1I5.discussion.) The buried contact 76 ‘-

coupl es one regi on et HReAstatRIS AR} gef; o4 the pRaljs PP i BigHTer? Bararkesrhi ch |-
provi des tNe £05 1 BUBL LM M b 61065 | P efiod B hLeve Cgmsfwonz 2L B! e
the other region of transistor 10 to the bit Itne A (line hi s :

l'i ne i s fabriszduel Yayonta f'ﬂhps!cﬂue\)relamtnﬁnalthemsmﬂas|PI!'P!:Qm‘9dDrd I | ne

20 39 is parall.el e f 4 r

transi stor feomrbr?\d%\'% ggbag?t%gb? p%:eu'{ EZHL%A 1 Qﬁllfz%églgﬂsﬁgﬁn I n
Figure 7. Al ssoundfides shéw Gt efziowzs'zz\hwahwr omzdaﬁomomp&e Agahd ther m¢tadgai n
this contact is share with a cell forned to the |eft of the cell under

di scussi on. 2&it lines B "‘T‘ﬁe"eﬂ%t‘“&f 3?‘herﬁ=mt|“m)cﬁ*7‘%m’r greedthen °?’n‘e
N-type substraff okSeHOWE enPhféKabrbiited & aCsdcond ekt wemétraansm{eors
14, 16, 18 and 20 are forned in this comon and conti nuous wel

p-type transiwsemsk ding 371 2s gdigrogedhetvepmpad prrafdels Hostheithdt Hfm ?&ht ly,

t he use of tr.gnsi 10 t [1,.t ne

el i m nates 1?j hg Jn)eggg folFai ang'ég&l ’C)"rlegl"g 'ﬁi gr&“T%%R h“g w‘ “lad 3“ 'é'd

transi stor welfnel3¢did Goupheds tputlpa)szatéaa dedesiistot hm Ehrqmghon atnt 77an

addllt ' onal V\eLllucvl\Plille(ljne% sn t?idsegnetal kﬁn R
—

o a poifgllggpn gate member. The via
77 18 on the cell boundary and shared with a ne;ghboring cell, (This
neighboring cell is layed out in a mirror image to the cell under '

15 discussion.j The buried contact 76 couples one region of the
.transistor 10 witb a polysilicon structure which provides the cross
coupling within the bistable circuit. Contact 79 couples the other
'regién of transistor 10 to the bit line A (line 40). This bit line
is fabricated from a first level of metal. The polysilicon word line
20 39 is parallel to and spaced-aﬁart from the line 40.
. The four transistors forming the bistable circuit 12, 14, 20
" and 22 are shown in Figure 7. Also shown is a contact 28 whigh _
provides coupling to Vcc. again this contact is shared with a

— cell formed to the left of the cell under discussion.

25 The extent of the p-well which is formed in the n-type
gsubstrate is shown by bracket 68 in Figure 7. _The n-type transistors

' 14, 16, 18 and 20 are formed in this common and gontinuous well. The



this additional well is one reason why the cell of the present invention
can be laid out in higher density than the prior art cell of Figure 2a.
(Actually, a single p-well is used for four .cells. This is 10 possible
si nfe~the three cells which contact the | ower right-hand cornér of the cell
~upder\ dijscussion are laid o'ut in mfror image form Thus, the transistors 7
i n | t r 6 are fornmed i
i (‘;th'.yﬁ Cﬁraaeﬁmm 4196, e tﬁ%% gko Gi%r%édﬂ% at%&%u%@r@& £
DUAL PORT mthLtLlYG]:tlﬁ @FJRBZ? 3 pREYPP Thenslsgen-Kegoi ecowmlecti gl brtovi ew of

Figure 4 cyts ru nnel, regiqns of tr I, St 8, of the
| ayout of B# ,3 9 eerslgmgﬂgtr?ﬁe%h e'%l gngm? af® 'g'{ét%\’ie%% t'ﬁi?'f i g"ﬁ&%o’sﬁ'de
r egi ons 7]1: Ihenmb;st&dmmstdmhdrémad?»%t =hils Spa9ede d{dscabhey/ 1abenve t he

