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The invention relates to am~ circuit for storiq data words ill a fbmm having a 

predetermined number of data bits, said memory oilalit compdsing an cxtcmal input port and 

an external output port as well u control inputs for receMng aJJdlU1 signals lbr readiDa and 

w1iLiug urHid ~ wu1&Ja. i&llda1111W1y m111iactudingacmcdauinputand a core data 

output, caoh having a numbc:r of tcnnimla comspoadiag to tho pn:dotenDiaod ownbs:a ur Wius. 

bits. 

Many modem TV sets amtain modules which perform di;itl1 ialap·~ng nn the data 

received by the tuner. Examples of such digital m. praaessing are lOOHz field rate up­

converston or P ALplus decoding with imap improwmenta byvirtUe of the additional data 

contained within P ALplus signal 5'RllDll. 

AJmoat all comme«:ia1ly available TV aata with diaital \li.deo prUGe8liDg modules &u- tOOHa; or 

PAT plus dieifi7'Je the incoming analog sisuJs with a colour sub-Amplins factor of 4 to 1, i.e. 

the 2 chrominance r.omponents of the sipal. Cr and Cb. are sampled at only nne.b1rth thf! 

rate which is usecl for sampling the luminance component Y. This particular colour sub­

sampling scheme is usually called 4: 1: !, dcnotiDa the sampling ratios ror Y:Cr:Cb. 

_4: 1: 1 colour sub-Ampllng is aoocptlbtc i>r 'IV aigaa1s derived fiom natwal iuJi18aft b11WU11e 

the frequency 1peetrum of the colour infbrmatlon. aontain8cl tbenia ia lasa than oaM"ourth or 

the spectrum nt'the \mninant".e cnlft(\nftf.t'rt. la pnnessioal enviromnenlll, however. 4:2:2 

colour sub-samplbm is usuallv employed. Here the componm_dl Cr and Cb are sampled Al nne-
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half the rate of the hamlnancc campomml:, or twice u tut a.s ia the 4: l ! 1 aohcmc. The 4;2;2 

sub- sampJinA doub1c:a eo1our fidelity ottha digitized signal, a measure which is necessary for 

many video produmions, bccauso iD tho l&udio or production environment, oft.on non- natural 

information signals. a1Ch as those required for chroma kavbJit are superimposed onto the 

naLu1Hl UUUHC u~ iaJ, leading to a hiaher &cqcncy apectrum otthe colour co1nponeots Cl· aud 

Cb of the resultin1 &ianaL 

Annther application area tor 4:2:2 colour aub-aampliq is multi-media. where sianals derived 

fi'om natural TV images are lntermlxe4 with signals generated ll'dflclally by computer 

._atculations. Here again the colour fiwinency iq1Mtnnn f\oom the tWP•ltine tienats r.An ha 

aignificatttly wider, neceaitating'tbe higher colour t1c1o1ity ot• 4:2:2 sub-sampl1ng. 

To ~0J11plish digital video proccuing. such as 100Hz up. convmion or P Al.plus decoding 
with imago enhancement, oaa or averal field maoiiu are required, the ex:act mimber 

depending on the complexity of the processing which is U1illzed. Almost all mch digital 

pr<>Ge:11ing modules built mto commen:Ully avo.ilahlo TV aotl today employ 4: 1: 1 colour IUb­

sampling. An ideal Seid memory for these 1asks has a capacity of about 3Mb (=Megabits) and 
a1. Wll.ll width ot 12 bits. field memory 'l'MS4C2973 ofTc;w lnmumcnts Incorporated la one 

example of such a field memory. In the memory eore oftbis field memorv. the data words are 
stortd as 12blt data. WOids. Since llm harniom:e am! datoumaam;e wmpummla are data wunls 

having 8 bits ·each. the t2bit words arc suitable for bcioa used in tbs 4: 1: 1 sub-sampling 

IQhcmc. Each 12bit data word In tbe memory core contains an Bblt luminance compo~ 2 

hita nf chmminance component Cr. and 2 bits of cbromimnrii component Cb. Four 12bit 

words provide the storage capa.clty fbr four hllJllnance components and for one chrominance 
component Cr and one chrominaDce componMt Cb. 

