This invention relates to

e R St 10 HecR RElced!| arly to ~ multi port nenories suitable for

W [ ' . - 5 _ ““ Various forns RCAER®s6LS have
beeammlEmluﬁm ' provi diizng vi deo processing functions. As P
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conpl exity dependi ng T TT t Y i Y- iNgcati on i n which they
are used. MULTI P%Tolg?mﬂg ﬁgma%e of. conplexity
there are 1 0 sinple shift registers, charge-coupl ed devices and

gl ass del ay This! [ifFedtfén Preddicdi 16 mérmstidsaandnpaniculatiay toSuch
devi ces are . user ul, J‘Oé e>%arrpl‘e in line conb filtering
appl i cat i oMulthrp@iiememories suitg 1o 9F | sides IMPRYAHS-and chr om nance
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pr ogressi ve sca rocessin . Q.. te Rrolt v I cal
i nt er pol at iPSHVBﬁnEI ivhieodv%‘i%&ﬁ?@g ngncua}ﬁ. 1@ é’gélﬁgééqegée@tq’r’a_ Jl';nes of
video for d&nowmymetheriesi wapy ogubstantiallytain complexity dependimg ons, a
one-line shift regi s ~ead: H dareat ) twice, its
i nput rat er&tpé’&'t ﬁgge%glﬁg%ggﬁfﬁ{égﬁuln%%gh&o?ﬁtg?rr%r@ .1.1sed. - _conpression
of video lines: Such ddvianesendoné\ihe range of gomplexity thepy argqgressing
capabiq{ hti 3 - gfé@'ﬂ@ﬁk&@nﬁnﬂh [£sSdlediwnti al _
del ay irr‘xa)ly %_zmplc .Shlft r,egl%fggsl’r é:gar%ehg )égéoéﬁ?i ne %ﬁ-‘gﬂ er. of seyrai al and
paral | el sHines for providing acHxedamonnt B¥q, 4™y P K
\[/)%AlrgerHA:\ngtﬁl\slgfufaf(ﬁ‘mzexampéEMiréE lsine3p6ﬁﬁ)_ ARReringi hpplicatiéhs Aﬂ;)rAﬂilfe ANALOG
. DATA . ich i : [ n
' embodi nent SGPaT%O%?ﬁelPWBFQ, aﬁ@r? ¥°‘?‘ﬁg’ﬁf°e$§g @é‘ g{lééig%\?era?se% to .
paral‘l'el . useful, as afotherbgxampde,; dh- progresaives|scant pfecessinghi f t
regi stek. ip . . e P &?ﬁ] : t e g}ggﬁ S W
del ayeﬁgby?;%g‘?ljf}g;amrt >P 1.8:?, ;dlng %Eﬁl:kf lggr. aéﬁtlalr%egfs?_grlg an gtﬁﬁ% (?lk,l)%/ put of
the i-ast pageserate estfiaslimesi of video for displayed A% BhRIOBEFSSIYE $€ARa - out
(PI'SO shi f: ' r line shi : efl ofrrddiE St Bclbakkdt aatser.i-al
form This @t?;lﬁ%tﬁ‘g: 4 %ne-line Shlfrtlol\’/evgge{r%,y; ilh?yggte aﬁaﬁned far applications
‘requiring daviearisninput rate to therehy REPvide #he (fungtion @ft et ¢l ock
.rates. . compression of video libb§l Swch dedisesiehdweeer,ahavénlimitethi ch

f eat uLf 3 5 full qur.esm ng capabilities in which any pi xel

(pi ct £ 8 eladfxessing, capabiliti€Sy,y [ocation can be witten (stored) of read
.(recovered). 1In a In applicationsivwherensibstiantial Ri¢layofmayi bet ype, the

gﬁgLaELSPE d és&{ T ,dioﬂg may combine P hunfbds 'd19 sEAM LAlE JHrafig1 GRuTrently.
' ' registers as described, for example, by P. K. Weimer in U.S. Patent
3,763,480 entitled DIGITAL AND ANALOG DATA HANDLING .
25 DEVICES which issued October 2, 1973. In an embodiment of the
Weimer memory, serial input signals are converted to parallel
form by a serial-in parallel-out (SIPO) shift register. Once in
parallel form, the data is successively delayed by a plurality of
parallel registers and the output of the last parallel register is
30 coupled.to a parallel-in serial-out (PISO) shift register for
| conversion of the data back to serial form. This structure,
“however, is not adapted for applications requiring concurrent '
reading and writing at different clock rates. - '
Dual port video memories are known which feature
35 full addressing capabilities in which any pixel (picture element) in
any location can be written (stored) or read (recovered). In a
conventional video RAM of this type, the operations or reading
‘and writing can take place concurrently. Such devices are '
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2.t e ﬁartllc'ijl ér;izy"h':s:efﬁl s
and ‘picture in plcture

' hICS proce55|ng in conputers
Eﬁm eI eV| SI on recei vers An

eX'arrpI e of a dual ported vi deo RAM : evi ce
e, t RCA Bbﬁéﬁges 3-10

manuf act ured by Mot orol a and descrlm
in chapter 5 of the Mdtorola data book "Menories" t hat was-

publ i shed (second printing) in 1988. A problemwth: such devi ces,
however, i partiaularhy usefdl viri twideddigeaphivs peooéssésg in computessiyasddr ess |
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menory (RA resses nus & form
requi ri ng #xampler obfa uial eperted e‘@deﬁl AMM]Q ghentypg MCM68HC3dnber of

read addresfibd ifARdfSctured by Motorola and déiRritéd, eﬁﬁ" Rt apipsle! eqp can be

reduced, to a certal n nsm tt e bi nary address
data sedi alRageso3rHé 1n chapter ﬁeﬁ% {;‘eaﬁ &r@?#lfgi #’ng F§n U S

Pat. 4,821,826 Whs pubﬁé?hed ﬁsewﬁ@ Ppeintit )ahn £988 IA=, B mPOHth VI DEO
MEMORY SYSTE

Aol ' sath, devigespoHomey A BT Sl Al 0 EIREIE AU ooy y

' syst elrr} rFadany_daddrass Hdes easd dedmpiexd decoaders oto sadglmass @eHs in the -
r u ng.c

Cranafers GABGDE ke mﬁ*eﬁéoéﬂﬁf?iém AR e TG Be CREFHEd Vin.

write h@dr dsinargdfernertequitingbas atmber lof uiter @lddv@ssUénhnaputs and a

initiates rmg@{.lgp rre%ad aaa?é%r eBgE lﬁger ations. Although

addressing Is somne-what such systens, . the addr essi ng
‘is still essentially Theb% Sﬂtﬁjepf mecah; e ;,:,educed25to Gog8r@iN addr ess

