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puter Controlled Teletext (CCT)

INTRODUCTION

During the last few years, teletext has firmly established
itself in the domestic tv market" A major factor in this rapid
expansion has been the proven performance of the first-
generation teletext decoders. As the price of the decoder
board falls and its features improve, the size of the market
is expected to rise still further. The next generation of
decoders, known as Computer Controlled Teletext, CCT,
offers a range of improved facilities and is now available.

The UK teletext signal conforming to the orignal
BBC/IBA/BREMA specification of 1976 is known as lrvel
1 teletext. This is the first in a series of downward-
compatible teletext Levels from I to 5. Each level has
improved features in relation to the preceding level: for
exampie, pastel colours and more advanced graphics. To
obtain downward compatibil i ty, 'extension packets' or
' ghost rows' (invisible to first-generation teletext decoders)
wil l be transmitted in association with the normal Cata. The
extension packets wil l contain the extra information
required for the higher teletext ievels (Ref.l).

There are two basic categories of functions performed in
a teletext decoder. Firstly, there are the standard functions
fixed by the broadcast specifications which are always
performed in the same way; for example, data slicing and
sync generation. The second category consists of functions
that are liabie to differ significantly between different
customers and applications, for exampie the displayed
language.

The second-generation decoder distinguishes between
ti-rese two basic categories to allow, in a very cost-effective
nianner, much more flexibility in the facilities offered. The
fixed functions are performed by dedicated circuitry in the
ICs. The variable functions are performed in software by an
associated control microcomputer. This e ontrols the

European computer-controlled teletext chip, type
SAA5240, referred to as the EUR.O CCT. (EURO,
European, indicates that this IC is for 625-line operation.)

The EURO CCT based decoder is shown in Fig.l. This
example has storage for eight pages. It makes use of the
rapid advances in fabrication technology made since the
first-generation teletext decoders were designed. It
combines the functions and improves on the performance
of several chips used in the original decoders" A new Video
Input Processor (VIP2, SAA5230) improves the perfor-
mance of the decoder under poor signal conditions. The

Fig.1 The EURO CCT based decoder (8 pagel .



control microprocessor with associated memory uses the
12C (Inter-IC) serial data transfer bus (Ref. 2).

The system has improved display characteristics,
providing a non-interlaced display from an interlaced tv
transmission to reduce flicker. Also, a major improvement
in character shape is achieved by using a 12 X l0 dot
resolution ROM in place of the original 5 X 9 type.

The EURO CCT is basically a Level 1 decoder with some
enhanced features. One of these features is the ability to
capture the data required for all the planned levels,
although in its standard form it cannot display the extra
information. It does permit, however, facilities like linked

Fig.2 Sample EURO CCT generated te letext  pages:

a)  General  text  d isplay

pages, automatic display language switching, programme
service rows and telesoftware to be used when sufficient
additional resources are built into the decoder. This usually
means extra software in the control microcomputer.

Another feature of this type of second-generation
decoder which may become important is the ability to
capture data in full-channel mode, that is with teletext data
on all tv lines. This allows a high data transfer rate, (approx-
imately 600 pages/second) on a dedicated channel such as
satellite or cable tv or even on simple data distribution
networks.

From the user's point of view, access time to the

b) EURO CCT block diagram
c and d) Mul t ip le language opt ions



requi red page is  o1 'pr i rne importance.  in  th is  respect  the
abil ity of the L,URO CCT to search 1br up to four pages
simul taneously is  a real  advantage.  Also.  helpfu l  s tatus
nressages can be generated locally and displayed on a
separate row cither above or below the main text.

Sorne of ' the EURO CCT features are i l lust rated in  F ig.2
which shows four simulated pages displayed on a dontestic
receiver. In Fig.2a, the rnajor advantages of the systern are
l is ted in  double-height  characters us ing thc standard h igh-
resolut ion dot  d isp lay.  The status row is  avai lable fbr
Iocally generated ntessages and is shown beneath the niain
text .  F ig.2b shows a basic  b lock d iagram of  the EURO CCT
based decoder.  F ig.2c i l lust rates the fact  that  up to three
different languages carr be displaycd using the sanre EURO
CCT chip (prev iously  a change o1'TROM was necessary to
change language). In this case English, German. and
Swedish are shown. Howevcr .  a nrask programmed device
var iant  can be used to prov idc any thrce la t in-based
languages.  The languagc is  normal ly  automat ica l ly  se lectcd
by thc contro l  b i ts  in  thc page hcader.  More t l tan one
lar iguage can be d isplayed on a s ingle page,  however,  us i l lg
ghost  row t ransmiss ions,  as shown in F ig.2d.

A EURO CCT based te letexr  decoder can be bui l t  on a
s ingle-s ided pr inted c i rcu i t  board,  and indeed many
seturakers nray decide to incorporate the decoder in to the
nrain tv  board to rcduce costs.  EURO CCT al lows rnorc
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h a n d s e t

complex and sophisticated systems 1o be custorn built by
adding extra resources (hardware and software) while
mainta in ing a krw cost  tbr  the s i lnp le basic  decoder.

