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1.0 Introduction

2.0 The I*C-

For 8-bit applications, such as those requiring single-chip microcomputers, certain
design criteria can be established:

« A complete system usually consists of at least one microcomputer and other
peripheral devices such as memories and /O expanders.

. The cost of connecting the various devices within the system must be kept to 2
minimum.

. Such a system usually performs a control function and doesn’t require high-speed
data transfer.

. Overall efficiency depends on the devices chosen and the interconnecting bus
structure. .

To produce a system tO satisfy these criteria, a serial bus structure is needed.
Although serial buses don’t have the throughput capability of parallel buses, they do
require less wiring and fewer connecting pins. However, a bus is not merely an
interconnecting wire, it embodies all the formats and procedures for communication
within the system.

ICs communicating with each other on a serial bus must have some form of
protocol which avoids all possibilities of confusion, data loss and blockage of
information. Fast ICs must be able to communicate with slow I1Cs. The system must
not be dependent on the ICs connected to it, otherwise modifications Of
improvements would be impossible. A procedure has also to be devised to decide
which IC will be in control of the bus and when. And if different ICs with different
clock speeds are connected to the bus - the bus clock source must be defined.

. All these criteria are involved in the specification of the I2C-bus.

bus concept

The 12C-bus supports ICs manufactured with any process (NMOS, CMOS, ’L). Two
wires, serial data (SDA) and serial clock (SCL) carry information between the 1Cs
connected to the bus. Each IC is recognised by 2 unique address - whether it’s a
microcomputer, LCD driver, memory or keyboard interface - and can operate as
either a transmitter Or Teceiver, depending on the function of the ICs we're
considering. Obviously an LCD driver is only a receiver, while 2 memory can both
receive and transmit data. In addition to transmitters and receivers, ICs can also be
considered as masters Or slaves when performing data transfers (see Table 1). A
master is the IC which initiates a data transfer on the bus and generates the clock
signals to permit that transfer. At that time, any IC addressed is considered a slave.

The I*C-bus is a multi-master bus. This means that more than one IC capable of
controlling the bus can be connected to it. As masters are usually microcomputers,
Jet’s consider the case of a data transfer between two miCroCOmputers connected to
the 12C-bus (Fig.1). This highlights the master-slave and receiver-transmitter
relationships to be found on the 12C-bus. It should be noted that these relationships
are not permanent, but only depend on the direction of data transfer at that time.
The transfer of data would proceed as follows:

an
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Fig.1 Typical 12C-bus configuraton



1) Suppose microcomputer A wants to send information [0 microcomputer B:

microcomputer A (master), addresses microcomputer B (slave)

. microcomputer A (master transmitter), sends data to microcomputer B (slave
receiver)

. microcomputer A terminates the transfer.

2) If microcomputer A wants to receive information from microcomputer B:
- microcomputer A (master) addresses microcomputer B (slave)
- microcomputer A (master receiver) receives data from microcomputer B (slave
transmitter)
. microcomputer A terminates the transfer.

Even in this case, the master (microcomputer A) generates the timing and
terminates the transfer.

The possibility of connecting more than one microcomputer to the 12C-bus means
that more than one master could try to initiate 2 data transfer at the same time.
To avoid the chaos that might ensue from such an event - an arbitration procedure
has been developed. This procedure relies on the wired-AND connection of all I°C
interfaces to the I*C-bus.

If two or-more masters fry t0 put information onto the bus, the first to produce
a ‘one’ when the other produces a ‘zero’ will lose the arbitration. The clock signals
during arbitration are 2 synchronised combination of the clocks generated by the
masters using the wired-AND connection t0 the SCL line (for more detailed
information concerning arbitration see section 6.0).

Generation of clock signals on the 12C-bus is always the responsibility of master
ICs; each master generates its own clock signals when rransferring data on the bus.
Bus clock signals from a master can only be altered when they are stretched by a
slow-slave IC holding-down the clock line, or by another master when arbitration
takes place. ‘

Table 1 Definition of I*C-bus terminology

Transmitter: the IC which sends data to the bus
Receiver: the IC which receives data from the bus
Master: the IC which initiates a transfer, generates clock signals

and terminates a transfer
Slave: the IC addressed by a master

Multi-master: ~ more than one master can attempt to control the bus at the
same time without corrupting the message

Arbitration: procedure o ensure that if more than one master
' simultaneously tries t0 control the bus, only one is allowed
to do so and the message is not corrupted

Synchronization: procedure t0 synchronize the clock signals of two Or mOre
ICs

7 n.4
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3.0 General characteristics

Both SDA and SCL are bidirectional lines, connected to a positive supply voltage via
a pull-up resistor (see Fig.2). When the bus is free, both lines are HIGH. The output
stages of I°C interfaces connected to the bus must have an open-drain or open-
collector to perform the wired-AND function. Data on the I*C-bus can be
transferred at a rate up to 100 kbit/s. The number of interfaces connected to the
bus is solely dependent on the limiting bus capacitance of 400 pF.

4.0 Bit transfer

Due to the variety of different technology ICs (CMOS, NMOS, I’L) which can be

connected to the I*C-bus, the levels of the logical ‘0’ (LOW) and ‘1’ (HIGH) are not

fixed and depend on the associated level of Vi (see section 9.0 for Electrical
~ specifications). One clock pulse is generated for each data bit transferred.

4.1 Data validity

The data on the SDA line must be stable during the HIGH period of the clock. The
HIGH or LOW state of the data line can only change when the clock signal on the
SCL line is LOW (Fig.3).

4.2 START and STOP conditions

Within the procedure of the I’C-bus, unique situatons arise which are defined as
START and STOP conditions (see Fig.4).

A HIGH to LOW transition of the SDA line while SCL is HIGH is one such
unique case. This situation indicates a START condition.

A LOW to HIGH transition of the SDA line while SCL is HIGH defines a STOP
condition. :

START and STOP conditions are always generated by the master. The bus is
considered to be busy after the START condition. The bus is considered to be free
again a certain time after the STOP condition. This bus free situation will be
described in detail later (in section 10.0).

Detection of START and STOP conditions by ICs connected to the bus is easy if
they incorporate the necessary interfacing hardware. However, microcomputers with
no such interface have to sample the SDA line at least twice per clock period to

. sense the transition.

5.0 Transferring data
5.1 Byte format

Every byte put on the SDA line must be 8-bits long. The number of bytes that can
be transmitted per transfer is unrestricted. Each byte has to be followed by an
acknowledge bit. Data is transferred with the most significant bit (MSB) first
(Fig.5). If a receiver can’t receive another complete byte of data until it has
performed some other function, for example, servicing an internal interrupt, it can
hold the clock line SCL LOW to force the transmitter into a wait state. Data
transfer then continues when the receiver is ready for another byte of data and
releases clock line SCL. .

In some cases, it’s permissible to use a different format from the I*C-bus format
(for CBUS compatible ICs for example). A message which starts with such an
address can be terminated by generation of“a STOP condition, even during the
transmission of a byte. In this case, no acknowledge is generated (see section 8.4).
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5.2 Acknowledge

Data transfer with acknowledge is obligatory. The acknowledge-related clock pulse is
generated by the master. The ransmittier releases the SDA line (HIGH) during the
acknowledge clock pulse. :

The receiver has to pull down the SDA line during the acknowledge clock pulse
so that it remains stable LOW during the high period of this clock pulse (Fig.6). Of
course, set-up and hold times must also be taken into account and these will be
described in section 10.0.

Usually, a receiver which has been addressed is obliged to generate an
acknowledge after each byte has been received (except when the message starts
with an RC-5 or CBUS address - see section 8.1.3).

When a slave receiver doesn’t acknowledge on the slave address (for example,
it’s unable to receive because it’s performing some real-time function), the data line

" has to be left HIGH by the slave. The master can then generate 2 STOP condition
to abort the transfer.

If a slave receiver acknowledges the slave address but, some time later in the
ransfer cannot receive any more data bytes, the master must again abort the
transfer. This is indicated by the salve not generating the acknowledge on the first
byte to follow. The slave leaves the data line HIGH and the master generates the
STOP condition.

If a master receiver is involved in a transfer, it must signal the end of data to
the slave transmitter by not generating an acknowledge on the last byte that was
clocked out of the slave. The slave transmitter must release the data line to allow
the master to generate the STOP condition.

6.0 Arbitration-and clock generation

6.1 Synchronization

All masters generate their own clock on the SCL line to transfer messages on the
12C-bus. Data is only valid during the clock HIGH period. A defined clock is
therefore needed for the bit-by-bit arbitration procedure to take place.

Clock synchronization is performed using the wired-AND connection of I*C
interfaces to the SCL line. This means that 2 HIGH to LOW transition on the SCL
line will cause the ICs concerned to start counting off their LOW period and, once
an IC clock has gone LOW, it will hold the SCL line in that state until the clock
HIGH state is reached (Fig.7). However, the LOW to HIGH transition of this clock .
may not change the state of the SCL line if another clock is still within its LOW
period. The SCL line will therefore be held LOW by the IC with the longest LOW
period. ICs with shorter LOW periods enter a HIGH wait-state during this time.

When all ICs concerned have counted off their LOW period, the clock line will
be released and go HIGH. There will then be no difference between the IC clocks
and the state of the SCL line and all the ICs will start counting ‘their HIGH
periods. The first IC to complete its HIGH period will again pull the SCL line LOW.

In this way, a synchronised SCL clock is generated with its LOW period
determined by the IC with the longest clock LOW period, and its HIGH period
determined by the one with the shortest clock HIGH period.

6.2 Arbitration (see also Appendix B)

Arbitration takes place on the SDA line in such a way that the master which
transmits a HIGH level, while another master is transmitting a LOW level will
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switch off its DATA output stage because the level on the bus doesn’t correspond
to its own level.

Arbitration can continue for many bits. Its first stage is comparison of the
address bits (addressing information is in section 8.0). If the masters are each
trying to address the same IC, arbitration continues with comparison of the data.
Because address and data information on the I*C-bus is used for arbitration, no
information is lost during this process. :

A master which loses the arbitration can generate clock pulses until the end of
the byte in which it loses the arbitration.

If a master loses arbitration during the addressing stage, it’s possible that the
winning master is trying to address it. The losing master must therefore switch over
immediately to its slave receiver mode.

Figure 8 shows the arbitration procedure for two masters. Of course, more may

_be involved (depending on how many masters are connected to the bus). The
moment there is a difference between the internal data level of the master
generating DATA 1 and the actual level on the SDA line, its data output is switched
off, which means that a HIGH output level is then connected to the bus. This will
not affect the data transfer initiated by the winning master. Since control of the
I2C-bus is decided solely on the address and data sent by competing masters, there
is no central master, nor any order of priority on the bus.

6.3 Use of the clock synchronising mechanism as a handshake

In addition to being used during the arbitration procedure, the clock synchronization
mechanism can be used to enable receivers to cope ‘with fast data transfers, on
either a byte level or a bit level.

On the byte level, an IC may be able to receive bytes of data at a fast rate, but
needs more time to store a received byte or prepare another byte to be transmitted.
Slaves can then hold the SCL line LOW after reception and acknowledgement of a
byte to force the master into a wait state until the slave is ready for the next byte
transfer in a type of handshake procedure. '

On the bit level, an IC such as a microcomputer without a hardware &
interface on-chip can slow down the bus clock by extending each clock LOW period.
In this way, the speed of any master is adapted to the internal operating rate of
this IC.
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7.0 Formats

Data transfers follow the format shown in Fig.9. After the START condition, a slave
address is sent. This address is 7 bits long, the eighth bit is a data direction bit
(R/W) - a ‘zero’ indicates a transmission (WRITE), a ‘one’ indicates a request for
data (READ). A data transfer is always terminated by a STOP condition generated
by the master. However, if a master still wishes to communicate on the bus, it can
generate another START condition and address another slave without first
generating a STOP condition. Various combinations of read/write formats are then
possible within such a transfer.
Possible data transfer formats are:

a) Master transmitter transmits to slave receiver. Direction is not changed.

