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[err] -1- I NTERFACE DEVI CE FOR CONVERTI NG THE FORVAT OF AN | NPUT SI GNAL
This invention relates to interface devices for converting the format of

i nput signals such as their data transfer rate, data transfgrs erderg zand
data transfer nethod. A block data transfer circuit using a DMAa(Ditiﬂ&:t
Menmory 5 Access) technique and a cycl@-steal circuit has been used as an

I nterface device for converting the fornmat of an input signal. Using the
DVA t echni que bl ock transfer data cannot be read whilst witing in a random

access nenor and vice versa. For_ exanple,_ suppo hat . I.splay data
signal is C&MWW%T% THE EORAY, §FEA§V %pﬁﬁé&kg into the ¢

random access nenory, and ou:t put data for display is thus not transferred
to a display device. Therefore, the display device may not display the data
correctly during,this tinme. In.,a,cycle .steal_ circui adi !

out putting of t%%”‘fSl%‘éerﬁqglﬁ? o age%/a%%c?r#gﬁ%:aecfsd‘rg'rgirr%e}syggr Cegoglgﬁgtlf#'gni sed
with a wite, cycle. . Ther, € t ster teqafa thenOtdPULes] gnal is
limted by ?’R%t&o atthggiln%gf Ssll%rglg ,élgérgldfatghtéﬁe?'r angaer rate cannot be

sel ected as (desiyads I RLesells hIVEN08:aPetnbe. provide an interface
re e

devi ce 20 whe ormat of an rnput signal Is converted into an output

signal with the M3t RNPAPEE Gl ANhRE hdindy aOPMIE!(DREed®MBRSky and t he
transfer rate of the output signal has no limt inposed upon it.

5 Access) technique and a cycle steal circuit has been used as

an interface deviée for converting the format of an input signal. %%3
Using the DMA technique block transfer data cannot be read whilst
writing in a random access memory, and vice versa. For example,
suppose that the display data signai is converted, data cannot be
10 read while it is written intc the random access memory, and output
data for display is thus not transferred to a display devicef
Therefore, ;he display device may not display the data correctly
during this time.
In a cycle steal circuit, reading and outputﬁing of‘the
15 content of a random access memory are synchronised with a write ( -,
il
cycle. Therefore, the transfer rate of the output signal is
limited by that of the input signal, and the transfer rate cannot
be selected as desired. -
The present invention seeks to provide an interface device
20 where the format of an input signal is converted into an output '
signal with the most appropriate tranéfer rate, order or method,

and the transfer rate of the output signal has no limit imposed

upon it.



-2- According to the present invention, there is provided an interface
device for converting the format of an input signal, conprising a data
input circuit for receiving an input S|gna5 a random access nenory to 5
store tenporarily data sent fromsaid dafa“ nput circuit; a data output
circuit for producing an output signal after reading data fromsaid random

access merory: a vl Rcaddagng €URHE' pbasSUT LRI ka0 dhasseq Supl | od

to said random access 1% ¢l ock
generation C|rcBFPVFGPdgéﬁe#ateﬁgasecdgvkcsugmm cwnwehtapgr&hesformat

asynghr onousl y ufthnalﬁbaﬁksigﬂH§| Otom: kﬂs%& rang %Q“%E?%ux% ?%?d

addr ess counterrfor counting,addresses sal onlac ess nenory
readi ng data in agﬁéﬁagﬂcénubBHUESSlgnal' 3aF@neprBcRCSRgRamegoRyT &Ced by

sai d &l ock geneshbrentempouatllgndaﬁaf§éﬁ£mfrbﬂ %a&ﬁfahtﬁ'&ﬁbhE to divide
the nenory cycl gy Eégigron a é g E he cycles of said wite
addr ess count er saftd®PE84°4HER s§1€SHﬁFeFOIMHFEQuG}BBeénaPBtPUt
asynchr onous wi shondl after readingtdatai fremchaddneanabmt Batekke menory
cycle is divid a n redet ernm ned erlod and a
wite cycle hasﬁemaigbthéeaglg% %g?gg%%dgﬁngsg EPhgpg§§ QFP Flately
generating a wdg ﬁ35§9él%uﬁhhledrbad$ngdcyanéomnaeuehsamemnnyrfbhat one of
the 49 Weiting ORPEE!asfafndal OorRAYLRErEPEER! LIRCUALCRARAS ( he

shorter cycle is alma ed In one o I VI es and t he ot her
operation is ef YEREER ?ﬁgtﬂec ¢k Sigrat Vh%ﬁbl9P6F9ta$téﬁYﬂﬁbrOncﬂehﬁnt of

tqui . with a clock signal of said write address counter; a
read address counter for counting addresses of said
random access memory for reading data in dependence upon

15 said clock signal generated by said clock generation
circuit; and a read/write control circuit to divide the
memory cycle synchronously with the shorter of the
cycles of said write address counter and of said réad
address counter, which cycles are asynchronous with

20 each other in such a manner that the memory cycle is
divided into a read cycle having one predetermined
period and a write cycle having another predetermined
period, thereby alternately generating a writing cycle
and a reading cycle in such a manner that one of the

\_25 writing operation and the reading operation which has
the shorter cycle is always effected in one of the
divided cycles and the other operation is effected in
the other cycle immediately after the increment of the
address counter responsive to the clock signal with the

30 longer cycle.