FIRST-CENERATTON LSI TELETEXT
DECODER

The block d iagrant  of ' the f i rs t -generat ion LSI  te letext
decoder wi th remote-contro l  handset  is  shown in F ig.3.  I t
consis ts  of  l2  ICs inc luding two for  the in f rared user-
control l ink normally positioned separately fronr the main
decoder board.  The basic  decoder tunct ions are per formed
b y :
. VIP (Video Input Processor) SAA-5030 a bipolar l inear

dcvice which provides serial data and clock derived fronr
the incorning vidco signal. It alscl arranges timing synch-
ronisat ion fbr  the rest  of  the decoder.

.  TAC (Teletext  data Acquis i t ior r  arrd Contro l )  SAA5040
a dlgital NMOS device which arranges the capture of

the requested page into rner l tory.  l t  is  a lso concerned
with the overall decoder control ar.rd writ ins user status
lnto melnory.

. RAM I K8 bytes of rnemory fbr page storage with
standard LSTTL c i rcu i ts  to prov ide an in tcr tace.
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. TROM (Teletext Read Only Memory) SAA5050 - an
NMOS device containing a ROM fbr generating
c'haracters irom a dot matrix and otler control
functions.

. TIC (Tlming Chain) SAA5020 an NMOS device
providing timing and addressing signals for the whole
decoder.

These components are nrounted on a single decoder board
that has sold in mill ions but is currently being replaced by
the new EURO CCT based decoder.

EUROPEAN COMPUTER CONTROLLED
TELETEXT (EURO CCT) BASED DECODER

A block diagram of the EURO CCT bascd decoder is shown
in Fig.4. The video processing functions are performed by
the VIP2, basically an updated VIPl, aithough the two are
not compatible. The EURO CCT effectively replaces seven
ICs in the first-gencration teletext decoder (TAC, TIC,
TROM, and four TTL interfaces). It does not include,
though, the remote-control command processing and status
functions, formerly carried out in TAC. These are now
required to be programmable and are therefore perforrned
in the contro l  microcomputer .

Standard static RAM is connected to the EURO CCT as
page memory. For a single-page decoder 1K8 bytes are
required but up to 8K8 bytes may be used giving up to
eight stored pages.

The control microcomputer is used to decode the
remote-control pulses from the infrared receiver. It also
controls the operation of the decoder and provides status
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messages- Depending on the particular application, the
microconrputer may also control other tv functions, for

examp)e tuning.
Tire interface between the microcolnputer and the

EURO CCT is  t l ' re  s tandard 12C bus.  Al though rnost  c lata
flow is l iom the nicrocomputer to the EURO CCT. the bus
is bidirectional so that, for example, data in the page
memory may be read by the microcomputer .

Vido Input Processor VIP2, SAA5230

The bipolar l inear lC VIP2, type SAA5230. perfonns most
of the functions of the VIP1, type SAA50-30, as shown in
Fig.5. However, each function has been redesigned to
inrprove perfornrancc and build on the operating experience
gained wi th VIPl .  In  par t icu lar ,  the data extract ion
function has been designed to avoid the use of any crit ical
components and it can be easily adapted to operate at
different data rates. There are two VIPI functions. f ield
sync integrator and signal quality detector, which are not
included in VlP2. These functions are now performed
digitally inside the EURO CCT chip.

The data detector of VIP2 finds the slicing level for
extracting the teletext data and compares it with the video
to obtain sliced data. The slicing level can adapt itself to
variations in data amplitude and to low-frequency
disturbances such as co-channel interference. while
remaining relatively unaff 'ected by echoes. data content, or
noise. An additional feature is that high-frequency losses in
the signal are compensated if necessary to obtain a greater
eye opening and to ensure better data reception.
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F ig.4 Block diagram of  the EURO CCT based decoder
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Fig.5 Video lnput  Processor VlP2 type SAA5230 block diagram

The clock regenerator takes in sliced data and generates
a clock in synchronism. It uses a continuous clock, derived
lrom a free-running crystal oscil lator, whose phase is shifted
in a feedback loop unti l i t is at the optimum point for
latching the data. A PLL is not used as it would take too
long to lock up; the present circuit wil l f ind the correct
clock phase before the end of the run-in. This type of
regenerator achieves less j itter than a tuned coil, with no
crit ically adjusted components and no possibil i ty of missed
clock cycles causing a loss of bit synchronisation.

The VIP2 contains a 6 MHz VCO which is the clock for
the character display. This clock is part of a PLL required
to synchronise the characters to the video; the PLL has
been designed to allow the display to be locked to a VCR
for status messages, etc. The chip includes a wide range
adaptive sync separator for this PLL. The separated sync is
also taken to the EURO CCT to perform field synchronisa-
tion of the display.

EURO CCT IC. SAA524O

A simplif ied block diagram of the 40-pin EURO CCT IC is
shown in Fig.6. It contains five major functions: t iming
chain. character generator, data acquisit ion, memory
interface. and 12C interface and control.

Serial data and clock signals from MP2 are input
through the TTD and TTC pins. and the appropriate data is
captured by the data acquisit ion function. It is then passed
to the RAM via the memory interface and supplied to the
character generator, which in turn provides RGB drive

outputs for the video stages of the receiver or monitor.
Outputs are also provided for blanking and contrast
reduction of the tv picture (BLAN and COR), together with
a monochrome text signal for driving a printer (Y).

