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The invention relates to a memory circuit for storing data wards in a format having 2
predetermined number of data bits, said memory circuit comprising an external input port and
an external output port as well as control inputs for receiving control signals for reading and
wiiliug ol said dats wouls, aad a2 wemory core including a core data input and a core data

output, cach having a number of terminals corresponding to the predetermined numbes o€ dats
bits,

Many modern TV sets contain modules which perform digital image processing on tha data
received by the tuner, Examples of such digital image processing are 100Hz field rate up-
conversion or PALplus decoding with image improvements by virtue of the additional data
contained within PALplug signal streams,

Almost all commercially available TV sets with digital video processing modules for 100Hz or
PAT plus digitize the incoming mnalog signals with a colour sub-sampling factor of 4 to 1, f.e.
the 2 chrominance components of the signal, Cr and Cb, are sampled at only one-~fourth the
rate which is usad for sampling the lwminance component Y. This particular colour sub-
sampling scheme is usually called 4:1:1, denoting the sampling ratios for Y:Cr:Cb.

4:1:1 colour sub-sampling is acocptablc for TV signnals derived from natusal iages, because
" the frequency gpectrum of the colour information contained thereln is loss than onc-fourth of
the spectrum of the luminance eampanent. Tn professional environments, however, 4:2:2
colour sub-sampling is usually employed. Here the components Cr and Cb are sampled at ane-
R ——

Sheet Has Been Re(iaced

l\ll\l\\ I



half the rate of the luminance componont, or twice as fast as in the 4:1:1 acheme, The 4:2:2
sub- sampling doubles colour fidelity of the digitized signal, a measure which is necessary for
many vidco productions, because in the studio or production environment, often non- natural
information signals, such as those required for chroma keying, are superimposed onto the

natual ouye wntuial, leading to & higher freqency spectrum of the colour components Cr and
Cb of the resulting signal.

Annther application area for 4:2:2 colour sub-sampling is multi-media, where signals derived
from natural TV images are intermixed with signals generated artificially by computer
calculations. Here again the colour fraquency spactnim from the resulting signals ean be
significantly wider, necessitating the fugher colour fidelity ot 4:2:2 sub-sampling.

To accomplish digital video processing, such as 100Hz up- conversion or PALplus decoding
with image enhancement, one or saveral field memoties are required, the exact aumber
depending on the complexity of the processing which is utilized. Almost alt such digital
processing modulcs built into commercially available TV sets today employ 4:1:1 colour sub-
sampling, An ideal field memory for these tasks has 8 capacity of about 3Mb (= Megabits) and
1 dats width of 12 bits, Field memary TM84C2973 of Texas Instruments Incorporated is onc
example of such a field memory. In the memary core of'this field memory, the data words are
gtored as 12bic data words. Since the laminauce amd chrominance componunts are data words
having 8 bits each, the 12bit words are suitable for being used in the 4:1:1 sub-sampling
scheme, Each 12bit data word In the memory core contains an 8bit tuminance component, 2
hits of chrominance component Cr, and 2 bits of chrominance component Cb. Four 12hit

words provide the storage capacity for four fuminance companents and for one chrominance
component Cr and one chrominance companent Cb,

It is expected that future TV ets with digital processing features will have to handle multi-
media signals to a higher and higher extent a3 a function of years of manufacture. TV makers
who design future eots are therefore looking more and more for memaoriss capabla of storing
video sipnals sub- sampled according to the 4:2:2: scheme. Such memories requite a higher
stornge capacity of about 4Mb, and they are generally conflgured 16bit wide, With this
configuration, each 16bit storage location in the memory contains one 8bit luminance data
word and onc of tho two Sbit chrominanco data words Cr or Cb. According to the 4:2:2 colour
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sub-sampling scheme, each set of two tuminance data words is accompamed by one
chrominancs componeat Cr and one chrominance camponent Cb.

