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Versatile speech/transmission ICs suit
all telephone architectures

P. SUBERS

The specch and transmission functions which form the heart
of a subscriber telephone sct are undoubtedly the most
difficult to implement in an integrated circuit. To begin
with, such an IC must be adaptable to the diverse trans-
mission requirements of the various telephone authorities.
Furthermore, it must provide an interface between the line
and either a pulse or DTMF dialling circuit. And finally, the
amplifiers must be flexible enough to work in conjunction
with many different types of microphones and carpieces.
Two versatile new ICs that meet these requirements are
the TEA1060 and TEA1061; using cither of them, subscriber
scts can be designed that fully satisfy BSI requirements.

The TEA1060 and TEAIO61 are powered by the tele-
phone line current and perform all the interface functions
betwcen a telephone line and the microphone. earpiece and
dialling circuits of a subscriber set. An outstanding fcature
of the new ICs is that they arc suitable for use with a wide
range of microphone types. The TEA1060 provides up to
60dB of gain for a low-sensitivity dynamic or magnetic
microphone. The TEA1061 provides up to 46dB of gain
for a high-impedance microphone such as a piezo-electric
type, an clectret type with a source-follower preamplifier
or buffer-amplifier, or a sensitive dynamic or magnetic type.
They can also accommodate a wide variety of earpieces in-
cluding piezo-electric types. Both ICs can provide click-free
electronic switching between dialling and speech modes of
operation. They also incorporate a power-down function to
facilitate pulse dialling or for incorporating a flash feature
in scts with DTMF dialling. Moreover, they have a supply
point for peripheral circuits such as diallers, they can
provide a confidence tone in the earpiece during DTMF
dialling, and they have a very high (9 dBm) maximum trans-
mission level.

SUBSCRIBER SET ARCHITECTURES

There arc two basic types of architecture for electronic
telephone subscriber sets. In onc type, the specch and
dialling circuits are connected to the line by the same inter-
face. In the other type, the speech and dialling circuits are
separated and connected to the line by individual interfaces.

Sets with a common line interface are for electronic
telephone sets in which the speech circuit need not be a
two-wirc replacement for a conventional speech section
comprising a hybrid transformer and a carbon microphone.
In this approach, all of the line current flows into the
circuit which requires only one voltage regulator and one
transmitting stage to apply either speech or dialling signals
to the line. Switch-over from the dialling mode to the
speech mode is electronic.

Separated speech and dialling circuits are used when the
speech circuit must be a direct two-wire replacement for
the conventional speech section of a subscriber set. In this
case. the switch-over from the dialling to the speech mode
can be cither electronic or by a common contact on the
keyboard.

Sets with a common line interface

The versatility of the TEA1060 and TEA1061 allows them
to be used in the three main types of subscriber set with
common line interface shown in Fig.1. Figure 1(a) and (b)
show two basic sets with pulse or DTMF dialling. All the
advantages of the ICs can be fully exploited in a micro-
computer-controlled *“feature phone” as shown in Fig.1(c).
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FAULT-TOLERANT MICROCONTROLLER SOFTWARL

As an illustration of potential software fragility, consider
a microcontroller-based system executing some 10° bytes
of machine code per seccond in normal opcration. To
perform without failure over a five year period of conti-
nuous operation, say, the system must successfully execute
about 1.6x 10" scquential bytes. It seems unreasonable to
assume that such a long string of machine code operations
could be performed without failure, particularly in view of
error sources such as noise, program faults, memory faults,
or marginal faults in the CPU and associated circuitry.

The difficulties in correcting for such errors are enhanced
by the usc of variable byte-length instructions, and by the
lack of memory error correction. Problems also arise be-
cause the microcontroller cannot discern the significance of
the machine code being executed (that is, data or instruc-
tion code). Therefore. at the most important and funda-
mental level, there is no mechanism for failure detection.
This situation may be alleviated to a significant extcnt by
adopting the design techniques outlined later in this article.
However, before discussing methods of achieving fault
tolerance. it is worth considering error sources in more
detail to obtain an appreciation of their contribution to
possible system failure.

Error sources
Program faults

It is generally accepted that bug-free software is a difficult,
if not impossible, target. It must be assumed. then, that any
softwarc above a trivial level of complexity has resident
bugs. Moreover, it is usually impossible in practical and eco-
nomic terms to subject a system to the full combinatorial
range of stimuli in a laboratory environment. Even after
ficld trials, there are usually some faults of a subtle nature
left unexposed.