Preferably said read/write control circuit
comprises a memory cycle dividing circuit to generate a
signal from the clock signal of the address counter of



address counter responsive to the clock signal with the 30 | onger
cycke. Preferably said read/wite control circuit conprises a nenory cycle
dividing circuit to generate a signal frgm.the clock signal of the address
counter of -3- the operation which has the shorter cycle, which
generated signal divides.the menory cycle, thereby sharing the nenory cycle
bet ween the wthé idsweration asic¢hechisathagshyetarakyetaat eipiahd a. readi ng

j udge 5 circuit.to.control said nory._cvcel e divi di irguit so that
thewriting ciered L finidsd BT membkT, ErErk,  TlEeREy | no

readi ng oper :sharing tli¢ avemory ncyele betweeg thel writmagdi ayels ahder thg: -
i ncrenent of | : c rol L L he. wal of 10

t he ot her opé?ﬁ%?%%ﬁgg%gggggﬁé %e#e%?%%gy¥t9€? ?hgéﬁﬁé?§n8%§9§f t he ot her
oper & i on add?EEGuEh R cforEroli SRid \eROFYecYRiceAiMiddnd: RATSHAEL 8P cycl e

operation addkigss GeNeiting dPErPELbRT isdeerbodeaenh bhergakaianput
circuit 15 i ncl udes_ a- se |€$ép€ra | el conversion cir whi ch
I

. S . It i
serial data HTIHRT SYELLI %?geﬂp?ﬁﬁﬁlﬁaréﬁlEEEGSFQQ FHe data
out put circuisaidyréeadingecpcldt immedi£télpnacteeuthel ehceenentt big data

read from the, 20y reaa SUSOLAE°ESSSe L BY VcbReRb01USE LhE 9uhBuh1ohena!

10 the other operation address by deferring it if the
increment of the other operation address counter
coincides with the increment of the shorter cycle
operation address counter. -

In the preferred embodiment the data input circuit

15 includes a serial/parallel conversion circuit in which
serial data of the input signal is converted into
parallel data. ' o _

The data output circuit may include a data
conversion circuit for converting data read from the

20 random access memory to produce the output signal.

The invention extends to apparatus including an
interface device according to the invention for
convertihg a video data signal into a display data
signél for a liquid crystal display device or a plasma

25 display device or an electro-luminescence display device. U

30



Thé invention extends to apparatus including an interface device according
to the invention for converting a video data signal into a display data
signal for a liquid crystal display device or a plasma 25 di spl ay
devi ce or an el ectro-lum nescence display device. 30 The principle of
operation of an interface device accordingtto the present invention is as
follows. The data input circuit receives an input signal and data is
witten at an address specified by the wite address 5 count er under
the control of the read/mwite control circuit. Then, witten data is

[ead out from the addgicss NealieLonalneal QU rseale AvaD |
read/wite contam:londzmg,uto t]t(e present mumtlcbmelﬁaasa foklews of The h t he
Gofa o SR i i e 488 6
random access MERGEEN @fpAaaddress mpecifiad iy *%#Qiéfrﬁﬁ adRress put
signal 15 | Tctintereafider Y8e REoRWITH tHe FerdtwdRidieref 20 25 30
circuit. Then, written data is read out from the
address specified by the read address counter and an _
output signal produced via the data output circuit under
the control of the read/write control circuit. '
10 Thus, the data format of both the input signal

/
and the output signal can be changed into any format via
the data input circuit and the data output circuit by
storing the data in the random access memory
temporarily. Data transfer order for the output signal
15 is also easily set by changing the counting method of
20
/
25

30



the read address counter. Since the read cycle and wite cycle are
controlled by the read/wite control circuit in a tinme sharing manner, the
Si gnal output will never be interrupted by the signal fed to the random5
access nenory. The read address counter to set the transfer rate of the
out put signal works asynchronously with the wite address counter to set
that of the input signal. The transfer rate of the signal output is not

i mted bythéateadf addressi gnalternput, and can be 10 set to any value. The

invention is illustrated, nerely by way of exanple, in the acconpanying
drawi ngs, in wsiobe -thei gead cycle aadhwnitie avels ane ofonanolIRdePY &¢€ devi ce i
according to the present invention; 15 Figure 2 shows schematically

the fornat read/writeerpnizeh cirgnit inF gume ShanipacshasEnathiec 8+982k he f or mat
of an LCD data signal; Figure 4 is a block diagramof a read/wjte control
circuit of onhputi WLk Mmgver deyilpterupred vethe sigRabdfed to thepfpdeB 5 js 4
timng chart illustrating the operation of the read/wite control circuit
of Figure accaqtfe BARFAI-nents of the present invention are described bel ow
with reference to the drawings. In the follow nga%escri tiqQn _the signal to

be converted i SM& BRAHPATFRT SN GRaF® FEEC R 2B ST APEDI%y “Yevi ce and a
o L butiie, Bu. gt goEd FeyhelerbyEly Wik Brd wfRY GBaldier EhiAtte”
to set thét of the input signal. The transfer rate of the signai
output is not limited by that of the signal input, and can be _ W
16 set to any value.
The invention is illustrated, merely by way of example, in
the accémpanying drawings, in'which:-
Figure 1 is a block diagram of an interface device according
to the present invention;
15 Figure 2 shows schematically the format of a video data
signal;
Figure 3 shows schematically the format of an ICD data signal;
Figure 4 i; a block diagram of a read/write control circuit
of the interface device of Figure 1; and
20 Figure 5.is a timing chart illustrating the operation of
the read/write control circuit of Figure 4.
The embodiments of the present invention are described below
with reference to the drawings. In the following description
the signal to be converted is a display data signal used in a
25 display device and a data signal for a cathode ray tube (CRT)