Timing chain

Timing signals for the whole circuit are provided by the
timing chain function, which operates from a 6 MHz clock
F6 from VIP2. Line synchronisation with the incoming
signal is performed by a phase-locked oscillator in VIP2,
which is provided with a reference signal SAND from the
EURO CCT. A composite sync waveform, VCS from VIP2,
provides field synchronisation for the acquisition timing
and also the display timing when interlaced display is
selected. The display timing circuit generates a composite
sync waveform, TCS, which is used to drive the display
timebases via VIP2; alternatively this pin can act as an input
for a composite sync waveform to 'slave'the display timing
circuits. In summary, the main features of the timing chain
include:
o Operates fiom external clock, VIP2.
o Display format - 625 linesl25 rows/l0 l ines per row.
o Can generate interlaced or non-interlaced composite

sync.
. User-selected double-height is available.
. Line counter for acquisit ion is independent of display.
o Software control of data entry period; that is either

normal field flyback (lines 6 to 22), or all lines (full
channel).
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F ig .6  EURO CCT type SAA5240 b lock  d iagram

.  In te rna l  f ie ld  sync  in tegra tor .

.  In tc rna l  s igna l  qua l i t y  de tec tor .

. l n t e r t h c e s  w i t h  v l P 2  ( s A A 5 2 3 0 )  b u t  n o t  v l P l
(sAAs030).

Character generator

The ROM in the EURO CCT conta ins 128 characters.  eacl r
s to red  as  a  ma t r i x  o f ' 12  do l s  ho r i zon ta l l y  and  10  do ts
ver t ica l ly .  leading to bet ter  d isp lay appearance and greater
legib i l i ty  than was previously  the case.  The 128 characters
are selected by character  adCress decoding and the ten l rnes
by ROM line address decoding. The ROM is accessed once
per microsecond providing I 2 outputs corresponding to the
l f  dots in  cach l ine o l 'a  character .  A 64ps rate s ignal  l ionr
the t iming chain c locks the l ines per  row counter ,  which
normally divides by ten (except when doubie-heig-ht is
selected) .  Thc counter  output  is  used to select  the appro-
pr iate l ine of  12 dots in  thc ROM.

The outputs f rorn the character  generator  are R,  G.  B,
BLAN. COR, and Y,  as shown in F ig.6.  The Y output  is
act ive for  the character  foreground only,  rcgardlcss of
colours. and does not contain the flashing function.
Bianking s ignals lbr  the tv  p ic turc are suppl ied through the
BLAN pin being combined dot .  box.  and l -u l l -screerr
b lanking.  Al l  the character  gencrator  output  p ins have thc

6

open-drain configuration. making rnany di l ' f 'erent inter-

t 'acing arrangements possible.

The nrain features of t l ie character generatclr are:

o  D isp lay  is  based on  l2  X  l0  do t  mat r ix .

a  ln te r laced or  non- in te r laced under  so f tware  cont ro l .
.  Ser ia l  a t t r ibu tes  on ly
.  I  28  a lphanurner ic  charac ters .
o  . l  na t iona l  charac tc r  se ts  ( in i t ia l l y  Eng l is l r .  Gernran ,  and

Swedish ;  see  F igs .2c  and 2d . )
.  6  loca t ion  aux i l ia ry  charac ter  se t .
.  R G B  a n d  Y  o u t p u l s  o p e  n - d r a i n  ( t r u e  p o l a r i t y ) .

.  BLAN (b lank ing)  and COR (cont ras t  re 'duc t ion)  o t t tnL t ls

are  open-dra in .
o  Y  ou tpu t  to reground co lour  on ly .
o  [ r lash ing  is  inh ib i ted  f ro r l  Y  ou tpu t  ( lb r  p r in te  rs ) .
.  BLAN outpu t  i s  conrb ined c l ta rac ter ,  box .  and f  u l l -

sc reen b lank ing .
o  COR outpu t  a l lows cont ras t  reduc t ion  to r  supenr r rpose

or  boxes  (so f twar .e  cont ro l led) .
o  Doub lc -he igh t  charac ters  inh ib i ted  in  row f  - l
o  Uscr -se lec ted  c loub lc -he lgh t  under  so l ' tware  cont ro l .

[arge characters are then displayed quadruple-height.
o  Separa tc  s ta tus  row,  a lways  ava i lab le  l i r r  so f tware-

genera ted  nressages.  Th is  r ray  bc  d isp layed a t  the  top  or

bo t to rn  o f  the  scree  n .  (under  so f iware  cont ro l ) .



o Status row is always in single height. o In full-channel mode. the clear functions are not
o Decoding for black foreground colour is provided. available so pages should be transmitted non-row-
. Internal cursor inverts background and fclreground adaptively.

colours. It may be made to flash using a software loop in . Central part of the page header rolls. in green, when the
the control microcomputer. page in the display chapter is being looked for.

o Broadcast (roll ing) t ime is always directed to the display
memory.

