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DATA STREAM ALTERI NG SYSTEM _ Background of th
| nventi on This invention relates, in general, to a graphical
support unit for liquid crystal displays (LCD). 5

Traditionally, good graphic support equated to conplicated LCD control | ers.
As di spl ayed graphics on LCD screens becone !more and nore conpl§9°‘35AH

conventional support devi ces increased in nunber. As graphics nanipul ati on
conpl exities increase the size of the graphics driving devices, the drain

on stored power al so increagea. s AMERINGSS BT Y
the LCDis part of 10- a hand hel d el ectronics device dri
stored in batteries. Furthernore, size of the LCD su
be carefully considered when desﬁ;aﬂklggound of fagdoyeNtdotini t I C

constantly decreasing in S|ze An addi ti onal trend in the

Tnoreasing 1o devi ceT A VAR (13HRE Bt gdiaralyte 30rREtCA RSt vt o
15 dependent upbmrﬂiww@ausmi Q%@‘W%ﬂeﬁ@r ocessing unit (I\/PU) | f h| gh
speed support el prEdit forfdly, RRyddographae yupportthequatedttioorsmp bicabéd y
required of the | -5 ontrollers. As displayed graphics on LCD screens become
more and more complex, conventional support devices increased in
10 number. As graphics manipulation complexities increase the size
of the graphics driving devices, the drain on stored power also
increases. Power drain is an obvious problem when the LCD is part
of a hand held electronics device driven by power stored in
batteries. Furthermore, size of the LCD support devices must be
15 carefully considered when designing hand-held units which are
constantly decreasing in size.

An additional trend in the electronics market is increasing
the speed of the device and increasing the device's capability. The
capability of the device is often dependent upon the load on the

20 micro-processing unit (MPU), If high speed support elements can
perform many of the functions normally required of the MPU, the
MPU will be freed up to perform more advanced functions.

Summary of the Invention
25
According to the present invention, a LCD controller/driver
utilizes a bi-directional data ring to enable quick and easy data
alteration and shifting. The controlier/driver couples cascaded
segment drivers to a row data serial interface which links the
30 drivers with a control circuit. The cascaded segment drivers
coupled to the row data serial interface define the bij- dlrec ona]

altered by shiTting the data into the dataring and ty
such data to, or through, other segment drivers ang/§
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MPU, the MPU will< be freed up to perform nore advanced fu
EP- A-0 409 030 discloses a nethod of altering a string of dm;gg.-rn:EaHAs BEEN
recircul ating shift register of a LCD controller/driver cj|rcuitraCED
cascaded 20 segnent drivers coupled to a row data serialH
l'i nks the recirculating shift register and the drivers with a MPU.

Di splay data input into the segnent driZers may be altered by

recircul ati ng data through the other segnent drivers to the row data
serial interface, where the data is altered by inputs fromthe MPU. 25
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?Description of the Drawing

Fig. 1 is a generalized schematic of a LCD driver and control
unit according to the present invention.
15 Fig. 2 shows the schematic of Fig. t broken into components.
Fig. 3 shows the elements of the segment driver of Fig. 2.
Fig. 4 is a schematic of a LCD controlier/driver with a split
screen LCD according to the present invention.
Fig. S shows the data transfer between screens on a split
20 screen LCD according to the present invention.
Fig. 6is a schematic of the control circuit of Fig. 2 according
to the present invention.
Fig. 7 is a schematic of a sequential write operation
according to the present invention.
25 '

Detai‘led Description of the Invention

Fig. 1 shows a LCD controller/driver 10 coupled to a LCD 12,
30 LCD controller/driver 10 comprises a segment control interface
22, a row dataserial interface 24, a LCD timing generator 26, and
LCD drivers 28. Segment control interface 22, row data serial -
interface 24, and LCD ti'ming generator 26, which generates the
timing signals, are shown as part of a micro-control unit (MCU) 21.
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Sunmary of the Invention

- 2- ’ Accordingly, the present invention provides

Crystal -Display (LCD) controller and driver circuit -for J"L%HEEW*@%EEN
plurality of display segnments, the circuit comnprising: contHEstLA

circuit including a clock; a plurality of segnent drivers coupled

together in series to forma row of segnent drivers, each segnent 5 driver
being for coupling to a respective display segnment of the LCD to drive the
respective display segnent; a row data serial interface circuit coupled

bet ween the row €§%§%9@Péuﬂréd i %ﬁﬁf’e& bg acrﬂﬁ‘érroQ r8¢é§ﬂhb JnciE

providing an input to

segment drivers €AQUY dB wadeh iFn@lahown bubdﬂﬁlﬁatﬂé’mf&i@@@hﬁhf'@iri ver at
an end of the ro®imfe sogtwilerdidrnedrs] 018 useliarardi @D igsephiicncdritabl each

segment driver Cgr{‘fg:rr[—rﬁaeﬁoﬁ‘lg t?bh?ﬁéﬁr%cwatcﬁ%{ot rcgﬁﬂ'bsettﬁfeen 1qterf’5teesr9§’ of

segment drlvers rovi
bi di r ect i onal> da24. paErR® ndd Y di&pl ay dat a such that di splay data is