Noise

Noise transients. produced for example by lightning, clec-
tromagnetic components in a control system, and heavy
duty equipment on the same mains circuit, tend to be
underrated as error sources. They give rise to “apparent soft-
ware failure’ and their effects include:

— corruption of memory Reads. resulting in changed data
or incorrect instruction code

— corruption of memory Writes. giving incorrect data at
onc or morc RAM addresses

— initiation of hardware-driven CPU functions such as reset,
false-interrupt generation, or processor halt

— interruption of the clock supply; this is rare but possible
and will cause indeterminate effects in dynamic pro-
cessors.

Most of these effects can lead to serious software failure
and, because of their transient nature. arc difficult to iden-
tify. In all systems, it is important that well-proven proce-
dures for circuit decoupling are adhered to.

Memory faults

Strictly, these are hardware failures, and they result in data
or instruction code corruption. If they occur in little-used
routines, they may give transient-like errors.

Effects of transient errors

In a hardware system. transient crrors are unlikely to cause
permanent catastrophic failure since the physical integrity
of the system (that is, interconnections. chip functions,
etc.) is unaltered. This is not the case in a software system
where, by analogy, the interconnections and circuit functions
are represented by sequences of machinc-code instructions
and data which, even if cmbedded in ROM, may be inter-
preted by the CPU as mcaningless (from a systém function
point-of-view) strings of code. It is as if, in a hardware
system, the interconnections and circuit functions were
being randomly and repetitively rc-arranged. Transient
errors can result in:

— random logic execution of indefinite but potentially
infinite duration

— looping without return to normal sequence
— initiation of halt conditions.

The effect on external devices being controlled by such
random processing is clearly unpredictable.

SOFTWARE FAULT TOLERANCE

Implementing hardware functions in software significantly
reduces the incidence of trivial system failurc. However. the
probability of catastrophic failure may increase and the
effect on the system can bc more severe. Nonetheless, the
very real advantages of software-based microcontroller
systems (greater flexibility, smaller physical volume. broader
application. and lower cost) still outweigh the penalties
incurred (more memeory required. less available processing
time) provided the fault tolerance of the software is maxi-
mized. A reasonable minimum objective for fault tolerance
in a software-based system can be stated as follows: The
response of the system to transient failure should be no
worse than that of the hardware system it replaces, even
though performance and flexibility are improved.
Improvement in fault tolerance and reliability implies a
degree of redundancy and extra processing. resulting in
greater memory usage and lower processor availability for
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prime tasks. This, however, would scem to be contrary to
the aims of most system designers, who would reasonably
be seeking minimum memory utilization and short program
exccution times. However, reliability has to be paid for, and
expericnce suggests that an overhead in program code for
diagnostic routines of 5% to 15% will give a significant im-
provement (except where exceptional sccurity is required).
The additional code that this implies is, of course, system
dependent.

Because the CPU cannot differentiate between valid and
invalid strings of codc. it is not possible to prevent mis-
operation occurring. It is possible. however, to detect mis-
operation once it has occurred. Fault tolerance ultimately
depends on the effectiveness of the diagnostic and recovery
procedures employed. The following points are recom-
mended for serious consideration.

o Consider the diagnostic check and recovery procedures
as an inherent part of the design; do not add recovery
mechanisms as an afterthought.

e Dctermine the effect of potential failure in the opera-
tional cnvironment: this defines the degree of security
and the sophistication of the recovery procedurcs re-
quired. It also determines whether duplication of soft-
ware is necessary.

e Aim for simplicity in software, data. and supervisory
structures. In practice, complex software requires com-
plex recovery mechanisms.

e Ensure that there is at lcast onc restart address to which
software execution can be forced by external means.
This guarantees escape from random logic exccution.

e Minimize the sub-routine nesting depth to simplify the
recovery methods. If possible, keep to a single level (that
is, for interrupt handling). Accept the resultant increase
in program code as a rcasonable trade-off for casc of
recovery.

e Provide back-up in RAM for that data which is cssential
for software supervision. This will permit ‘intelligent’
restart.

e Fill every vacant memory location with single-byte in-
structions and provide a jump to a ‘safe’ destination at
the end of each infill arca. This ‘traps” invalid jumps into
vacant memory since it provides a secure exit mechanism.