Dota acqu$nton 
o 8-bit data reception option on all rows (for example,

telesoftware), or normal 7-bits plus parity (under
The data acquisit ion section is enabled by a signal frorn the software control).
t iming chain during l ines 6 to 22 inclusive in field flyback o Output indicating valid data l ine (for echo equaliser
mode or ail l ines in ful1 channel mode. Serial data from the interface).
VIP2,  type SAA5230,  at6.9315 MHzisappl iedtothe TTD e Acquis i t ion funct ion may be swi tched of f  under sof t -
(TeleText Data) pin via an external coupling capacitor. TTC ware control.
(TeleText Clock) is used to shift the teletext data into the
EURO CCT from the VIP2. The serial data strcam is .
converted to S-bit wide parallel data bytes. and a byte Memory interface

counter keeps track of the incoming data and allocates it to The memory interface has 8 parallel data input/outputs (D0

- the correct function. to D7) and 13 address outputs (A0 to A12) which interface
The EURO CCT acquisit ion section is capable of up to 8K bytes of static RAM. Control signals OE (Output

searching fbr ,  s tor ing in  memory andconstant lyupdat ing Enable)andWE(Wri teEnable)arealsoprovided.TheRAM
four pages simultaneously. In general thc system operates as cycle is 500 ns, with in general one write and one read cycle
if there were four entirely different acquisit ion circuits. In every microsecond. In summary, the major features of the
non-ghost row rnode, up to eight pages may be stored memory interface include:
although only four at a time may be kept updated.

With first-generation teletext decoders there are two o Interl-aces up 1o 8K RAM providing up to 8 stored pages
rnethods of requesting a page normal and timed. The in normal mode or 4 stored pages in ghost row rnode.
former requires three digits and ignores the sub-code whilst o 500 ns memory cycle time.
the latter requires all seven digits to be specified. The . Timings for static RAMs only.200 ns access time is
EURO CCT includes a much more flexible option - the sufficient.
'don't care' facil i ty. This method allows pages to be o 12C bus can address any RAM location for reading and
acquired when the full numbering allocation and transntis- writ ing.
sion sequence is not known in advance. . Address convefter from row or column to l0 bits is

Tl're major features of the acquisit ion section are l isted included and addresses all 1024locations.
below: . All memory automatically cleared to 'space' on power-

. Accepts UK standard teletext transmission. . Slpurut. address counters for display, data acquisit ion,

.  Autonlat ic  swi tch ing o lcharactcr  sets byCl2,Cl3,and and 12C bus.  12C bus address counters a l low incre-
Cl4 b i ts  of  the page header (see Figs.2c and 7) .  ment ing and preset t ing.

O Extertsion packets can be accepted for processing by . RAM locations not used for display or data acquisit ion
tlre microcomputer (up to 24 rows per page). 2K8 purposes are available for use by the control micro-
bytes of' nlerrory are used per page, hence tl 'rere is a cornputer.
ntaxitrttnt o1'4 pages in this mode. . A1l RAM accesses (display, acquistion and I2C bus) are

o All transmitted control bits and addresses can be read by synchronous with system clock.
the microcomputer (after hardware Harnrning checks), o All pages can be cleared, one at a tinre, under software
tor any stclred page. control.

. Up to 4 simultaneous page requests are allowed in either
lield-fl yback or full-channel mode.

. Soilware selection o1' l ield-flyback or full-channel data P C bus interface snd control

operation. The I2C bus and control sectiorr provides the rneans of
o 'Don't care' facil i ty is available on magazine, page, and controll ing the variable functions of the EURO CCT,either

sub-code digits. directly using mode-register bits or indirectly via the
o In field-flyback mode, automatic clearing of old page on rnemory devices. The 12C bus slave transceiver accepts

first reception and clearing when page header bit C4 is commands from the microcomputer via the SDA and SCL
set. (serial data and clock) pins. The main features are:



o

o

o

a

Standard I2 C bus slave transceiver.
Operates from 0 to 100 kHz.
Acknowledge function is performed.
Position registers auto-increment after certain commands
or may be directly addressed.
Auto-increment between certain command registers as
well as direct addressing.
All RAM locations are accessible via the I2 C bus for
reading and writ ing.

EURO CCT memory organisation and register maps

Fig.7 shows the orgauisation of a page memory. The
EURO CCT provides an additional row compared with first-
generation decoders bringing the display forntat up to 40
characters by 25 rows. Rows 0 to 23 form the teletext page
as broadcast and row 24 is the extra row available 1or user-
generated status messages.

The first l0 bytes of row 25 contain control data
relating to the received page and this is detailed in the
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F ig .7  EURO CCT decode r  page  d i sp l ay  and  memory  o rgan i sa t i on



MAC
PU
PT
M U
MT
HU
HT
FOUND
PBLF
HAM.ER

expanded section at the bottom of Fig.7. Seven digits are
uscd to identify a page: magazine (page hundreds), page
tens,  page uni ts ,  hours tens,  hours uni ts ,  minutes tens,  and
minutes units. (The names of the last four digits are fiom
an obsolete application as tirne coded information.) Bits C4
to Cl4 are used to contro l  var ious d isplay l 'ac i l i t ies;  sec
Fig.2c for  an exanrple.