Recently another requirement for fisture high signal fidelity memorics for digital video has
arisen. Mare and more TV makers find a data width of 8 bits for the luminance and
chrominance componcnts insufficient, and Iike fo use instead ficld memorics which can
accommodate an 9-bit data width, If data width were increased in this maoner, a digital TV

- module with 4:2:2 sub-sampling would require 18bit-wide memories and 18bit-wide data paths
which would increase the cost of such mamaries substantially.

‘The above explanations show that there is & need for 2 fisld memory suitable for operating in &
4:1:1 colour sub-sampling environment and also in a 4:2:2 colour sub-sampling environment,
which can support data streams 12 bits wids, 8 bits wide or 9 bits wide, without increasing
memory costs sdulive tu a 12bil-only memory. '

Ta achieve this ahject, the memory circuit according to the invention is characterized in that
between the extormal input port and the core data input an input reformatting unit is insested
which can be controlled so that il icfinumuts data wurtds applied W (e exterd nput poit in o
feast one format having a number of data bits different from the predetermincd mimber, to data
wards having the format with the predetermined number of data bits, and applies thase
reformatted data wards to the core data input, that between the core data output of the
memory core and ths external vulpul poit e vulput sefnnmtting ueit i insated which
reformats the data wards delivered by the core data output of the memary core in a manner
apposite ta that of the input reformatting unit to the format of the data words at the external

t port, and applics these reformatted data words to the external output port, and that 4
control unit is provided which sets the iefonmatting mode of (s reforumtting utits in
dependence upon the format of the data words to be applied to the external input port and
under the control of a combination and/or sequence of control signals assigned to this format
and applied to the control inputs.

A memory circuit of this type is plug-in compatible with today's field memories of the type
mentioned abave, for instance the TMS4C2973 of Texas Instruments Incorporated, for drop-in
replacement. By adding the reformatting units the memory circuit supports 4:2:2 colour sub-
sampling in addition to the 4:1:1 colour sub-sampling, and it supports 8bit-data width and 9bit-
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data width for each of the thres video components Y, Cr, Cb. Depending on the desired use,
the memory cirvult Gan be switched to the necessary mode of operation by applying
corresponding control signals to the existing control inputs of tha circuit.

Otlier vbjeuts, Geatures amd udvantages of the iuveution we appascat in the following
specification and accompanying drawings, wherain

- Figurc 1 is a block diagram of tho momery circuit ncoording to & prefirred embodiment of the
invention;

- Figurc 2 is e moro dotailed block disgram of tho mputrofomﬂhng unit;
- Figure 3 is a more detailed block diagram of the output reformatting unit;

- Figure 4a and Figure 4b depict embodiments of an 8 to 12 bit reformatter and a 9 to 12 bit
reformatter, respectively; and

- Figure 5 is a time diagram suitabls for explaining a way of controlling the operating mode of
the memny cliouit secuiding to (he invention.

In Figure 1 a block diagram of a memory cicuit 10 according to the invention is shown. The
usnury circuit has an external input port 14 and an external output port 16. The external input
and autput ports each have 12 terminals for receiving and delivering data words having up ta
12 bits. Additionally, control terminais 18 are provided for applying control signals necessary
for controlling read and writc opcrations of the momry circult.

Memory circuits further include a memory core 20 which includes memory cells for storing the
necaessary number of data words. The memory core 20 ia suitable for storing 12bit date words.
Therefore, it has a core data input 22 which receives 12bit-wide data words and it has a core
data output defivering 12bil-wide data words. Both the core dara input 22 and the data output
24 has 12 terminals for receiving and delivering 12bit-wide data words.

Detween the external input port 14 and the core data input 22, an jnput 1eforumtting unit 26 is
inserted suitable for reformatting the data wnrds recetved at axtenal input port 14 if the format
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of these data words differs from the 12bit- wide data word format necessary for applying to
core data input 22 of memory core ), Further, an output reformatting unit 28 is inserted
between core data output 24 and extemal output port 16, This output reformatting unit
performs a datz reformatting opposite to that of the input reformatting unit 26,

A control ymit 30 it provided for cantralling hoth tha rend and write operations in memory
core 20 and the reformatting modes of reformatting units 26 and 28.