shiftable in a darg B8 siends ftighgsegsaigntani COtiméng igenthatore2d, srapent
driver in the row0fs segment control signals to interface 22. Information may be
transmitted both ways between MPU 18 and row data serial
interface 24.
10 information is relayed both ways between LCD drivers 28 and
row data serial interface 24.
Row data serial interface 24 is a serial interface which
supports high speed serial bits transfer among LCD drivers 28 and
MPU 18, pointer functions, variable pitch selection, screen width
15 definition, and other serial data handling functions. As will be
further described later, row data serial interface 24 and cascaded
segment drivers are connected to form a data ring where the data
flow in the dataring is bi-directional. Rows, or portions thereof,
of display data are transferred back and forth between MPU 18 and
20 drivers 28 through row data serial interface 24. This transfer of
information allows ready access to the data for updates or
alterations. All data for display is transferred through row data
serial interface 24.
- Segment control interface 22 supplies commands to drivers
25 28. The correlation between segment control interface 22 and row
data serial interface 24 will be described later in conjunction with
Fig 3.
LCD timing generator 26 supplies timing signals for display
synchronization among the individual drivers of drivers 28. |
30 Fig. 2 shows the circuit of Fig.1 having the elements of LCD
drivers 28 broken out. LCD drivers 28 comprises backplane (or
row) driver(s) 30 (shown as a single driver for description
purposes in Fig. 2) and segment (or column) drivers 32 and 34.
Although only two segment'drivers are shown in Fig. 2, it should be
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segnent drivers in either direction at the clock rate, wherein the control
circuit 15 includes a pointer register for storing a first pointer

desi grating a begi nning of a portion of the data string to be witten
and a second pointer designating an end of the portion of the data
string to be witten, the control circuit being arranged for

controlling the interface circuit and the réw of segnment drivers such that
new display data is witten to the data string fromthe interface
circuit when the first 20 pointer indicates that the beginning of the

ortion of the ' %ﬁpg I Nt ' ' il the
gecolnd poi nt er %l_%ggg&??ﬂgﬁgpke end&o?ftsﬁg&%gﬁt%ﬁé&a&%ygég ?wé‘slcfgtn';“l
string has reach®TensIMilan tQdEivarsci? @ndwidr ARENCHRI YPep|tae Width efan be

i nput to the row@p) i1segnent drivers at either end of the row and can be
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Fig. 1is a gene]rna'iniu_%gglg%ﬁgnaétm%v%fa r?iigfgé)agir\fé\?gé&gﬁgéﬂcpg?g'old%ﬁ?{%%ﬂ
according 30 tcKihkinpiRe&rt WHEREPGMIZe that backplang-dpives 39 dadhene
schemati c of Fi grertidalodisplancontmoipfmrdr@B.12. Backplane driver 30 attivateshe

el ements of jighe FROBrA¢Ya2 HioRvBicta row of display bbth idtbed Schematic
of a LCD control)(her{driver wth a split screen LCDp Y accor?i ng to the

present inventi ayed
Backplane driver 30 is coupled to LCD timing generator 26.

Segment drivers 32 and 34 are both coupled to Segment

control interface 22, LCD timing generator 26, and bi-directionally
1S torow data serial interface 24. Furthermore, segment drivers 32
and 34 are coupled bi-directionally to each other.

The data ring mentioned in relation to Fig. 1 can be readily
seen in Fig. 2. Display data is input from row data serial interface
24 to segment drivers 32 and 34 through a one-bit bi-directional

20 serial line (38). Signal lines 36 from segment control interface 22
input control signals to segment drivers 32 and 34. The display
data can be shifted from one segment driver to another, updated by
MPU 18, or displayed on LCD 12.

Fig. 3 shows the elements of segment driver 32, as well as

25 the relation between segment driver 32 and segment control
interface 22 and the other elements of data ring 38.

Segment driver 32 generally comprises timing logic 40
coupled to LCD timing generator 26, control logic 42 coupled to
segment control interface 22 via 8-bit bus lines 36, high voltage

30 drivers array 44 coupled to LCD 12, display data latch array 46
coupled to timing logic 40 and high voltage drivers array 44, and
random access memory (RAM) 48 coupled to display data latch
array 46. RAM 48 is further coupled to timing logic 40, and to
control logic 42. Segment driver 32 also comprises shift register



35 Fig. 5 shows the data transfer between screens on a split screen

LCD *according to the present invention. Fig. 6 is a
schematic of the control circuit of Fig. 2 according to the present
i nventi on. 3-

Fig. 7 is a schematic of a sequential wite gperation according to the

pr esent I nventi on. Detail ed
Description Fig. 1 shows a LCD controller/driver 10 coupled to a
LCD 12. LCD 5 controller/driver 10 conprises a segnent control interface

22, a row data se&0 @hich is doupeéd aeecotdroR1ddib 42, RAY 4B HPAliBkedwithid LCD
drivers 28. Segm=t te&&%t'riﬁé 3 I nterface 22, row data serial interface

24, and LCD tim ng genera r.826, whi ch enerates the timng signals,
are shown as part of BAM GBolschifiomes high PY(U%.&"@N‘U& Similarly,Gsmitf £ ol

circuit 20 is cogpgesterdsd odmprag datanates sy 46] and MRYH vafagei dfvers
S array 44 are 160 bits wide, When two segment drivers are
cascaded as with segment drivers 32 and 34, LCD 12 may be 320
bits wide. The present invention does not contemplate specifically
limiting the number of cascaded segment drivers within the data
ring to two. The limit of number of segment drivers is dependent
10 uypon the size of horizontal loop size register (described _
| subséquently). The present embodiment, a 10-bit loop size, is used
allowing up to six segment drivers to be cascaded.

Display data is received by shift register 50 from the data
ring 38. Shift register 50 may input the display data into RAM 48

15 or shift it on through data ring 38. The transfer of the display data
from shift register 50 to RAM 48, is controllied by the control
signal from segment control interface 22 as indicated by line 52.
As soon as display data in data ring 38 is in its designated
position, MPU will direct all segment drivers, through control logic

20 42, to fetch the display data from shift register SO to RAM 48.

The control signal from control logic 42 also governs the row
of data shifted from RAM 8 to display data drivers array 46 in
conjunction with timing signals from timing logic 40. Data latched
in display data drivers array 46 will be clocked into high voltage

25 drivers array 44, and subsequently displayed on LCD 12.