display device (hereinafter referred to as a "video data signal")



is converted into a data signal for a liquid crystal display (LCD) device
(hereinafter referred to as an "LCD data signal"). Referring to Figure 1
there is shown one enbodi rent of an interface device according to the
present invention. Avideo 5 data signal 2 is sent froma personal
conputer 1 through the interface device \gich produces an LCD data signal 4
for an LCD device 3. Formats for both the video data signal 2 and the LCD
data signal 4 will first be explained. The data format of the video 10

data signal 2 in a non-interlace node is shown in Figure 2. The screen

si ze (hatched) of a CRT display device is 640 dots by 400 lines. A display
data area 101 ando@lb@ int8Ne!@itaOt dfla1 100 A 8iqHi30cyMataif) 1P ficyre 2.

A transfer clock signal, a video data signal for one Horizontal Scanning
period, and a gk9ice Vinde@irfidtar Sidlaled 36 & ShN¥@® bhedssidhspl)ay period are
i ndi cated by waveforns (a), (b) and (c), respectively. Video data signals
are sent serially fdfersfe/@Bt FaJurdof 928NiNGhdMh bhe LRbadhait! 8y 4evice. As
shown in Figure 2, blanking areas called back porch and front porch periods
are provi ded amteffhcdeh@evlicephadordahd i €he fgtles@ft invéidiaae of viiBe scanni ng
beam The characteristics of a typical video data signal are: data
transfer rate dat2ldilgpa)l ZTlisckerdtr EgoienC perschbVHeomptiea 1t tApSigy the der -
intermttent data transfer including both back porch and front porch

peri ods as i nvakexfadat deyicei wich proiudataan Lansdaa abdradd4 -faxenn alcD
transfer.

.

device 3.
Formats for both the video data signal 2 and the LCD data
signal 4 will first be explained. The data format of the videc
10 data signal 2 in a non-interlace mode is shown in Figure 2. The
screen size (hatched) of a CRT display device is 640 dots by
400 lines. A display data area 101 and a data transfer order
102 are also indicated in Figure 2. A transfer clock signal,
N a video data signal for one hdrizontal scanning period, and a
15 video data signal for a single frame display pgriod are indicated by
waveforms (a), (b} and (c), respectively. Video data signals are sent
serially for sequential dot scanning by the CRT display device.
As shown in Figure 2, blanking areas calleé back porch and front
porch periods are provided around the display data area for

20 retrace of the scanning beam.



The format of the LCD data signal 4 on a screen 103 of an LCD device of 400
horifzontal |ines each of 640 dots a data transfer. order -104 are shown in
Figure 3. Atransfer clock signal and the LCD data signal are indicated by
waveforns (a) and (b), respectively. An7ECD device of |ine sequenti al
scanning type outputs one line of data at transferred timng as picture

el ements. Since the LCD data signal for the next line of data can al so be
sent within the time required for sending one line of data, a plurality of
bits can be sent in parallel. Figure 3 shows the case where four bits are
sent in parallel. The LCD data signal has the features: data transfer ratg..
- 14Mops; clock frequency - 3.5MHz; data transfer order - split screen
alternate data transfer; data transfer nmethod - 4-bit in parallel. Fromthe
above it will be appreciated that the video data signal and the LCD data
signal are different in transfer rate, order and nethod. Both the video
data signal andThhechaZBcteatisticgrnedl a2 typicadrvideavéatsd sugnal lheesanme franme
frequency to transfer one frame of screen data and this is usually about
60Hz. Howevdata tthhensfers raterediMebs;f cteakc reéqnenigy ©|23¥Rzf degactsAnefer Ther e
are two reasons for this: 1. In the case of the video data signal the

bl anki ng ar exders -ciptexgitrntpdaka paradfemdneinding opathpbaeh pesek ods nust be
provi ded around the display data area 101 shown in_Figure 2, and data for
one frame i 3n&dxentiRAFCH PHLOAE e ipYRlichArts nsriedie epdedatagtianedes or

di spl aying one franme of data. Therefore, it requires
method - serial transfer.

The format of the ILCD data signal 4 on a screen 103 of an
+00 lines, each of £4-0 dots,

LCD device ofLﬁéO'horizontal(?e%s—hy—400—we§téeaé—%§nes and with

a data transfer order 104 are shown in Figure 3. A transfer
clock signai and the LCD data signal are indicated by waveforms
(a) and (b), respectively.

An LCD device of line sequential scanning type outputs one

) line of data at transferred timing as picture elements. Since

the LCD data signal for the next line of data can also be sent
within the time required for sending one line of data, a plurality
of bits can be sent in parallel. Figure 3 shows the case where K_j
four bits are sent in parallel. The LCD data signal has the
features: data transfer rate - 14Mbps; clock frequency - 3.5MHz;
data transfer order - split screen alternate data transfer; data
transfer method - 4-bit in parallel.