It i• expected that tiature TV nts with disitaJ procuslas (eat\11'11 will have to handle multi­

media signals to a hlgllet and higher merit u a fimdion ot·yem of manu&cture. TV makers 
who design 4ttura seta are thentbre looking more ud more :lbr mammies capable of storiag 

video signals sub- sampled according to the 4:2:2; scheme. Such memories require a higher 

storage c:ipllCity oE abou.t o.cb, and they are generally aontlgured 16bit wide. With 1his 

configuration. each 16bit stomp location in the memoiy contains one Bbit lnminanoe data 
word and one of tho two 8bit cbromimmco data words Cr or Cb. According to the 4:2:2 c;o1our 
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SUb-sampling sc.hcmc, each set of two lumiDangc dala words is accompamed by om: 

cbl:oauioanca c;ompo.acnt Cr and one ohronriuanGcs GOllllJODCllt Cb. 

R.ecent1y another requirement for fiJture high llignal fidelity memories for diaital video has 
arisen . .More and IJlCft TV makers find a data width af 8 bitS for tile luminance and 

chromimm" ~ inisuftidcm, mtd lib to use inst.cad field mcmorica wbldi can 

accommodate an 9-bit dlda width. If data width wee increucd tn this IDIDllcr, a di,gital TV 

module with 4:2:2 sub-sampling would require 18bit-widc memories and tlbit-wide data paths 

which would increase the cost of such mammies substantially. 

The above explamdom ahowthat thn is a need for a &Id ..-nory suieable for operatios in a 

4: 1: 1 colour sub-aampliq environment and 8:lso in a 4:2:2 colour sulHamollna environment. 

which can support data streams 12 bits wide, K bits wide or 9 bits wide, without increasing 

lmlDlOlY wsll acbWv" tu a l2bil.-oaly memory. 

Tn achieve tbi.' object. tbB memory drmit agcordinl to the iavmtion is charactcri1.ed in that 

between the cxtamal input port and tho coro data input an input Rlbnnatting unit ii inserted 

wblch can ba eantrolled 11U tlull. iL u:fu111111l• data wu1di applied w Llac ux1.ct111l lupu&. IJU'L iu al 

leaat one format haviag a number of data bits dl&"erent &om 1ho prodaterminccl number, iv data. 

wnrds havina the fbrmat with the :prcdm:nnined number of data bils. and applies these . 

reformatted data words to the core data tnput. tbat between the core data output of the 

memory ~re and tlus axtamd uu~puL (JUI' 111 uutpu11db111111uiug wdt. m him Lal whiW 

reformats tho data worda cle1iwrec1 by the core data output of the memory core m a mannw 

npJ:'nRite ta that nf'~ input refonmttiq UDit to thoibnnat· of the data words at the extema1 
input port, and appHca thf"6 robmattcd data woldl to dlo cxacmat output port, and that a 
conU'Ol uolt la provided wldch RIB lhc1clblnllltiug 111Udcu1"duuclb1nllllling wlill in 

dependenQe upon the format of the data word& to be appW to the 9*lmal input port and 

undt.r the control or a combination and/or sequence of control sianals assigned to this format 

and applied to tho control inputs. 

A memoiy ch-wit of this type is plug-in campat.ib1e with today• fiald memorie1 oftha type 

mentioned above. for instance the 1MS4C2973 ofTc:us lnstmmenta J.acarporated. for drop-in 
replacement Hy adding the ref'mmatting unit& the mcmmy circuit supports 4:2:2 colour sub-­

sampling, in addi1ion to the 4: 1: t GOlom sub-sampling. and it aupports BbiWata widtb and 9bit-

111m1r111fillr 



data width fur each of the three video componeats Y, Cr, Cb. Dcpen~ on the ~ed use, 
the memocy clrallt m be switched to the neca:aary mode of opemlon by applying 

corresponding control signaJs to the exiscirts control inputs of tba circuit. 