: decode; S afl&kttéht)r t@xﬁi}ﬁhﬁéQ gﬁﬁe g%iﬁ%'gr %@g:;sg ﬂc:ata serially tOC; tge-rrnr]let

. present invention is dir | i
ported mendP§TQft &k Fﬁ{?%lv Ic&Faminirs 1Bs @t 4,821 226bevveen t he

si npl tel and Cbﬁ‘pﬂo@hfﬂ&!lb@%ﬁ@é@d)ﬁhﬂy PORT VIDEO MEMORY $¥STEMe o

i nvention i Vi i ple

borts (1) HAYRKY SREPSERIAR AHBRESSINFFE PORT whleh ;i Hetl

concurrent|ii, G%Mmmmmdlmemttmf thet Chridtopther et al. meinioryr ent cl ock

rates, and éﬁ?w fhd' Gy tes'iqaré%é rea dgﬁ§s§| Egntrol signal ‘%réh"”t

requiring *bit digita dr esses.
35 serially\ ipaded pénto rﬂarﬁ:mﬁ gpgister. Sddiess nseqUeICIng ePlrCBHTY

20 transfers the read and write address values to integral read and
write address registers and, based on the control value and
initiates respective read andfor write operations. Although
addressing is some-what simplified in such systems, the
addressing is still essentially in binary code and relatively

25 complex address decoders and storage registers are required.

_ The present invention is directed to meeting the need
for a multi ported memory system having the capabilities lymg
between the simple and complex devices noted above. In
particular, the invention is directed to providing a video memory

30. having muiltiple ports (1) in which read and write operations may
‘take place concurrently, (2) which may be written and read at
different clock rates, and (3) which features simplified addressing
without requiring multi-bit digital input of read and write
addresses.

35 A dual port memory system embodying the invention
includes a memory array including two row conductors and two
column conductors for each 'memory cell location, each cell having
a first terminal for connection to a data input row conductor, a
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i ncl ydes -a nenory -array including two row conductors and two

col um conductors for each nenory cell location, each cell having

asfirst termnal for connection to a data input row conductor, a

3 - second term.nal for connéction to a data output R@AcC®gfos$tor, a
third i nput for connection to a wite address col um conduct or and a
fourth input for connection to a read address col um conductor. | nput
means are @ES&&G@MM%&V&&%&%{& '8 Bedita curphedow edidhalaraal nput
row conductors an ut means are or, recoverjng data
Eeuac@ress Tt

stored frohirgd dnpat afoéut:%@e‘?téﬂv o a Wyl &Alpmn, 6o Ssed by a
I; st tlrl gaamatal ffoﬁﬁlﬁuifﬁﬁxhta'for conmhm gengrmadr addvéssg calumingger i nput
ninal an pl ura e a t
addr ess CO|C&Hﬁu86%UCkQﬁ%t fneans r?ﬁeb %vdaP@nB%ng’i’\? lﬁg ?%\Rélttosa% T \é\glere
22: ise 3%>p| isedredo toaisalid datatrn;ggerownponduletors nahd f outpgqmeansalarg appl yi ng
addr ess s i 0 t
predeterni figvided flkg't 253%562%3% gat}ﬁr It Gre@OIFHIM SQtHUGHar %uglf)uta row S

erabl e sequent1 al se generator is

provi ded cond‘umtorseaﬁfeéhdla&sad@'eh adt ltﬁgéﬂ"gﬁm et é?%‘?ﬂ%‘llaland a
plurality 1,pee éeﬂéifaﬁ?&} ﬁﬁﬁﬂg“ﬁ' &lsgekpllﬁﬁui Qefrdifal %&u@ %dqjlﬁﬁéh lafm
.conductors 8 b responsi

eto a ad tri lied
said tri ggé?UtPﬁputefﬂBFlﬁ{-‘heﬂoqR;PdsEQ]L@% e %Mfﬁ @é‘pﬁ) r(é%%ductors
S?gégfgﬁ %Hggi ?béétlg S?Ré ddn%?‘gh qel ?.WWrﬁéldltﬂQGelc slsta;fph@d @ said second.
ead an e cycles tro a control
si gnal gendFE&ST ABPuUJgmingl, gtj°§aF ‘F%‘g&al&ﬁdaw c&fl tzardl%éag pul ses in
a timed relgdghalyshobpsaid write column coﬂdumorsoraﬂaacélrm tpredetarmimed f eat ure

el coted 1 g sgerard el AR pARE %E“F%;,r?’*”we@’m@& b

expansi on dior25ead aaddressing rhavimg ag. trigger 1nput terminalTpnd (ﬂdg@;ﬂ@tyand
furthey s fe%ﬂf&ﬁPﬁE fel?ﬁuhﬁ!lée%kgfbd to sa?d ere'ah' ldﬁH{‘é’ése‘édlﬁ'nH'e acconpanyi ng

g;gwgzgtwgéﬁqtﬁrmr&, being respons%;ee toeggtqegqh&gpgeg E{ere;ﬂ}eggrtgm of a
dual port Vvifg0trg er NEiRItY tépnginain fM@QMeﬂﬁaH?eappl/ﬁlﬁtgl @ell read ,.
FIOURE 2 ISacij‘drtelsgn SI na a Bag]ai lrlég. rati urtin “Address conéuctors at a
second predetermined rate. Read and write cycles are controlled
20 by a control signal generator for generating said read and write
trigger pulses in a timed relationship.

" In accordance with a further feature of the invention
the relative values of the predetermined rates may be selected to
subject the recovered data to time compression, time expansion or

25 a fixed time delay.

The foregoing and further features of the invention
are illustrated in the accompanying drawing wherein like
elements are denoted by like reference designators and in which: .