From the above it will be appreciated that the video data
signal and the LCD data signal are different in transfer rate,
order and method. Both the video data signal and the LCD data

signal, however, have almost the same frame frequency to transfer one



a high clock frequency. 10 On the other hand in the case of the LCD
data sjgnal, the tine required for transferring data for one frane is the
sanme as that required for displaying one frame of data. Therefore, it does
not require such a high clock frequency. 2. Since the video data signal for
a CRT display device 15 is of the dot seq&nti al scanning type because a
scanning beamis used, data is sent serially, while the LCD signal is of
the line scanning type and a plurality of bits are sent to a segnment driver
si mul t aneously. As stated above, Figure 3 shows 4-bit parallel data
trangfer, 20 fvame of soreefirdata amd tthamsizmusedlly eheyt &0Buar Hevevsk .t therei ne
of that required for serial data transfer. In the present enbodi nent data
of one frane &%e girret diifferensat imfthehelaskx fréqugneliesdowBiene, afe tyeneral , in
personal conputers only part of the data is renewed in the next frane.
Therefore, disprsppedferatdisardly differs fromthe transferred data and
hardly 25 any inpression is nade on the human eye. Wen data is renewed
‘al | at once, mi xed-dht &hescasesof tthen vidaredete FdoRal hher Rlaskdng jaredeens t hat
the display of the LCD device has changed in an_instant. The interface

devi ce of Fi gfifEef FRe PackParshnanth&haptFeat sPorchoperiods prsty bedoyifed
signal for the i spl.ay. devi ce bei ng copverted_and oyt pu tgd in the nost
appropriate fOFIRE Fof GRBLECARERARER 1 SROWIPCr {RAFE) QprfBALdaSr the ORT

di splay devi cg_can ) 50,.0e. U308 | sk Fods PO YLEEM LI ADVeine

W required for displaying one frame of data. Therefore, it requires
a high clock frequency.
10 On the other.hand in tﬁe case of the ICD data signal, the
time required for transferring data for one frame is the same
as that required for displaying one frame of data. Therefore,
it does not require such a high clock freguency.

2. Since the video data signal for a CRT display device

15 1is of the dot sequential scanning type because a scanning beam
is used, data is sent serially, while the LCD signal is of the
line scanning type and a plurality of bits are sent to a segment
driver simultaneously.

As stated above, Figure 3 shows 4-bit parallel data transfer,

20 data of one fraﬁe'is transferred within a quarter of the time
of that iequired for serial data transfer.

In the present embodiment)déta of one frame are mixed with
that of the next frame. Hdwever, in general, in personal computers
only part of the data is renewed in the next frame. Therefore,
displayed data hardly differs from the transferred data and hardly

25 any impression is made on the human eye. When data is renewed



In the interface device shown in Figure 1, the video data 10 signal 2 is
fedjto a serial/parallel (S/P) conversion circuit 8 formng part of a data
input circuit 5, and there, serial data is converted to parallel data. A
clock signal 9 for S/P conversion is ge@¢rated by a phase | ock | ook (PLL)
circuit 12 controlled by a horizontal synchronous 15 signal (HSC) 10.
The frequency and phase of the clock signal 9 are nade appropriate for

i nput of the video data signal 2. The frequency of the clock signal 9 in

hor S erbor! gh ey SndeMifxed el £OEEL G{Jggﬁkx&%@ dlRgi Sif@R EELGQI t and

hori zont al Colnt & vertic porch decision circuit and -
vertical 20, e n " Q3 hadvi€e DR cREX perdrod as an
i nval i d dat Jét seere?'od&%%dggé(ﬂ éng pe'ra?eog‘e%y I npﬁt of ct hedéﬁorl zont al _
synchr onous; éét%ﬂ@' 10 and a vertical synchronous (VSC) signal 11, then pick

up and convert only valid display data in the video data signal. In a
random access NBgprinteRAble Hevikel? Bidlres: ALpasgniged e abas one word,
the output of a wite address counter 13 are counted when 8 bit data is

i nput t ed; débfrﬁ;ad/ Y¥d WRabsAlkaCoitina0! £6¥ kayi drT1displlapudericenbeinly si gnal s
18, 19 and ta sent to the S/P conversion circuit 8 and wite addresses

counted in thesepebd anddetgsiftteaUt €he ibstr Spprdppidtec dotmata fdatuebus 14 and
an address bus 15, respectively. 5 By a control signal 20 fromthe
R/'W cont r ol Lep lgeuviée 137, Sofrwdat addvelbpment/ Foxx ahecCRI dasplaycdevic® is witten
into the RAM 16. On the other hand, a clock generation circuit 25 generates
the read cl eak adsgrisd u26dvwurc Iuhevcndnsdamech;mwusw wedhfichtiens-t e \../
In the interface device shown in Figure 1, the video data
10 signal 2 is fed to a serial/parallel (S/P) conversion circuit 8
forming part of a data input circuit 5, and there, serial data
is converted to parallel data.
A clock signal 9 for S/P conversion is generated by a phase
lock look (PLL) circuit 12 cpntrolled by a horizqntal synchronous
15 signal (HSC) 10. The frequency and phase of the clock signal °]
are maée appropriate for input of the video data signal 2. The
frequency of the clock signal 9 in this embodiment is 21MHz.
A horizontal back porch decision circuit and horizontal
dot counter 6, a vertical back porch decision circuit and vertical
20 line counter 7 recognise both the back porch period as an invalid
data period and a display period by input of the horizontal
synchronous signal 10_and a vertica]synchronous (VvsSC) signal
11, then pick up and convert only valid display data in the video
data signal.
In a random access memory (RAM) 16 where 8 bits are_regarded