(S] SLAVE ADDRESS ’R/vmi | oaTa l A l DATA ] A '[ PJ

-0 {write) data transferred
lad b (n bytes + acknowledge)
A = acknowledge
7287562.1 S = start
P = stop

b) Master reads slave immediately after first byte.

(si stave aooress | A/wn| A | 0ATA lA

DATA I AP
oge cata transferred
72875641 ¥ fefad) (n Dytes + acknowiedge)

At the moment of the first acknowledge, the master transmitter becomes a
master receiver and the slave rteceiver becomes a slave transmitter. This
acknowledge is still generated by the slave.

The STOP condition is generated by the master.

¢) Combined formats.

S l SLAVE ADDRESS |RIWN]A] DATA |A Sl SLAVE ADDRESS lRMN' A |DATA ‘A ﬂ

. i (n bytes < L (n bytes <
+ ack.) +ack.)
read or write read or write direction

of transfer
may change
atthis
7287565.1 paint.

During a change of direction within a transfer, the START condition and the
slave address are both repeated, but with the R/W bit reversed.



NOTES:

1) Combined formats can be used, for example, to control a serial memory. During
the first data byte, the internal memory location has to be written. After the
START condition is repeated, data can be transferred.

2) All decisions on auto-increment or decrement of previously accessed memory
locations etc. are taken by the designer of the IC.

3) Each byte is followed by an acknowledge as indicated by the A blocks in the
sequence.

4) 1>C-bus compatible ICs must reset their bus logic on receipt of a START
condition such that they all anticipate the sending of a slave address.

.
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Fig.10 The first byte after the start procedure
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8.0 Addressing

The addressing procedure for the 2C-bus is such that the first byte after the
START condition determines which slave will be selected by the master. Usually,
this first byte follows that start procedure. The exception is the ‘general call’
address which can address all ICs. When this address is used, all ICs should, in
theory, respond with an acknowledge. However, ICs can be made to ignore this
address. The second byte of the general call address then defines the action to be
taken.

8.1 Definition of bits in the first byte

The first seven bits of the first byte make up the slave address (Fig.10). The eighth
bit is the LSB (least significant bit). It determines the direction of the message. A

. ‘zero’ in the least significant position of the first byte means that the master will
write information to a selected slave. A ‘one’ in this position means that the master
will read information from the slave.

When an address is sent, each IC in a system compares the first 7 bits after the
START condition with its address. If they match, the IC considers itself addressed
by the master as a slave receiver or slave transmitter, depending on the R/W bit.

A slave address can be made-up of a fixed and a programmable part. Since it’s
likely that there will be several identical ICs in a system, the programmable part of
the slave address enables the maximum possible number of such ICs to be connected
to the I2C-bus. The number of programmable address bits of an IC depends on the
number of pins available. For example, if an IC has 4 fixed and 3 programmable
address bits, a total of 8 identical ICs can be connected to the same bus.

The I?C-bus committee coordinates allocation of I’C addresses. The bit
combination 1111XXX of the slave address is reserved for future extension purposes.
Address 1111111 is reserved as the extension address. This means that the
addressing procedure will be continued in the next byte(s). ICs that don’t use the
extended addressing don’t react on reception of this byte. The seven other
possibilities in group 1111 will also only be used for extension purposes but are not
yet allocated. Combination 0000XXX has been defined as a special group. The
following addresses have been allocated (also see notes on next page):

first byte
SLAVE
ADDRESS R/W
0000 000 0  general call address
0000 000 1  startbyte
' see
0000 001 X  CBUS address NOTES on page 15
0000 010 X Address reserved for '
different bus format
0000 011 X
0000 100 X .
0000 101 X } to be defined
0000 110 X
0000 111 x )
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NOTES:
1) No IC is allowed to acknowledge at the reception of the START byte.

2) The CBUS address has been reserved to enable the inter-mixing of CBUS
compatible and I2C-bus compatible ICs in the same system. 12C-bus compatible
ICs are not allowed to respond on reception of this address.

3) The address reserved for a different bus format is included to enable I*C and
other protocols to be mixed. Only 1*C-bus compatible ICs that can work with
such formats and protocols are allowed to respond to this address.

8.1.1 General call address

The general call address should be used to address every IC connected to the ’C-
bus. However, if an IC doesn’t need any of the data supplied within the general call
structure, it can ignore this address by not acknowledging. If an IC does require
data from a general call address, it will acknowledge this address and behave as a
slave receiver. The second and following bytes will be acknowledged by every slave
receiver capable of handling this data. A slave which cannot process oné of these
bytes must ignore it by not acknowledging. The meaning of the general call address
is always specified in the second byte (Fig.11).
There are two cases to consider:

« When the least significant bit Bis a ‘zero’.

« When the least significant bit B is 2 ‘one’.

When B is a ‘zero’; the second byte has the following definition:

00000110 (H'06’) Reset and write programmable part of slave address by software
and hardware. On receiving this 2-byte sequence, all ICs designed
to respond to the general call address will reset and take in the
programmable part of their address. Precautions have to be taken
to ensure that an IC is not pulling down the SDA or SCL line
after applying the supply voltage, since these low levels would
block the bus.

00000010 (H'02") Write slave address by software only. All ICs which obtain the
programmable part of their address by software (and which have
been designed to respond to the general call address) will enter a
mode in which they can be programmed. The 1C will not reset.
An example of a data transfer of a programming master is shown
in Fig.12 (ABCD represents the fixed part of the address).

00000100 (H’04") Write slave address by hardware only. All ICs which define the
programmable part of their address by hardware (and which
respond to the general call address) will latch this programmable
part at the reception of this two byte sequence. The IC will not
reset.

00000000 (H’00’) This code is not allowed to be used as the second byte.
Sequences of programming procedure are published in the

appropriate IC data sheets:.

The remaining codes have not been fixed and ICs must ignore them.
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When B is a ‘one’; the 2-byte sequence is a ‘hardware general call’. This means that
the sequence is transmitted by a hardware master IC, such as a keyboard scanner,
which cannot be programmed to transmit a desired slave address. Since a hardware
master doesn’t know in advance to which IC the message has to be transferred, it
can only generate this hardware general call and its own address - identifying itself
to the system (Fig.13).

The seven bits remaining in the second byte contain the address of the hardware
master. This address is recognised by an intelligent IC, such as a microcomputer,
connected to the bus which will then direct the informaton from the hardware
master. If the hardware master can also act as a slave, the slave address is
identical to the master address. :

In some systems, an alternative could be that the hardware master transmitter is
set in the slave receiver mode after the system reset. In this way, a system

~ configuring master can tell the hardware master transmitter (which is now in slave

8.1.2 start byte

receiver mode) to which address data must be sent (Fig.14). After this programming
procedure, the hardware master remains in the master transmitter mode.

Microcomputers can be connected to the 12C-bus in two ways. A microcomputer with
an on-chip hardware 12C-bus interface can be programmed to be only interrupted by
requests from the bus. When the IC doesn’t have such an interface, it must
constantly monitor the bus via software. Obviously, the more times the
microcomputer monitors, or polls, the bus the less time it can spend carrying out
its intended function. There is therefore a speed difference between fast hardware
ICs and a relatively slow microcomputer which relies on software polling.

In this case, data transfer can be preceded by a start procedure which is much
longer than normal (Fig.15). The start procedure consists of:

! a) A START condition S
b) A start byte 00000001
c) An acknowledge clock pulse

d) A repeated START condition Sr

After the START condition S has been transmitted by a master which requires
bus access, the start byte (00000001) is transmitted. Another microcomputer can
therefore sample the SDA line at a low sampling rate until one of the seven zeros
in the start byte is detected. After detection of this LOW level on the SDA line,
the microcomputer can switch to a higher sampling rate to find the repeated START
condition St which is then used for synchronization.

A hardware receiver will reset on receipt of the repeated START condition St
and will therefore ignore the start byte.

An acknowledge-related clock pulse is generated after the start byte. This is
present only to conform with the byte handling format used on the bus. No IC is
allowed to acknowledge the start byte. -

n.18
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8.1.3 CBUS compatibility

Existing CBUS receivers can be connected to the 12C-bus. However, in this case, 2
third Line called DLEN has to be connected and the acknowledge bit omitted.
Normally, I*C transmissions are sequences of 8-bit bytes; CBUS compatible ICs have
different formats however.

In a mixed bus structure, J2C-bus compatible ICs are not allowed to respond to
the CBUS message. For this reason, a special CBUS address (0000001X) to which no
I2C-bus compatible IC will respond, has been reserved. After transmission of the
CBUS address, the DLEN line can be made active and transmission, according to the
CBUS format, can be performed (Fig.16). After the STOP condition, all ICs are
again ready to accept data.

Master transmitters are allowed to generate CBUS formats after having sent the
CBUS address. Such a transmission is terminated by a STOP condition, recognised by
. all ICs. In the ‘low speed’ mode (see Section 11.0), full 8-bit bytes must always be
transmitted and the timing of the DLEN signal adapted.

NOTE: If the CBUS configuration is known, and expansion with CBUS compatible
ICs isn’t foreseen, the designer is allowed to adapt the hold time to the specific
requirements of IC(s) used.

9.0 Electrical specifications of inputs and outputs of I2C interfaces

The I2C-bus allows communication between ICs fabricated in different technologies
which might also operate from different supply voltages. For interfaces with fixed
input levels, operating on a supply voltage of 5 V 10%, the following levels have
been defined:

Vit o = 1.5 V (maximum input LOW voltage)
VIH min = 3.0 V (minimum input HIGH voltage)

Interfaces in ICs operating from a fixed supply voltage other than 5 V (e.g. °L
ICs), must also have these input levels of 1.5 V and 3.0 V for Vy and Vi,
respectively.

For ICs capable of operating from a wide range of supply voltages (e.g. CMOS
ICs), the following levels have been defined:

Vn_ e 0.3 VDD (maximum input LOW voltage)

Vit iin ™ 0.7 Vop (minimum input HIGH voltage)

The maximum output LOW level for both groups is:
VoL max =04 Vat 3 mA sink current.

The maximum LOW level input current at Vi, - of both the SDA and SCL pin
of an I2C-bus compatible IC is -10 pA, including the leakage current of a possible
output stage.

The maximum HIGH level input current at 90% V, for both the SDA and SCL
pin of an I2C-bus compatible IC is 10 pA, including the leakage current of a
possible output stage.

The maximum capacitance of both the SDA and SCL pinof an I?C-bus compatible
ICis 10 pF. "

I°C interfaces with fixed input levels can ‘tach have their own power supply of
5 V + 10%. Pull-up resistors can be connected to any supply (Fig.17). However, I’C
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Fig.19 Interfaces with input levels related to VDD mixed with fixed input level interfaces on the 12C-bus
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Fig.20 Series resistors (Rs) for protection against high-voltage spikes



10.0 Timing

interfaces with input levels related to V) must have one common supply line t0
which the pull-up resistor is also connected (Fig.18).

When ICs having interfaces with fixed input levels are mixed with ICs which
have interfaces with input levels related to VDD, the latter ICs must be connected
to one common supply line of 5 V £ 10% and must have pull-up resistors connected
to their SDA and SCL pins as shown in Fig.19.

Input levels are defined in such a way that:

1) The noise margin on the LOW level is 0.1 V.
2) The noise margin on the HIGH levelis 0.2 V.

3) Series resistors (Rg) up to 300 Q can be used for protection against high
voltage spikes on the SDA and SCL line due to flash-over of a TV picture
tube, for example (Fig.20). '

The maximum bus capacitance per wire is 400 pF. This includes the capacitance
of the wire itself and the capacitance of the pins connected to it.

The clock on the I2C-bus has a minimum LOW period of 4.7 yis and a minimum HIGH
period of 4 ps. Masters in this mode can generate a bus clock with a frequency up
to 100 kHz.

All ICs connected to the bus must be able to follow transfers with frequencies
up to 100 kHz, either by being able to transmit or receive at that speed or by
applying the clock synchronization procedure which will force the master into a
wait state and stretch the LOW periods. Of course, in the latter case the frequency

" is reduced.