FIGURE 1 is a block diagram of a dual port video

30 memory system embodying the invention;
- FIGURE 2 is a timing diagram 111ustrat1na operation of
the system of FIGURE 1;

FIGURE 3 is a circuit dlagram of a memory cell suitable
for use in the system of FIGURE 1;

35 FIGURE 4 is a block diagram of apparatus for
providing pre-charge and read pulse timing pulses in a timed

~ relationship for the system of FIGURE 1; and
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the system of F : " FIGRE 3 is a CII‘CUIt di agram of
for use in the systemof FIGURE 1; 35

FFGUR |agran1of ‘apparatus for provi di ng pre-charge and
read Ises ina tinmed relatlonshlp for thepRayAtg@geed FI GURE
1;. and FIGURE 5 is a circuit diagramof a

. pre-charge and | atch circuit suitable for use in the nenory system of
FI GURE 1. IGY %”33 1§rec{7e'iﬁelﬁv%§mam &f bR IRRaded %n@arzitd:h?U' arly
useful in appllcatlon I C

t
(pi cture el<dFaHt )Sué@@ “’e§9l'n’§;5°od|’t1 'i \Wﬁ hggcﬁyélﬁﬁmgf‘ifpfgégﬁgﬁ wite.
operatlogs may be des’rnieq]pmygdryug gtemtmlofnﬂGmJREeé is rmd/ay\hyl te clock
rates and in i f.ie r,es wWou dv
|11 ustrati VWYY it‘ﬂeaH EReRY ngﬁ Q& FFHRE 'bit §ba X8 gg%gy npl e
1-H (ong’ hc(lpuatmmeahldmenet)) dddegssingebun irD whiglpl ¢enurvent seed asdconb
filter Sepa\f/fitu%o{%%&faﬁ?% ’x‘&%ﬁebé‘”ﬂesued ﬁﬁ&%ﬂ(}”?ﬂﬁﬁaﬁioﬁ@abﬁ in vertical

line interpola exp? ai ned, by

sinply tyi mgadfwritenclogk gates and dnd whiche simpdified n@édne@gr@tghévovki
comon cl 0qle ShONRlyvahe &elllhgtrauv]e 19! hee e@wlbsealﬁi&no@xd; read Whay

providing video tinme co SSl Q one need.on p
havi ng a fr@qd’éﬁéyaﬁlfbﬁempﬂfhah '(one bﬁ@zﬂm c‘l']é”Sl E L‘ﬁ%’é‘ the case in

Itor ogr efﬁ' V%}ﬁ{li’dﬁtf&%}( %ﬁ’éh' ﬂs comb \filten 6 éf dunyidiagae ! ynd eai at )
wice the wiite clock r.at ssi ong . Anot her
appl i cat i orF RISTIR2BES ¢ %\gnals °rpFrva?fg‘ \{d 3%t }ﬁs%&ggoggp’ig&l 29%,\1Susi ng
vari abl e reschieved,oms2®ill bei expldined, rtat esimply tying the mexhnor&s read
over-vi ew o s e r
appl i cati oann&ng’?ngé ché&geﬁ%%enggé&g%r{&? ﬁoﬂlmon CIO%H %ﬂatl Eougégnpllﬂ Y
enpl oyi ng eothgecapplicationsf sughaas cforerpmoyldmgl v1deo tum mmpresmwmy
array i3 hadx?@%é%étr?gﬂg? @ﬂgﬁ' t?@éd'ﬂocﬁf’ha@f o% @%ﬂed IRLREr frham read

~and. wite colum co ependent Pead and wite
oper ati ons @&d Wijter ﬁl‘)q}%e geh is the s%&r&!d’r%ﬁséﬁ@ Saam; éYé‘@&lﬁer’lﬂl al pul se

generators WhicH' memoric}eagé afypicAly AHT atSpwicecqHeNwrikl ¥lodk rate to
predet erm “Sr%vrlﬁe Sclt Inme compression. Another application would be to
provide video time base correction by using variable read and/or
20 write clock rates. ' .
As an over-view of the disclosed memory system, in
all of the exemplary applications noted above, memory addressing
is simplified by employing a special form of dynamic memory cell
14 in the memory array 12 having a storage node that is '
25 effectively isolated from read and write column conductors so as
to allow independent read and write operations and by the use of
separate read and write sequential pulse generators which
generate cell addresses sequentially at predetermined respective
rates upon receiving respective read and write "start" or “"trigger”
30 pulses. Because of the cell node isolation, there can be no "bus
contention” problems between the read and write column
conductors. Also, the read and write row conductors- are connected
to different ports of the cell. In combination, the result is a
memory system, as previously noted, in which read and write
35 operations may take place concurrently, which may be written
and read at different clock rates (for compression, non-
compression or video expansion) and which avoids complex
individual ("bit mapped") ce¢ll addressing.
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rates upon redhisSh laced - read and wite "start" or "trigger" 30
pul ses. BecauseHMiiE'IﬂHﬁﬁiihmfde i sol ation, there can be no "bus
contention" pro he read and wite colum conduct ors.
Al'so, the read and w-te row conductors -are connected  RCA; $€§6 er ent
ports of the cell. In conbination, the result is-a: menory system as
previously noted, in which read and wite 3 5 operations may take place

concurrently, which nhy therewdetaidn data for stotagedn sellsl ¥4 «fethe cl ock rates
(for conpressi : - SHQN A0k [ d ich
Al By 17 v, BRI SCG fe  Cplenin'

avoi ds conp cel,l addressing. 5

In nore detmultiplext §MUX)sswitsde 1i(8nth¢I1§tc_Lm haying outpufsCpPURled 1010 are

provi ded by gpl\rgr fify SO 6% 1821506BhaECctdrd 22. Iludeativelex thdliideon tch 18
to a latch 2 V1 11g

a outputs coupled to,. . lurality of rgw data
conduct §r s SQurce| 1@stmay i be| yn FHW'&%‘@IS“an‘gQﬂVce@QG %9“8&‘6%
af‘g' 096 to: ditgitétﬂb SOOMRY Tdf][ dilgitzlﬁn@ﬁ@@é data. Eoi tmhpesevwicexplamitip,al )
'vi deo dat a.. For..pur poses o X natj qQn, . | | t the
data conpri de¥ill; éﬁt aﬁ"f"cmﬁ%ﬁkﬁoﬂ‘%éﬁa comfﬁl.se%’h%fghlﬁlﬁgﬁg%gg@mﬂt l;ﬂgl
-sel ecti vel y24ppI'hesmubdplxiswiteh asélgctively appliest tbei Brhit sdatia bypesiral ity
of latches jn latch cjlrcuit A + 0 I t4 . h 1| be
assuned t hato |‘h?cWP2'3§ h saGBﬁgKtaMggﬁal%%gF (J)jctzlag al‘tghseﬁhgfriegge@éorb :uhgﬂg'l ght
byt es df0 ealiugratively, disowillt e assumgdplthatahatchr 20ehasn@dt HOTRERUIti ng 64
bits of dat : {he ];?tbg, S o] n r TRDkAOv R el for
converter lgo,éag}/m cﬁﬁ\% ncft,orlng Pﬁ{ﬁ?@h Oéé;éf%,rageéégbl@b‘;/ﬁﬁ?rﬁi?ol si gnal
gener at or 28ampie rand presenting, the gesulting Bf d LR éﬁﬁl ¥R ot her