25 as one word, the output of a write address counter 13 are counted



~clock signal 9. 10 An LCD data conversion circuit 24 within a data
Qutput circuit 22 converts the data read fromthe RAM 16 into 4 bit

paral I'el data. The LCD data signal 4 is outputted in accordance with the
clock signal 26. The transfer clock frequency in this enbodinment is 3.5Mz.
An LCD control signal generation circuit g3 also 15 formng part of the
output circuit 22 generates a control signal 29 required for the LCD device
3. A read address counter 27 is counted once 8 bits of data are outputted.
Then the RFWcontrol circuit 17 switches the control signal 18 to output
the gounted red Bddtedsta dst epudddées® 26ad/wipite 1B/W) Tousrol ker&AM 18
outputs data to the data bus 14. The LCD data conversion circuit 24 takes
in data via ®uUEBHts slonsrehsligpalsaafl, Fluepdt @atiat sent thetHeCB/Platcavergioal . The
read address counter 27 counts the address of one line of display data in

t he upper scé&dfcaid & pad |Wise addreases sovnted in thecwrikeneddndsshcounger
transferred order of the LCD data signal. This, in outline, is the
operation 2513 8Fe (WEPPHESS £ack akikus. 14 anthan Asdrass dis oSt Hespworiveht.r ol
circuit 17 will ngQw be descri bed vvihh reference to Figure 4 which shows the
R'Wcontrdl circurt A7 rc%efé?’i’alaﬁ PR R WaoomreR: GiTchit il nepchart of
t he operation ac%L Lhet R/¥\/1§ontrol circuit. The RRWcontrol 5 circuit 17
enabl es oper a1 an B ot EPY FIRECRNEL BN i SIUF LSRRt Ehf FABNtPper f or ns

the operatio : nchronj sation of the wite address counter 13 and the
read addr ess%c]ogﬁ? eors%flf 1!;"’étnnryd BHEFK TOITTBF LI SATRHT FOro°0RFI%SS KBe r ead

aﬂgiesses E”"&égﬁiéfECR signal 26 which works asynchronously with the write
clock signal 9.
10 An ICD data conversion circuit 24 within a data output circuit
22 converts the data read from the RAM 16 into 4 bit parallel
data. The LCD data signal 4 is outputted in accordance with
the clock signal 26. The transfer clock frequency in this embodiment
is 3.5MHz. An LCD control signal generation circuit 23 also
15 forming part of the output circuit 22 generates a control signal
29 required for the LCD device 3.
A read address counter 27 is céunted once 8 bits of data
are outputted. Then the R/W control circuit 17 switches the
control signal 18 to output the counted read address to the address
20 bus 15. Thus, the RAM 16 outputs data to the data bus 14. The
LCD data conversion circuit 24 takes in data via a control sighal
21 and outputs it as the LCD data signal. The read address counter
27 counts the address of one line of display data in the upper
sceen and the lower screen in turn in accordance with the transferred
order of the LCD data signal. This, in outline, is the operation

25 of the interface device.



addr esses.
circuit 35

10 In Figure 4 a signal 42 generated by a reading judge

I ndi cat es read address change. In other words, a rising

differentiation circuit 36 differentiates the rising edge of a clock signal

31 for the
sent to a |

read address counter to generate a signal 40. The signal
atch 38 which outputs the sidhal 42. A signal 15 41 sent

40 i s
to the

|l atch 38 is generated by differentiating the falling edge of a clock signal
30 of the wite address counter 13, having a narrower pulse wi dth t

han t hat

of the signal 40, Therefore, n_t cl ock signal 31

coi nci des with tRE REGAAYY e°(fg§h%fR}ta'h§ rbﬁr(?gkc’s’icgﬁ‘élnSUl He¥sPYnal 42 -*'";

outputted 2 fro 38 does not c e.becaus cl ock gna

is |ow leve %‘%anlgtglsrv\gerﬁnfﬁe 9 gtlgure | Bn ﬁoe‘(/se?'h qﬁ/ Yo ERRFS jvor ds,
S|gnal

when swi t chip uﬁqg?f & abbe W'aeﬁ%gﬁkressg 139 A% fead, ol ock
I

31 COInCIde e circu

e S|g behin

out put of aﬁgyeyo%%qiggdgﬁas@m Qs SR ol fe i B8 e RAY HofirrdP

Since the ¢
there eX|st
above, the

of the read ddiess: < At Ser OFnd GG §

async ronous

e sothatthe

y W th the clocﬁr5|gnal 31,

1feeqrcy1ﬁ%§b?ése o%w%xf%crsk AdeQNeitlng anal BELEHQY §acfS Shown

al It ng edge of

k signal 30 and the sw tch output timng
&latibfs $FTCsRBoRS tli6n 451 Ng edge

of the clock signal 31 an4 the count %|n1ng of the read address counter at

random w t Neke wrdtdi a@Reds Qoahtdd UB. add@nei fédd hadresseBélmntbe2£oNt 1ol
signal 21 for reading new addresses as data fromthe RAM 16 to the next

cycle so thaitd generation of a signal for switching read addresses and write

10

15

20

addresses.