Figure 21 shows the timing requirements in detail, a description of the
abbreviations used is shown in the following Table. All timing references are at
A% and V

IL max TH min’
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parameter symbol min. max. units
SCL clock frequency : fs cL 0 100 kHz
Time the bus must be free before 'BUF 4.7 - Hs

a new transmission can start

Hold time START condition. "D:STA 4.0 = Hs
After this period, the first
clock pulse is generated
LOW period of the clock Yow 4.7 - Ks
HIGH period of the clock "IGH 4.0 - Ks
Set-up time for START 'SU-STA 4.7 - s
condition (Only relevant for
arepeated START condition)
Hold ime DATA 'D-DAT
for CBUS compatible masters 5 - ps
(see NOTE, Section 8.1.3)
for I2CICs 0* X us
Set-up ime DATA 'SU:-DAT 250 - ns
Rise time of both SDA and SCL lines R - 1 ps
Fall time of both SDA and SCL lines s - 300 ns
Set-up time for STOP condition YSUSTO 4.7 - ps

All values referred 1o VIH and VIL levels (see section 9.0).

*  Note that a transmitter must internally provide at least a hold tme to bridge the undefined
region (max. 300 ns) of the falling edge of SCL. :
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Fig.21 Timing requirements for the I2C-bus
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11.0 ‘Low speed’ mode

As explained in section 8. 1.2, there is a difference in speed on the 12C-bus between
fast hardware interfaces and a relatively slow microcomputer which relies- on
software polling. For this reason 2 ‘low speed’ mode is available on the I*C-bus t0
allow these microcomputers to poll the bus less often.

i1.1 START and STOP conditions

In the ‘low sPeéd’ mode, data transfer is preceded by the start procedure of
section 8.1.2.

11.2 Data format and timing

The bus clock in this mode has a LOW period of 130 ps* +25 psand a HIGH period
"of 390 ps £25 ps, resulting in a clock frequency of about 2 kHz. This clock duty
cycle allows for more efficient use of microcomputers without an on- -chip hardware
12C-bus interface. Also in this mode, data transfer with acknowledge is obligatory.
the maximum number of bytes transferred is unlimited (Fig. 22).

In this mode, a transfer cannot be terminated during the transmission of a byte.

Clock: Yow= 130ps £ 25ps
B 390 ps £ 25us
Duty cycle: 1:3 LOW to HIGH (Duty cycle of clock generator)
Start byte: 0000 0001
Max. number of bytes: unrestricted

premature termination:

of transfer: not allowed
acknowledge clock bit: ‘ always provided
acknowledgement of slaves: obligatory

The bus is considered to be busy after the first START condition. Ites
considered to be free again one minimum clock LOW period (105 ps) after detection
of the STOP condition. Figure 23 shows the timing requirements in detail and the
following Table explains the abbreviations.
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(HIGH) CONDITION max. 5 BYTES
. 7286897

Fig.22 Data transfer in the ‘low speed’ mode
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Fig.23 Timing in the ‘low speed’ mode



parameter symbol  min. max. units
Time the bus must be free before a new 'BUF 105 - Hs
transmission can start
Hold time START condition. After this 'HD:STA 365 - Hs
period the first clock pulse is
generated
Hold time (repeated START condition YD:STA 210 - Hs
only)
LOW period of the clock Y ow 105 155 Ks
HIGH period of the clock YIGH 365 415 us
Set up time for START condition 'SUSTA 105 155 Hs
(Only relevant for a repeated START
condition)
Hold time DATA UDDAT
for CBUS compatible masters (see 5 - Hs
also NOTE, Section 8.1.3)
for IZC ICs 0* - us
Set-up ime DATA 'SU-DAT 250 - ns
Rise time of both SDA and SCL lines R - 1 Hs
Fall time of both SDA and SCL lines e - 300 ns
Set-up time for STOP condition 'SU:STO 105 155 Hs

All values referred 10 vIH and VIL levels (see section 9.0).

*  Note that a ransmitter must internally provide at least a hold time to bridge the undefined

region (max. 300 ns) of the falling edge of SCL.
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Appendix A - Values of resistors R? and R, in Fig.20

In an I2C-bus system these values depend on the following parameters:

1) Supply voltage
2) Bus capacitance

3) Number of connected ICs (input current + leakage current)

1) The supply voltage limits the minimum value of resistor R_ due to the
specified minimum sink current of 3mA at Vg, . =04 V for the output
stages. Vpp as 2 function of R_ . is shown in a graph on the facing page.
The desired noise margin of 10% Of V, for the LOW level limits the
maximum value of R. Rg . asa function of Rp is shown in another graph
on the facing page.

2) The bus capacitance is the total capacitance of wire, connections and pins.
This capacitance limits the maximum value of R due to the specified rise
time of 1 pusec. A graph on the facing page shows RP max 35 2 function of
bus capacitance.

3) The maximum HIGH level input current of each input/output connection has a
specified maximum value of 10 pA. Due to the desired noise margin of 20% of
Vpp for the HIGH level, this input current limits the maximum value of R .
This limit depends on V5. The total HIGH level input current is shown as 2
function of RP max in a graph on the facing page.

Appendix B - Note to section 6.2

Special attention must be paid if, during a serial ransfer, the arbitration procedure
is stll in progress at the moment when a repeated START condition or a STOP
condition is transmitted to the 12C-bus. If it’s possible for such a situation to
occur, the masters involved must send this repeated START condition or STOP
condition at the same position in the format frame. In other words, arbitration isn’t
allowed between:

- a repeated START condition and a data bit,
- a STOP condition and a data bit,
- a repeated START condition and a STOP condition.
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1.1

SAA5231

TELETEXT VIDEO PROCESSOR

GENERAL DESCRIPTION

The SAA5231 is a bipolar integrated circuit intended as a successor to the SAAS5030. It extracts Tele-
text Data from the video signal, regenerates Teletext Clock and synchronizes the text display to the
television syncs. The integrated circuit is intended to work in conjunction with CCT (Computer
Controlled Teletext), EUROM or other compatible devices.

Features

® Adaptive data slicer

® Data clock regenerator

e Adaptive sync separator, horizontal phase detector and 6 MHz VCO forming display phase
locked loop (PLL)

QUICK REFERENCE DATA

Supply voltage (pin 16) Vee typ. 12V
Supply current (pin 16) lcc typ. 7C mA
Video input amplitude (pin 27) (peak-to-peak value)

pin 2 LOW V27-13(p-p) typ. -V

pin 2 HIGH V27-13(p-p) typ. ) 25 V
Storage temperature range Tstg -20t0+125 °C
Operating ambient temperature range Tamb 0to+70 °C
PACKAGE OUTLINE

28-lead dual in-line; plastic (SOT117).

1.4
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1.3
Teletext video processor SAA5231
PINNING
U text composite sync input (TCS)
Aync cutput E: E scan compositnwsync input {(3Cs)
video input level select E E composite video input
HF filter [3 | [26] biack level
video composite sync output
store HF [ 25)] (ves)
store amplitude E 24| pulse timing capacitor
store zero level E E pulse timing resistor .
external data input E __22] sandcastle input pulse (PL/CBB)
SAA5231
data timing [s: 21] filter 1
store phase E E oscillator input
vea [10 [19] fiteer 2
crystal E E oscillator output
clock filter [12 [17] 6MHz output (Fé)
ground |13 E] supply Voo
clock output (TTC) |14 15| data output (TTD)
7291272.1A
Fig. 2 Pinning diagram.
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply voltage (pin 16) Vee max. | 41832V
Storage temperature range Tstg —20to+ 125 °C
Operating ambient temperature Tamb Oto+70 °C
575
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SAA5231

14

CHARACTERISTICS
Ve =12 V; Tamb = 25 OC with external components as shown in application circuits unless otherwise

stated.
parameter . symbol min. typ. max. unit
Supply (pin 16) -
Supply voltage Vee 10,8 12,0 132 Vv
Supply current lcc 50 70 105 mA
Video input and sync separator
Video input amplitude (sync to white)
(peak-to-peak value)
video input select level LOW (pin 2) V27-13(p-p) 0,7 1 14 v
video input select level HIGH (pin 2) V27-13(p-p) 1,75 2,5 35 \%
Source impedance 1Zgl - — 250 Q
Sync amplitude (peak-to-peak value) V27-13(p-p) 0,1 — 1 \
]

Video input level select %
Input voltage LOW Va.13 0 — 0,8 Y
Input voltage HIGH Vo.13 2,0 - 55 \
Input current LOW D) 0 - -150 uA
Input current HIGH ) 0 - 4 mA
Text composite sync input (TCS)
Input voltage LOW V28.13 0 - 08 \
Input voltage HIGH Vog.13 2,0 - 7,0 \
Scan composite sync input (SCS)
Input voltage LOW V28-13 0 - 1,5 \
Input voltage HIGH V2g-13 3,5 - 7,0 \
Select video sync from pin 1
Input current (pin 28)

atVog=0to7V l2g —40 =70 | =100 | ®A

atVog =10V to Ve I28 -5 - +5 uA
Video composite sync output (VCS)
Output voltage LOW V25.13 0 - 04 %
Output voltage HIGH V25.13 24 - 55 \
D.C. output current LOW l2g - - 0,5 mA
D.C. output current HIGH l2g - - -1,5 mA
Sync separator delay time tq 0,25 0,35 0,40 us

576
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Teletext’ video processor SAA5231

parameter symbol min, typ. max. unit
Dual polarity buffer output
TCS amplitude
(peak-to-peak value) V1-13(p-p) 0,20 0,45 0,65 Vv
Video sync amplitude
(peak-to-peak value) V1-13(p-p) - - 1 \
Output current I -3 - +3 mA
D.C. output voltage
Ry to ground (0 V) V113 110 1,4 2,0 \
R to Vge (12 V) V113 9,0 10,7 | 118 Vv
Sandcastle input pulse (PL/CBB)
Phase lock pulse (PL)
PL on (LOW) V22.13 0 - \Y
PL off (HIGH) V22.13 39 - 8,5 Vv
Blanking pulse (CBB)

CBB on (LOW) V22.13 0 - 0,5 \
CBB off (HIGH) V22.13 1,0 - 5,5 \%)
Input current 129 -10 - +10 nA

Phase locked loop (PLL)
Phase detector timing
Pulse duration
using composite video tp 2,0 24 28 us
using scan composite sync tp 3,0 35 4,0 us
time PL must be LOW
to make VCO run-free t 100 - - s
6 MHz clock output (F6)
A.C. output voltage
(peak-to-peak value) V17-13(p-p) 1 2 3 \
A.C. and d.c. output voltage range V17-13(max) 4 - 8,5 \
Rise and fall time e tf 20 - 40 ns
Load capacitance C17-13 - - 40 pF
Video recorder mode input (VCR)
VCR-mode on (LOW) V10-13 0 - 08 \
VCR-mode off (HIGH) V10-13 2,0 - Vee \%
Input current l10 -10 - +10 uA

w November 1986 577
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1.6

SAA5231
parameter symbol min. typ. max. unit
Data slicer
Data amplitude of video input (pin 27) W,
video input level select LOW (pin 2) V2713 0,30 0,46 0,70 Vv
video input level select HIGH (pin 2) | V27.13 0,75 1,16 | 1,75 \%

Teletext clock output
A.C. output voltage

(peak-to-peak value) V14.13(p-p) 25 35 45 Y

D.C. output voltage (centre) V1413 30 4,0 5,0 \Y
- Load capacitance Cp - - 40 pF

Rise and fall times tp, tf 20 30 45 ns

Delay‘ of falling edge relative to

other edges of TTD tdq -20 0 +20 ns

Teletext data output
A.C. output voltage

(peak-to-peak value) V15-13(p-p) 25 35 45 Y
D.C. output voltage (centre) V15.13 3,0 4,0 5,0 Vv
Load capacitance Cp - - 40 pF
Rise and fall times tps tf 20 30 45 ns
APPLICATION INFORMATION
47 uF 47nF
N s | PR @ A v
gG,3 ‘
47nF i 47 nF =
N +{15 22
\ A
TCs

sandcastle

1,2 input
kQ vCs

T T
— F6
68 50 __l_
2,2 ufF 68 [']m aH 10 —— 170

composite + I F
video [ T" 220—|- Tp
input l oF 8} 10nF
28 27 26 25 Q24 23 22 2% 2. 9 18 -17- 1§ 15
27 315
sync out +— SAA5231 oF T JuH
1 4 7 8 9 10 11 12 13 14