~channel 20 regions and insulated fromthese regéons This line forms the
gate neMbATiPE ARG Addtionsd JAYL Mpuld, be,peaded oy dhe ijmisatdont Ak wor d

line 39 1réftdfidbnki Wo1¥Nid hubSrdddinOpfy Mo 4013 bE tily prdfliny |1 0C 1 S
formed froma Tirst neta ayer addi t1onal oxi de l ayer separates the
first netainveayton fcranbe [leidcaundnnislizhier| density thae £Be qwdoncentetall | ayer
IS patterned. go formthe bit Iines 38a and 38b and the netal word |ine 40.
In the cr ¥ FAB8YY $kal view of Fi gure 5 which is taken - 12 - through

transistors 20 anghcZdalBgaansdIenptwdlagiontsedr Lo rous canat atmdsbysfiel d
oxi de reégl ons 71. The transistor _ _ _
10" possible since the three cells which contact the lower right-hand
corner of the cell under discussion are laid out in mirror 1magé
form. Thus, the trinsistors in these cells corresponding to

‘transistors 14, 16, 18 and 20 are formed in the same p~well.)

_ CROSS SECTIONAL ELEVATION VIEWS OF THE
15 DUAL PORT RAM CELL OF FIGURES 3 AND 7

The cross-sectional elevation.view of-Figure 4 cuts through
the channel regions of transistors 18 and 18 of the layoht'of_Figure
7. .These channel regions fall betwéen the ftield oxide regions 71.
The polysilicon word line 39 is diéposed directly above the channel
20 regions and_ihsulafedltrom tﬁese regiong. This ;ine forms the gate
member for translsfors 16 and 18. An oxide layer separates the word

line 39 from a metal line which is the ground line (V - This

sg)°
line is formed from a first metal layer. An additional oxide layer
separates the'tifst metal layer from the second metal layer. The NS
25 second métal layer is patterned to form the bit lines 38a and 38b ;nd
the metal word line 40. | |

In the cross-sectional view of Figure 5 which 1s'taken_




20 being an n-channel transistor is formed in a p-well disposed in the
n-type silicon substrate 70. The transi st.or 5 22 is fabricated
directly in the substrate 70. The .polysilicon word |ine 39 can al so be
seen in this view. The polysilicon gates of transistors extend beyond the
trahsi stor to:provide the cross coupling in the bistable circuit. 10 In t he
cross-sectional view of Figure 6 taken through section lines 6-6 of Flgure
3, two netal lines fabricated fromthe fixrgp layer of netal can be seen.
One line carries the Vcc potential and the other line is the ground 15

(V55). For the parti C'I!llaﬁ:fu ﬁyﬁ‘g i‘fw}ﬁ s0'@nyCs2,! | @ﬁ&@%@%&%é&&s nd ar¥Pe

regi on 22a of tranS|sto cgnttact i.s-al so

shown in Figure 7). Th oﬁ?ﬁ? N | b@oﬁ*%gaﬁ? %‘t_??" E‘aﬁ§?"&‘6? 50.
The p+ region 74 is al E@ tiedng camt aetthameh tirapssigrtonnis Ifomect bnp prield a 20

tap to the p-well to ngjlyaed .’H‘@hé"@{;ltyﬁ’é sl:lf{éat'u %{ga{{%on T?:ta. hﬁbn@istor

simlar manner is used to nal ntai ew of

Figure 6, the pd ysiliéérisnhHrkricated 9@”?%*1¥g%n ﬁhglﬁi-lhﬁtr@& 70, The The

%Jove dezcr: bed tceIRIAMnrpmI | vaRlichd s éﬂﬁé rwbzem a1 sd HRVBedAVDR ﬂﬁ%fcﬁﬁe%l 39 -
us, a dual port e een descrii e preferre

embodi ment is fabri cat S’é%@" ﬁ?}(ﬂf g{FWgﬁg"fs e'B?@Q o588 ¥%e 1 ayout

of the cell, less ar.eatransﬂ.etpn ite Cpridvade \thehcgussocoupling dhl the bbstamlesent

application has been dgﬂ;cq,gg. out of

10
In the cross-sectional view of Figure 6 taken through
Y section lines 6-6 of Figure 3, two metal lines fabricated
' ' ' from the first layer of metal can be seen. One line
carries the VCC potential and the other line is the ground
15 (Uss). For the particular view shown, the VCC line contacts
one p-type region 22a of transistor 22 through the contact
- 28. (This contact is also shown in Figure 7). The ground
line contacts one region of transistor 20. The p+ region
74 is also in contact with the ground line to provide a
20 tap to the p-well to maintain the well at V

85°
_75 in a similar manner is used to maintain the substrate

The region

70 at V.. In the view of Figure 6, the polysilicon word
line 39 is again shoun. .