The abbreviations are'

The remaining l4 bytes in row 24 are unused and are free
fbr use by the microcomputer. if required.

Row 0 is for the page header. The first seven columns (0
to 6) are free for status messages. The eighth is an alpha-
numerics white or green control character. wntten auto-
matically by EURO CCT to give a green roli ing header
when a page is being looked for. The last eight characters
are for roll ing time.

Fig.8 shows the rnode registers in the EURO CCT. Rl to
Rl  l ;  Register  Rl l ,  for  accessing external  memory,  can be
written or read; all the others can only be written. Some of
the following abbreviations are used:
( R l )  M o d e
TO. TI

TCS ON

lrw/nulr- FIELD
7 + P/8 b i t

R1 MODE

It
r

P A G E  B E O U E S T
R 2  q o o R E s s

rt
z

a "  
P A G E  R E O U E S T

' ' "  D A T A

magazrne
page unlts
page tens
minutes uni ts
rn inutes tens
hou rs  un i t s
hou rs  t ens

pagc numbcr

page sub-code

LOW lbr page has been found
pagc is  being looked for
Harnming error  in  corresponding byte

interlace/non interlace 3 I 2/3 I 3 l ine
control
text composite sync or direct sync
select
field-flyback or full-channel mode
7 bits with parity checking or 8-bit
mode

R 4

2
R 5

2
R 6

7
R 7

D I S P L A Y  C H A P T E R

D I S P L A Y  C O N T R O L
(NOR I\,1A L)

D I S P L A Y  C O N T R O L
(N EWSF LASH/SUBTITLE)

D I S P L A Y  M O D E

T 4  a n d  T g  m u s t  b e  0  f o r  n o r m e l  o p e r a t i o n .
A l l  r e g i s t e r s  8 r e  w r i t e  o n l y ,  e x c e p t  R 1 ' l  { R e a d / W r i t e ) .
A l l  b i t s  i n  r e g i s t e r s  R 1  t o  R 1 0  a r e  c l e s r e d  t o  O  o n  p o w e r - u p  e x c e p t
b i t s  D 0  a n d  D 1  o f  r e g i s t e r s  R 5  a n d  R 6  w h i c h  a r e  s e t  t o  1 .

2
R 9  A C T I V E  R O W

2
R l O  A C T I V E  C O L I J M N

?
R 1 1  A C T I V E  D A T A

Al l  memory  is  c leared  to  ' space,  (00100000)  on  power -up ,  excepr
r o w  0  c o l u m n  1  c h a p t e r  0 ,  w h i c h  i s , a l p h a  w h i t e . ( 0 0 0 0 0 1 1 1 ) a s  t h e
a c q u i s i t i o n  c i r c u i t  i s  o n .

D 1 D6 D5 D^ D3 D2 D 1 Do

TA 1  +  P l
8  B I T

A C O .
d-rr:/or r R O W

E N A B L E

DEW/
F U L L

F I E L D

rcs
O N

T 1 To

B A N  K ACO
ccr
A 1

A C O
ccr
Ao

T B
STAF T

CO LUMN
SCz

START
C O L U M N

S C r

STAFI T
C O L U M N

sco

P R  D , P R  D 3 PR D2 P R D l PR Do

A 2 Ao

B K G N D
O U T

B K G N  D
I N

C O R

O U T

coR
I N

TE XT
O U T

T E X T
I N

P O N

O U T

P O N

I N

B K G N D
O U T

B K G N D

I N
coR
OUT

COF]

I N
TE XT
O U T

T E X T
I N

P O N

O U T

P O N

I N

STATUS
F O W

EiMrrop
C U R S O R

O N

corcEafl
R  E V E A  L

TOP/
BOTTOI\4

slruEIEr
D O U B  L E
H E I G H T

B O X  O N

2 4

B O X  O N
1 . 2 3

B O X  O N
0

C L E A R
MEI \ ,4OBY A 2 A , I Ao

B 4 R 3 R 2 Flo

c4 c3 c2 c 1 c0

D 1
( R / W )

D 6
( R / W ) ( R / W )

D ^
(R/W)

D 3
(B/W)

D 2
( F / W }

D, I
( R / W )

D0
(R/W)

-  b i t  d o e s  n o t  e x i s t

F ig .8  EURO CCT reg i s t e r  map



(R2) Page request address
start column
ACQ CCT
bank select

(R4) Display chapter

(R7) Display mode
BOX ON O

STATUS ROW
srM/rop

COLUMN

column for acquisition data
which of  4 page requests
one of two banks of 4 page requests
(one at a time)

determines which of 8 pages is
displayed

boxing function al lowed on row 0

etc .
Row 25 d isp layed be low or  above

maln text

(R5, R6) Dsplay control for normal and newsflash/subtit le

PON Picture on
TEXT Text on
COR Contrast reduction on
BKGND Background colour on
These functions have IN and OUT referring to inside and
outside the boxing function respectively.

( R 8  r o  R r 1 ) Active chapter, row, column, and
data information written to or reaci
fron.r page memory via the I2 C bus.

The arrows shown on the right of the register map
indicate that the register auto-increments to the next onc
on the following 12 C transmission byte.