Sji- 'e”Fi”% S ?Lré\becongggﬁigﬂzx. ﬁM&xgigir?d sF%}ié}l@' %ﬂ cynetrtet | lﬁ,t satitan ]e&_dmd)l
S IBLTY U0fain an s iaidd G2 Wil SERERAI RIR S0 >
three 15 pro¥ides. timing tand \cotiewlcsigmals uforc athéreelémentserofy the sone 20
Criteria fomeg nRHEe Fot \apti ol Misitsitn, LD Sinphtf derv! <
Dur i ng a"wrﬂtznewirlpg,r :?hd: oconduators mvhigh stagmyl thee timingrsignals aseprobiuces a
Looe 950, et TipRAIGE Y LAnE Aol Ko Stk 16 may bbeuesory
' " or four times the video color sub-carrier frequency or some -
20 multiple of the horizontal line rate sufficient to satisfy the Nyquist
criteria for the particular video signal supplied by source 16. |
During a write operation, the control signal generator
28 produces a."trigger” or "write" pulse WP to start a write cycle
of the memory system 10. The write pulse WP is- applied to the"
25 “data" input 31 terminal of the first stage of a shift register 33
that is clocked by write clock pulses WC supplied to the clock
input 35 of the shift register by a write clock generator-32. The
combination of register 33 and clock 32 forms a triggerable
sequential pulse generator 30 (outlined in phantom) which, once
30 triggered by pulse WP, sequentially addresses all of the write
columns of the array 12 at a rate determined by clock 32.
In more detail, as the write pulse WP propagates
through shift register 30 in response to the "shift" or write ¢lock
pulses WC, the shift register 33 sequentially energizes the write
35 column conductors 34 of memory array 12 thereby storing the
wrife data provided by latch 20 in the cells 14 of memory array
12. This sequential addressing of the write column conductors is.
illustrated in FIGURE 2 and, as shown, continues until the write
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25. . ."data" |nput 31 termnal of them‘,gghggmgst shift register 33
that is clocked by wite cl ock pul ses the cl ock I nput
35 of the shift register by a wite cwﬂmmﬂ '32. The

combi nation of register 33 and cl-ock ger alg @A g6s6aequenti al

pul se generator 30 (outlined in phantom) which, once 30 triggered by
pul se WP, sequentially addresses all -of the wite - colums .of .the array

12 at a ratg, lgétﬁﬁnﬂﬁ eg%)ite@ Qﬁi‘oﬁ%}x all- stages of the shiff f@é@teﬁ'%ﬁ‘ﬁ' as
T

t he. vvrlteplseV\P ro | register N response to
the "shift tys BAs e iy’ addfsmssgs awﬁt ph@vrgm fqolwggxs

sequenti al Injeamatygiaresyt h2. wite 35 col um conductorsh34 of rrem)ry i’ilrray
12 thereby storing th wrlte at r Oui 0. i cells 14
of nmenory array e“12- g%n‘?‘llgl PAUBHr J@ﬁnéaat&ﬁ ﬁ Sw:%}li col um
conductdrs with 64 bltBIofstdaba éd be .*FtbfldREtlib awrite guls€oWP isoappliedstount i |
the wite. sﬁnftsﬁegltster 33. Upo Llag first W@“{l%%kh%?cpr gaﬂﬁfsgd%ﬁrgugh al'l

stages of t TSt sequén ressed all
the wite ked imtot first stager of aheaphift register thereby energiging

summar i ze tzﬁetﬂm méﬁt@tco fif cﬁfb&o((‘:i)lf'l”ﬁdFFg 2Y% WhefébyPials gaf data
2 ¥

to be stored, the Wl’lt |sa redi ster 33. Upon
the first WS é’IEI%t@Re ﬂh% M?Fs"eo Wmlso affa}’cll&kg(ﬂ’oinntf%ﬁqlﬁb(?l the stage

of ghelt hi Eﬂeﬁteéldbkeﬁ)uléeefwml t‘h@epﬁlsé' Pﬁevmusl)? He ﬁ%és Stgrrs‘g’rsstthgeg%’f :!g@t he
conduct or bi

“first col urﬁ%ok)tf rﬁg‘rs?ﬁf fgva(‘,é% tpeﬁgﬂexéf stage angd sqcthe ALk WIliese WC, t he
pul se prevignlamn lcmnrlluetdrl (Ebl.2t iy eFigl 2)dés energided (dneensh@h)adndnces to

2 2%%53?%33 SR ST PE i atd are, ot SO B Gottind Aof 00

stored in tthe emaws 'Bhlsc@lonmuzsdequennalbe untilall Tells ofnthe warsay

sequent kal quﬂtgi st%lre cq ?{as of the array 1 5 contain stored data.
Advant ageous oregoing, it is seen that the  wite

operation requires onA vgnmepgsbf from gthe fosegeing, oitj A tsagne that the he
sequenti al \@ﬁ@é e§p‘¢r‘%ﬁidi’ﬂ° rbG8ires | dilyc @l ‘Wi‘itégﬁduﬁlggér'e‘brﬂ@é‘ 0 1n1t'I'1'§|’te

specific b| addre a i,s regquired. 2 it is
preferred, Q‘é@%élsc?%%té' e58ing cof ythe; \yggite colump ?9#1@%05& sé&@lenct i al
pul se genernad ospewﬁbebiﬁm*yemdﬂt&i @ta is required.

20 ' Although it is preferred for reasons of simplicity, that

the triggerable sequenctial pulse generator 30 be implemented as
shown. by the combination of a shift register and a clock source,
other forms of sequential pulse generator 30 are possible. For
example, one may use the "trigger" or write clock pulse WC for
25 enabling a counter having decoded outputs coupled to the column
. conductors and in which the last column conductor is coupled via
a feedback path to thereby disable and reset the counter when all
of the write column conductors have been addressed.
A memory read operation is very similar to.a memory
30 write operation but requires an additional operation of pre-
charging the memory row read conductors 42. During a read
operation, the pulse generator 28 supplies a read pulse RP to the
input of a read shift register 43 that is clocked by read clock
_ pulses RC from a read clock generator 42. The combination of
35 . register 43 and clock 42 forms a second triggerable sequential
pulse generator 40 (outlined in phantom) which, once triggered by
pulse RP, sequentially addresses all of the read columns 44 of the



shown by. t he- conbi nat'i-6n. 6f" & shif t [pah gd ock source, - - ot her
forms of sequeat I al puI se generat or For exanpl e, one
may use the "trigger" or wite clock enabling a counter

havi ng decoded out puts coupled to-thd onducmg gpg64n which.
the | ast colum conductor is coupled via : a feedback path.to thereby
di sabl e and reset the counter when all .. of the"wite colum conductors