e Determine the smallest rcal-time period within which
recovery must be achicved. This defines the required
frequency for diagnostic checks and the. response time
for recovery.

e Lxamine the effects of an invalid reset (caused, for in-
stance, by noise). For example. if power-on reset initiali-
zation would be catastrophic should it occur at any other
time, then the reset invoked during rccovery must omit
the initialization procedure. In this case. a latch can be
used to determinc that power-on reset has already
occurred.
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e Keep in mind the technology and architecture of the
processor to be used. For example. compared with dyna-
mic processors, static types arc less affected by an inter-
ruption in the clock supply. Note also that processors
operating with threc-byte instructions are more likely to
enter into random logic exccution than two-byte in-
struction devices. A benchmark comparison indicates
that systems using two-byte instruction devices are two
to three time more secure against crashes duc to program
fetch errors than those using three-byte types.

Error prevention

In the initial design phase. action should be taken aimed at
preventing incorrcct operation by, for example, ‘tying down’
unused interrupt vectors and ‘padding out’ branch tables
with defined exits. For example, interrupt vector locations
should always be filled so that if incorrect arrival at the
vector occurs, the program will be directed to a safe desti-
nation. Similarly, branch tables not completely filled should
be padded out with default values to safe destinations.

Maintenance of integrity

It is cssential that vital control variables such as RAM
pointers and table indices are kept within valid bounds. (For
example, index registers used with branch tables of length,
say, 16. should be checked for values not greater than 16.)
Such containment can, under fault conditions, prevent
an excursion into uncontrolled random logic execution
although it will not necessarily prevent some illogical
function scquences.

Data preservation

Variable data is repetitively set up.in contrast to a once-only
operation, thus providing a continuous data recovery facility
without the need for specific administration and diagnostic
procedures. For example, an instruction issued to a critical
[/O device cannot be assumed to be indefinitely valid; it
should be reinforced periodically.

FAULT-TOLERANT SOFTWARE IN A
PRACTICAL APPLICATION

As an cxample. the design of fault-tolerant software for a
U.K. public exchange junction interfacing with a TBX3000
digital PABX is dcscribed (Fig.l1). To keep component
count and cost to a minimum, the system is implemented
using MAB8400 microcontrollers with external EPROMs,
cach time-shared over four circuits (Fig.2 and 3). Maximum
use is made of software in realizing circuit functions such as
the detection of telephone ringing waveforms and contact
debounce. Although the design is inexpensive and reliable.
it is vital that the system runs for long periods without
catastrophic failure. Malfunction on just one junction card
can result in the loss of four external lines.















FAULT-TOLERANT MICROCONTROLLER SOFTWARE

Memory failure

In some microcontrollers, extensive memory expansion is
possible. Although failures in this memory are strictly hard-
ware failures, in operational terms, the effects are identical
to those caused by other factors; that is, the outcome is an
apparent software failure with all the potential effects out-
lined earlier.

The normal method of overcoming this problem is to
perform periodic tests on RAM and checks on the validity
of program memory, further processing being aborted under
fault conditions. Whilst this is a fail-safe procedure. it is not
fault tolerant.

To achieve fault tolerance in program memory, redun-
dancy must be incorporated in the system either in the
form of error correction or direct duplication of program.
For the design described here, the latter is the only option.
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Thus both real-time and state-processing software modules
are duplicated (see Fig.7).

Any of the four operating combinations arc permissible.
During recovery, RTS/SPS combinations are reassigned. If,
for instance, a failure is detected by an RTS module in an
SPS module. the restart is switched to the supervisory
program of the second SPS module. The procedure is iden-
tical for a failure detected during SPS execution.

At the cost of a small increase in diagnostic intelligence,
discrimination can be made between permanent failure and
transient failure. This leads to the interesting possibility
that, in the event of recording a permanent failure in both
modules in one half of the system, the failure is likely to be
due to pure software error since permanent memory faults
are unlikely to occur in both modules simultancously.
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COMPUTER-CONTROLLED TELETEXT

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 synchronization with the incoming
signal is performed by a phasc-locked oscillator in VIP2,
which is provided with a reference signal SAND from the
EURO CCT. A composite sync waveform, VCS from VIP2,
provides ficld synchronisation for the acquisition timing
and also the display timing when interlaced display is se-
lected. 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:

e Operates from external clock. VIP.

e Display format — 625 lines/25 rows/10 lines per row.

e Can generate interlaced or non-interlaced composite sync.
e User-selected double-height is available.