In Figure 4 a signal 42 generated by a reading judge circuit

35

indicates read address change. In other words, a rising differentiation

circuit 36 differentiates the rising edge of a clock signal 31
for the read address counter to generate a signal 40. The signal

40 is sent to a latch 38 which outputs the signal 42. A signal

41 sent to the latch 38 is generated by differentiating the falling

edge of a clock signal 30 of the write address counter 13, having
a narrower pulse width than that of the signal 40. Therefore,
when the rising edge of the clock signal 31 coincides with the
falling edge of the clock signal 30, the sigpal 42 outputted
from the latch 38 does not change because the clock signal 41

is low level. It changes when the lat;er is high leve;. In

other words, when switching edges of the write clock signal 30

~and a read clock signal 31 coincide,. the circuit 35 outputs the

25

signal 42 behind time so that the output of a newly read address
may be sent to the next cycle.
Since the clock signal 30 works asynchronously with the

clock signal 31, there exists every possible timing relationship.



reddi ng out may be perforned successfully. The RRWcontrol circuit 17
prevents m soperation of the circuit such as the control signal 10 21 is
not oUtputted while the read address is changed and vice versa. Thus
asynchronous operation of the read address counter 27 with the wite
address counter 13 becones possible. AfteiCthe read address is changed and
~the signal 42 is outputted, an RS flip-flop 39 is set and a signal 43 is

hi gh |l evel. Thus, 15 reset status of flip-flops 45,46 are cancell ed and
the clock signal 30 can be inputted. After the clock signal 30 is inputted,
t he .f i p-f| opreFepeiueesshidve algner, othes ifghiing? édge oif nthe atleck Isegnehd

addr &8s change and is synchronised with the clock signal 30 of the wite
addr ess count ¥t anJhehes sgifegh Rutpwr Sdming pédtheoread afdhesy) cou@radd t he LCD
data conversion circuit 24 as shown in Figure 1, and data is read out from
the RAM 16. TIEUratdhthe samechime @Retheadsintledss off thhelrehBignat ess
counter 27 on a bus 33 and outputs it on a bus 34 synchronously with the
si gnal from tHg Fhe caprt ddvieg @it Bhe 3g2d Bpdreed gapteD Bt « e¥&ihon
circuit 24 takes in the data fromthe RAM 16 upon recei pt of the control
signal 215 2 Ai¥eRyRIPPARiXitym the flip-flop 46 is used to reset the RS
flip-flop 39, and the LCD c

) version circuit. 24 has jt status for read
address change. A“?Fer?df_?“’cﬁlg ST B‘i’%é’°EF’F?}uFf‘g@a§‘n8¥\g}[°§srPﬁ_ i 7l 18,
T L BN 800, %, P T L 990 e Bl B T T e
gﬁpaft‘gge?ot %g?%%g:?%sé‘as 'lzJaZé %:ce r?‘%}’n"e WehesdMhh§. ArhEAWPAIRERT Edrcuit
17 prevents misoperation of the circuit such as the control signal
10 21 is not outputted while the read address is changed and vice
versa. Thus asynchronous operation of the read address counter
27 with the write address counter 13 becomes possible.
After the read address is changed and the signal 42 is outputted,
an RS flip-flop 39 is set and a signal 43 is high level. Thus,
15 reset status of flip-flops 45,46 are cancelled and the clock signal
30 can be inputted. After the cleck signal 30 is inputted, the
flip-flop 45 produces the control signal 21 to indicate the read
address change and is synchronised with the clock signal 30 of
the write address counter. The signal 21 is outputted to a latch
20 28 and the LCD data conversion circuit 24 as shown in Figure 1,
and data is read out from the RAM 16.
The latch 28 latches the read address of the read address
counter 27 on a bus 33 and outputs it on a bus 34 synchronously
with the signal from the write address counter 30. The LCD data

25 conversion circuit 24 takes in the data from the RAM 16 upon receipt

of the control signal 21.



it is at high level as shown in Figure 1. The tinmng chart in Figure 5 al so

illystrates these signals. The address bus 15 is 10 time shared by the
30 and wite addresses and read addresses are outputted in
turn. The wite address is renewed eveny cycle, while the read address is
read cycle aftér the read address counter 27 is
counted. The control signal 21 is only 15 produced at that tinme and the
LCD dat a conver Bisignel rédifrof4thealfdipifiionedd dat wsedr om tduetRAM R§. As
circuit 17 synchroni ses the addresses

cl ock signal

renewed only at the next

descri bed above the R/'Wcontrol

count ed asyfidpr6ieriSPy amsl ahe\kCDH GoR¥RAFi00 rircnifd 2dohes slaitherat¥ad cycl 6.

and wite cycle in a tinme sharing nmanner. 20 Asynchronous witing and-
readi ng of fdreread addresshghange-ur &t BEIPIYCEYAHS EEHEGN MpigEhdt ARG atafe
present invention is desirably applied to, for exanple,

peri pher al stheughonaiat 8dichoss e iRNertadrsigrahQf thesdocknskanthe user
cannot recogni se the displayed characters, such as an LCD dis

i'nformation display

devi ce 25

| di spl a
for displ ayfhgtertideherend FdransEr A1 bt PAE RASGE0 duta E? g’f?&?e?ﬁﬁput i's

shown in Figure 4. Since the video dat

signal . is not tted during th
LHauEpHtedpt? dhepRidrsss ?‘Fﬁéqﬁl ‘(’K?e(f‘oﬁlf"l? ?ﬁlgB?Jr I013;|D tlis at d@ﬁelr atg es ©

back porch

only read cycle. In_.this cas

the read a
counter 27

read from tHe RRN

e.the signal 18 i.s set to_high ] evel so that
vEde LG 7 e ""s§n§7g (TR EG Y t#’ier’rﬁd%ﬁ%sr W Ya88r ess
]S .coun}ggh he.contr.ol _signal 21.is ,ﬁ)uet [g.utted gg{jtrg \évdd?tna S

Vel as SRR BN dr IFear T FOS

Figure 4 isFonI
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20

25

igurg 5 also illustrates these signals. The address bus 15 is
time shared by the clock signal 30 and ﬁrite addresses and read
addresses are outputted in turn.