0111= ubj~ G:atwca and 11Ulvau1ap1 otlhe hava11km me 1pp11&cuL bl llm 1blluwing 

1peciDcation aa.d accoinpanyins dnwinp, whllh':in 

- Fi.gurc 1 is a bfock diagram ottbo memory circuit uaording to a prcfi;ncd embodiment of the 

invention: 

- Figure 2 is a uaoro dotai1cd block diagram of tho input reformatting unit; 

- l'igure 3 is a more detailed black diagram of the OUtput rd'ormatting unit; 

-FiQUre 4a and Figurc4b depict embodiments otan 8 to 12 bit refonna.tter and a 9 to 12 bit 

rcibrmmer, rcspeedvely; and 

·Figure S is a time diagram suitable for eitplaining a way of' controlling the operating mode of 
lbt; DIQIWIY uuwiL M1W1'1Wi lu lbr:i inveollca 

In Figure 1 a block diagram oCa mCIDOIJ dcuit 10 ac:c:ording to the invention is shown. The 

unuury cimd1 bas an external input port 141Dcl111 cxtcmal output part lG. T118 eAlc.mal b1pul 

And "' 1tp1t pnrt11 each have 12 tenninals fbr n:ceiving and delivering data wnrd1 hailine 1111 to 

12 bits. Additionally, control terminals 18 arc provided ibr applying control aignals necessary 

to.r comralling read aacl write op=ationa ottho moaamy c:irmlt. 

Memory dralits ibrther Include a memmy core 20 which lncludca mcmoiy cells for storlng the 

necessary number' of data words. The memory core 20 ia auitabla for storing 12bit data. words. 

lbcrdbre. h has a core data input 12 which recelves 12bit-wide da1a wonts and it has a core 
data output delivering 12biL-widtt data wurda. Bolh tho CXJTC dam input :tl and the data output 

24 has 1.2 terminals for receiving and delivedng 12bit.wide data words. 

Dctwcc:n the cxtcma1 input port 14 and the c;orc data input 22, an iupUl 1dU1wallillH uniL 26 is 

inserted suitable fnr refcmnamngthe data wnrd.• ramiw.d at ftX'tf'.mal input port 14 if'tbe format 
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of thcao data words ditrcra iom the 12bit-widc data wont fonnat necx:ssuy fer applying to 

core data input 22 of mem0ty core ?.n. Furthr.r. n output ratbrmattins amit !28 it iuerted 

between core data output 24 and extmm1 output port 16. This oatput reformatting unit 

performs a data retbnnattlng opposite to tlm of'thc Input Ieformat1Sng unit 26. 

A control ''"it 10 iA f'MVicled fhr contmlting hnt.h tha rad and write operatiom in memory 

mre 20 and the rc:fbnuauing madel oltef'onnatting units 26 and 28. 

In Figure 2 & IDOl'G dc:tail~ diagram otinput ~unit 26 ia shown. 11Ua cliapm does 

not show the actual stnscture, but baa the pmpase of axplaiaing the operating principle of this 
unit. 

The input roformatting unit 26 receives &cmi mmw input port 14 data word5 c;ontaining 8, 9 

or 12 bits. By scans of & switch 32. thue data wordl cu ha directecl either directly or via an 

8/12-rcformatter '.14 or a 9/12-relbnnatter 36 to core data input 2.1 of memory w~ 10. Switch 
32 is controlled by a GOntrol slgna1 pamted by control unit 30 lft depc:ndcnoe upon the 'Widtla 

cf tho data word.a applied to c:;dcraaJ input port 14. 

A more detailed dialCIDl of' output refbrmaUing unit 21 is ahawn in Yaaurc J. As shown 
therein, 12bit data words finished by memmy eon: 20 It core data output 24 an: applied to a 
swltcli 38 wbic:h. hi dcpmdcnGO upon ill politloa, 1rlnlfcn thcac data words dtbcr directly oc 

via a 1218-rcfonnaUer 40 OI' a 1~ 42 tbe extmnal output port 16. n. position or 
switch 38 ia set by die same control aignal &om amtrol unit 30 u rmormattina unit 26. 