¢ Line counter for acquisition is independent of display.

e Softwarc control of data entry period; that is cither
normal field flyback (lines 6 to 22). or all lines (full
channel).

e Internal field sync integrator.
¢ Internal signal quality detector.

e Interfaces with VIP2 (SAAS5230) but not VIPI
(SAAS030).

Character generator

The ROM in the EURO CCT contains 128 characters. each
stored as a matrix of 12 dots horizontally and 10 dots ver-
tically, leading to better display appearance and greater
legibility than was previously the casc. The 128 charactérs
are selected by character address decoding and the ten lines
by ROM line address decoding. The ROM is accessed once
per microsecond providing 12 outputs corresponding to the
12 dots in each line of a character. A 64 us rate signal from
the timing chain clocks the lines per row counter, which
normally divides by ten (except when double-height is
selected). The counter output is used to select the appro-
priate line of 12 dots in the ROM.

The outputs from the character generator are R, G. B,
BLAN, COR, and Y, as shown in Fig.6. The Y output is
active for the character foreground only, regardless of
colours, and does not contain the flashing function. Blanking
signals for the tv picture are supplied through the BLAN pin
being combined dot, box, and full-screen blanking. All the
character generator output pins have the open-drain confi-
guration, making many different interfacing arrangements
possible.

The main features of the character generator are:
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e Display is based in 12 x 10 dot matrix.

¢ Interlaced or non-interlaced under software control.
e Serial attributes only.

e 128 alphanumeric characters.

e 3 national character sets (initially English, German, and
Swedish; see Figs.2(c) and (d).

e 6 location auxiliary character set.
e RGB and Y outputs open-drain (true polarity).

e BLAN (blanking) and COR (contrast reduction) outputs
are open-drain.

e Y output foreground colour only.
e Flashing is inhibited from Y output (for printers).

e BLAN output is combined character, box, and full-
screen blanking.

o COR output allows contrast reduction for superimpose
or boxes (software controlled).

e Double-height characters inhibited in row 23.

e User-selected double-height under software control.
Large characters are then displayed quadruple-height.

e Separate status row. always available for software-
generated messages. This may be displayed at the top or
bottom of the screen, (under software control).

e Status row is always in single height.
e Decoding for black foreground colour is provided.

o Internal cursor inverts background and foreground
colours. It may be made to flash using a software loop in
the control microcomputer.

Data acquisition

The data acquisition section is enabled by a signal from the
timing chain during lines 6 to 22 inclusive in field flyback
mode or all lines in full channel mode. Serial data from the
VIP2, type SAAS5230, at 69375 MHz is applicd to the TTD
(Tele Text Data) pin via an external coupling capacitor. TTC
(Tele Text Clock) is used to shift the teletext data into the
EURO CCT from the VIP2. The serial data stream is con-
verted to 8-bit wide parallel data bytes. and a byte counter
keeps track of the incoming data and allocates it to the
correct function.

The EURO CCT acquisition section is capable of searching
for, storing in memory and constantly updating four pages
simultaneously. In general the system operates as if there
were four entirely different acquisition circuits. In non-
ghost row mode. up to eight pages may be stored although
only four at a time may be kept updated.

With first-generation teletext decoders there are two
methods of requesting a page — normal and timed. The
former requires three digits and ignores the sub-code whilst
the latter requires all seven digits to be specified. The
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EURO CCT includes a much more flexible option — the
“don’t care” facility. This method allows pages to be
acquired when the full numbering allocation and transmis-
sion sequence is not known in advance.

The major features of the acquisition section are:

e Accepts UK standard teletext transmission.

e Automatic switching of character sets by C12, Ci3 and
C14 bits of the page header (sec Figs.2(c) and 7).

o Ghost rows can be accepted for processing by the micro-
computer (up to 24 rows per page). 2K8 bytes of me-
mory are used per page. hence there is a maximum of 4
pages in this mode.

e All transmitted control bits and addresses can be read by
the microcomputer (after hardware Hamming checks),
for any stored page.

e Up to 4 simultaneous page requests are allowed in either
field-flyback or full-channel mode.

o Software selection of field-flyback or full-channel data
operation.

e “Don’t care” facility is available on magazine, page and
sub-code digits.