' Just as the MPU can direct control logic 42 to fetch display
data into RAM 48 of the segment drivers, the MPU can also direct
control logic 42 to retrieve display data from RAM 48 into shirt
register 50. This brings display data back into the data ring.

30 Display data which is retrieved into data ring 38 may be amended,
replaced, or transferred to another sci‘een.

LCD controller/driver 10 may be coupled to a split panel LCD
incorporating LCD 12 and 13 as shown in Fig. 4. Fig. 4 shows a split
panel having LCDs 12 and 13 coupled to segment drivers 32/34 and



10 is not shown but indicated by nunber in Fig. 1. Since controller/driver

10 i s used for LCD graphic control, information is transferred back
and -f ort hbet ween i nterfaces 22, 24, and 26 and MPU 18. VPU
18 sends timng signals to LCD timng generator 26, and sends segnent

control signals to interface 22. Information may be transmtted both 15
ways between MPU 18 and row data serial intdface 24.

Information is relayed both ways between LCD drivers 28 and row data
serial interface 24. Row data serial interface 24 is a serial

interf whi ch | gk i ql, i t
drivers 28 and NEO 18 *&“&&é‘?ﬁﬁﬁt%ﬁgﬁ??"a%rg'f‘&& R
I

18, _ poi nt
screen w dth def idﬁi\fqroﬁ,g- IR HeAC IYRFS éé‘t%ﬂ%ésd%ﬁ@% covRledno MCU  As
Wi Il be further @dscin tleid émbedimenty toed docnes imelkei up ehé data 24n@ndnedsepded

segment drivers 3persQRAtRdebmendidPerdasa dndnSa iR LA olfbA 640w I 1
the data ring 1S bidirectional. Rows,_or p I gns thereof, of 'display
data are tran3f epggaates W‘L’&éﬁgm‘?@tfq{r“f?'rsoé?\ﬁé’gﬁg%%efgr%ﬁ% 82FDdPaP 28
t hrough row dat aoperatds indepehdert I95f the otiiers Howagérrbath Toupsrmalyiben
al l ows ready acceggnbetdd'fhtds %irit_ﬂ'é AR a%rshown_iﬁlFtiﬁ.r Stﬂép 3th SWitdpta
for display is transferred.,thr ..rgvd)%g erial interfac g' )
Segment cont r ol Pﬂam%‘é‘aéwﬁé F-’l‘(eg o n(?"énf% dgte forke gisplayed is
correl ati on bet wedreasygstareddontheoR AtMmTettfeasegentddivesywitiaheredsial
interface 2410 meird oberalaserHQdudtal it v dbrtQitirBREdt 88nkd b theSeginemO
LCD timng gener gl Rlor? st RBd S5pd LI E19B8Ept Ut & PR IAm. MPU 18 can
cause the data from the RAM of the segment drivers for one screen
to be fetched into the data ring. MPU 18 then has PCL 60 couple the
loops for upper and lower screens together and the data is
1> transferred directly from the segment drivers of one screen to the
segment drivers of the other screen. Although Fig. S5 shows a uni-
directional data flow, it should be recognized that the data ring is
bi-directional, or the data can be transferred both ways. Further,
data can be injected into the bit stream as the data is being
20 transferred from one screen to the other. This method of
' transferring data from screen to screen is faster than conventional
methods and reduces the burden on the MPU.
The control of display information is understood by
referencing Fig. 6. A control circuit 20 is coupled to a horizontal
2S5 loopsize register 62, a horizontal pointer register 64, a horizontal
pitch register 66, a mode and attribute register 68, and a status
register 70. Control circuit 20 receives signals from all registers
except status register 70 where control circuit 20 inputs status
signals to status register 70. Control circuit 20 outputs to
30 parallel to serial converter 72. Information from parallel to serial
converter 72 is output either directly to data ring 38, or to PCL 60.
From PCL 60, information is output to dataring 38. Transfer of
information between parallel to serial converter 72, PCL 60, and
data ring 38 is bi-directional. '



synchroni zati on anong i ndividual drivers of drivers 28. Fig. 2
shows the’circuit of Fig. 1 having the elenents of LCD drivers 28

broken out. LCD drivers 28 conprises backplane (or row) driver(s) 30 (shown
as a single driver for description purposes in Fig. 2) and segnent (or
colum) drivers 35 32 and 34. Although onIy two segnent drlvers are shown
in Fig. 2, it should be 4
under st ood t hat any nunber of segnent drlvers may be coupled in series
simlar to drivers 32 and 34, depending upon the w dth of : LCD 12.

Backpl ane driver 30 i 5,pafAketatlerisy CMYertBE I FRAELG 8% Pty to MPU 18
to receive display data. Similarly, horizontal loop size register 62,
horizontal pointer register 64, horizontal pitch register 66, mode
and attribute register 68, and status register 70 are all coupled

S directiy to MPU 18.
Horizontal loop size register 62 stores the value representing
the number of bits of the cascaded shift registers in data ring 38.
The value should be (Sn X Sb) -1 where Sn is the number of shifter
registers cascaded together, and Sb is the width of the shift
10 registers in bits. For segment drivers 32 and 34, the value would
" be (2 X 160 )-1 since the numbering begins with zero. Horizontal
loop size register 62 controls the number shift clocks per
operation.
Horizontal pointer register 64 latches two horizontal
1S pointers which make up a boundary within the (Sn X Sb) - | loop.
The pointers are called left and right pointers, but the pointers are
interchangeable. The pointers define the area within the entire
loop wherein MPU 18 will alter, amend, or repiace display data.
Display data within the data stream in data ring 38 that is not
20 bounded by the two pointers ( data within the pointers termed
active region and data without termed inactive region) will remain
unchanged by MPU 18,
Horizontal pitch register 66 dictates the width of string of
bits that will be altered by MPU 18 within the active region of the
25 entire data stream.
rMode and attribute register 68 directs the type of operation;
that is whether the operation will be a sequential write or
sequential read operation, as well as one-shot insert or replace.
Mode and attribute register 68 also directs the attributes of the
30 display screen. In other words, mode and attribute register 68
directs the type of background (white on btack or black on white),
controls superposition, highlights, etc.
Status register 70 contains the current status of row data
serial interface 24, and registers several flags. A first flag, if



5 80 high voltage LCD driving signals. Backplane driver 30 supports a

mul tiplex*ratio of 32 to 256. Backpl ane driver 30 can be cascaded I n
mul tiples to achieve a higher driver count than 65. One having skill
in the art will recognize that backplane driver 30 is the verti cal

di splay control for LCD 12. Backpl ane driver 30 activates 10 the row of
LCD 12 into which a row of display data is t8 be di spl ayed.