_have been g rislszeddt a_rate Icietermmed bgA Eﬁ?rﬂzreﬂl@raﬁrﬁgh%ﬂggarﬁéy

simlar toa operat | requires
oper ati on étorﬁﬂedata in @n‘é@ gl%gquhéa(hbrﬁﬁ IR\ SRMEEN AFERYSrE2.42. During a

read operation, RFURHE % ﬂ@'ﬁe@i@ﬁsl?sdﬁéﬁﬁéé&swﬁhrfb?ghﬂui@e RP to the
i nput of a read sh ft regliﬁer 43 at js’cl pul ses

RC from a rSEQHCEPB kWgHReC lbqnn42'a. ﬁés’é’cgrrbarlﬁgt Fﬂﬁs%ﬁtes% Seﬂ@ﬁf‘?ﬁ%r 43 and
clock 42 feead eolslmruﬂdressi@egr aBbe zsexwadnbpetauon melleleckemmformm

equent al roPERAALE e Bead ROE ddd S RY wavsfolth “FoprElent, the
array 12 atread remlamtetwamﬁMslepbneﬁm?ﬁrsttheloekypulxeom,l tiee tpuelse
‘stored dat %Pr’lscekio%lﬁlzﬂ i Scusse ?'#ﬁﬁe'&'{gé%ﬁif? Eé%téhz% thereb

FI GURE 2, as previous ntla?'wrlte
col um addremsgwgnaltm ﬂrsmrsadt@elummndlmtor (Cdl.1 rl@a&lg

addr esspng.whére 'hﬂa‘é40|5i’lrsaktdi€d il "eC FRSK d@ﬁﬁfrprdf‘ array .12 hﬁpr esents
the read cl ock a"ﬂ%e wavef or s repreaent E .read colum
wavef or ns. TEEBKE aF‘F‘r §PP&°€CI¥°p¥h%é’°P€é copductors 42 which, i@ twng| ocked
It Et Ofthetflarret cot e 4 ?ihlai' er-&id skag¢h 4ar%1mr¢6y The p re-chmgelg: 2|6 29

e first re unm_ co or repy,a
bits storedh lf‘ﬁ’el fredt ¢ r&e aﬁﬁfhéﬁ }ead fows @&ﬂi h€8ng
appl i ed t o latchesethe cmaduereﬂ sdata. vOueputsi oft the pre-charge and tatchl ed to a
prech t BenT, eqer a i t 46

Pl e CIGHHE (S el Sblicls g JR-aBipfBte®r swifCasybilioh Bl

re-cha € dat a re 'oOwWs over ed
dat a. Qut pmegusnutaller muep@uf»ame 6hdbitat read from zachi mdmmmen agrouppl i ed

to a de-mulj t sequentlal |y outputs the
64 bits rea ?i%ﬁeeac bngsélgtY?l r Bﬁ{;‘ 30 eight 8-bit bytes at
out put bus 50. he above- eseri aH%de qpésetapaedl 165y 15981 atheon

differs fr%ﬁé‘eoperatlon in that the energization of the memory real row
| 20 conductors 42 is preceded by a "pre-charge pulse”. This may not
be necessary if the memory cells 14 are of the static type.
Howver, in the illustrated embodiment the cells 14 (described
later ) are of the dynamic type and employ precharging of the -
read row conductors 42 prior to reading. The pre-charge pulse
25 may be generated, as shown in FIGURE 4 as an example, by
 delaying the output of a read shift register stage 404 by a delay
circuit 406 that imparts a delay of one read clock cycle to the read
shift register output signal. The immediate signal proavided by
this circuit may be used as the precharge signal PC and the
30 delayed signal may be used for addressing a read column
conductor ‘and as a read enable signal RE for the precharge and
- latch circuit 46 (described later). :
Further with regard to the general oyerat1on of the -
memory system of FIGURE 1, the maximum amount of delay
35 through the memory array 12 will be obtained by applying a read
pulse ‘RP to the input of the read shift register 40 just before
applying a write pulse¢ WP to the mput of the write shift register
30. By this means, the oldest data in the array will be read _]l]St
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_wrlte operatlon in that the ener I zation of the rrermry real row 20

conductors 42 is preceded by Iagei se”. This may not be
necessary i f the nenory ceIIs statlc t ype. Howver,

in the illustrated enbodi nent descrlbed RCA 8dgsder ) are
of the dynam c type and enpl oy prec argln f the - read row
conductors 42 prior to readlng The pre-charge pul se 25 may be

gener at ed, 4 l e, g t put
e Fead" oipt BaBelil, reflEa’ 3 nBd $°661 o Q*‘ff“e“‘j??’?%‘t?t o eIyl
i nparts a dmiayy bef lmrpartedadocﬂwcwld?@l signgl ttPﬁé ¢hapging the relafjyg reg| ster

output sig gh ORP aild AR dasheDpulse WP. Marimugircuit may
be used as mﬁrgghtgrgggéﬁ r?gf PC and t he g ed signal may be

used for adaribizatipg @frthel memefy array Stora@&n&ﬁ??‘é’r‘ya WeVer Bad enabl e
signal RE f@nstatiﬁsdpb9cw1ﬁﬁgariﬁlmedxate1 méphremmgn 46 (descri bed

| ater). ervmthreadt I atlon of
the nenory S\f\ﬂ"é’rﬂtﬁge% E 9 n[g).gg ﬁ%ﬁ? 9&%@ 5?(Pa£

thr Oﬁgh thefreq]genﬁm%r fcay pravuid |e1ﬂferobbmpredsﬂmyl applexpagsinm efd v tlse RP
totelnutot e 4 r o I ng.
awite Bu l§é‘ %éarﬁm) bgf gbﬁéﬁwg 9 i’é@f SEQ ﬁ'equency hi h@Pp %0. gBy
th| s neans, thae thbdwsritedekzckl rfmq‘Em;m; at}xamvudeq)emga gwuktbe

prb?ﬁl&)‘l‘? 9' @fb%itng?/ecgﬁ cyatatio. "bﬂéfﬁﬂ egkpan@uat vileodel ay

may belrrpar eV| eo Sl angi ng t ﬁtlv&% Limng of
the read puslg@athﬁnGh@Wéﬂ@r At @%Icé‘éc re%g-p%rﬁower &ham  the: “Jateor t he