U: tor anmplo. &bit data words arc rm:iwcl at~ iaput pod 14, GOUtral uait 30 1"m=iVCJ, 
in a manner to he explained btJow, iaformatioa on th• width of the data word at input 14 md 

1cncrates a cgritrol signal which is appUed to switch 32 and to awiWh 31. This control sianal 
sets these switches to the middle position, 10 tbat the Input' dat& words ~applied to the 
memory CXJfC 'Via 8/12- refbrmatter 34 mid tlm data worm ftarailhcd by memory COR') 20 are 

tnnlfelTed to external out1nd part 16 ,0 1211-~AO. This means that both at 

external input port 14 and at axtemal output port 16 8bit data. words appear, whereas memory 

core 20 bath rcc:clvcs and dcllvcD 121>11 daa words. 
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In Figure 4a a tchematic diagram of 8112 rd'onnllll:r 34 is lhown. This reformatter contains 
ilu-ee .-ogislcrs -M, "4G, 48, r:ad1 havJas oiglll llagcs rui 1wuiving a bits of an &blt-wlcle dua 

wnrtl ThrM C'.tan~.utive Rhit-wida datR wnrd• Me loaded into these registen 44 to 41. From 

these registers the data words are loaded iota two 12bit-~de registcra SO and 52. Prom these 
registen SO and 52 tho data words CID be applied to core data input 22 of memory 'iOJ'e 20. 

Loading and unloadin; ofregi.sten 44. 46. 48. SO and 52 is cnntmlled hy cnntml unit 10. 

Pigure -tb shows a schmnatic diaaram of 0/12 ratbrmattar 36. This raf'ormattec includes 4 

registers S4, S6.. SB and ~ each llaviag nine stages tor receiving 9bit data words. Pour 
c:onscculivc 9bit·widc data words are loaded Into thete tegistels 54, '6• 'B and 60. The 
contanta of these resistn i5 loadecl into three ngistcn 62, 154 and 66, each. having twelve 

stages for receiving 12bit·wide data words. These 12bit-wide data words ca then be applied 

1:0 core data Input ?-2 of memol)' core 20. Loading llld ualoacllng of these registers ls also 
controlled by contml signala &om control unit !O. 

Instead of using 12bit-wtclo rcglstcn ,0, 32. or 62. 64, G6 for uusterriDg llblt-wlde data 
words to memory C".orfl '-'>,it ii aim ptlllihle tA deriwi the 17.hit-wide data words directly :&om 

outputs of registers 44, 46, 48 or S4, S6, SS, 60, so that the 12bit-wide registers ean be 
omitted. 

Bdereni:.c is now made tO 1'1gure 5 showing a timing dJagram suitable for apJa;mng the 

mMncr io wlaioh 1hc: oporadng modo of"momory 10 is aontrollc:d. '!'ho 6rat lino otthis diagram 

shows a dock signal SB.CK wbioh i1 the serial read alock"used as a time reference for all 
oontrol signals. The mxt Unm show a reset read slpal RSTR. a read enable signal Rli and an 
output enable sipa1 OB. These signals are ccmtrol signala uaDd in aozmcotion with the abovo­

mentionccl memmv drouit T.MS4C2973 mentionad above. Since no oxtra pin is available for 
awltddng the opmatmg mode ofmemmy 10, combinations or scqucnccs of the aforementioned 
control sisnaJs are 1lled for mode switchiaa which do not occur in tbe umal manner of' 

controlling the memory. 

Tn order to initiate modll switching. a particular sequence nf logic mtM nn cnntm1 input 

tc:nninaJs .lW and OJ:i must be applied, dunng the 4 SR.CK cycles which follow the control 
input RSTR going to a high logio level During the &st 2 SllCK ~es, RB must bes lugb tunl 

OE. must be low. and during the next 2 SJ.CK cyc1ea. RB must be lnw and OR mnct be high. 
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Whc:mM:a lbhi qp.i wmbhmliw 1pp:1111, Wllf.lul &:irwit :SO ts lnlbrmed that mode swhchlDg 

ls desired. Of course. lfl!J OCher combimdio11 of coatrol llipala not oocwriDg in dlO uaial 

manner of controlling tlm mmnary cm ha used fbr initiaiiaa mode switcbiq. · 

If during time period A, the period tbllawiug the iiocoad low level pc;aiud ot&B, lha nml 

enable lip RB once apin. sou hiab. llUllDOIY airault 10 it IWitGW to a moda auitable for 

receivin& Shit-wide data words at atmml input port 14 and for &mi&hina Shit-wide data 
words at memoiy output port lfJ. If.read enable.Kl! goes high during time pedocl B, the period 
Collowing pedud A. U11WJU1 y dJQ&il 10 ls 1wil.Wal t.u dm 9bii mode. i.e. the mode suliable tor 
receiving Slbit- wide data words at mdmml Input port 1-i 1111.d thmicb1na 9bit wiclo dm words 

at external output port 16. Arry other GOIDbinaiion of'loalc states at time period A and/nr tima 

period B can be chosen also. 