Backpl ane driver 30 is coupled to LCD tim ng generator 26. '

Segnent drivers 32 and 34 are both coupled to Segnent control

interface 22, LCD timn enerator 26, and bi-djr [ | dat a
serial interf acesﬁh.‘nﬁﬂg?t%esrﬁﬁer g,a{%&ﬂﬂalﬁ Cﬁ?ﬁe\?glysﬁgg gath é‘i‘r{i‘r’%gﬁﬁw
coupl ed bi - di rect Baraml agcass Hae Shiitheagisters. The secam fiag, df r9edg Shewtsi oned
o 5151100 L0 PG chrr SR 699MIA the acagEr et Aty Aaplaiyetid

| e, . S nt _driver n
t hr ough a one- bi 87 &v_eafﬂp&piagd‘éﬁppfﬁedggrqoﬁzwt%é p?g%rég&'i%éﬁﬁl%$i ’:{2@%5 from
segment cont ral fragemherechear, indigaiggtthesntis alo enafigalian eerreagheperdedver s
32 and 34. The db@pb@yow dat8akpiHamtberade pged from one segnment driver to

Shows ¢ he- ol enent 5 ofCGRIRLAETAIP AT AP EXR(RrRR ot fepiceq zs rgilqua P
bet ween segrment dBisels BItand rgggmntﬁfﬁtmbwriting values into horizontal

pointer register 64. These register values are continuously

10 compared with the number of bits shifted. Once the bit position
marked by a pointer reaches the parallel to serial converter 72,
PCL 60 changes paths accordingly to included the parailel to serial
converter 72 into the loop. The loop does not stop after the number
of cycles specified by horizontal pitch register 66 is reached. If a

15 sequential operation (i.e. sequential read or sequential write) is
selected, the loop will stop for MPU 18 access. If a one-shot
replace is selected, the loop will not stop, only PCL 60 will switch
paths to exclude the parallel to serial converter 72 from the loop.
If a one-shot insert is selected, the loop will continue to advance

20 and parallel to serial converter 72 will continue in the loop. Once
the bit position marked by another pointer reaches parallel to
serial converter 72, parallel to serial converter 72 will be
excluded from the loop. Loop advance will stop since the bits
marked by pointers will have returned to their original positions,

25 To explain a3 sequential operation in detail, Fig. 7 shows a
graphical representation of a sequential write operation. In a), the
data stream of one loop is shifted around through PCL 60. Further,

- the active region is defined by the left and right pointers as

latched in horizontal pointer register 64. New information which

30 will replace the display data in the active region is latched in
parallel to serial converter 72. When the location of the left
pointer reaches parallel to serial converter 72 (b), the link from
the data ring 38 to PCL 60 is terminated and information within
data ring 38 is connected directly to parallel to serial converter



interface 22 and the other elenments of data ring 38. Segnent
driver 32 ‘generally conprises timng |ogic 40 coupled to LCD timng
generator 26, control |ogic 42 coupled to segnent control interface 22
via 8-bit bus lines 36, high voltage 30 drivers array 44 coupled to LCD
12, display data latch array 46 coupled to timng logic 40 and high
vol tage drivers array 44, and random ac®ess nenory (RAM 48 coupled to
di splay data | atch array 46. RAM 48 is further coupled to timng |ogic
40, and to control logic 42. Segnent driver 32 also conprises shift

register 72. Parallel to serial converter 72 is then coupled to PCL 60. In c),
the location of the ieft pointer has been wrapped around through
PCL 60 and the new information (W) has replaced the old (Z). At
this time, the flow of data ring 38 halts to allow MPU 18 to write
S new information to parallel to serial converter 72. The procedure
continues (d) until all the display data in the active region is
altered as required and the active region returns to its original
shift register SO (e). A control signal then directs control logic 42
to fetch the altered display data from shift register SO to RAM 48,
10 The pointers mentioned above are not limited to the system
described. The pointers may be used with any system where serial
write and serial read operations are performed on a data stream.

The above described LCD controller/driver 10 facilitates
quick and easy alterations of rows of display data within segment

15 drivers. Further, the pointers readily define the active region and
facilitate quick and efficient data stream alteration.

Thus there has been provided, in accordance with the present
invention, data stream pointers for a LCD support system that fully
satisfies the objects, aims, and advantages set forth above. While

20 the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives,
madifications, and variations will be apparent to those skilled in
the art in light of the foregoing description. Accordingly, it is
intended to embrace all such alternatives, modifications, and

25 variations as fall within the spirit and broad scope of the appended
claims. -