¢ In field-flyback mode, automatic clearing of old page on
first reception and clearing when page header bit C4 isset.

e In full-channel mode, the clear functions are not available
so pages should be transmitted non-row-adaptively.

e Central part of the page header rolls. in grecn, when the
page in the display chapter is being looked for.

e Broadcast (rolling) time is always directed to the display
memory.

e 8-bit data reception option on all rows (for example.
telesoftware). or normal 7-bits plus parity (under soft-
ware control).

e Output indicating valid data line (for echo cqualiser
interface).

e Acquisition function may be switched off under software
control.

Memory interface

The memory interface has 8 parallel data input/outputs
(DO to D7) and 13 address outputs (AO to Al2) which inter-
face up to 8K bytes of static RAM. Control signals OE
(Output Enable) and WE (Write Enable) are also provided.
The RAM cycle is 500 ns, with in general one write and one
read cycle every microsecond. In summary, the major
features of the memory interface include:

e Interfaces up to 8K RAM providing up to 8 stored pages

in normal mode or 4 stored pages in ghost row mode.

e 500ns memory cycle time.

e Timings for static RAMs only, 200 ns access time is
sufficient.
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e 1°C bus can address any RAM location for reading and
writing.

e Address converter from row or clumn to 10 bits is in-
cluded and addresses all 1024 locations.

e All memory automatically cleared to “space’ on power-
on.

o Separate address counters for display, data acquisition.
and I12C bus. 12C bus address counters allow incrementing
and presetting.

e RAM locations not used for display or data acquisition
purposes are available for use by the control micro-
computer.

e All RAM accesses (display, acquisition and I1°C bus) are
synchronous with system clock.

e All pages can be cleared, onc at a time, under software
control.

I°C bus interface and control

The 12C bus and control scction provides the means of con-
trolling the variable functions of the EURO CCT, either
directly using mode-register bits or indirectly via the me-
mory devices. The 12C bus slave transcciver accepts com-
mands from the microcomputer via the SDA and SCL
(serial data and clock) pins. The main features are:

e Standard I1°C bus slave transceiver.
e Operates from 0 to 100 kHz.
¢ Acknowledge function is performed.

e Position registers auto-increment after certain commands
or may be directly addressed.

e Auto-increment between certain command registers as
well as direct addressing.

e All RAM locations are accessible via the I°C bus for
reading and writing.

EUROCCT memory organization and register maps

Figure 7 shows the organization of a page memory. The
EURO CCT provides an additional row compared with
first-generation decoders bringing the display format 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 for
user-generated status messages.

The first 10 bytes of row 25 contain control data relating
to the received page and this is detailed in the cxpanded
scction at the bottom of Fig.7. Seven digits are uscd to iden-
tify a page: magazine (page hundreds). page tens, page units.
hours tens, hours units, minutes tens, and minutes units.
(The names of the last four digits are from an obsolete ap-
plication as time coded information.) Bits C4 to C14 are
used to control various display facilities; see Fig.2(c) for an
example.
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Multipage decoders

Almost all teletext decoders that have been manufactured
so far have been for single page use. The EURO CCT based
decoder is capable of searching for and storing up to four
pages simultancously (including ghost rows). Extra software
as well as morc memory space (1K byte per page for normal
use, 2K bytes per page in ghost-row mode) is required to
deal with multipage requests. In fact, the circuit diagram is
almost identical to that for single-page acquisition (Fig.10).
The only addition required is that some or all of the three
unused EURO CCT address lines (A10, A1l and Al12) need
to be connccted to the enlarged memory. Up to 8K bytes
of memory may be used.

By using a software command it is possible to switch the
EURO CCT bascd decoder into ghost-row mode. This mode
allows for greater “‘user-friendliness™ especially with the
linked pages facility. The linked pages are transmitted in
row 27. There can be up to four row 27s, each containing
six page numbers (including sub-code). Thus, each teletext
page can have associated with it up to 24 other pages. There
are two main ways in which these numbers can be used:
indexing and chaining. With indexing, an index page contains
the page numbers referred to in associated row 27s, allowing
some form of'short code dialling to select them (for example
4th page instead of page number 117). When chaining. each
page has aghost row indicating the next page, previous page,
and index. This permits simple *‘step-forward” and *‘step-
backward™ buttons to be provided for the user with noneed
for three-digit page dialling. The order of page access is then
predetermined by the broadcasters, but the pages are
displaycd when required by the user, giving a simple
“browsing™ facility. Of course, combinations and exten-
sions of these methods can be used and with agreement on
codes of practice by the broadcasting authorities they can
give simple user controls.