ERETRRARE. (VY

| T11 l sl G

3
| I ‘ nFI ) Iz l l
1,2 video pF pF |nF
mD input : 4 7 % [:I 13,875 MHz

H level i
i select data 15 pF
.- »7 input VCR ;’

7

7297624

- (1) Coil: 50 uH at 1 kHz, Cy = 4 pF. Adjust the free-running frequency to 6000 kHz + 30 kHz.
Fig. 3a Application circuit using L/C circuit in PLL.
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1.7

SAA5231

Teletext video processor

T i T T o
==47nF ==47nF
+{15 |22
uF | nF
+— TCS
[]1,2 X b
k2 " - i e
_”E T - IMH: 330 — F6
com_zo:ite ilzuﬁ-‘f— 2 {1 os8 k2 18 [ f;Z I'——-D-— TT0
e
o — [ %] | For
28 27 28 25 W/ 83 227 NN 19 18 17 18 15
27 ds 15
Sync out +— SAA5231 of T uH
T 2 A5 (O Teesgo..9 10 W 12 93 14
1
e = 3 S 2 (e
. | 15 1 470 | 22 270 {100
1,2 Vvideo | pF |nF | pF |nF pF | pF XTAL
ka input | P Wl ™ 4 g = 13875 MHz
fevel | ~ S e
} select | m‘ oF ;
b e 7 7297623

(1) Quartz crystal e.g. catalogue number 4322 143 04101. Adjust the free-running frequency to
6000,2 kHz = 0,2 kHz.

Fig. 3b Application circuit using quartz crystal in PLL.

10 uF 220 nF

+ 3
\5 I Vee
470 33
47nF 47nF
| e —{—8 ¢ 2
yF
+— TCS
1.2 input
»— VCS
kQ R o :
T T " Mz 320 — 6
composite | 22HF I kQ 3 = +—— T70
ideo ———| [
?np:: _{ I TnF pFT pF n 10nF
28 27 26 25 28 "23 22 21 20 19 17 16 15
27 s 15
TYRELOUT iy SAA5231 pET 3 uH
§o@E . ks 8 . T a8 e 10 12 134
|
S s 1 A O A L B L S
. gil] 15 |1 |4a70 | 22 270 |100
[]1.2 video | |pF |oF {pF | oF | pF XTAL
inpu’ 4 7
41 Sl W s 5 T 13875MHz
: select | data oF
7 ioeut ; 7297622

(1) Ceramic resonator e.g. Kyocera KBR 6,0 M. Adjust the free-running frequency to 6010 kHz = 5 kHz.

Fig. 3c Application circuit using ceramic resonator in PLL.
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1.8

Component specifications
Specifications of some external components in Figs 3a, 3b and 3c.

Quartz crystal 13,875 MHz; Figs 3a, 3b and 3c
Load resonance frequency (f) 13,875 MHz; adjustment tolerance * 40-10-¢
Load capacitance (C ) 20 pF
Temperature range (T) —20 to +70 OC; frequency tolerance maximum * 30-10-¢
Resonance resistance (R;) typical 10  maximum 60
Motional capacitance (C1) typical 19 fF
Static parallel capacitance (Cq) typical 5 pF

Fixed inductance Figs 3a, 3b and 3c
Inductance (L) 15 uH * 20%
Quality factor (Q) minimum 20

Variable inductance Fig. 3a
Inductance (L) 50 uH at 1 kHz
Static parallel capacitance (Cq) typical 4 pF

Quartz crystal Fig. 3b
Preferred type 4322 143 04101
Load resonance frequency (f) 6 MHz; adjustment tolerance * 40-10-¢
Load capacitance (C( ) 20 pF ’
Temperature range (T} —20 to +70 OC; frequency tolerance * 30-10-¢
Resonance resistance (R} 60 §2
Motional capacitance (C1) typical 28 fF
Static parallel capacitance (Cg) typical 7 pF

Ceramic resonator; Fig. 3c
Preferred type KBR 6,0 M, Kyocera
Load resonance frequency (f) 6 MHz; adjustment tolerance + 0,5%
Load capacitance (C| ) 20 pF :
Temperature range (T) —20 to +70 OC; frequency tolerance maximum % 0,3%
Resonance resistance (Ry) typical 6
Motional capacitance (C1) typical 9 pF
Static parallel capacitance (Co) typical 60 pF
Ageing (10 years) f maximum * 0,3%
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1.9

Teletext video processor SAA 5 231

The function is quoted against the corresponding pin number.

8

10.

115

12,

13.

14.

Synch output to TV

Output with dual polarity buffer, a load resistor to 0 V or + 12 V selects positive-going or
negative-going syncs.

Video input level select

When this pin is LOW a 1 V video input level is selected. When the pin is not connected it floats
HIGH selecting a 2,5 V video input level.

HF filter
The video signal for the h.f.-loss compensator is filtered by a 15 pF capacitor connected to this pin.

Store h.f.
The h.f. amplitude is stored by a 1 nF capacitor connected to this pin.

Store amplitude
The amplitude for the adaptive data slicer is stored by a 470 pF capacitor connected to this pin.

Store zero level
The zero level for the adaptive data slicer is stored by a 22 nF capacitor connected to this pin.

External data input

Current input for sliced tzletext data from external device.
Active HIGH level (current), low impedance input.

Data timing
A 270 pF capacitor is connected to this pin for timing of the adaptive data slicer.

Store phase
The output signal from the clock phase detector is stored by a 100 pF capacitor connected to this
pin.

Video tape recorder mode (VCR)

Signal input to command PLL into short time constant mode. Not used in application circuit
Fig. 3b or Fig. 3c.

Crystal

A 13,875 MHz crystal, 2 x data rate, connected in series with a 15 pF capacitor is applied via this
pin to the oscillator and divide-by-two to provide the 6,9375 MHz clock signal.

Clock filter
A filter for the 6,9375 MHz clock signal is connected to this pin.

Ground (0 V)

Teletext clock output (TTC)
Clock output for CCT (Computer Controlled Teletext).

w (November 1986 581
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. SAA5231 J L

APPLICATION INFORMATION (continued)

15

16.

17.

18.

19.

20.

21,

22.

23.

24,

. Teletext data output (TTD)
Data output for CCT.

Supply voltage Vg (+ 12V typ.)

Clock output (F6)
6 MHz clock output for timing and sandcastle generation in CCT.

Oscillator output (6 MHz)

A series resonant circuit is connected between this pin and pin 20 to control the nominal frequency
of the VCO.

Filter 2

A filter with a short time constant is connected to this pin for the horizontal phase detector. It is
used in the video recorder mode and while the loop is locking up.

Oscillator input (6 MHz)
See pin 18.

Filter 1
A filter with a long time constant is connected to this pin for the horizontal phase detector.

Sandcastle input pulse (PL/CBB)

This input accepts a sandcastle waveform, which is formed from PL and CBB from the CCT.
Signal timing is shown in Fig. 4.

Pulse timing resistor
The current for the pulse generator is defined by a 68 k{2 resistor connected to this pin.

Pulse timing capacitor

_ The timing of the pulse generator is determined by a 220 pF capacitor connected to this pin.

25.

26.

Video composite sync output (VCS)
This output signal is for CCT.

Black level :
The black level for the adaptive sync separator is stored by a 68 nF capacitor connected to this pin.

582
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SAAS5231

Teletext video processor

27. Composite video input (CVS)
The composite video signal is input via a 2,2 uF clamping capacitor to the adaptive sync
separator. j

28. Text composite sync input (TCS)/Scan composite sync input (3CS)

TCS is input from CCT or SCS from external sync circuit. SCS is expected when there is no load
resistor at pin 1. If pin 28 is not connected the sync output on pin 1 will be the composite video
input at pin 27, internally buffered.

/,// 7291271

VIDEO
SIGNAL | '
(pin27)

5V
SANDCASTLE
INPUT -
(pin22) I
oV
Ly H T T
015 47 85 335 t (us)

Fig. 4 Sandcastle.waveform and timing.
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SAAS5243 SERIES

ENHANCED COMPUTER CONTROLLED TELETEXT CIRCUITS
(ECCT)
GENERAL DESCRIPTION

The SAA5243 series are MOS N-channel integrated circuits which perform all the digital logic functions
of a 625-line World System Teletext decoder. The SAA5243 series operate in conjunction with the
teletext video processor SAA5231, standard static RAMs and are controlled via the 2-wire 12C-bus. The
devices can be used to provide videotex display conforming to a serial character attribute protocol.

Features

® Microcomputer controlled for flexibility ® Cursor control for videotex/telesoftware
® High quality flicker-free display using a ® 7-bits parity or 8-bit data acquisition
12 x 10 character matrix ® Extension packet reception option
® Field flyback (lines 2 to 22), or full channel ® Standard I12C-bus slave transceiver (slave
(all lines) data acquisition address 0010001) .
® Up to four simultaneous page requests enabling @ Single 5 volt power supply
acquisition during one magazine cycle ® Mask programmable character sets
® Direct interface up to 8 K bytes static RAM ® Slave sync mode operation
® Automatic language section of up to seven e (Odd/even field output for de-interlaced displays
different languages i
® 25th display row for software generated status

messages s
ODD/EVEN Vpp(+5V)
8 K
SAA5243 '

TT0 —8 2 s
DATA TIMING 01 ves
ACQUISITION CHAIN 1 SAND
7 1 —_—
TTC 2 TCS/
Y SCS

v

Bl o

- (L2

SDA 12C INTERFACE CHARACTER AL S
scL —12 AND CONTROL ' GENERATOR L .
17 BLAN

L} S

MEMORY INTERFACE
Y
Y Y 1 ~1
21 [22 23 {24 |25 [26 {27 |28 [29 |30 |31 {32 |33 |34 35 [36 {37 (38 |39 [40 |2 |3 |4 |5
VssiOV) 00 | 02 | D4 | 06 | A0 | A2 | A4 | A6 | A8 | at0 | A1z 1 WE
D1 D3 DS 07 , Al A3 A5 A7 ,:A9 AIT O 7296822

Fig.1 Block diagram.
PACKAGE OUTLINE 40-lead DIL; plastic (SOT 129).
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SAA5243 SERIES
ORDERING INFORMATION
type number version
SAA5243P/E/M2 West European languages
SAA5243P/H East European languages Wi
SAA5243P/K Arabic and English languages
SAA5243P/L Arabic and Hebrew languages
vop [ 1 U 20] A10
An 2 3] A9
a2 [3 38] A8
ot 4| 37] A7
wE [5 36] A8
70 [6 [35] As
T1e [7] [34] A4
00 /eveN (B | . 33] A3
76 [9 [32] A2
ves [ig] 31] Al
SAA5243
sanD [11 30} A0
TCS/5C8 12 23] 07
r [13] 28] 06
G |14 E D5
8 [15] 26] D4
con [ig] 25] 03
BLAN [17 ] 24] D2
v i8] 23] o1
scu [19] 22] 00
soA [20] 21| ves
7296824
Fig.2 Pinning diagram.
PINNING
1 Vpp Power supply: + 5 V power supply pin.
2,3,40 A11, A12, A10 Chapter Address: three outputs that select which 1 K byte chapter
of external RAM is being accessed for any read or write cycle.
4 OE Output Enable: active low output signal used to control the
reading of the external RAM. It occurs continuously ata 1 MHz
rate.
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Enhanced computer controlled teletext circuits SAA5243 SER!ES
5 WE Write Enable: active low output signal used to control the writing

of data to the external RAM. It occurs for a valid write cycle only
_and is interleaved with the read cycles.