To avoid switching the memory to an inappropriate~ fiv instanne by obmiaal noise 

SP.1unted dnrina time periods A ar 'R. remltins in tntllly MMIJ'fld display images, tbe 

memory can be reset to tho 12bit mode at CVCIY oc:cummce of the reset md signal RSTR. 
unlcsa the ~ ~lalnc:d RqUSCe of alplls appeara and results bl swltcbing to tbe 8bit or 
9bitmodo. 

The memory circuit fDtPlalned abova ii aultab1e tbr ltoringtlelds in aooordanec ~the 4:1: I 
colour sub-mnp&ng scbmHI ur in. tbs 4:2~ c:uJour suh-mnplln& aeme with a, 9 or I2blt· 

wide datlL words. It does not make uu ot lily additional pin ao dmt it ia pin compatible to 

pia:utly used field memories. such u TMS4C2973. The IKKZSllllY inc:nue in memmy 

capacity ofmcmoJY corc20 to allow anp of more data neceuitated by 4:2:2 colour sub-
11mp111QJ or by 9blt·wldc lnpm daullll the addidan otUm refbrmaUIDS ualls do not have any 
tubstantlaJ impact OD the overall 008tl of the memoiy viRait. 
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I. Memoiy circuit tbr stmina data wonts In I ammat having a predetermined number of 
data bits. said memory drcult (10) compdalns au m.,,.. input port (14) and an external 
output port (16) uwdl as c;;cmtRJI inputa(tl) £or .w;itviq contiolliaml1 fbr reading and 
writinB ot slid data wmda, aad a memory core (20) hvelndias a C:ona data input (22) ad a. core 
data output (24).. each having a number oftenninlis ~to tba predetmmined 
number of data bits, chmctcrizc:d in tlmt bctWecn tlm c::="Dal jn.put port (14) and a core data 
bapul (22) IJ1 iBput .relbzmattiog unit (Z6) la imcn:d wilkh Cll1 be c:ontmlled so tba.t it 
reformats data worda appHac1 to the mctemll lnput part in 11 Ju one lonnat haviag a number 
of data bits diflUcnt fiom the prt.detamined mnnZ tD data words having the tbJmat with the 
predc:tennincd JIUDlber of data bib and tppllll U.. ns!bnnatted dafa words to the core data 

iupul (22), dmL bcLwca1 dlO core dalaoutput ('24) otdbe.mcmory Q)I0(20) and °"'anal uutpul 
port (16) an output refwmattiDS unit (21) ii imlrttd \Wlich refbrmatc the data wvrds delivered 
by the core data output (24) ofthe memozy core QO) in a manner opposite to that of the ittlJUt 
rctbrmattmg umt (26) to the amnat oftbe data wr:ms •the external input pon, and apphea 
theses refbrmaU.ed daLI& wuidl w &hccd«nll outpu. paaf.. u1 llDIL n.wutlul uoil.(30) ii 
provided which Hts the r&fbrmaUlng made of'the :dc•urttJas unita ~ 28) in dependence 
upon the format of the data words 10 be applied tv du: asemal input port (14) and under the 
control of a combination llld/or sequence or COlltlQt llgDlts (RS'J'R. IW. OB) assigned to this 

.bma' ml applh:d &u '"" woLaol inpulS (18). 

2. Memory drcuit 1Gr.Ordina to dafm l ~in tbat the dara words applied to the 
external input port (14) contaill bamtnmm and dsamiimmce information of a video signal. that 
said memaey wns (20) ii 01painl rua •Iaal l~daca words, tJw: said data words are 
applied to the extetm1 input port (1'1) u ~ cfll& words, 11 gbit wide dam words or u 

12bit-wido-data words.. that said input~ unit (26) refimaats the Sbit-wicle and 9bit­
wide data words to 12bit-wide data wordl, and tblt mil output tefi:JnDatting unit (28) 
rr:fbaum 1hD data worda dc1Mnd bytbe core daa cmtpat (24) ordac ll&CIUUI y WIC (20) Lu 

the same format as the data wonk appliecl to tbe ..,_,,.,~put port (14). 
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