In Figure 2 & morc dctailcd diagram of input rofsematting unit 26 is shown. This dingram does
not show the actual structure, but has tha purpose of explaining the operating principle of this
unit.

The input reformatting unit 26 receives fram extemal input port 14 data words containing 8, 9
or 12 bits. By means of a switch 32, these data words can be directed either direetly or via an

8/12-reformatter 34 or a 9/12-reformatter 36 to core dats input 22 of memory vore 20, Switch
32 is controfled by a control signal generated by control unit 30 in dependence upon the width
of the data words applicd to exterual input port 14,

A more detailed diagram of cutput reformatting unit 28 is shown in Figure 3. As shown
therein, 12bit datz words furnished by memory core 20 at core data output 24 arc applicd to a
switch 38 which, in dependence upon its position, transfers these data words cither directly or
vis & 12/8.reformatter 40 or 3 12/0-reformatter 42 the external output port 16, The position of
switch 38 is set by the same control signal from control unit 30 as reformatting unit 26.

If, for example, Sbit data words are received at exteral input port 14, controd uait 30 seceives,
in 2 manner to be explained below, information on the width of the data word at input 14 and
generates a control signal which is applied to switch 32 and to switch 38, This control signal
sets these switches to the middls position, so that the input data words are applied to the
memory cote via N!Z-mﬁarmﬂerﬂudtkdmwordsﬁmshdbymmrymmm
transferred to external output port 16 via 12/8- reformatter 40, Thic means that both at
external input port 14 and at external output port 16 8bit data words appear, whereas memory
core 20 both recelves and delivers 12bis data words.
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In Figure 4a a schematic diagram of &/12 reformatter 34 is shown. This reformatter contains
three registers 44, 46, 48, cach having eight stages (u sevuiving 8 bits of an 8bit- wide data
ward Threa consecutive Rhit-wide data wnrds ate londed inta these registers 44 to 48, From
these registers the data words are loaded into two 12bit-wide registors S0 and 52. From these
registers 50 and 52 the data words can be applied 10 core data input 22 of memory core 20,
Lozding and unloading of registers 44, 46, 48, 50 and 52 is contralled hy control 1mit 0.

Figure 4b shows a schematic diagram of $/12 reformatter 36, This reformatter includes 4
registers 54, 56, 58 and 60, each having nine stages for receiving Sbit data words. Four
consccutive Sbit-wide data words are loaded into these registers 54, 56, 38 and 60. The
contents of these registers is loaded into three registars 62, 64 and 66, each having twelve
stages for receiving 12bit-wide data words. These 12bit-wide data words can then be applied
to core data input 22 of memory core 20, Loading and unloading of these registers is also
controlled by control signals from control unit 30,

Instead of using 12bit-wide registers 30, 32 or 62, 64, 66 for wransferring 12bit-wide data
words to memory core 20, it it alro possible ta deriva the 172bit-wide data words directly from

outputs of registers 44, 46, 48 or 54, 56, 58, 60, wthatthelzbtt-wldemglsbmmbe
omitted,

Reterence is now made to Figure 5 showing a timing diagram suitable for explaining the
manncr in which the oporating mode of memory 10 #s controlled. The first line of this diagram
shows a clock signal SRCK which i3 the serial read clockused as a time reference for all
control signals. The next lines show a reset read signal RSTR, a read enable signal RE and an
output ensble signal OE. These signals are control signals used in connection with tho above-
mentioned memory circuit TMS4C2973 mentioned above. Since no extra pin is available for
switching the opexating mods of memory 10, combinations or sequences of the aforementioned
control signals are used for mode switching which do not occur in the usual manner of
controlling ths memory.