6 TTD Teletext Data: input from the SAA5231 Video Input Processor
(VIP2). It is clamped to Vgg for 4 to 8 us of each television line
to maintain the correct DC level following the external AC
coupling.

7 TTEC Teletext Clock: 6.9375 MHz clock input from the SAA5231. Itis
internally AC coupled to an active clamp input buffer.

8 ODD/EVEN Odd/Even: for interlaced mode, the output changes once per field at
2 us before the end of line 311 (624). The output is high for even
fields and low for odd fields.

9 F6 Character display clock: 6 MHz clock input from the
SAAS5231. It is internally AC coupled to an active clamp input
buffer.

10 VCS Videe Composite Sync: input from the SAA5231 derived from
the incoming video signal. Sync pulses are active high.

il SAND Sandcastle: 3-level sandcastle output to the SAA5231 containing

the phase locking and colour burst blanking information.

12 TCS/SCS Text Composite Sync/Scan Composite Sync: as an output an
active low composite sync waveform (TCS) with interlaced or
non-interlaced format (see Fig.6) which is fed to the SAA5231
to drive the display timebases. Alternatively this pin can act as an
input for an active low composite sync waveform (SCS) to ‘slave’
the display timing circuits.

13,14, 15 R,G,B Red, Green, Blue: these 3 open drain outputs are the character
video signals to the television display circuits. They are active
high and contain character and background information.

16 COR Contrast Reduction: open drain, active low output which allows

selective contrast reduction of the television picture to enhance
a mixed mode display. :

17 BLAN Blanking: open drain, active high output which controls the
blanking of the television picture for a normal text display and
for a mixed display.

18 Y Character foreground: open drain, active high video output signal

containing all the foreground information displayed on the
television screen (e.g. for driving a display printer).

19 SCL Serial Clock: input signal which is the 12C-bus clock from the
microcontroller.

20 SDA Serial Data: is the 12C-bus data line. It is an input/output
function with an open drain output.

21 Vss Ground: O volts.

22-29 DO-D7 8 RAM data lines: 3-state input/output pins which carry the data
bytes to and from the external RAM.

30-39 AO0-A9 RAM address: 10 output signals that determine which byte

location within a 1 K byte chapter of external RAM is accessed for

any read or write cycle.
w ﬂebruary 1989 599
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SAA5243 SERIES
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
parameter conditions | symbol min. max. unit
Supply voltage range pin 1 VbD 1 =03 1.5 \
Input voltage range i
VCS, SDA, SCL, D0O-D7 Vi -0.3 7.5 \
TTC, TTD, F6, TCS/SCS Vi 0.3 10.0 Vv
Output voltage range
SAND, A0-A12, OE, WE,
D0-D7, SDA, ODD/EVEN,
R, G, B, BLAN, COR, Y Vo -0.3 75 \
TCS/SCS Vo -0.3 10.0 Vv
Storage temperature range Tstg -20 +125 oC
Operating ambient temperature range Tamb -20 +70 oC
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Enhanced computer controlled teletext circuits- : SAA5243 SER'ES
CHARACTERISTICS
VDD =5V £ 10%; Vgg = 0 V; Tamb = —20 to + 70 OC unless otherwise specified
parameter symbol min. typ. -max. unit
SUPPLY
Supply voltage (pin 1) Vpp 45 5.0 5.5 Vv
Supply current (pin 1) ' pp | - 160 270 mA
INPUTS (note 1)
TTD (note 2)
External coupling capacitor Cext - - 50 nF
Input voltage (peak-to-peak value) V‘(p.p) 20 - 7.0 \
Input data rise and fall times (note 3) t, tf 10 - 80 ns
Input data set-up time (note 4) tps 40 - - ns
Input data hold time (note 4) tDH 40 - - ns
Input leakage current
atV;=0to 10V Iy - - 20 nA
Input capacitance Cy - - 7 pF
TTC; F6 (note 5)
DC input voltage range \ -03 1 - +10.0 \Y
AC input voltage (peak-to-peak value) F6 Vitp-p) 1.0 - 7.0 Vv
.AC input voltage (peak-to-peak value) TTC Vi{p-p) 1.5 - 7.0 Vv
Input peaks relative to 50% duty cycle tVp 0.2 - 3.5 \Y
TTC clock frequency frTe - 6.9375 | — MHz
F6 clock frequency fre - 6.0 = MHz
Clock rise and fall times (note 3) tr, tf 10 - 80 ns
Input leakage current )
atV|=0to 10V I — - 20 HA
Input capacitance Cy - - L pF
vecs
Input voltage LOW ViL ‘10 - 0.8 \")
Input voltage HIGH ViH 2.0 = VpD \'
Input rise and fall times (note 3) t, - - 500 ns
Input leakage current 5
atVy =55V N - - 10 KA
Input capacitance C — - 7 pF
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1.17

CHARACTERISTICS (continued)

parameter symbol min. typ. max. unit
SCL
Input voltage LOW ViL 0 - 1.5 \%
Input voltage HIGH ViH 3.0 - Vbob \%
SCL clock frequency VfSCL 0 - 100 kHz
Input rise and fall times (note 3) tp, tf - - 2 us
Input leakage current

atVy=55V L) - - 10 HA
Input capacitance C — - 7 pF
INPUT/OUTPUTS (note 6)
TCS (output)/SCS (input)
Input voltage LOW ViL 0 — 1.5 Vv
Input voltage HIGH ViH 35 o 10.0 \%
Input rise and fall times (note 3) tr, U - - 500 ns
Input leakage current

atVy=0to 10V

and output in high impedance state %L - - 10 HA
Input capacitance Cy - - / pF
Qutput voltage LOW

atlgL =0.4mA VoL 0 — 0.4 Vv
Output voltage HIGH

at—lgy=0.2mA VoH 2.4 - VoD \"

atlgy =0.1 mA VOoH 2.4 - 6.0 \
Output rise and fall times

between 0.6 V and 2.2 V levels t, tf - - 100 ns
Load capacitance CL - — 50 pF
SDA (note 7)
Input voltage LOW ViL 0 - 5 Vv
Input voltage HIGH ViH 3.0 = VoD \'
Input rise and fall times (note 3) te, tf - - 2 us
Input |leakage current

at V| = 5.5 V with output off L - - 10 HA
Input capacitance C — — 7 pF
Output voltage LOW 2

atlgL=3mA VoL 0 — 0.5 \
Qutput fall time

between 3.0V and 1.0 V levels t¢ — - 200 ns
Load capacitance CL - — 400 pF

602
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SAA5243 SERIES

parameter symbol min. typ. max. unit
INPUT/OQUTPUTS (continued)
DO0-D7 (note 8)
Input voltage LOW ViL 0 - 0.8 \
Input voltage HIGH ViH 2.0 - Voo v
Input leakage current

atV)=0Vtob55V

and output in high impedance state tly - = 10 JIZ
Input capacitance Cy - - 7 pF
Output voltage LOW

atlgL = 1.6 mA VoL 0 - 0.4 Vv
Qutput voltage HIGH

at —lgy =0.2 mA VoH 2.4 - Vpp Vv
QOutput rise and fall times

between 0.6 V and 2.2V levels tr, b5 - = 50 ns
Load capacitance CL - - 120 pF
OUTPUTS (note 6)
A0-A12; OF; WE (note 8)
Qutput voltage LOW

atlgL=16mA VoL 0 - 0.4 v
QOutput voltage HIGH

at—lgy =0.2 mA VoH 2.4 - VbD \
Qutput rise and fall times

between 0.6 V and 2.2 V levels tr, tf - - 50 ns
Load capacitance CL = = 120 pF
ODD/EVEN
Output voltage LOW

atlg =0.4 mA VoL 0 - 0.4 \%
Qutput voltage HIGH

at —lgy = 0.2 mA VoH 2.4 - VbD v
Qutput rise and fall times

between 0.6 V and 2.2V levels t, tf - - 100 ns
Load capacitance Cp - - 50 pF
SAND (note 9)
Output voltage LOW

atlgL =0.2mA VoL 0 - 0.25 \%
Qutput voltage INTERMEDIATE

atlg =10 pA Voi 1.1 = 3.1 Vv

\ ﬁebruary 1989
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SAA5243 SERIES
CHARACTERISTICS (continued)
i
parameter symbol min. typ. max. unit {
|
SAND (continued) '
Output voltage HIGH ;
atlgy = 0to =10 A VoH 4.0 — VpD Vv '
Output rise time Vg to V(| ’ | :
between 0.4 V and 0.9 V levels tr - - | 400 ns |
Output rise time V) to Vo 5 | i
between 3.3 V and 3.8V levels tr2 - - 200 jons o
Output fall time Vou to VoL ;
between 3.8 V and 0.4 V levels tf - - 50 ;o asv
Load capacitance CL - - 30 | pF |
R: G; B; COR; BLAN; Y (note 10) o
Output voltage LOW : i |
atlgL =2 mA VoL 0 e 0.4 Y :
Output voltage LOW i § :
atlg =5 mA VoL 0 - i 1.0 SV i
Pull-up voltage as seen at pin’ Vpy - e i 6.0 PV _
Output fall time with a load resistor |
of 1.2 kQ to 6 V and measured between 1
55Vand 1.5V tf - |- 20 ; nss.
Skew delay between outputs with a load ' ]
resistor of 1.2 kS2 to 6 V and measured i i
on the falling edges at 3.5 V tSK - - | 20 ns
Load capacitance CL % s 25 pF
Qutput leakage current
at Vpy =0 to 6 V with output off Lo - - 10 uA
TIMING
12C-bus (note 11)
Clock low period tLow 4 = - us
Clock high period tHIGH 4 - - us
Data set-up time tsu: DAT | 250 = = ns
Data hold time tHD; DAT 170 - - ns
Stop set-up time from clock high tsy;sTo | 4 - - us
Start set-up time following a stop tBUF 4 - - us
Start hold time tHD; STA 4 i 2 us
Start set-up time following clock
low-to-high transition tSU; STA 4 - - us
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SAA5243 SERIES

parameter symbol min. typ. E max. unit
TIMING (continued) ‘
Memory interface (note 12) :
Cycle time tey - 500 ; - ns
Address change to OE LOW tOE 60 -~ ; - ns. -
Address active time tADDR | 450 80 - ns |
OE pulse duration tOEW 320 - - ns |
Access time from OE to data valid tace - - 200 ns
Data hold time from OE HIGH or

address change tDH 0 - - ns
Address change to WE LOW tWE 40 - = ns
WE pulse duration tWEW 200 = == ns
Data set-up time to V_VE HIGH tps 100 - - ns
Data hold time from WE HIGH tDHWE 20 = = ns
Write recovery time WR 25 - - ns

Notes to the characteristics

1. All inputs are protected against static charge under normal handling.
2. The TTD input incorporates an internal clamping diode in addition to the active clamping

transistor (see Fig.3).

3. Rise and fall times between 10% and 90% levels.
4. Teletext input data set-up and hold times are with respect to a 50% duty cycle level of the rising

edge of the teletext clock input (TTC). Data stable 1> 2.0 V; data stable
5. The TTC and F6 inputs have internal clamping diodes and are AC coupled (see Fig.3).

0<0.8V (see Fig.4).

All outputs and input/outputs are protected against static charge under normal handling and

connection to Vpp and Vgs.
7.  For details of 12C-bus timing see Fig.8.
For details of RAM timing see Fig.9.

9. For details of synchronization timing see Fig.5.
10. For details of display output timing see Fig.7.

11. The 12C-bus timings are referred to Vi3 =3V and V| = 1.5 V. For waveforms see Fig.8.
12. The memory interface timings are referred to V| = 1.5V. For waveforms see Fig.9.