- memory arr ay oa@f?&gmﬁﬁacw,cdﬁ@meaemysﬂa bt atriededybyr imakigg
wii

i medi ately after

Advant ageou ch g

read and w % r@P@cﬁn WIIte, G%&%‘%‘aﬁ) et eFFﬁnggb aggg‘? #’
;axpan5| on theyh i gbadtant deliaygn?ss a%mmmr?l?ckb;aguhbcmu;geamggabecusur N
requenc e an the wri ock frequency, the video signal wi
be 1 Orii:/ mt&’é tilgd Sﬁya’f‘ﬂg SPBEGESs tsb§wé*1cy rati o. One may expand a video
si gnal by ch005| ng a TAGURE:3kis aecmenitydiagram ofanmemony icell 14 cl ock
frequency. e gggg ad and -
wite cl ock %eg%ea%gﬁaiéogeﬁ oﬁ’@r “]P%h r?gsﬁ mpuwerir{dé nst ant
del ay case aepam«znraaldo@m svgrte  Jow d(data) ippuissavhich is suitable

use in the memory array 12. This cell includes three N-channel

20 MOS transistors Q1, Q2 and Q3. Transistor Q1 is connected at the
drain thereof at terminal 302 to the write data row conductor (22)
for the cell and is connected at the gate thereof (via terminal 304)
to the write address column conductor (34) for the cell. The source
of Q1 is connected to the gate of N-channel transistor Q2 having a
25 gate capacitance 305 that serves as the storage node for the cell.
The source of transistor Q2 is grounded and the drain thereof is
" coupled in series with a third N-channel transistor Q3 to terminal
306 for connection to the read data row conductor (42) for the
- cell. The gate of transistor Q3 is connected to a terminal 308 for
30 connection to the read address column conductor (44) for the cell.
- In operation, the gate capacitance of N-channel
transistor Q2 forms a storage node 305. A positive voltage on the
write address column connected to terminal 304 will prime
" transistor Q1 to charge the storage node 305 if the write data
35 input row conductor connected to terminal 302 is “high" (i.e,
positive) and will discharge the storage node 305 if the write data
input Tow to which terminal 302 is low (i.e., ground or negative).
The condition of the storage node 305 (i.e., high or low) is sensed
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-1-5" for the sep arat’lblsshut Qe * FI GURE 3 is a ci rcwt

" diagram of a mem)ry avi ng separate read and wite colum
(address) |nputs and read and wite row (data) inputs which
nory array 12. This ceRICAnd&6oes three

i s:suitable
N- channel 20 MOS tran5| stors Ql Q2 and Q3 Tran5| stor QL is corinected at
t he . drain thereof at terminal 302 toe-the wite data row conductor (22)

Iort}]he Ce![Uy dduhaeaoslémfee@r«%hahhel %%%IEW% hafvmct eifTsLndiain 304) f
othe wité a cQ 0 r,the e squrce o)
Qs conné’@t“é‘&cf‘?ﬁfﬁw ﬁt%mb‘? ‘%— a?ﬁ‘é‘ O%f %ﬁgpg’ﬂﬁl %?"ﬁ?ﬁpﬁg g gat e
capaci tapceeﬁﬁﬁlzlha%sﬁwrvesnaecubn &0 atheg eead ddathorowheonductor of th]iheI .
. source of tr 0 ag t i coupl e
n e o elh LA Eae® ol ORI cetfhei] do, Rihfinhy ‘08 for COUE,
connect on coanehtionetal that aeadmddanmmiurr(mz;omdact@m@f the qgdl.| . The gate
of transi st 0 ontothe
W'heﬁBS nﬁo %g{ogf}g% 4551 %pgﬂf&ﬂe ce?? fedd 3d8ressOBBAfrhh

read address col

oper at i on, COREUGIATe %’éﬁb%lé?qfa%"élf Npecarfd on.  Recalnthatt the @a¢orns a
st or age noqr@\zﬁo&nd‘hdi@?' his/ Sheenl t;ﬁﬁ?l&ihls'hﬁre-char ¥l t&c@@i@ﬁﬁ‘ Ciﬂ um
-connect ed tg naI 304 vmid angl stor % ﬁ t he
st orage nod&c $et‘ﬂenﬂﬁi?t %d?apgs’-ﬁwevnlb?ﬁ’ OE WIRBFHSIRTS o aﬂﬁe ed to
t er m nia® 30;2111 sbé hugﬂﬂéd (on eand therefopesthe read arsiwwecbhdoetorhfomgahe he

Tow (e T b faarkig Cohversay, 0Me ek ik, %‘Eﬁf%d&akoﬁgzsb?

(i.e., higB30sr is oero; sheewansistor Q2 will be off and so the pre-charge on 9
by grounde o] €c e r [ [ nect ed
by the congugt *%‘ﬁ pgl{lﬁﬁet’;&? &lﬂaﬁﬁglﬁé%ﬁs@?s@\@ Egrd&cg% he Qe3 912 a‘fﬂg% for
connect i on duingethe xeadataperatioBonduct or of the cell. The gate of

transipgor B is CO“”FEéefbrE?oix?g ”(‘:efliil st#d8nirer allows %B’tf&(‘ri'éxﬁn to the read
addr ess col uga conduct or- of

en a,positive yol eis:
appl i ed to FERE/WELS QBSF%%R%O?V&&?PM a Eﬁ?ﬁgﬁi oWith  read/wrye @Jgsv\n Il
turned on. doerentiohhdn thie regdd, the meymoepdoell ol4hasn beenweitesn amel y

By char Ged, STt e, pochh 1 8P R A e RBRMRAL, DL
* conduct or fisolatéd from the read line. For example, assume that the write
20 address column is high. In this condition the cell storage node 305

will be either charged or discharged depending on the write data
at_' terminal 302 when the write address transistor Q1 is turned on..
There is no other charge/discharge path for the storage node 305.
Accordingly, one may turn on transistor Q3 to read the cell status
25 regardless of whether or not a write operation is in progress.
| FIGURE 5 is a detailed circuit diagram of a pre-charge
and latch circuit suitable for use as circuit 46 in the memory
system of FIGURE 1. One such circuit is provided for each read row
conductor. The conduction paths of p-channel transistors P1 and
30 P2 and n-_channél transistors N1 and N2 are coupled in series, in
the order named between a supply terminal 502 (to which a
positive supply voltage Vdd is applied) and a ground terminal
404. The connection of the drain of transistor N1 and the drain of
transistor P2 are connected to an output terminal 512. The gates
35 of transistors Pl and N2 are connected to the cell read row
conductor via terminal 508 and are also coupled via the
conduction path of ‘a pre-charge p-channel transistor P3 to the
supply terminal 502. The gates of transistors P3 and N1 are
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cel| vm-h{,sgﬁet COrl.'\)ér'Sét'y if.the voltage stored at node 305