Full-channel decoders

The EURO CCT has the ability to handle teletext on all tv
lines. for use with cable transmissions. This full-channel
decoder is achieved by software command, the hardware
being the same as that required for normal field-flyback
mode. However, page clearing has to be handled in a
slightly different manncr.

When a page is first 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 difficulty.

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. Alernatively. the page can be cleared by
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a command from the control softwarc when a new page is
requested, so that new data is received into an alrcady blank
memory. If the database is very large. it is possible to arrange
a second page of memory to display the old page until the
new one has been received. thus avoiding a blank screen for
the transmission cycle time.

Viewdata

The display standards of wired text systems are currently in
transition to a higher level than Level 1 teletext, with more
sophisticated graphics, pastel colours. ctc. However. the
Level 1 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 1°C bus into the EURO CCT. In this way interfacing
complexity is minimized. The EURO CCT also contains
features which facilitate the handling of the information,
for example page clear command, automatic address in-
crement, and cursor display.

A vicwdata-only decoderis shown in Fig.12. This consists
of an MAB8440 microcomputer performing the decoding,
connected to the SAAS070 (LUCY) IC and a line termina-
ting unit (LTU) which interface with the tclephone line.
The PCD8571 remembers the required numbers for the
autodialler and autoidentification.

It is possible to have both teletext and viewdata decoders
in the samc receiver. The modular receiver architecture of
Fig.11(b) is very suitable for this application.

Telesoftware

The basic concept of telesoftware — transmitting computer
programs via teletext — embraces a large variety of equip-
ment and system configurations. If the application involves
simple processing of alphanumeric data, for example finan-
cial calculations. then the EURO CCT display facilitics and
transfer of data via the I°C bus would be adequate. This type
ol system could be built into a tv receiver as a morc complex
type of teletext decoder with an additional microcomputer
and perhaps more memory. Telesoftware protocols use the
linked-page facility to handle long programs and so the
EURO CCT would be operated in ghost-row mode. If the
remote-control keypad buttons were sufficient for the appli-
cation. a telesoftware add-on unit could be constructed for
use with the modular tv system of Fig.11(b).

For some applications a more sophisticated graphics
display may be required. In these situations the EURO CCT
would be used as the telesoftware acquisition system, with
a suitable form of interface to transfer the data to. for
example, a home computer. It is also possible to use EURO
CCT in “8-bit”” modc (that is with normal parity checking
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disabled), allowing sophisticated error-correctable or
scrambled-data streams to be dealt with for special appli-
cations.

The telesoftware technique could also be applied to page
selection methods in sophisticated teletext decoders. This
would allow a pseudo-interactive viewdata-like control
scheme. by making the displayed page number depend on
YES/NO questions or selections. In view of the database
size, this would be most applicable to full-channel data
systems.

Other telesoftware applications may not need an alpha-
numeric display, for example a credit card verifier, with
invalid card numbers transmitted by teletext. For thesc
applications, the EURO CCT could still be a suitable
acquisition-only device in view of its multipage and ghost-
row capabilities.

It is also possible with the EURO CCT to request pages
in hexadecimal, not just BCD digits. This is necessary for
the acquisition of telesoftware and higher levels of teletext.
Using the full hexadecimal range there are 4 194 304 com-
binations of page and sub-code numbers.

Other configurations

Although it is anticipated that the great majority of EURO

COMPUTER-CONTROLLED TELETEXT

CCT applications will have the device built into the same
equipment as the display, it is also possible to use add-on
units plugged into the standard tv aerial socket. Tuner, i.f.,
and demodulator stages are required for the dcoder input,
together with a colour encoder and modulator for the
output.

A printer for hard copies of the teletext pages may be
included in a sophisticated receiver or connected separately
as a decoder peripheral. There are two main ways of inter-
facing a printer. The first is to provide a real-time scanning
dot stream from the Y output of the EURO CCT with a
suitable interface buffer in the printer itself. Alternatively,
character data can be read out of the display memory via
the 1°C bus and transferred to the printer, which in this
case must have its own character generation system.

The same technique of reading character data through
the I1°C bus can also be applied to bulk storage of data, for
example using a tape recorder. The 1°C bus data is processed
(and compressed if necessary) by a microcomputer which
drives a suitable modem function, for example part of
LUCY SAAS5070.