\ (February 1989 605
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SAA5243
character display clock input
F6 —g—>—-{ to
timing chain
\'

7 teletext clock input

TTC ———'——‘l 0 i
data acquisition circuit f

Vi(p-p)

TTE_ll 6 _— 4 teletext ;i;ca input
ce;t | data acquisition circuit .

clamping pulses from timing circuit dided iedi ol in‘ards
from time 4 us to 8 us of each FRgIonEonmas )
television line to maintain correct

DC level following external AC coupling

72913395.7

(a) (b)

Fig.3 (a) F6, TTC and TTD input circuitry (b) input waveform parameters.
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tey
144 ns typ

TTC

i
40ns min. 40ns min| 80ns max. 80ns max.

< tpg -»i=- tpy > -

G =@ =D

4

/ /
data may change data may change data may change 7291396

Data stable: 1is=>2.0V;0is<0.8V.

Fig.4 Teletext data input timing.

64

| ]
0 467
hase |
SAND L 1pns g ] . ol L S I
1 1
15 . 48 335

7296825
all timings in us

Fig.5 Synchronization timing.
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Enhanced computer controlled teletext circuits SAA5243 SERIES

5P

(TCS) | . L2
0 466 ’ 64

40pus

R, G, 8, Y
(1

display period

|
0 16.67 56.67
(a) LINE RATE all timings in us

- lines 4210 291 inclusive (and 355 to 604 inclusive interlaced) ———

R,G,B,Y display period
M — :
0 41 291 312
{b) FIELD RATE iR bt
(1) 3150 BLAN in character and box blanking 7291398
Fig.7 Display output timing (a) line rate (b) field rate.
SDA i ;
| -l
f— TBUF —= — oW —-— tg T
scL |
—>| tHD;STA I=— Rl — YyigH ™ l ‘
t, — et e
'HD;DAT 'SU;DAT
SDA
e ¥ ——l |0—
7287013.2 tSu;STA tsu;STO

Fig.8 12C-bus timing.
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SAA5243 SERIESJ L

P

. | fcy I
ADDRESS ! : i
tADDR |
_.l "OE l-._
o] 3 [ I
i |
l-—— TOEW —
— tacc r— —! toH 14—-
DATA
FROM X valid data output X
RAM

(a) READ

ADORESS i :

—2! tWE —

WE
! !
[=~— 'wWew == Y, e
i
[=— 'S —>'=—— (DHWE —
DATA .
TO X valid data input ><
RAM

{b) WRITE 7231399

Fig.9 Memory interface timing (a) read (b) write.
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SAA5243 SERIES

APPLICATION INFORMATION (continued)
ECCT page memory organization

The organization of a page memory is shown in Fig.11. The ECCT provides an additional row
compared with first generation decoders bringing the display format up to 40 characters by 25 rows.
Rows O to 23 form the teletext page as broadcast and row 24 is the extra row available for user-
generated status messages.

A MORE DETAILED DESCRIPTION OF ECCT OPERATION AND APPLICATION IS AVAILABLE
ON REQUEST.

fixed

character

written by ECCT hardware
alphanumerics white for normal

8 characters
always rolling

7,:‘:,?3? / alphanumerics green when looking (time) .
for display page ROW
7N 24 | 0
1
- 24 characters from page header T 2
- rolling when display page looked for = 3
L : s
} MAIN PAGE DISPLAY AREA :
| | xi
| I'{ 20
| |
I |
|V
22
B 23
this row always free for status 24
10 ] 14 25
10 bytes for 14 ;:yxes
ivi fr
pagerier:}:rr;.:tion by m::r:omu:ulu 7296823
Fig.11 Page memory organization.
Table 1 Row 25 received control data format
DO | PUO PTO MU0 MTO HUO HTO C7 Ci1 MAGO |0
D1 | PU1 P MU1 MT1 HU1 HT1 Cc8 C12 MAG1 |0
D2 | PU2 P12 MuU2 MT2 HU2 c5 (0] C13 MAG2 |0
D3 | PU3 PT3 MU3 Cc4 HU3 Cc6 Cc10 ci4 0 0
D4 | HAM.ER|HAM.ER|HAM.ER |HAM.ER|HAM.ER|HAM.ER|HAM.ER HAM.ER|FOUND| O
D5 |0 0 0 0 0 0 0 0 0 PBLF
D6 |0 0 0 0 0 0 0 0 0 0
D7 |0 0 0. 0 0 0 0 0 0 0
Column 0 1 2 3 & 5 6 7 8 9
Where:
MAG magazine | MU minutes units
PU page units page number MT minutes tens ]
PT page tens HU . hours units J page sub-code
PBLF page being looked for HT hours tens
FOUND LOW for page has been found C4-C14 transmitted control bits

HAM.ER  Hamming error in corresponding byte

612 February IQBQN (
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Enhanced computer controlled teletext circuits SAA5243 SER!ES

Row 0

Row 0O is for the page header. The first seven columns (0 to 6) are free for status messages. The eighth
is an alphanumeric white or green control character, written automatically by ECCT to give a green
rolling header when a page is being looked for. The last eight characters are for rolling time.

Row 25

The first 10 bytes of row 25 contain control data relating to the received page. Seven digits are used to
identify a page as shown in Table 1. The remaining 14 bytes are free for use by the microcomputer.

Register maps
ECCT mode registers R1 to R11 are shown in Table 2. R1 to R10 are WRITE only; R11 is

READ/WRITE.
Register map (R3), for page requests, is shown in detail in Table 3.

Table 2 ECCT register map

D7 D6 D5 D4 D3 D2 D1 Do
TA 77P/ | Aca. EXTENSION| DEW/ | TCs T TO

88IT | ON/OFF PACKET | FULL | oON R1  Mode

ENABLE | FIELD )

- BANK | Aca. aca. |18 START | START |[START :

SELECT | ccT ect COLUMN | COLUMN | coLumMN R2 ':’ il

A2 Al A0 sc2 sc sCo ) Sddges
—_ —_ —_ PRD4 PRD3 PRD2 PRD1 PRDO R3  Page request data
—_— —_— —_— — - A2 Al A0 ) R4  Display chaprter
8KGND | BKGND | COR COR TEXT | TEXT PON PON qs  Display control
ouT IN ouT IN ouT IN out IN ) {normal)
BKGND | BKGND | COR COR TEXT | TEXT PON PON g Dwelay control
ouT IN ouT IN ouT IN ouT IN ) (newsflash/subtitle]
STATUS | CURSOR | CONCEAL/ | TOP/ | SINGLE/ | BOX ON | BOX ON |BOX ON
ROW oN REVEAL | BOTTOM| DOUBLE | 24 123 0 R7  Display mode
BTM/TOP HEIGHT
= s - phos CLEAR | A2 Al | a0 PPN L 0

MEM. )
5 = o= R4 R3 R2 R1 RO ) R9  Active row
- e cs 64~ les c2 c1 co ) R10  Active column
07 D6 D5 D4 D3 D2 D1 DO
R11  Active data

(R/W) w®’wW | RW) RW) [ BW) | (RW) "W | RW) 3

— bit does not exist

Notes to Table 2

The arrows shown on the right of the register map indicate that the register auto-increments to the next
one on the following I12C transmission byte. TA and TB must be logic O for normal operation.

All bits in registers R1 to R10 are cleared to logic 0 on power-up except bits DO and D1 of registers

R5 and R6 which are set to logic 1.

All memory is cleared to ‘space’ (00100000) on power-up, except row 0 column 7 chapter 0, which is
‘alpha white’ (00000111) as the acquisition circuit is enabled but all pages are on hold.
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APPLICATION INFORMATION (continued)

CHARACTER SETS

are shown in Tables 4a to 4d.

. Several versions of the ECCT are available, offering a variety of character sets. The full character sets

The world system teletext specification allows the selection of national character sets via the page
header transmission bits, C12 to C14. These bits are automatically decoded by the ECCT, the resulting
character sets are shown in Tables 6a to 6d. For certain languages, control software processing of the
extension packet data may be required for optimum useage of the range of available characters. See

Fig. 12 for alphanumeric and graphic options.

7291406

alphanumerics and alphanumerics alphanumerics or alphanumerics
graphics ‘space’ character blast-through character
character 2/13 alphanumerics 7/15
2/0 . character 4/8

I
1
1
1

SRR SR
1
1
1

b asleme =
1
1
]
L E :

contiguous separated separated contiguous
graphics character . graphics character graphics character graphics character
7/6 7/8 7/15 7/15 %
- background display
: colour = colour

Fig.12 Alphanumeric and graphic options.
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Table 4a Character data input decoding, West European languages (SAA5243P/E/M2)

Enhanced computer controlled teletext circuits

=

=

!

Lo

|

GlelE

3EGE

el

g

Ig%

|
i

H 8|18

&)

|

% -
o
- -
o L3
)
5o "
o
el o
o | ]a
o
- =)
5o ~
)

) o 53 e = S Y S

5] ]|l ]| D) [

=T e e ]
2 oo 1 [ P

N e EE e

R R Z ==L

= UENEE LRSS E N

= FEZEBRBEMS
=BOBOCEEEEERE

graphics

blue

= EEDELuULEIEBE=E

graphics
magen!

-z 8410 (] [F1 M) ] 0 v iR B

S NErNEFNEECE

ated
hics.
ground
new
back-
ground
graphics

back=~

==z fEHuELERICR

T ek
]
release

£% :
" it
B 3 3 g k4 21,8 s tge | e
& 2sf(scp|bsE bl |25y g 2 3 21z =
7 | [HEAE R e g 2 R g | g R @) o
——#ﬁ.ﬂ\wo - o~ ” - n © ~ o e N b E]
PO 5 o - o - o - o - o o o - =
.mu&: S o o - - o o - - (=] - o °© -
S+ o o o =) - - - - =) o - - -
o= un - o (=] o (=] o o o =] - - i =

oo || e e 91 T ) ) Pl )l Pl 2

=0 BKRkI=aCA 5D
e LR AN EE T O EE

* These control characters are reserved for compatibility with other data codes
** These control characters are presumed before each row begins
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1.31

@
2

(=) = I M ) O e 5 )

o 2 e A e

== | = |55 1] J|D)T)1) T 9 €] P D ]| S
> | = [ w8 o ) X ol 2 A 2 1185 g
e BRI Z O EEE R
JE A 3]l ([ [N ESE SR

== 0ePRILEEEEL
S HE R EDEREE
== [2LBRAEDEI0=5GR

AR e e
== B LEUINPLLPEEER
== ER e FVNIRREUIEEGE
== FZ0ENIEEESY1ER

DN EIY I AUElREE S

i oA S B [HEREEIE
ALl B, CEESER

Table 4d Character data input decoding, Arabic and Hebrew languages (SAA5243P/L)

APPLICATION INFORMATION (continued)

§
2
3
B
3 e
£
1
i1
§ 8
i1
g mm g2 2].%
w.m. wm |83 8s 5 mw mwm mwm mm
3 £t
. HIBHBHB A = T8 | 58 il
WWW: SHHHHEH T w HEIRIEIR
*wrwﬂ - ~ L - w © ~ © o e = o~ o - 4 v Wm
M.M‘IHM AESEE L EER ARSI ES CERI I AYEEREES T § 8
m+oouo‘muunmumwm“”mm

SAA5243 SERIESJ L

February 1985“ (

620




=

o2
L
]

Enhanced computer controlled teletext circuits ¢ SAA5243 SER'ES

Notes to Table 4

Control characters shown in columns O and 1 are normally displayed as spaces.
Codes may be referred to by column and row. For example 2/5 refers to %.
Black represen—t; displayed colour. White represents background.

Character rectangle shown as follows: @

National option characters are shown in Table 6.

Characters 8/6, 8/7, 9/5, 9/6 and 9/7 are special characters (for /E and /H character tables only)
to combine with character 8/5.

o OV B ey R o

7. With bit 8 = 0 national option character will be decoded according to the setting of control bits
C12 to C14 (see Table 6).