In order to initiate mode switching, a particular sequence of lngic states on enntrol input
terminals RE and OH must be applied, duting the 4 SRCK cycles which follow the control
input RSTR going to & high logic lcvel. During the first 2 SRCK cycles, RE must be high and
OE must be low, and during the next 2 SRCK cycles, RE must be Inw and OR must be high.
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Wheueves (his siggonl combination appears, cuntsol circuit 30 i informed that mode switching
is desired. Of courss, any other combination of control sigaals not oocurring in tho usual
mznner of controlling the memory can be used for mitiating mode switching. -

If during time pesiod A, the period following the second low loved paicd of RE, the read
enable signal RE once again goes high, memory circuit 10 is gwitched to a mode euitable for
receiving Sbit~wide data words at external input port 14 and for furnishing Sbit-wide data
words at memory output port 16. if read enable RE goas high during time period B, the petiod
following patiod A, ey circuit 10 is swilched to the 9bit mods, i.e. the mode suitable for
receiving 9bit- wide data words at extemnal Input port 14 and furnishing 9bit wide data words
at external output port 16. Awoﬂucombmuonoﬂogicmteutumapmndz\mdlnrnm
period B can be chosen also.

To avoid switching the memory to an inappropriate mode, for instance by cloctrice! noiso
generated during time perinds A or B, resulting in tofslly coraapted display images, the
memnory can be reset to the 12bit mode at every occurrence of the reset read signal RSTR,

uniess the before explained sequence of signals appears and results in switching to the 8bit or
gbit mode.

The memoty circuit explained above is suitable for storing flelds in sccordance with the 4:1:1
colour sub-sampling xcheme or in (e 4:2:2 colour sub-gampling scheme with 8, 2 or 12bit-
wide datn words. It does not make use of sny additional pin so that it is pin compatiblo to
presently used field memories, such as TMS4C2973. The necessary increasa in memory
capacity of memory core 20 to allow storage of more dats necessitated by 4:2:2 colour sub-
sampling or by Sbit-wide input data and the zddition of the reformatting units do not have any
substantial impact on the overail costs of the memory circuit.,
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1. Memory circuit for storing data words in & format having a predetermined mumber of
data bits, said memory crcuit (10) comprising an externsd input port (14) and an external
output port (16) as well as control inputs (18) for seceiving control signals for reading and
writing of said data words, and 2 memory core (20) incinding & eora dats input (22) and a core
data output (24), each having a number of terminais carresponding to the predetermined
mumber of data bits, characterized in that between the external input port (14) and & core data
input (22) an input reformatting unit (26) s inserted witich can be controfled so that it
reformats data words appliad to the external input port in at laast one format having a number
of data bits different from the predetermined mumiter o dats words having the format with the
predetermined number of data bits and applies thess seformatted data words to the core data
iuput (22), that between tio cors data output (24) of the memory core (20) and extesnal oulput
port (16) an output reformatting unit (28) is insertsd which reformats the data worde delivered
by the core data output (24) of the memory core (20) itn & manner opposite to that of the input
reformatting umt (26) to the format of tha data werds at the external input post, and applies
thesy reformutted dats words o (e eatertal outpat punt, and st u vontrol unit (30) is
provided which sets the reformatting mode of the =focmatting units (26, 28) in dependence
upon the format of the data words to be applied to the external input port (14) and under the
contral of'a combination and/or soquence of controf swerals (RSTR, RE, OE) assigned to this
forma¢ gnd applied W e wonliol inputs (18).

2 Memory circuit according to claim 1 characteriized in that the data words applied to the
external input port (14) contain luminance and chsumimance information of a video signal, that
said memory core (20) is orgunised fin storlng 1Z5it-wide data words, that said daa words are
applied to the external input port (14) as Shit-wide datte worda, as Obit wide data words or as
12bit-wide-data words, that ssid input reformatting umitt (26) reformats the 8bit-wide and bit-
wide data words to 1Zbit-wide data words, and tiur szid cutput reformatting uuit (28)
reformats the data words dcﬁvuedbythcmdum(ﬂ) of e iwcinory cure (20) to
the same format as the data words applied to the extermal input port (14).
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