Register R3 (for page requests) is shown in detail in
Fig.9. Abbreviations are as in Fig.7 except for DO CARE
bits. When the DO CARE bit is set to 1 this means the
corresponding digit is to be taken into account for page
requests. If the DO CARE bit is set to zero the digit is
ignored. This ailows, for example. 'normal' or 't imed page'
select ion.

If HOLD is set LOW, the page is held and not updated.
There are four groups of data shown in Fig.9, one for

each acquisit ion circuit (four simultaneous page requests).
Co lumns  au to - i nc remen t  on  success i ve  I 2  C  t rans rn i ss ion
bytes.

SYSTEM CONFIGURATIONS

Single-page CCT decoder

The single-page CCT decoder, shown in Fig.10, is designed
to work with the TDA3560 PAL decoder circuit but is

typical of the system configuration. (The corriponents for
the remote-control l ink are not shown.)

The video input from the receiver demodulator is
coupled to the CV (Composite Video) pin on VIP2. The
data slicing Iunction in VlP2 generates serial data TTD and
data clock TTC which are passed to EURO CCT. The
composite sync part of CV is output as VCS, and its l ine
component is compared with SAND to provide the phasc-

locked 6 MHz system clock, F6. The TCS output front
EURO CCT is passed through VIP2 to the STTV pin, which
provides the sync signal to the tv receiver timebases.
Positive or negative sync may be chosen depending on the
connection of the ioad resistor. The TCS output of EURO
CCT may be swi tched of f  under 12C bus cor t rmand;  when
this happens VlP2 automatically provides composite video
output on the STTV pin for synchronising a nornial tv
plctu re .

Interfacing of the EURO CCT to the pagc nremory is
straightforward. A single-page display requires I K byte of
memory so only ten address i ines (A0 to Aq) are required.
Eight data l ines (D0 to D7) and two control l ines (output
enable, OE and write enable. WE) complete the interface.

The output red, green, and blue signals (R,G,B) fronr
EURO CCT are buffered by emitter-followers, and the
upper voltage levels are clamped by the diodes to a value
which depends on the contrast control of the tv reciever.
This allows text amplitude to follow picture contrast under
a comrnon control.

The blanking output (BLAN) is sirnilarly buffered tcr

D0D 1D2D3D4

CARE
MAG

MAG2 MAGl MAGOH O L D

DO
CAR E

PAGE TENS
PT3 PT2 PTl PTO

DO
CARE

PAGE UNITS
PU3 PU2 P U 1 PUO

DO
CARE

HOURS TENS
X X H T l HTO

DO
CAR E

H O U R S  U N I T S
HU3 HU2 H U l H U O

DO
CARE

MINUTES
T E N S

X MT2 MT1 MTO

DO
CARE

MI  NUTES
UNITS

MU3 MU2 M U l MUO

X bi t  not  used

to

Fig.9 EURO CCT page requests register  (R3) map



l-N
T -

?
o
o

o

a

-
c
E
o

i -

o

a +
6

E
@

E
,=
l
o

' 6

'll

o

!

o
o

o

.;
o
a

-o

F

-
r
l
nJ

s,
lt

a
:
L-A
J l t

o

I

6
rO O

1
oaO 6 :

;
O N

Io

OQ 6

c

N

: =
6

!

a
J
t

+ a
O N

c

.IFN
- - i
O s

{lsc
@ - o
. ) o

\ :
Q @

u

^i

C N

J - - -
t ' - - -
LA

B ; 9

il

O o @ r @ 6 s - N - O U r

a < < <

o
l g o

't
a

z  a @
< . t  ! ^  D  )  4  z  @

c o o ; -  >  i  ;  - ; ; ; , :

6

@ o - .

E N

E - r

A F
o

I E O O @ @
I O  F  F U O
] >  F  F

O  N r

x  a  i i

) 6
F I
a >
O O

O -
- N : l
C N

O E
o l-,

N O

E ^ i "

6

I

@t *
I

$

a



give a switching signal fbr picture video. The BLAN pin of
EURO CCT provides full screen, box, and dot blanking

combined, so there is no need for the external OR-ing
arrangements required in first-generation LSI decoders.

When the contrast-reduce function is activated. the COR
pin goes LOW. A suitable potential divider and diode

arrangement can reduce the contrast voltage in the receiver

by a preset amount. This can be used for more readable

rnixed displays or subtit les in reduced-contrast boxes, fbr

example.
Suitable decoupling capacitors complete the single-page

EURO CCT decoder shown in Fig.10. The system may be

realised on a single-sided printed circuit board, about
100 mm square.

ln  the decoder shown in F ig.10,  the contro l  micro-
cornputer and software wii l depend on the facil i t ies
required and the type of remote control to be used. As an
example. consider a decoder required to work with the
first-generation remote control (SAA5000/SAA50l0

series), to give similar performance to the first-generation
decoders. This could be provided by an MAB8420 micro-
computer using the 2K bytes of ROM provided on-chip.

This example assumes that the software is written in a
modular form for ease of understanding and flexibil i ty of

use. Some extra facil i t ies can be provided within the

available 2K bytes of softwaret for example status messages
on arrival of a page, hold and update, don't care digit page

requests, toggled height commands, etc. If the software
modules are not required to be general, to be used for a
particular model only as opposed to a range of decoders,
software more dedicated to the application can be written.
In this case it would probably be more economic in ROM
util isation, allowing more facil i t ies to be provided with the
same microcomputer.