Purchase of Philips’ 12C components conveys a license under the
Philips’ 12C patent to use the components in the 12C-system provided
the system conforms to the 12C specifications defined by Philips.
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$PW 120

$TL

I”;g

T T T T TITTTITT TTTTTT I T T T T TTT T TTTETETTETETETETETETE T T

;% SIO1 EQUATE LIST %

T T T T ITTIT T T T T TT T TTTETETETETETTETTETETETETo

« 3k s ke sk e e ke sk sk e e ke sk sk e ke Sk sk o e ke sk sk e e e ke ok ok 3k ok sk sk ke ok sk ok e ke sk ok e ke ke sk sk ke sk sk sk sk sk skl ok ok sk kok sk

; LOCATION OF THE SIO1 Si’ECIAL FUNCTION REGISTERS.

« 3k ok 3k 3k 3k ok 3 o 3 e e e ke ke sk ke sk sk Sk Sk Sk Sk Sk ke Sk sk ok sk sk Sk ok ok sk sk sk e e sk ke ke ke ke ke sk skl sk kesk sk sk sk ook skok sk ok sk sk ok
’

DEFSEG S1SFR,START=0DBH,CLASS=IDATA,ABSOLUTE
SEG SISFR

SICON EQU 0D$H

SISTA EQU 0D9H

SIDAT EQU ODAH

SIADR EQU 0DBH

UP1A EQU 04000H

UPIB EQU 04001H

UPIC EQU 04002H

UPICON EQU 04003H

« sk sk e e s sfe e ke ok sfe ke sk sk Sk Sk Sk 3k 3K 3k sk 3k 3k 3k ek 3k sk sk sk e s ke ke sk sk sk st Sk sk ok ok sk ke e stk sk sk ke e ke stk sk sk sk sk ok ok sk
’

; BIT LOCATION

« 3k sk she e ke e e sk sk sk ke ke e e ok sk sk sk ke ke e ok Sk sk sk ke o s ok ofe ke e e s e sk sk ke sk she e sk Sk Sk sk ke ke e ke ke ok ok ke e ok Sk ok sk ke ok ok
’

SEG BIT

STA EQU O0DDH ;STA BIT IN SICON

STO EQU O0DCH ;STO BIT IN S1CON

SI EQU ODBH ;SERIAL 1 INT.

SIO1IHP EQU 0BDH ;IPO,SIO1 PRIORITY BIT

« S e e ke e sk sk sk sk sk sk sk sk ok e e e ek ke ke ke ke ke ke sfesfe ke ke ke sk sk sk o e ke sk sk ke e sk e skeskeske ke sk sk sk sk sk sk sk ske ke ke ke sk skok sk ok
’

; LOCATION IN DATA RAM

.« 3k 3k sk sk ke ke e sk sk Sk ke ke e 3 3k 3k s Sk sk ok ke e s Sk ke e 3¢ e ok Sk sk ke e sfe e e sk Sk ke e s e Sk Sk Sk ke ke ke sfe e ke ke e ke e sk ko ke ke ke
’



SEG DATA

MID EQU 030H

MRD EQU 05AH
THA EQU 048H

THAPAGE EQU 049H
HADD EQU 050H
SLA EQU 051H

NOTMST EQU 052H

BACKUP EQU 053H

PAG_MAG EQU 054H

PAG_TEN EQU 055H

PAG_UNI EQU 056H

WRT_MAG EQU 057H

WRT_TEN EQU 058H
WRT_UNI EQU 055H

GCODE EQU 05BH

iMST/TRX/DATA base address

:MST/REC/DATA base address
;THAI CODE

;THAI PAGE SIGNATURE

;HIGH address byte for STATE 0

;till STATE 25

;Contains SLA+R/W to be transmitted.
;number of byte to transmit

;or receive as MST
;Backup from NUMBYTMST

;to restore NUMBYTMST in case
;of arbitration Lost.

;PAGE SELECT MAGAZINE ADDRESS
;PAGE SELECT PAGE TEN ADDRESS
;PAGE SELECT PAGE UNIT ADDRESS
- ;USER WRITE MAG

;USER WRITE TEN
;USER WRITE UNIT

;GRAPHIC CODE SIGN

« 34 sfefe Sfe 3k 3fe Sk e ok ok 3k 3k 3¢ ok 35 3k ke ke sk 3k Sk sk sk ok sk ke Sk e ke Sk ok sk sfe ok Sfe Sk e ke ke ke e Sk ke sk ke e sfe e sk ke ke ke ke ke ek e ke sk e keok
’

; IMMEDIATE DATA TO WRITE INTO REGISTER S1CON (high speed)

« 35 3k ke 3k 3k Sfe 3k ke Sk 3k Sk ok Sk e ok e ok Sk ok 3k ok 3k Sk ke Sk e Sk ke ke Sk Sk Sk She Sk Sfe ke ke ke ok ke Sk ke ke ke e ke ke Sk ke ke ke Sk ke ke ke ok ke ke sk ke keoke
b

ENS1_NOTSTA_STO_NOTSI_AA_CRO EQU 0D5h ;GEN STOP(CR0=100Khz)
ENS1_STA_NOTSTO_NOTSI_AA_CRO EQU 0E5h ;Releases BUS and

;set STA
ENS1_NOTSTA_NOTSTO_NOTSI_AA_CRO EQU 0C5h  ;Releas BUS AND ACK

ENS1_NOTSTA_NOTSTO_NOTSI_NOTAA_CRO EQU 0Clh ;Releas BUS AND

;not ACK



- sk e sk s se sk sk sk se sk s sk se sk e se sk se sk e sk e sk ke sk ok o sk sk sk ok ok sk ook ok ok sk sk ok ok ok ok ok ok ok ok ko ok ok ok ok sk ok ok
b

; GENERAL IMMEDIATE DATA

« 35 sk ok 3¢ sk Sk ke Sk 3 sk sk e Sk ke e Sk Sk ke s Sk ke o Sk ke ok Sk ke sk ok e o ok ke ok Sk e i sk ke e Sk e Sk Sk ke e Sk Sk ke Sk Sk ke ke Sk ke sk Sk sk Sk kR K
2

OWNSLA EQU 031H

ENSIO1 EQU 0AOH

PAGl EQU 001H
SLAW EQU 022H
SLAR EQU 023H
SELRB2 EQU 010H

SELRB3 EQU 018H

;:0Own SLA+General Call

;must be written into SIADR
;EA+ES], enable SIO1 interrupt
;must be written into IENO
;Sele PAG1 as HADD

;SLA+W to be transmitted
;SLA+R to be transmitted
;Select Register Blank 2

;Select Register Blank 3

)

; MACRO DEF SECTION

PAG_REQ

%MACRO PH,PT,PU

MOV R1#MTD
MOV @R1,#02H
INC R1
MOV @R1,#10H
INC R1
MOV APH
ADD A #18H
MOV @R1,A
INC R1

MOV APT
ADD A#30H

MOV @R1,A

;SET POINTER TO MTD

;ECCT SUB ADD OF R2

;SET PAGE REQ ADD REG

;AUTO INC TO R3

;HOLD,MAG2,MAG1,MAGO

;AUTO INC TO NEXT COL R3

;PAGE TEN

13



READ_PAGE:

READIIC:

INCRI ;AUTO INC TO NEXT COL R3
MOV APU

ADD A #30H

MOV @R1,A ;PAGE UNIT

MOV NOTMST,#05H
MOV SLA #SLAw

SETB STA

;Transmitt 5 byte

;SLA+W Transmitt funct.

;SET STA IN S1CON

%ENDM

%MACRO

(4o

14

%GENSYM READIIC. READMRD,CHKSPACE,CHARSHIFT,CHARSHOW

,E_CODE,C_CODE,NEXT_ROW,G_CODE,SHARS

MOV R2#01H
MOV DPTR,#8038H ; VDO RAM ADDRESS
MOV THA,#00H

MOV THAPAGE,#00H

MOV R1,#MTD
MOV @R1,#08H ;SUB ADD ECCT R8
INC R1

MOV @R1,#01H ;SELECT ACT PAGE
INCRI1
MOV AR2
MOV @R1L,A ;ACT ROW
INCRI1

MOV @R1,#00H ;ACT COL
MOV NOTMST,#04H ;Transmitt 4 byte
MOV SLA#SLAW - ;SLA+W Transmitt funct.

SETB STA ;SET STA IN S1CON

;ROW COUNTER START AT ROW 1

;SET TO ENGLISH PAGE



LS
CALL DELAY
SETB STO
MOV NOTMST#28H  ;Transmitt 8 byte
MOV éLA,#SLAR ;SLA+R Recive funct.
SETB STA ;SET STA IN SICON
CALL DELAY
SETB STO
MOV R1,#MRD
READMRD: MOV A,@RI1 :SEND DATA TO PC SCREEN
CINE R2,#01H,CHKSPACE :ROW 1 ?
CINE R1#MRD,CHKSPACE ;AND COLI ?
'CINE A#0AH,CHKSPACE = ;AND #0AH <IF YES THAI_PAGE>
MOV THA #83H :SO THAT CHARECTER SHIFT AND
MOV THAPAGE#0FFH  ;SWITCH TO THAI PAGE
CHKSPACE: CINE A#20H,C_CODE  :SPACE NO CHANGE
SIMP CHARSHOW '
C_CODE: ANL A #0EOH :CHK CONTROL CODE
INZ CHARSHIFT ~ :NOT 0= DISP CODE,0 = CONTROL CODE
E_CODE: MOV A,@R1
CINE A#1BH,G_CODE  ;ENGLISH CODE IN PAGE OF THAI
XRL THA #83H
SIMP CHARSHOW
G_CODE: ANL A#18H
CINE A#10H,CHARS ;10 = GRAP COLOR 18=OTHER GRAP CTRL
MOV A,THAPAGE
CINE A,#0FFH,CHARS .
XRL THA #83H -
CHARS: MOV A,@R1



CHARSHIFT:

CHARSHOW:

NEXT_ROW:

READ_ROWO:

lde
1.6

SIMP CHARSHOW

MOV A,@R1

ADD A, THA

MOVX @DPTR,A

CALL DELAY

INC DPTR

INCRI1

CJNE R1,#32H,READMRD
INCR2

MOV A, THAPAGE

"CINE A #0FFH,NEXT_ROW  ;FF IS THAI PAGE

MOV THA,#83H

MOV GCODE,#00H :RESET G_CODE SIGN
CINE R2,#19H,READIIC
FHENDM

%MACRO

MOV R1#MITD

MOV @R1,#08H :SUB ADD ECCT RS

INC RI

MOV @R1,401H :SELECT ACT PAGE

INC R1

MOV @R1,400H :ACT ROW 0

INC R1

MOV @R1,#04H .ACT COL

MOV NOTMST,#04H “Transmitt 4 byte s
MOV SLA#SLAW ;SLA+W Transmitt funct.
SETB STA .SET STA IN SICON

CALL DELAY



SETB STO

MOV NOTMST,#25H
MOV SLA #SLAR
SETB STA

CALL DELAY

- SETB STO

;Transmitt 37 byte

;SLA+R Recive funct.