IS zero, QZV\A|| be off and so the pre-charge on t he
ro"w'_cond} mu"mﬂlmml be di scharged through the B-Q@ path during the
read opet The- for egoi-ng cel | ; strucRCA 8666ws

concurrent read/ wite operations without a probl em w t-h read/ write bus
contention. ‘In this regard, the. menory cell 14 can be witten and- r ead
at the sameouipied biec ausdnphe ermingk 506GieforObedeiviatd ethiei preycharge i sol at ed

st gn. 1 B PIE T <K B, ErandfRUETRY 08 cOledrid n Allpuy ReRlERA [0 T
charged or Sdlefbarlgedl\dngenﬂlmge& Qﬂ@lwpubedﬁfa at terminal 302 when
the wite address tr ojfe?%u@r 'asgdé'iﬁ%l Bgtpaly volthd rVch ig0 9bﬁ€ﬂ

char ge/ di schar ge path e st or nod ccord |ng one may
turn omtrdfAsthg cﬁﬂlp@)’ttﬁfﬂéaé tmc |re§tiat=)a§lezbegm$ag&$ Preyiovslynhet her or

not a writ xiainddi Oﬂy'%'d Bhﬂfg—iﬁgeﬁﬁa read row conductor Fr$EsSdbfiea
detailed circuit .dj char

t t.abl
for “use_as Tf ARRIYINE 4 (BroN@d LRl bré-thagge  AlSer i Simenal 4964w ©
C} rch i's :Ffz%snmed pi-ercmié &ﬁﬁﬂlst@lfgl’3 ONJOﬂﬁSIGb?rC![Iﬂ’gin O{nlducteﬁ]n_h pgt RE
o channel transj Stor nd n- ansd st ar.s n
arepcouple %4%’2‘ S(rdfE conlgerfgeg é%ei % §@$\N’§ B stbzbt&ef)l ttgr aenaI
502 _(tbOwhmxﬂtage Vdd.p&ncurﬂemlmphgansmumdﬂ_lvm tumerbp(DFFd)indnd a ground
term nal trans?%r ﬁi‘ 1§8§§ecidr?l@d°61=‘fh§8d{xﬁ' Eux%n{ capspaw Nﬂh% the

drai n of nnect 0 an ou The
gates 3 5 t@medsxc@;m Pathnd Whear the @irecharget puls¢er@mrnsmaca r ow

conduct or \nght HHB‘ aﬂevép 8th€” ﬁ'aﬂﬁi%t&l Cefl Fthedaé@&lét'&ﬁ memoE@’ nekigtison

h of P I
235" She” e 0N Helch Shis hapans cshyators ‘03 and Q3 Wl Y S/ "2
10 15 cczﬁ@élmigteom@ xrdwua;omidtbflaif btdrager nodeeB05 nix tclhfargw charge
pul se PE. qq at transistor P2 is 1coul;lgll ed tﬁ) an |np L rm naI 510
for receivi Eegﬁ 8 P RUIREGIOL WEI femain charged. # ‘a

positive sunpbyaﬂcﬂmagell\/ﬁd enablgub (Q3d thrned @m)heahe upgady enabta rlme 5112 A
Socchic B 310, S IO e SRR BT EALON, i i
pul se to teonditionsake Fhtput termmal wﬂf/ receive charging current from
20 transistors P1 and P2 if the voltage on the row conductor is low
and, conversely will receive discharge current through transistors
N1 and N2 if the voltage on the row conductor is high. The output
charge at output 520 is stored on the gate capacitance of a
subsequent MOS transistor (not shown). When the read enable o
25 signal ends (i.e.,, assumes a low level at the end of the read pulse)
transistor P2 will be turned OFF thereby latching the voltage at
the output node (terminal 520) at a value determined by the state
of the row conductor prior to the read cycle.
‘To summarize the foregoing, the pre-charge signal PE
30 is normally high prior to a read cycle and goes low just before the
read cycle thereby pre-charging the row conductor. Immediately
‘after pre-charging, the transistor Q3 of the associated memory cell
is turned ON thereby allowing the cell to discharge or not
discharge the read row conductor depending on the charge stored
35 at the cell node 305. At the same time the read enable signal goes
low thereby turning on transistor P2 ‘whereupon the output node
(terminal 510) is either charged by transistors P1 and P2 or
discharged by transistors N1 and N2. When the read enable signal
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‘turns-the :pre- char ge tranSIStorPSG\Ithereby char gi ng the'read row
conductor (42) connected to termnal 508 to be charged to the 1 0 voltage

Vdd. Concurrently, transistor Nl is turned OFF.and transi stor Pl al so
is.turned OFF so no current can flaw in.the Pl - @FW% on pat h.
When the pre-charge pul se retur n*‘s_to a * hi gh (’Vdd) I'ev ransi st or
@ of the associated nenory cell: ’ turned ON.. Wien this happens

508 s chafedainaies, the 1Ehage eeaaﬂfe $to e onbfifo RGeS Choiatehad, BYG%° ACC
| It he Sa[fe tum-bffrmfairdxsisﬁtoﬂPZJ Storads axf 18 ot:hanged abrt):mmmdt Aéﬁgzenatill eI

I nNe a e n
e s, e Pﬁ%&wa{éplgﬁgn%unm 8Y0! ¥ rHrP%Usa'}?gé of

recei ve char current from
20 transi buffex @caganmmasfatGMQSurwg@tqsnA@awme?M tl%YeTt%fSIUW

and, capve | ehS&f h CHafLRs ﬁbt QHﬂénéﬂaﬂﬁd SfsOr's. N1
and Nzcsqu tﬁﬁa }”i‘ié gﬁon t\rﬁgafrjcﬁecgﬁgﬁétor S The out put char ge
at out put M@fﬁy%dored on the gate capaci tance of a subsequent MOS

transi storI (nolt Shfw*‘effh%sfj be?ﬁembvaﬁahhd déscribedad dwdls poirted | .
assunes a | qQ evel at the end,of t a ul se [ ans Wi

be turned d*&,ePhQ%?W e high; Fea oﬂigrg OIJ‘):M‘U(CWeS tlaf(%ogéf&
(term nal Eﬁﬁ)cu@iaexﬁlyl,al wehicdht enay r’rre:l\bmtneheandatead at dmﬁfetdm choekconduct or
pri or the, rea g, the
ore ke s dndoition s aimplifisd AAORURERS WIudR TRROHIES, o .
| ow j ust behulti-tibespecific readl oycweite hbtmy addressesgiang @ﬁ%ocrlaw

conduct or. derm&'?telv"anous ¢ | s%t%urne‘g ‘gqm Qﬁon& hﬁa rgeshﬁd%r 168t the

associated menory c¢ t he cel to
di schar ge dpegdfic em Odiﬂmiapﬁeth%énﬂéﬁﬂ% SGF‘h?gp t he