50 which is coupled to control logic 42, RAM 48, and |lin
data ring *38. RAM 48 is N rows high by 160 bi sTp(ychq_,tﬁlmé BEEN
shift - regi ster 50, display data |atch array 46, andjhi gh yok{f8ep
drivers 5 array 44 are 160 bits w de. Wen two segnent _

cascaded as with segnent drivers 32 and 34, LCD 12 may be 320 bits

within { he:

wi de. The present invention does not contenplpate specifically T limting T

t he nunber of cascaded segnent drivers within the data ﬂ‘hm&e&ma&wnkeﬁ

The limt of nunber of segment drivers is dependent 10 wupon t’ml gmH m ,’

hori zontal |oop size register (described subsequently). H;
enbodi nent, a 10-bit | oop size, is used - al lowing up to siXx se
drivers to be cascaded. ' Di spl a@-@df@ is received by shift
regi ster 50 fromthe data ring 38. Shift register 50 may input the
di splay data into RAM4,.8, or shift it on through data ring 38. The
transfer of the dlspla gata fromshift register_.50 to RAM 48, is

controll ed by the cont‘r dn a systegp grharer 3 skAigg taGiR )} Biayi bg gpedce 22 as
i ndi cated by |inaep2atedly, aiv morthorasotithldaya darimg magadenaltengddy as in

Its desi Joat od o censPapEbhebn dFsl e o a%ﬁagi tp%{:e§§i%g%r}$1tQHP\(ﬁr(s18),t feuan
RAM 48. data string coupled fo a r1 U 1nterface device such as, t not
S limited to, a parallel-to-serial converter (72), and the data string
further coupled to a logic circuit (60) for controlling the path of
flow of the data string, the MPU interface device and the logic
circuit for controlling the path coupled to a pointer register (64), a
method of designating an area within the data string to be altered
10 whereby ather portions of the data string are ignored by the MPU,
the method comprising the steps of:
designating a beginning and an end of the location of the
portion of the data string to be altered;
-storing In the pointer register a first value
15 representing the beginning of the portion of the data string to be
altered;
_ storing in the pointer register a second value
representing the end of the portion of the data string to be altered;
storing a new bit of data in the MPU interface device;
20 clocking the data string through the logic circuit until
the location represented by said first value is reached,
shifting the new bit of data from the MPU interface
device into the data string;
shifting a first bit of the data string out of the data
25 string through the MPU interface device;
clocking the data string another bit;
storing another new bit of data in the MPU interface
device;
shifting the other new bit of data from the MPU
30 interface device into the data string;

*CLHS*&_
{



The control signal fromcontrol logic 42 also governs the_ row of data

shifted from RAM 8 to display data drivers array 46 in THIS § I _;JIILL :
with timng signals fromtimng logic 40. Data |atched |£FW%?a
drivers array 46 will be clocked into high voltage 25 Haivers 44,

and subsequently displayed on LCD 12. Just as the MPU can direct
control logic 42 to fetch display - datatiinto RAM 48 of the segnent

drivers, the MPU can al so direct control logic 42 to retrieve display
data fromRAM 48 into shift regi ster 50. This brings display data back

i nt obt he olaéI adri ng. 30 P§ﬁ|@Yngj§ts%cWﬂhQﬁtio$ tpetda'tevsﬁeliﬂgﬂb@t dittherddtg 38
my e anended, I ac (0) r. rre QL er Screen.

LCD control | er/ drivid ﬁ@-@d%@gﬁgﬁggﬁfa&ea&%?f?&ﬁ nel LCD

i ncorporating LCD 12 and 1Bepeatim@wnejaBore gtens bpginningRoom thespten of
panel having LCDs1dcRirithelddt# etdingtariodneeBMendr stihseeyiuen8ddit4 uabi the

35 location represented by said second value is reached.
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6 33/ 35 respectively. LCDs 12 and 13 are both coupled to backpl ane:
driver 30. Segnent drivers 32/34 and 33/35 are coupl ed %ﬁﬁ

thi s- enbodi ment, two | oops make up the data ring. One | E‘"S SHEEF SaBéEN
wi th segnent drivers 32 and 34, while the other loop 5 or JRERL

segnent drivers 33 and 35. Generally, each | qop oper at es |ndepenaen
of the other. However, both | oops nay be 12 connected into a singl e data
ring as shown in Fig. 5 by path switch - and conbi national |ogic (PCL)
60. Since data to be displayed is al ready stored in the RAM of the
segment driveg, if there is a 10 neans of transferring data between

di fferent banks of the segnent driver, MPU 18's supervision can be
kept at a m némum MPU 18 can cause the data fromthe RAM of the
segnment driveBs for one screen Abdtoabeof éhelfBdcioguret he data ring. MPU
1 8 then has BCL 60 couple the | oops for upper and | ower screens

Looet her and kpe 02t fod Bk EAREh A ee SLDTEL Y et ari Uit
Fig. 5 shows & umnable quick and easy data alteration and shifting. The
7 controller/driver couples cascaded segment drivers (32, 34) to a
8 row data serial interTace (24) which links the drivers with a
9 control circuit. The cascaded segment drivers coupled to the row
10 data serial interface define the bi-directional data ring. Display
11 - data input into the segment drivers may be altered by shifting the
12 data into the data ring.and transmitting such data to, or through,
13 other segment drivers and to the row data serial interface, where
14 the data is altered by inputs from the control circuyit. The control
15 circuit is further coupled to a horizontal pointer register (64). The
16 horizontal point register has latched, from instructions from the
17 MPU, two locations within the data stream of the data ring. These
I8 pointers define the boundaries of the area (active region) to be
19 amended or replaced by the MPU.
20

Fig. 2 accompanies this abstract.
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directional data flow, it should be recognized that the data ring is

bi directional, or the data can be transferred both ways. Further, dat a
can be injected into the bit streamas the data is being 20 transferred
fromone screen to the other. This nmethod of transferring data from
screen to screen is faster than conventi onal met hods and reduces. the
burden on the MPU. The control of display information is
under st ood by referencing Fig. 6. A comkrol circuit 20 is coupled to a
horizontal 25 | oop size register 62, a horizontal pointer register 64, a
hori zont al pitch register 66, a node and attribute register 68, and a
st at us register 70. Control circuit 20 receives signals from al

regi sters except status register 70 where control circuit 20 inputs
stat us signals to status register 70. Control circuit 20 outputs to 30
parallel to serial converter 72. InformatTOn18rom parallel to serial

converter 72 is output either directly to dgta ring 38, or to PCL 60.
From PCL 60, information is output rfrfkﬁ1r1:+mréEF—TTansfer of
i nformation between parallel to ser|ialy convgrter 2} PCL 60, and dat a

ring 38 is bi-directional.