General control variation

Various EURO CCT based control configurations are
possib le;  one of  the s impler  ones is  shown in F ig. l la .  In

addition to performing its normal CCT functions, the single
microcomputer is used to decode user commands from the

remote-control unit. It can also be used to control directly
all display analogues and receiver tuning.

The examples shown are based on the MAB8400 series
of microcomputers. Available in a range of program-

memory sizes, they are particularly convenient to use in

this kind of system because of the hardware serial bus inter-

face provided on-chip. This greatly facilitates interfacing

with the 12C bus and the microcomputer can be prog{am-

med to act as a master or slave transmitter or receiver. The

12 C bus itself is a sophisticated interface which can support

bi-directional data flow, multi-transmitter operation, and

data acknowledge with data transfer rates up to 100 kHz.

In Fig.l lb, a modular structure is used, with one nlicro-

t2

computer to perlbrm the rernote-control decoding and

tuning system drive functions and a second microcomputer
dedicated to teletext decoder control. The system can be
extended to provide, for example, viewdata. VCR, or cable

decoding functior.rs, sirnply by connecting extra hardware
to the common 12 C bus (provided the existing system has

sufficient resources, for example an adequate number of
spare keys).

Generally, the 12C bus allows great l lcxibil i ty in the
design of systems and is convenient where sub-systems are
physically some distance apart. ln addition, an increasing
number of special-purpose devices are being made with I2 C

bus inter f 'aces on-chip.  Examples are t l ie  PCD857l  128 X 8
bi t  s lat ic  CMOS RAM, the PCB8573 c lock/calendar chip,
the SAB3035 (CITAC) tuning and analogue control chip,
and the SAAi300 tuner switching circuit. Using these
components it is possible to build sophisticated systents for
all kinds of applications up to the l imit of cost and the
designer's imagination.

Multipage decoders

Almost all teletext decoders that have been manufactured

so f-ar have been for single page use. The EURO CCT based

decoder is capable of searching for and storing up to fbur
pages sinrultaneously (including extensiott packets). Extra
software as well as more memory space (1K byte per page

lbr  norrnal  use,2K bytes per  page in ghost- row mode) is
required to deal with multipage requests. ln lact, the circuit
diagram is almost identical to that for single-page acquisit ion
(Fig.10). The only addition necessary is that some or all of
the three unused EURO CCT address l ines (A10,  A1 1,  and
A12) need to be connected to the enlarged menrory.  Up to
8K bytes of  memory may be used.

By using a sofiware command it is possible to switch the
EURO CCT based decoder into ghost-row mode. This mode

allows for greater'user-friendliness' especially with the

linked pages facil i ty.
Linked pages are those that the user is most l ikely to

select next frorn their current position in the database. The
Broadcaster previously identif ies these associated page
numbers which can be transmitted using packet 27. A
EURO CCT based decoder can be made to capture these
associated pages. using suitable control software. In this
way, the apparent page access time can be reduced. as
those pages which have been identif ied as being most l ikely
1o be required next can be captured while the current page
is being read.  (Captured pages are,  o1 'course.  i .n tmediate ly
available when user selected). Further, the technique can
be used in combination with packet 24 transmissions which
give page selection information for display in the EURO CCT
status row- This information can be in the form of coloured
keywords associated with corresponding coloured buttons
on the user's keypad. niinimising the need for three-digit
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( b )

F ig . l 1  EURO CCT con t ro l  va r i a t i on :
a )  us i ng  a  s i ng le  m i c rocompu te r
b) using a separ8te microcomputer for  CCT funct ions only

page number diall ing. Such a combination gives a fast access,
easy to use data retrieval method known as .full features
te letext '  or ' turbotext ' .

Full-channel decoders

The EURO CCT has the abil ity to handle teletext on all tv
l ines, for use with cable transmissions. This full-channel
decoder is achieved by software command, the hardware
being the same as that required for normal f ield-flyback
mode. However, page clearing has to be handlecl in a
slightly different manner.

When a page is f irst received, the EURO CCT usually
arranges for the old data in memory to be cleared. There is

no problem in field-flyback mode as most of the field
period is available for the clear function. However, in full-
channel mode wanted data may be coming in at the same
time, thus inhibiting the clearing function. There are two
ways around this diff iculty.

Firstly, the database can be arranged to transmit non-
row-adaptively, so that blank rows are always transmitted.
There is then no need to clear the page as new data will
overwrite the old. Alternatively, the page can be cleared by
a command from the control software when a new page is
requested, so that new data is received into an already
blank memory. If the database is very large, it is possible to
arrange a second page of memory to display the old page
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until the new one has been received, thus avoiding a blank

screen for the transmission cycle time.