e Yo o e iy s 15 o a1
ou?put1 odePTeVIOUSIb't é?"rﬂa?\’éll eds 1§97 | SXaIp ffertt% E‘b%%c@ ¢ SIS P ang P2
or . pulser gedefytoty aﬁﬁlaﬁd)lros MO anayNBe ithplembnted:dhly emebhs si gnal
3 GRBETAG heSEB,  ehi fRAE R | s
ensured by eppiterfdgcodeni amangement previomslypexplained in detail. Also,
the cells of the array may be. of the static (rather than dynamic)
20 type disclosed provided they are capable of independent
read/write addressing without loss of data. For video signal
processing, the illustrated dynamic cells have adequate storage
time without the need for any “refreshing” (i.e., data re-writing)_
and require only ‘three transistors. In applications requiring
25 processing of relatively low frequency signals (without refreshing)
. . a static memory cell may be used to advantage provided it meets
the requirements of enabling concurrent reading and writing of
data as in the illustrated embodiment. In a given application one
may feed back the memory output to its input on a regular basis .
30 thereby "refreshing” the memory cell voltages and thus extending |
the lower limit of clock frequencies to any desired value.
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buffer st age such as a OMOS inverter. A p'a'i'r of CMOS inverters in 5
series wll ensure that the output data is not inverted and is
preferred. T and describ qu orted
vi deo.nmenory in which read and wite operations may take p }b‘e%‘ %aééf

concurrently, which may be wrlmmllmmi ﬂﬂmﬂmflfferent c1 ock 10 rates
and which features sinplified requiring mul ti-bit

.speci fic &MY wite binary addrésses and adsoci at ed decoders.
Vari ous changes and nodifications may be-nade to the specific

enbodi ment of the ipvenfion herein descri nggi ] scope of the
i nvention as definet: by&tﬂﬁllgppgﬁﬁéﬁe@% 4 15§Stf)’fnev?%rﬁgpy§”é9<pl ai ned,

for exanple, the traggﬁ'xﬂb& aemue(*ﬂtZ)almeludmgutwe gewelcahdusuﬁ@ and/ or 40

b t b th h | ock h
ggyt hg Ire e‘cﬁg fgr eyc}l”%%ﬂ?\togrf"ﬁg oa@ {X’ anggrr&ﬁe&nt{oggiél\%(g %&gxgl gfn:ds:“r:\
detai|l. Atclomn of cele, eathscell haningr aafirstayermeinad mrmes:tt@d ito @rdakder than
dynami c) ; %uéfjgd;gsQbﬁahegﬁdgffvadeé?&ggyt&fr niPRAAR R | RN G Hpur

read/wrlte video siIg

processi r@Wtﬁ@nth@Etf"e&)eda okhiEdri inpys| ¢@nm§da&cﬂla‘¥§1%tmgé5 tine
Wi t hout t;’fluﬂﬁ?dcéﬂu&ay (32 hﬁéhhnﬂour(th fhputd@bAné@ed tdi%Pead  and

require t hree transistors. @\ﬁs pplications requiring 25 processing of
t

rel atiQvel f&\ﬁﬁfF@HUBﬁC)‘F%#&ﬁ&P% hout refreshing) a static nenory

cell may be used toimsitamegs }Qnéyllallec)ltorrrappbymo datd he beqsigredemds of

enabl i ng co Cﬁr ent r adl ng ana V\{? e@q‘d)f data as in the illustrated,

embodi nentd! al %I PRGN may feed back the nenory

output.to its i nput outpuat meeansar(46a48% fHrorecoresring daof rstetachdrothe nmenory

cell vol t@ﬁgsg l[)mﬁxte%%n@o'ﬁ%uctors Eﬂ&rdc‘i’@ﬁ&eﬁ g‘yt of clock frequenm es
va

to any desire

CLAl VS a first itriggerable saspuentiado pplyesgeneratars(@d) b@m si ng:
,a memory @rgf?%/ érlah LD e Riingl taM r@?lﬁ?ﬂ‘i'w?téff% ut (32mirfdlsf @bugP&i‘ row
cells and TWo co umm .conductors ( ach cell

haV| ng a ¥ rsad ¢ wrenafddeessneotwan; Goﬁ‘dﬁﬁ%%fs (34) 3{1}5{?“3?188/02%4&%'6‘? @2),
a. Secondatw&ﬁbn%§g&nr1ﬁﬂ§@cl(wv)dapplleat B¥tsaid triggey eppeticeahidal2Yor a
third Inpgéquce%r{{]aeify applyu?gmééltl aggress signals to said write column °

20 conductors at a first predetermined rate;

a second triggerable sequential pulse generator (40)
having a trigger input terminal and a plurality of output terminals
coupled' to said read address column conductors (44) and being
responsive to a read trigger pulse (RP) applied to said trigger input

25 terminal for sequentially applying cell read address signals to said
. read column address conductors at a second predetermined rate; and
a control signal generator (28) for generating said read

 and write trigger pulses in a timed relationship.

30 2. A multi port memory system as recited in Claim 1
characterized in that for compression of data said second
predetermined rate is greater than said first predetermined rate.

3. A multi port memory system as recited in Claim 1
" 35 characterized in that for providing constant delay of data said
predetermined rates are equal. :
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'co1uhn'cbﬁdUéfB#i(édy'éhd}é-fouffh i-nput- connected to a read 1 0 address
col um conduct or (44); i nput nmeans (16, 18,20) for applying
data to be stored to said data input row conductors; a

out put. means (46,48) for recovering data stored from s;\ggpda?tca%ﬁt put
row conductors; characterized by 15 ; a-first triggerable
sequential pul se generator (30) having a trigger input _termnal and a
plurality of output 4t eﬁnﬁnﬂtlsp@ﬁummor}_’ systemsas _creﬁ/ﬁiﬂﬂ_ellh(ﬁl]raé@s lcol um
conduct of shdridierdiich el i $8POPRIVGIE expansfoll’ of Udth! Sgier seedag (V)
applied to said trigger 1nput, termna tg . se uentja#iy qulylng cel
addr ess sPgsistermined @ty 13 degy) . Apid ¢ firat prsdetermined rate.

predeterm ned rate; . - a second triggerable sequential pulse
generator (40) having a trigger input termnal and a plurality of
output termnals coupled to said read address col um conductors (44)
and being responsive to a read trigger pulse (RP) applied to said
trigger input 25 term nal for sequentially applying cell read address
signals to said " read columm addr.ess conductors at a second .
predeterm ned rate; and a control signal generator (28)
for generating .said read and wite trigger pulses in a tined
relationship. 30 2. Anmulti port nenory systemas recited in
Claim 1 characterized in that for conpression of data said second

predetermned rate is greater than said first predetermned rate.

3. Anmulti port nenory systemas recited in Claiml 3 5 characterized in
that for providing constant delay of data said predeterm ned rates
are equal . . 13 4. A
multi port nmenory systemas recited in Claim1l characterized in-that for
provi di ng expansi on of data said second predetermned rate is less than
said first predeterm ned rate. '
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