26) |24 | 22 -~ 21

I 4 |
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7 Parallel to serial converter 72 is coupled directly to MPU
18 td receive display data. Simlarly, horizontal |oop size register
62, * hori zontal pointer register 64, horizontal pitch register 66, node
and attribute register 68, and status register 70 are all coupled 5

directly to MPU 18. Hori zontal |oop size register 62 stores the
val ue representing t he nunber of bits of the cascaded shift registers
in data ring 38. The val ue should be (§§ X Sb) -1 where Sn is the
nunber of shifter regi sters cascaded together, and Sb is the wi dth of
the shift 10 registers in bits. For segnent drivers 32 and 34, the val ue
woul d be (2 X 160 )-1 since the nunbering begins with zero. Horizontal
| oop size register 62 controls the nunber shift clocks per
18
A
y ¥ y
22| |24| |28]|] =2
[}
6
3\ _
38
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Iy 32 34
38
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operati on. Hori zontal pointer register 64 |atches two horizonta

15 pointérs which make up a boundary within the (Sn X Sb) - | | oop.

The pointers are called left and right pointers, but the pointers are

i nt erchangeabl e. The pointers define the area within the entire- | oop
wherein MPU 18 will alter, anend, or replace display data. D spl ay
data within the data streamin data ring 38 that is not 20 bounded by the
two pointers ( data within the pointers te[ﬂfd active region and data
wi thout terned inactive region) will remain unchanged by MPU 18
Horizontal pitch register 66 dictates the width of string of bits that
will be altered by MPU 18 within the active region of the 25 entire data
stream Mode and attribute registerT@81§irects the type of
operation; that is whether the operajion w]l be a, sequential wite or
sequential read operation, as well as onefshot ihsert of replace. Mode

and attribute register 68 also directs fhreattrTToutes or— he 30 display
screen. In other words, node and attribfite regi $er 68 -J directs the
: controls

type of background (white on black or b —
superposition, highlights, etc. Statup regisfer 70 contains the

current status of row data 16
26 —>{ 40 —

22—1—’ 42
36 48

52
|
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serial interface 24, and registers several flags. Afirst flag, if

8 - 8et, indicates the data ring is currently halt data shifting and
MPU  # 18 can access the shift registers. The second flag, if set, shows
the current bit is within the active region. Athird flag is set when

an overfl ow has happened in horizontal pitch register 66. A fourth 5 flag,

when clear, indicates there is no operation currently carried out by
row data serial interface 24. []?@Iay data in RAM 48 is altered
or replaced as follows. MU 18 sets left and right pointers by witing

val ues into horizontal

% . 38
33/35
38
11 [z L
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3
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poi nter register 64. These register values are continuously 10 conpared

wi th the hunber of bits shifted. Once the bit position mar ked by a

poi nter reaches the parallel to serial converter 72, PCL 60 changes
pat hs accordingly to included the parallel to serial converter 72 into
the | oop. The | oop does not stop after the nunber of cycles specified
by horizontal pitch register 66 is reached. If a 15 sequential operation
(i.e. sequential read or sequential wite) sss sel ected, the | oop will
stop for MPU 18 access. |If a one-shot replace is selected, the | oop
will not stop, only PCL 60 will swtch paths to exclude the parall el
to serial congerter 72 fromthe | oop. If a one-shot insgert is

sel ected, th | coptipue-to—afvance 20—and—parallelYto sedia
converter 72imﬁ|| :am" in the | oof.Z ke the Ri it
by anot her pot _ —— SerTarTom

to serial converter é& excluded fromthe | oop. Loop advance
will stop since the nmarked by pointers will have returned to

their original positions. g5 To explain a sequential operation in
detail, Fig. 7 shows a graphi cal representatio quengyﬁngfite
operation. In a), the data stream of one | oop i a arOu
t hrough PCL 60. Further. the active region is defined by the left and
right pointers as | atched in horizontal pointer register 64. New
i nformation wpch 38
. 3\ y L
Wj—{2|X uly I
60_,
-

L
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30 -’_wiJ_I_ replace the display data in the active region is |atched in

parall el to serial converter 72. Wen the | ocation of|[T] I%TEEW

reaches parallel to serial converter 72 (b), the link|f HACEMENT; RH

ring 38 to PCL 60 is term nat ' [ it hi '
g r ated and inforpggtion wthi Date-ﬂ%aSEPr

connected directly to parallel to serial nverter
Parallel to serial converter 72 is then coupl ed to PCLC 60. Tn c), ~the
| ocation of the left pointer @gw\ : TH:;lrough PCL 60

and the new information (W ha

Abstract of the Disclosure

A LCD controller/driver utilizes 3 bi-directional data ring to
enable quick and easy data alteration and shifting. The
controller/driver couples cascaded segment drivers (32, 34) to a
row data serial interface (24) which links the drivers with a

g control circuit. The cascaded segment drivers coupled to the row
10 data serial interface define the bi-directional data ring. Display
11 data input into the segment drivers may be altered by shifting the
data into the data ring and transmitting such data to, or through,
13 other segment drivers and to the row data serial Interface, where
14 the data is altered by inputs from the control circuit. The control
15 circuit is further coupled to a horizontal pointer register (64). The
16 horizontal point register has latched, from instructions from the
17 ™MPU, two locations within the data stream of the data ring. These
18 pointers define the boundaries of the area (active region) to be
19 amended or replaced by the MPU. ' '

20
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Fig. 2 accompanies this abstract.



this tire, the flow of data ring 38 halts to allow MPU 18
i nformation to parallel to serial converter 72. The proce Lﬁ%PLACEMENTSHEET

continues (d) until all the display data jn the active region i 7
altered as required and the active regi or11returns to its 'PQJ? 59'3 DEC. X9

shift register 50 (e). A c§y) trof—togic 42
to fetch the altered display 'gg[Sﬂr ms% ?F reg |ster to RAM 48. 10

The pointers mentioned above aB%Clq&wundrﬁftﬁw Wﬁﬁ'@l‘syst em - descri bed.