Viewdata

The display standards of wiged text systetrs are currently in
transition to a higher level than Level 1 teletext, with ntore
sophisticated graphics, pastel colours, etc. However, the
Level I display available since the inception of the UK
Prestel service is adequate for many applications at the
lower cost end of the market and for these users the EURO

CCT is an ideal display device.
For most viewdata systems the data rate is relatively low

(for example 1200 baud) and this is easily transferred down
the 12C bus into the EURO CCT. In this way interfacing
complexity is rninimised. The EURO CCT also contains
features which facil i tate the handling of the infbrmation,
for example page clear command, automatic address
increment, and cursor display.

A viewdata-only decoder is shown in Fig.12. This
consists of an MAB8440 microcomputer performing
the decoding, connected to the SAA5070 (LUCY) device
and Line Terminating Unit (LTU) which interface the
telephone line. The PCD8571 remembers the required
numbers for the autodialler and autoidentif ication.

It is possible to have both teletext and viewdata
decoders in the same receiver. The modular receiver archi-
tecture of  F ig. l  1b is  very sui table lbr  th is  appl icat ion.

Telesoftware

The basic concept of telesofiwarc transntitt ing colrlpute r
programs via teletext embraces a large variety o1' equip-
nrent  and syste i l r  conf igurat ions.  I f the appl icat ion involves
simple processing of alphanumeric data, for exarnple
financial calculations, then the EURO CCT display facil i t ies
and t ransfer  of  data v ia the I2C bus would be adequate.
This type of system couid be built into a tv recelver as a
more complex type of teletext decoder with an additional
microcomputer and perhaps more lnemory. Telesoftwarc
protocols use the l inked-page lacil i ty to handle long
programs and so the EURO CCT would be operated in
ghost- row rnode.  I f  the remote-contro l  keypad but tons
were sufficient for the application. a telesoftware add-on
unit could be constructed for usc with the rlodular tv
system of Fig. I i b.

For some applications a more sophisticated graphics
display may be required. ln these situations the EURO CCT
would be used as the telesoftware acquisit ion system, with
a suitable form of interf 'ace to transfer the data to. tbr
example,  a home computer .  I t  is  a lso possib le to use EURO
CCT in '8-bit '  mode (that is with normal parity checking

,Cisabled), allowing sophisticated crror-correctablc or
scrambled-data streams to be dealt with fbr special appli-
cat lons.

l 4

The telesoftware technique could also be applied to pagc

selection niethods in sophisticated teletext decoders. This
would allow a pseudo-interactive viewdata-1ike control
scheme. by making the displayed page nuntber depend on
YES/NO questions or selections. In view of the database
size,  th is  would be nrost  appl icable to tu l l -channel  data

syste ms.
Other telesoftware applications may not need an alplia-

numeric display, for exarnpie a crcdit card verif ier. with
inval id  card numbers t ransrn i t ted by tc lc text .  For  thesc
appl icat ions.  the EURO CCT could st i l l  be a sui table
acqusi t ion-only devicc in  v iew of  i ts  nru l t ipage and ghost-
row capabil it ies.

I t  is  a lso possib le wi th the EURO CCT to request  pages
in hexadecinal, not just BCD digits. This is ncccssarl, lbr
the acquis i t ion of  te lesof lware and h igher  levels  of  te letext .
Using the full hexadecinial range there are 4 194 -104 conr-
b inat ions o1 'page and sub-code numbers.

Other configurations

Al though i t  is  ant ic ipated that  the '  great  najor i ty  of  EURO

CCT appl icat ions wi l l  have th0 device bui l t  i t t to  thc same
equipment  as the d isplay.  i t  is  a lso possib le to use add-on
units plugged into the standard tv aerlel socket. Tuner, i.f.,

and demodulator  s tages are requi red l i t r  the decoder input .
togetl 'rer with a colour encoder attd ntodulator for the

output .
A pr intcr  for  hard copies of  the te letext  pages may be

inc luded in a sophist icated receivcr  or  connected separatc ly
as a decoder pcr ipheral .  Therc arc two ml in ways of  in ter-
f 'ac ing a pr inter .  The l i rs t  is  to  prov idc a rcal - t in tc  sc l t t t t i t tg
dot  s t rearn f rorr  the Y output  o1 '  the EURO CCT wi th a
sui lable in tcr l 'ace buf fer  in  thc pr inter  i tse l f .  A l ternat ive ly .
character  data can be read out  of  the d isplay t t tc t t torv v in

the I2C bus and t ranslcrrcd to the pr inter .  ' ,vh ich in  th is
casc must  have i ts  own character  gcnerat ion systent .

The sarne technique of  reading character  c lata thr t tugh
the I2C bus can a lso be appl ied to bulk  s toragc ofdata.  for
erarnple us ing a lape recorder .  T l ie  l :  C bus data is
processed (and compressed i f  necessar l , )  b1 r  tn icr , r -
cornputer  which dr ives a sui table ntodent  lunct ion.  lo t
example par t  of  LLJCY SAA5070.

The conligurations briefly nrcntioncd hcrc are exarnples
of t l ie very nrany arrangernents rnade possible by tl i is
extremelv versat i lc  devicc.

REFERENCES
I )  Wor ld System Teletext  Speci f icat ion.  June 1985.

l )  ' l2C bus and compat ib le components f 'or  1- lex ib le contro l
systenis ' .  Mul lard Technical  Publ icat lon 625446XX.
1  9 8 5 .
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