25 The above described cell may be realised using well-
known CMOS processing.

Thus, a dual port RAM cell has been described whici
in the preferred embodiment is fabricated with CMOS technology.
0 Because of the layout of the cell, less area is required
than with prior art cells.

- The present application has been divided out of
our copending U.K. Patent Application No. B603505 in which
35 there is described an integrated circuit dual port static
memory cell comprising:
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our copending U K- Patent Application No. B603505 in which 35 there is =
Lbed an integrated circuit dual port static nenory cell conprising:

13 rst ‘word line disposed in a first direction for accessing said 2
C t afirst port; a second word |ine disposed in a second direction,
ggner & | yiperpendicular to said first direction, for 5 accessi ng sald
cal ¢~ second port; a first bit line generally parallel to said second;,,

woxd I¥Yine/for providing data for said first port; at |east one second bit =
“lin rally parallel to said first y#rd line for providing data for said
secong Y0’ port; a bistable circuit coupled to sald first and second

o ot Toea s ! b VEFY e 'uahl SRl 10 Ardy HsrBfiog 2Ly P!
static rrermry cel |foroacarseing saddinaliaet ac fixat po:ng
' a second word line disposed in a second direction,
generally perpendicular to said first direction, for
5 accessing said cell at a second port;
a first bit line generslly parallel to said second
word line for providing data for said first port;
at least one second bit line generally parallel to
said first word line for providing data for said second
10 ‘port; _ - '
a bistable circuit coupled to said first and second o/
“word lines and first and secand bit lines;
whereby a dual port memory cell is realized.

15



a flrst continuous region in said substrate of a first conductivity type
a second continuous region in said substrate of a second conductivity tyfe;
first, second and third transistors of said second conductivity type fArned
in said first region; fourth, fifth and sixth transistors of said firpt
coptuctivity type forned in said second region; said second, third,
andwsi xth transistors being coupled to forma bistable circuit; a fi
word line for accessing said cell at a first port coupled to said bi
circuit through said first 15 transistor; a second word line for
accessing said cell at a second port bernH*Cbupled to said bistable circuit
through said fourth transistor; a firstchatMg i ne coupled to said first

transi stor 20 f or ovi t g;? t bit line
coupled to said f ourtﬁ tran@'lb srlg Qeé‘ rcgg# I'ng %ialpg% Stsagil'%%%e d port;
wher eby a dual port needdr forud imsa sebstrg&e cepBrising?. ‘The cel | defined
by Caim1l wherein said firgte\pgf c\tiohgﬂ?_' gfﬁb‘% S0 slbltddtl R

I'n

L€
general ly parallel. 3, The cel alm 2 wherein salg second
word line and said fi f%ﬁs%F?"qLFEEV%Vet!F@ner ally parallel. 30 4. The

cel | defined byFCI ai m 3 whes ejeBoAdlicdnsBiels figioh [ ImCssTUTBUbSRGtE gfai I Of

generally paral H neasecnnd conductivity type;

- first, second and third transistors of said second
conductivity type formed in said first region;

fourth, fifth and sixth transistors of said first

L .10 conductivity type formed in sald second region;

said second, third, fifth and sixth transistors
being coupled to form a bistable circuit; '

a first word line for accessing said cell at a first
port coupled to said bistable circuit through said first

15 transistor;

a second word line for accessing said cell at a
second port being coupled to said bistable circuit through
said fourth transistor; _

a first bit line coupled to said first transistor

20 for providing data at said first port;
a second bit line coupled to said fourth transistor
_ for providing datas at said second port;
-~ ' whereby a dusl port memory cell is realized,

25 2. The cell defined by Claim 1 wherein said first word line
and said second bit line are generally parallel.

3. The cell defined by Claim 2 wherein said second
word 1line and said first bit line are generally parallel.
30 _ o
b4, The cell defined by Claim 3 wherein said second bit
line comprises a pair of generally parallel lines for
cerrying complementary signals.
35 e
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Caim2 wherein said first and second.bit |lines and at | east one of said
first
d ai

. .
carrying conplenentary signals. 35 - - 15 - S The cell defined by f?

and second word lines are netal lines., 5 6. - The cell defined by
wherein said first conductivity type is 'n-type 10

-15 -

S. The cell defined by Claim 2 wherein said first and

second bit lines and at least one of said first and second

-word lines are metal lines.

B The cell defined by Claim 5 wherein said first

conductivity type is n-type

10
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