The pointers mehip m%ﬂwélﬂteanm ¥RéRl e thPsupport uMit fér Badider i al
read operations_are pﬁe&ﬁg} on agdata stre?alﬂﬁ UPPO The (gboveds
descri bed crystaldisplays river 10 facilitates qui ck and easy

?Iht er agi ?ns of lrxadmafda btdxgrd phit supﬂurn eqamelrﬁo cEUinplidfatET& 1D feontiodlers.
e pointers efl.ne ctive n Cl e quick and
ef ficient %@5 ZWG(Q; ETADYER O fHor)) Screens efﬁage %%F%O%a naé% p?ow ded,
in accor d@onvenhbhal maiavuces mcreasednm munbent at\sgraqzlucspmampuhﬁmt a

LCD suppo S&,g@%is ft aEé' hj‘%\?.le of @%rﬁéhﬁﬁ driingtd. f:e% thRe Hgamaﬁﬂ lgtOJe

advant age orfh above I nventi as been descr.i
conj unct | @ewen alse jnoenses. Powerdminiingnt thﬂléwmblemw deA ip part ﬁé

al ter 4gt | Yhand held BR&ONE@! dé¥ige dRivenY pd Wéifb‘ioi@d in b&ttéries " Biithbfmbhe)s e
skilled in in Light of t fore rlpt on. Accordlngly,
s SineptekChupmar EVines reu%ﬁoeaﬁrs B 48N ang
hand-held units which are constantly decreasmg m 31ze
An additional trend in the electronics market is increasing the speed of the
device and increasing the device's capability. The capability of the device is often
15 dependent upon the load on the micro-processing unit (MPU). If high speed
support elements can perform many of the functions normally required of the
- MPU, the MPU will be freed up to perform more advanced functions.
~ EP-A-0 409 030 discloses a method of altering a string of data in a
recirculating shift register of a LCD controller/driver circuit having cascaded
20 segment drivers coupled to a row data serial interface which links the
recirculating shift register and the drivers with a MPU. Display data input into
the segment drivers may be altered by recirculating data through the other
segment drivers to the row data serial interface, where the data is altered by inputs
from the MPU. '
25 EP-A-0 055 676 discloses a LCD circuit having a recirculating shift register
having serial input and output terminals for receiving and generating binary data
- in bit serial format and a plurality of intermediate parallel output terminals for
coupling display data to the LCD. Display data is loaded into the shift register
during a display update mode and recirculated for display by the LCD during a
30 data refresh mode.
' However, in both these systems, the data is circulated through the shift
| register in one direction only, so that it must be output at the other end of the
register from that at which it was input. |
In "Motorola Technical Developments”, Vol. 6, No. 1, October 1986, pages
35 51-52 published by Motorola, Inc. in Schaumburg, Illinois, USA, there is disclosed
a processor which supports bitfield operations by using two pointers defining start
and end positions for field insert and extract operations.

Summary of the Invention



25 wvariations as fall within the spirit and broad scope |pf n ’
ol ai e, i P ng ﬁemﬁ‘*%“
I

C ai ns 1. A Liquid Crystal Displ (LCD) control ng i
circuit for a LCD havi ng a pl urallty¥of di spl ay seg rﬂi‘eﬂf¥ B.Qe ............. _

I 400, ey 5B BenshICbASAAE 108 oyl gl )

segment dr¢ordrellercanch dsivgmsincuitrfoy erLGP %myns @ plusplityof displayr segmeents,the

display  ciriiif @8RiPristhg:d'Bohtrbl Litct in@ulhify & RRRES biplardlityRifaegaraitent ;
drivers coupled together in series to form a row of segment drivers, each segment

5 driver being for coupling to a respective display segment of the LCD to drive the

respective display segment; a row data serial interface circuit coupled between the
row of segment drivers and the control circuit for providing an input to the
segment driver at an end of the row of segment drivers and for receiving an
output from a segment driver at an end of the row of segment drivers,

10 characterised in that each segment driver comprises a bidirectional shift register,
the row of segment drivers and the interface circuit providing a circular
bidirectional data path for the display data such that display data is shiftable in a
data string from one segment driver to the next segment driver in the row of
segment drivers in either direction at the clock rate, wherein the control circuit

15 includes a pointer register for storing a first pointer designating a beginning of a
portion of the data string to be written and a second pointer designating an end of

~ the portion of the data string to be written, the control circuit being arranged for
controlling the interface circuit and the row of segment drivers such that new
display data is written to the data string from the interface circuit when the first