The write address is renewed every cycle, while the read
address is renewed only at the next read cycle after the read
address counter 27 is counted. The contrel signal 21 is only
produced at that time and the LCD data conversion circuit 24 takes
in new data from the RAM 16.

As described above the R/W control circuit 17 synchronises
the addresses counted asynchronously relative to each other and
control the read cycle and write cycle in a time sharing manner.
Asynchronous writing and reading of the data is thus accurately
accomplished. Accordingly, the present invention is desirably
applied to, for example, information display peripherals such
that data loss or data deficiency causes that the user cannot
recognise the displayed characters, such as an LCD display device
for displaying characters.

The operation of the video data signal input is shown in
Figure 4. Since the video data signal is not inputted during

the back porch and front porch period, the R/W control circuit

U



one of many enbodi nents of circuits to performthe sanme function. Moreover,
there are other nethods of controlling read and wite cycles. As expl ai ned
“above,’ the interface device according to the present invention and

descri bed above enabl es the conversion 10 of video data signals for a CRT
di splay device into LCD data signals for aildi quid crystal display device,
the signals having different transfer rate, order and nethod. Essentially
in this interface device signals are input into a data input circuit, data
is tenporarily stored in a RAM and then read out to produce 15 out put
signals via a 9§RPER'GS DAY EFPRTFYFle- STACHiSheaTRAh? vidapel déntf cietcte cui t
syncﬁfonises asynchronous addresses, witin f input data and readi ng of

g.0

out put data ardSPetsVEtntY theY bR BRfsLigAgresPhis QubPattednat anyntime: (ExedY of

t he out put signal can be s at any val .appropriate for the LCD displ ay
devi ce. Thus (HE® J5% 5P ORERSE CPURAF Lot beotBOerPEdoTHIOLAIBED dat a
signal in the jnterface device enabling replacenent of a conventional |arge
CRT display d&Vit® %ﬁ?’éﬁteﬁagmgn?gl%tfvgf feﬁgré‘é’mpgv%%’%o Xunption with a
thin LCD device which consunes | ess power. There is no need to change both
har dwar e arfd sof t W R/Brcanitgal| cizewite did lestraped TaeFignxel daissonli | i ght ness
of an LCD display device neet the needs of small personal conputers. Data
output is per fVENRE BASYnRPROGABRALS) Of FiFcHbksa tP rRRRfoBn thdasamer Enndtion.

di spl ayed using. or auxiliary batteries to operate the interface

device and th rEBV?FgS?éé’u%)ﬁH%ﬁE’i’ﬂérﬂqt?%%&f fprir ot ke rpad Foderritai | ure.
Wi | st the pregent | néent’i(pg%jﬁi_‘s descri bgd. J ne:r:g_;l‘c%t iign_ to the conversion of
a \i/deo data sPgnar: f6F & H 5%?‘5"3/ &B% i vice according to
the present invention and described above enables the conversion
1b . of video data signals for a CRT display device into LCD data
signals for a liquid crystal display device, the signals having
different transfer rate, order and method. Essentially in this
interface device signals are input into a data input circuit,
data is temporarily stored in a RAM, and then read out to produce
15 output signals via a data output circuit. Since the read/write
control circuit synchronises asynchronous addresses, writing
of input data and reading of output data are performed asynchronously.
Therefore, the transfer rate of the output signal can be set
at any value appropriate for the LCD display device. Thus the
20 video data signal can be converted into an LCD data signal in
the interface device enabling replacement of a conventional large
CRT display device which has a relatively large power consumption
with a thin LCD device which consumes less power. There 15 no
need to change both hardware and software for signal conversion.
25 The smallness ana lightness of an ICD display device meet the.

needs of small personal computers. Data output is pefformed

asynchronously with data input and data remains displayed using.



5 into that for an LCD device, conversion for other display devices such as®
pl as#ém di spl ay devices, electro-lum nescence display devices, etc., can be
achieved simlarly. Further, conversion of the video data signal for a CRT
di splay device into a signal for devi ces‘cgt her than display devices, such

as videpo printers 10 is possible. In this case, output data can be taken

out at ‘appropriate timing by reconfiguring the data output circuit 22 for
handshaki ng WRFF YR eBRuxalidobakiarigs e Prewats D inserfask| @svisk a vi deo
printer. These _applications are possible since input and output of data are
per f or med asfﬁi‘,hﬁgﬁnb%ldi?’?‘i% indepenfigatly, expR shen JeArecindoBesifaglexe t he T
present invention_ apd described above has a range of uses and so can be ™
used for general w&é?% chﬁv%“FéF%.m"e“fi’é’ncli despcriped in relapien kperface

devi ce for cggverti nrqs_t he gor rra% of. an i_nﬁut signal , conprising a data

i nput ci rcui tfofrgersion of 3 ¥ideq, AatR Stordh FOrs? fRA) dispday ARYdA% access
menory to store tenporarily data sent fromsaid data input circuit; a data
out put cCi rcuirtof eatp 6 i DCP @avOed,Pdbndr@ioh fdkt ethdreatdpglgydidvacks om sai d
random access nenory; a wite address counter to count nenory 10

addr esses sugyehi edl plassaiddsplayd daviaee ¢ Sslarepdr uminescenté idigplayput data; a
cl ock generation circuit for generating a clock signal which operates
asynchr onousieriees,hetccl oah I gohievefl siiidanty.t eFatdees cangension; a

of the video data signal for a CRT display device into a signal

for devices other than display devices, such as video printers k_)
10 is possible. 1In this case, output data can be taken out at appropriate

timing by reconfiguring the data output circuit 22 for handshaking

with a central processing unit or a DMA controller of a video

printer. These applications are possible since input and output of

data are performed asynchronously.
15 The interface device according to the present invention and

described above has a range of uses and so can be used for general

data conversion.