;SET STA IN SICON

ROWOMRD:

MOV DPTR,#8010H
MOV A#01H
MOVX @DPTR,A
INC DPTR

MOV A,WRT_MAG
MOVX @DPTR,A
INC DPTR

MOV A,WRT_TEN
MOVX @DPTR,A
INC DPTR

MOV A,WRT_UNI
MOVX @DPTR,A
INC DPTR

MOV DPTR,#3014H
MOV R1,#MRD
MOV A,@R1

MOVX @DPTR,A
CALL DELAY

INC DPTR

INCRI1

; VDO RAM ADDRESS

;GET DATA FROM MASTER RCV SPACE

CJNE R1,#7FH,ROWOMRD

%ENDM

1.7



14y

« S sk s sfe sk sk sk 3 3 S S ok 3K Sk 3K K oK K Rk K oK KO oK Kok ok ok oK ok ok ok ook ok ok ok ok ok ok ok ook R ook ok ok ok sk sk st ke ok ok ok sk ok ok
’

; INITIALIZATION ROUTINE
;***************************************************#****%*****
DEFSEG IIC,START=00H,ABSOLUTE,CLASS=CODE

SEG - HC

ORG 0000H

LIMP CPU_INIT ;RESET

ORG 0003H ;INTO INTERUPT VECTOR
MOV A,P1

ANL A,#0FH

MOV R7,A

INC RS

CALL USR_INF

RETI

« 3Fe 3 ke e e ke e ok ek Sk e ke Sk Sk e ke ok Sk Sk ke Sk Sk e sk sk Sk S Sk ek sk Sk o 3 sk ok 3 sk ok ke sk ok e ok S5 ke Sk e sk Sk ok Sk ek Sk sk ok SRk SRR
3

; CRTC REG PARAMETER
;*******************************;****************************** ’
ORG 160H
DB 38H,28H,2EH
DB 04H,1CH,06H
DB 19H,1AH,02H

DB 09H

-ORG 0023H “VECTOR OF UART

;LIMP UART



o 3 e 3k 3K 3 e K 3K 3K 3R 3 ok ok o 3 Sk oK oK ok oK o R ok ok ofe ke of s sk sk s ok sfe sk sk s ek sk sk sketesk sk sk skt ske kol sk ke skeosk sk sk kok ok
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; MAIN PROGRAM

; T9.ASM 17/10/35

: REMOTE CONTROL AVALIBLE

;- WRITE REMOTE DATA IN

. - PAGE SELECT FROM DATA OF REMOTE
. . START WITH PAGE 100

; - TITLE SCREEN
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ORG 0200H
CPU_INIT: MOV S1ADR #0WNSLA ;Load own SLA +enable

;general call recognition

SETB.PL.6 ;P1.6 HIGH level
SETB P1.7 ;P1.7 HIGH level
SETB P1.3

MOV HADD,#PAG1
ORL' IE#ENSIO1 ;Enable SIO1 interrupt
SETB SIO1HP ;SET SIO1 interrupt HIGH priority

;CLR SIO1 interrupt LOW priority .

SETB IE.1 ;Enable ETO timer0 interrupt
SETB IE.0 ;Enable EXT int0
SETB IP.0 ;Ext int0 HIGH priority

MOV S1CON,#ENS1_NOTSTA_NOTSTO_NOTSI_AA_CRO

;Initialize SLV funct.

ORL PCON,#00H ;CLEAR SMOD =0,K=1,BUAD SET
MOV SCON,#052H ;SET SIO0 8 BIT UART
MOV TMOD,#021H ;SET TIMERI1 8 BIT AUTO RELOAD

;  TIMERO 16BIT TIMER



M6
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MOV TL1,#0FdH -SET TIMER1 LOW BYTE

MOV TH1#0FdH -SET TIMER1 HIGH BYTE,2400 buad
:{ OESH = 1200 bps ]
:[ OF4H = 2400 bps ]
:[ OFAH = 4800 bps ]

;[ OFDH = 9600 bps ]

SETB TCON.6 ;TIMER1 RUN

SETB TCON.4 ;TIMERO RUN

SETB TCON.0 ~;Int0 falling Edge

MOV RS5,#00H ;INTIAL VALUE OF DIGIT COUNTER

MOV DPTR,#UP1CON ;PORT A,B,C0-C3 OUTPUT
MOV A,#88H ;PORT C4-C7  INPUT

MOVX @DPTR,A

MOV GCODE,#00H ;CLR GRAPHIC SIGN
; ECCT INITIAL ROUTINE PAGE 200
ECCT_INIT: MOV R1#MTD ;SET POINTER TO MTD
MOV @R1,#01H ;ECCT SUB ADD OF R1
INCRI1 ‘
MOV @R1,#05H ;ECCT MODE SETTING
INCRI1
MOV @Ri,#lOH ;SET PAGE REQ ADD REG
INCRI1 ;AUTO INC TO R3
MOV @R1,#1AH ;HOLD,MAG2,MAG1,MAGO
INCR1 .
MOV @R1,#10H ;PAGE TEN =0

INCRI1



MOV @R1,#10H

MOV NOTMST,#06H

MOV SLA#SLAW
SETB STA

CALL DELAY
SETBSTO
MOV R1#MTD
MOV @R1,#04H
INC Rl

MOV @R1,401H
INC Rl

MOV @R1,#0CCH

:#03H

INCRI
MOV @R1,#CCH
INCRI1

MOV @R1,#00H

MOV NOTMST,#04H

. MOV SLA#SLAw
SETB STA

CALL DELAY

CRTC_INIT: MOV R2,#09H
MOV DPTR,#160H
MOV RO,#0FFH

REG_NO: MOV AR2

CLR P14

CLRP1.5

;PAGE UNIT =0
;Transmitt 6 byte
;SLA+W Transmitt fuﬁct.

;SET STA IN S1CON

;SET POINTER TO MTD

;ECCT SUB ADD OF R4

;SET DISP CHAPTER

;AUTO INC TO RS

;SET DISP CTRL NORMAL

PICTURE

;AUTO INC TO R6

;SET DISP CTRL SUBTITLE

;AUTO INC TO R7

;SET DISP MODE
;Transmitt 5 byte
;SLA+W Transmitt funct.

;SET STA IN S1CON

;SET R2=09H FOR COUNT DOWN

;DTPR POINT TO TABLE ADD 0160H

;SET CRTC REG.NO
;CRTC CS=0,WR=0,CRTC WR=0 WRITE ENABLE

;CRTC RS=0 ADDRESS REG



TITLE:

149

112
MOVX @R0,A ;OUT DATA BUS
MOVC A,@A+DPTR
SETB P1.5 ;CRTC RS=1
MOVX @R0,A ;SET CRTC REG.
SETB P1.4 ;WRITE CRTC DISABLE,CS=1
DINZ R2,REG_NO ;DOWN TORI -

MOV A,#00H ;SET CRTC REG.NO 0

CLR P1.4 ;CRTC CS=0,CRTC WR=0 WRITE ENABLE
CLR P1.5 -CRTC RS=0 ADDRESS REG

MOVX @R0,A :OUT DATA BUS

MOVC A,@A+DPTR

SETB P1.5 ;CRTC RS=1
MOVX @RO,A SEPCRTC REG.
SETB P1.4 :WRITE CRTC DISABLE,CS =1

9 33

MOV WRT_MAG# -

” N

MOV WRT_TEN# -

M N

MOV WRT_UNL# -

CALL CLR_SCR
MOV DPTR,#8040H
MOV R1,#00H
MOV AR1

CALL € TITLE
MOVX @DPTR,A
INC DPTR

INCRI1

CINE R1,#1AH,TITLE1

;VDO RAM ADDRESS
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MOV DPTR#81ACH

CINE R1,#2FH,TITLE2

TITLEL:

MOV DPTR,#83CO0H

CINE RL#3BH,TITLE

TITLE2:
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; MAIN PROGRAM

O M 10 JUS S (0 VG W L O P

READ_ROWO

MAIN:

CALL ROW25

»

3H,MAIN_END

CINE R5,#0

PAG_TEN,PAG_UNI

>

Q PAG_MAG;

PAG_RE

;RESET COUNTER TO ZERO

MOV RS5,#00H

CALL DELAY

MAIN_END:

LIMP MAIN

L
T

[ I O S OO S0 YR 0 M L0, I B /508 (B 10 IR, e 0N 2
T

68 2 St 7 e S e i R i SR R B T R 0

P aoof Vet TS Doy oo oy s oy Sy o o e et s s e w5 o IRt P K |

LR @ 7~ T e e e v i e s S o e s it i it 0 7 LR

O T30 (U WO T (A VA0 (N S5 S OB T (G S, 0 D 1S N I |

PUSH PSW

; SIO0 BYTE SEND/RECIVE ROUTINE

U i G i T R S i T N VT O T S

UART:

2

JB TLSBYTE

JB RILRBYTE

POP PSW

RETI

;WAIT FOR PREV DATA

JNB TL$

SBYTE:

;HAS BEEN TRANSMITTED.

CLR TI



RBYTE:

« 3k 3k 5k 3k 3K 3k 3k 3k Sk Sk Sk sk Sk 5K 5K 3K o ok 3k ke ke Sk ok sk ok sk sk sk sk sk ok ok ok sk ke e sk ok sk sk Sk sk sk 3K Sk Sk ok ok sk sk sk sk sk kRO kR sk kR ok
’

MOV SBUFA

RET

JNB RL$ ;WAIT FOR PREV DATA

;HAS BEEN RECIVED.

CLR RI
MOV A,SBUF

RET

;FOUND ROUTINE

« 3k 3k 5 3k 3K 3k 3k 3k Sk sk sk Sk Sk 3k 5 3k 3k 3k ke ke ek 3K ok ok 3K ok sk ok ok ok sk ke ok e sk e ok sk ok sk sk Sk Sk sk Sk oK 3K e e e sk i sk e ke ok ok ok ok ok ok
b

DELAY:

LOOP:

LOOP1:

ROW25:

MOV R6,#0FFH
DINZ R6,LOOP
MOV R6,#0FFH
DINZ R6,LOOP1
MOV  R6#0FFH

RET

MOV R1,#MTD
MOV @R1,#08H
INCRI1
MOV @R1,#01H
INC 31
MOV @R1,#19H
INCRI1
MOV @R1,#08H
MOV NOTMST,#04H

MOV SLA#SLAW

;COUNT DOWN VALUE

;COUNT DOWN VALUE

;COUNT DOWN VALUE

;SUB ADD ECCT RS

;SELECT ACT PAGE

;ACT ROW 25

;ACT COL AT 8

;Transmitt 4 byte

;SLA+W Transmitt funct.

1.14



SETB STA ;SET STA IN SICON
CALL DELAY

SETB STO

MOV NOTMST,#02H ;Recieve 2 byte
MOV SLA#SLAR ;:SLA+R Recive funct.
SETB STA | ;SET STA IN SICON
CALL DELAY

SETB STO

MOV R1,#MRD

MOV A,@R1 ;SEND DATA TO PC SCREEN
ANL A #10H '

CINE A,#10H,FOUND ;CHK FOUND BIT

NOT_FOUND:LJMP RETURN

FOUND:

READ_PAGE

CALL DELAY

MOV R1,#MTD ;SET POINTER TO MTD
MOV @R1,#08H ;ECCT SUB ADD OF R8
INCRI1

MOV @R1,#01H ;SET ACTV CHAPTER
INCRI1 ;AUTO INC TO R9

MOV @R1,#19H ;SET ACTV ROW
INCR1 ;AUTO INC TO R10

MOV @R1,#08H ;SET ACTV COL
INCR1 ;AUTO INC TO R11

MOV @R1,#0FFH SET ﬁATA FOUND
MOV NOTMST,#05H ;Transmitt 5 Byte
MOV SLA #SLAw ;SLA+W Transmitt funct.

SETB STA ;SET STA IN S1ICON

115



RETURN:

CLR_SCR:

SHOWR:

SHOWC:

USR_INF:

” N

MOV WRT_MAG# -

N

MOV WRT_TEN# -

MOV WRT_UNL# -

RET

MOV DPTR,#3010H
MOV R4,#19H
MOV A #00H

MOV R3,#028H
MOVX @DPTR,A
INC DPTR

DJNZ R3,SHOWC
DINZ R4,SHOWR

RET

MOV AR7

;:DTPR POINT TO VDO RAM

MAG_DIGIT:CINE RS5,#01H,TEN_DIGIT

MOV PAG_MAG,A
ADD A #30H

MOV WRT_MAG,A

” N

MOV WRT_TEN# -

3y 3

MOV WRT_UNIL# -

AJMP RMOT_RTN

TEN_DIGIT:CINE R5,#02H,UNI_DIGIT

MOV PAG_TEN,A
ADD A#30H
MOV WRT_TEN,A

MOV WRT_UNL# -

AJMP RMOT_RTN

15¢
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UNI_DIGIT:CINE RS5#03H,RMOT_RTN
MOV PAG_UNLA
ADD A#30H
MOV WRT_UNLA

RMOT_RTN:RET

C_TITLE: INC A

MOVC A,@A+PC

RET

9.9 9. 9 VAN Y T T LY 6

DB 1CH,02H, T ,E,L,E, R, E, X, T,
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include inti2c.asm

END.
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