20 pointer indicates that the beginning of the portion of the data string has reached
the interface circuit until the second pointer indicates that the end of the portion
of the data string has reached the interface circuit, whereby the display data can be
input to the row of segment drivers at either end of the row and can be output

from the row of segment drivers at either end of the row to the interface circuit.
25 The above and other features and advantages of the present invention will
be better understood from the following detailed description taken in conjunction
with the accompanying drawings.
Brief Description of the Drawing
Fig. 1 is a generalized schematic of a LCD driver and control unit according
30 to the present invention.
Fig. 2 shows the schematic of Fig. 1 broken into components.
Fig. 3 shows the elements of the segment driver of Fig. 2.
Fig. 4 is a schematic of a LCD controller/driver with a split screen LCD
according to the present invention.
35 Fig. 5 shows the data transfer between screens on a split screen LCD
according to the present invention.
Pig. 6 is a schematic of the control circuit of Fig. 2 according to the present
invention. |




a row data serial interface circuit coupled between th E@‘y Eﬁﬂ%ﬂl’f'ﬂt’n Y

grivers and the control circuit for providing an input L he segnen

river at an end of the row of segngt drivers andif [ rﬁcyﬂﬁmm
E%e

output froma segnent driver at anehd of the row

h i sed
Fegioter. the Fokof 3 SQTnREERF B e dhiai Al REEF bbaifich Rty (i pRit |
15 circulimvemtidinc ecti onal data path for the display data such that display

data is shiftable in a data segnent driver to the next
segnent driver in t he row of ﬁétéﬂw eg&eﬂsn

n ei r ction at
the clock rat e Figilethaws a LCD contro e:g IWMQQUP@?#&NL&]S@P tﬂ@ aI poi nt er
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segment control signals to interface 22. Information may be transmitted both
15 ways between MPU 18 and row data serial interface 24.
Information is relayed both ways between LCD drivers 28 and row data
serial interface 24.
Row data serial interface 24 is a serial interface which supports high speed
serial bits transfer among LCD drivers 28 and MPU 18, pointer functions, variable
20 pitch selection, screen width definition, and other serial data handling functions.
As will be further described later, row data serial interface 24 and cascaded
‘segment drivers are connected to form a data ring where the data flow in the data
ring is bi-directional. Rows, or portions thereof, of display data are transferred
back and forth between MPU 18 and drivers 28 through row data serial interface
25 24. This transfer of information allows ready access to the data for updates or
alterations. All data for display is transferred through row data serial interface 24.
Segment control interface 22 supplies commands to drivers 28. The
correlation between segment control interface 22 and row data serial interface 24
~ will be described later in conjunction with Fig. 3.
30 LCD timing generator 26 supplies timing signals for display
synchronization among individual drivers of drivers 28.
 Fig. 2 shows the circuit of Fig. 1 having the elements of LCD drivers 28
" broken out. LCD drivers 28 comprises backplane (or row) driver(s) 30 (shown as a
single driver for description purposes in Fig. 2) and segment (or column) drivers
35 32and 34. Although only two segment drivers are shown in Fig. 2, it should be



30 . -2, A LCD controller and driver circuit according to claiml1,

wher'ein the LCD conprises a split panel display haV|qg=a=paF¥=%ﬁ======?
screens, each screen having a plurality of display D@EEhﬁﬁEMEUTﬁMEEr
LCD controller and driver circuit further conprises [a pair %L

segnent drivers, each row being associated with a 35 re éb&ﬂ Jﬁi&ﬁﬂgnd
conprising a plurality of segnent drivers_ﬁggpled t ther—T1 11 Sertes,
each segnent driver being for coupling to a respective

- 11 - di spl ay segnent of the respective screen to drive the
respective display segnent, wherei n@aimsrow i s coupled to the row
data serial interface circuit via the segnent driver at each end of

the row whereby the t f t
1) A L1<\i\81dr8ryst§1 Dlspi‘]ay &-.CD) controller and driver circuit for a LCD

having a plurality of display segments, the circuit comprising:
5 a control circuit including a clock;

a plurality of segment drivers coupled together in series to form a row of
segment drivers, each segment driver being for coupling to a respective display
segment of the LCD to drive the respective display segment;

a row data serial interface circuit coupled between the row of segment

10 drivers and the control circuit for providing an input to the segment driver at
an end of the row of segment drivers and for receiving an output from a
segment driver at an end of the row of segment drivers,

characterised in that each segment driver comprises a bidirectional shift
register, the row of segmeht drivers and the interface circuit providing a

15 circular bidirectional data path for the display data such that display data is
shiftable in a data string from one segment driver to the next segment driver in
the row of segment drivers in either direction at the clock rate, wherein

the control circuit includes a pointer register for storing a first pointer
designating a beginning of a portion of the data string to be written and a

20 second pointer designating an end of the portion of the data string to be
| written, the control circuit being arranged for controlling the interface circuit
and the row of segment drivers such that new display data is written to the data
string from the interface circuit when the first pointer indicates that the
beginning of the portion of the data string has reached the interface circuit until
25 the second pointer indicates that the end of the portion of the data string has
reached the interface circuit,

whereby the display data can be input to the row of segment drivers at
either end of the row and can be output from the row of segment drivers at
either end of the row to the interface circuit.

30
2. A LCD controller and driver circuit according to claim 1, wherein the
LCD comprises a split panel display having a pair of screens, each screen having
a plurality of display segments and the LCD controller and driver circuit further
comprises a pair of rows of segment drivers, each row being associated with a
35 respective screen and comprising a plurality of segment drivers coupled
together in series, each segment driver being for coupling to a respective

* c L L] s *




drivers-and the interface circuit provide two independent circular

bidirectional 5 data paths for the display data. . A=FED
controller and driver circuit according to claim2, furt @(EPLACEM@HW
a path switch coupled between the two rows of segnent driivers S ¢ 9.
the control circuit whereby the control circuit control sithge 1] 9\% Ch
10 selectively conbine the two i ndepende_nh circul ar bi dikeetsofar dat a
paths into a single bidirectional circular data path.

display segment of the respective screen to drive the respective display

segment, wherein each row is coupled to the row data serial interface circuit via

the segment driver at each end of the row whereby the two rows of segment

drivers and the interface circuit provide two independent circular bidirectional
5 data paths for the display data.

3. A LCD controller and driver circuit according to claim 2, further
comprising a path switch coupled between the two rows of segment drivers and
to the control circuit whereby the control circuit controls the path switch to

10 selectively combine the two independent circular bidirectional data paths into a
single bidirectional circular data path.

I