read address counter for counting addresses of said 15 random access
menory for reading data in dependence upon said clock signal generated by
said £l ock generation circuit; and a read/wite control circuit to divide
the menory cycle synchronously with the shdtger of the cycles of said wite
address counter and of said read 20 address counter, which cycles
are asynchronous with each other in such a nmanner that the nenory cycle is
divided into a read cycle having one GrledetErMiPed period and a wite cycle
havi ng anot her predeterm ned period, thereby alternately generating a

Wi 150G operat i andhR HESSEARSR AREIR | ERE WFRRFERLSE RSP PRRE Ot o [ o
al ways effect ecan nimpuet ofidrieel di Véogsk Dy sa adait 4 hinpobeciopeitatfon is
i e count o RO Vit TR DAL E] A oretfon ST mdoycre”
A device as cl @tk i tenperarily idatehisent of tom esalidrdata cimpubdl circuit
POt ST ona) ety L AALLRA e SR ok O
cycle, which getémakPLiefaeading data L ramosdie yEardon REESS shari ng t he
menory cycle beiewsyd a writhe addiddl) e ANto tEsuneatemsreycl e
alterrately and &/ Sald Gdpied ¢S a1d rdndon %Bcddls GRSy £45'°
writing input data; a clock generation circuit for
generating a clock signal which operates asynchronously
with a clock signal of said write address counter; a
read address counter for counting addresses of said
15 random access memory for reading data in dependence upon
said clock signal generated by said clock generation
circuit; and a read/write control circuit to divide the
memory cycle synchronously with the shorter of the
cycles of said write address counter and of said read
20 address counter, which cycles are asynchronous with
each other in such a manner that the memory cycle is
divided into a read cycle having one predetermined
period and a write cycle having another predetermined
period, thereby alternately generating a writing cycle
/25 and a reading cycle in such a manner that one of the
writing operation and the reading operation which has
the shorter cycle is always effected in one of the
divided cycles and the other operation is effected in
the other cycle immediately after the increment of the

30 address counter responsive to the clock signal with the
longer cycle.
2. A device as claimed in claim 1, in which said

read/write control circuit comprises a memory C

LTI



dividing circuit so that the witing operation is effected in every said
witing cycle and the reading operation is effected in said reading cycle
i medi ately 10 after the increnment of _said read address counter by
controlling the renewal of the other opeﬂafion address by deferring. it if
the increnment of the other operation address counter coincides with the

i ncrement of gheidhagt eireviketopgeaeirateaadsdagnadofiton .theS clocks. A

devi ce as clalnedaégﬁggiéggédggegs FguWQE%h EPQjﬂ9t$%;%§§(§”d#¥Hﬁ H | udes

a serlaI/parangP ircai seria e 1. npu
signal is contbet elortes pycael,el whach. g¢nerateddmgmla§1&1aﬂeﬁecthm anu

precedi ng ClahﬂhorQ che W@hﬁ?ebgasﬂﬁEﬁ e nfenldiy (¥d¥€‘5¥¥hé§dﬁﬂ

conversion circult COf’IVGI’tI n ta rea from t he ran Oom acCess nenory
to préduce th‘éheuwmtlgggﬁxple5and the TRPOINE SYFIA G FFmatGerdlthg t he

format of an aneuadihgnabdgéuE&fréutﬁtaltbyc%atwlelsaltaes:emdqu Ndle 25
reference to and _as shown in the accongg@ng qggxﬁ S. .6. Appar at us

i ncl udi ng an fAVaRERGeCAEGHLE §Oc5PaEN A ONiTRy clains, for
converting a éfﬂeetdat ansegegly satid evrdltinlgascydﬂlea atidyrtte frwadairg qui d

crystal displ l.ce or dIS evi or_: 3 -
el ectro- Iun1n8é8 ¥é°8|§5I3§985§n§e read“% ciﬂl (%mmedlately
10 after the increment of said read address counter by
controlllng the renewal of the other operatlon address
by deferrlng it if the 1ncrement of the other operation

address counter co;ncldes w1th the increment of the W/
shorter cycle operatlon address counter
15 3. A device as claimed in claim 1 or 2, in which the

data input circuit includes a serial/parallel conversion
circuit in which serial data of the input signal is
converted into parallel data. _
4. A device as claimed in any preceding claim, in
20 which the data output circuit includes a data conversion
circuit for converting data reed_from the random access
memory to produce the output signal.
5. An'interface'device for converting the format of
an input signal, substantially as herein described with
25 reference to and ae'shown in the accompanying drawings. W
6. Apparatus including an interface device according
to any of the preceding claims, for converting a video
data signal into a display data signal for a liquid
crystal display device or a plesma display device or an
30 electro-luminescence disglay device.
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