The configurations briefly mentioned here are examples
of the very many arrangements made possible by this
extremely versatile device.
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Fast co-processor meets factory’s

real-time needs

J. K. CHAY

Numerically controlled (NC) tools, robots and so on have
become a familiar part of manufacturing. However in some
environments a definite trend can be seen toward Integrated-
Computer-Aided-Manufacturing (ICAM, see page 35).

With ICAM we step aside from the system whereby each
operation in a factory leads an isolated life. The trend is
toward an integrated approach. Onc in which each opera-
tion is informed (insofar as is nccessary) of other operations
taking place. Where CAD is tied direct to manufacturing,
and manufacturing direct to quality control and inventory
control — and almost as directly to profit and loss control.
Central to such a system is task allocation and control.

Task allocation usually implies distributed intelligence
whereby microcomputers or microcontrollers are chosen
for their ability to perform specific tasks (process or robot
control; inventory analysis; information access or display.,
etc.) plus an ability to communicate at specific levels.

Communication calls for bus structure specifications, for
communication protocols, for communication compatibi-
lity. Here the right to say is no less important than the right
to know. Hierarchies and priorities must be specified,
distinction must be made between real-time and machine
time. A real-time operation cannot wait until the profit
and loss account has been balanced. Real-time has priority.
Nevertheless the speed of current microcomputers is such
that real-time operations need only be minor interruptions
in their machine-time world.

Such is the burden of this article. The addition of a co-
processor allows a fast microcontroller to carry out its
machine-time functions while only occasionally being
interrupted to perform a real-time operation.

Factory control

The need for distributed intelligence and real-time response
in the automated factory demands a powerful input and
output system. In robotics, for example, designers often
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depend on several processors to implement a multitude of
separate 1/O functions. such as motion and manipulation
control, vision and specch recognition, and several levels of
data communications. The job of coordinating such a multi-
processor system is a difficult one. Indced, the data com-
munication task alonc is complex enough to send designers
back to their books looking for solutions.

One way to reducc the complexity of real-time 1/O design
is to use a very fast bipolar controller directed by an inter-
rupt-driven co-processor. The co-processor momentarily
interrupts the controller’s non-real-time task to let it per-
form a real-time operation before returning to its main task.
In this way it interfaces the fast controller with an often
very much slower real-time world.

The 8X310 interrupt control co-processor — together
with its companion 8X305 8-bit bipolar controller — satis-
fies the need for manageable, responsive local control in
the factory, particularly in robotics.

Interrupt drive

In operation. the controller executes its main program until
called upon by the interrupt co-processor to service an 1/O
request (Fig.1). After it executes the interrupt service
routine, which is stored in main memory. the controller can
take advantage of delays in the I/O to continue executing
the main program. Because its 16-bit instruction word needs
just 200 ns for execution, the controller can quickly return
to the main program, thereby maintaining the efficiency of
the system's overall throughput (Fig.2). What’s more, the
co-processor gives the controller the ability to exccute up to
four levels of subroutines, thus adding to the combination’s
1/0 agility.

An interrupt cycle begins at the end of any controller
instruction during which a process forces one of the co-
processor’s three interrupt lines to a logic high. In response,
the co-processor halts the controller via the Halt timer,
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FAST CO-PROCESSOR

Next. the co-processor releases the Halt line and forces
the controller to jump to onc of three fixed locations —
address 4, 5, or 6 — in main memory, depending on which
of the three interrupt’s (INg, INT|. and INT?) occurred.

Normally, cach fixed address to which the controller
jumps also contains a Jump instruction, one that directs the
controller to an interrupt service routine written by the de-
signer. The controller executes the routine. communicating
to the outside world when necessary through its interface
vector (IV) bus, one of three buses forming its Harvard
(separatc data and instruction buses and memory) rather
than von Neumann architecture.

Return to main program

The last instruction of the service routine, a Return com-
mand, is intercepted by the co-processor, which again halts
the controller and returns it to its pre-interrupted state by
“popping™ (taking) the stored address from its stack and
placing a jump to that address on the controller’s instruc-
tion bus, allowing it to continue executing the main program.

Each “Push” and “Pop” of the co-processor takes 200 ns,
and the forced Jump instruction (in response to the inter-
rupt) takes another 200ns. Thus, within 400ns of an
interrupt the controller starts exccuting a service routine.
On completion. another 400 ns gets the controller back to
its main program.

The co-processor always responds to an interrupt, unless
the interrupt mask is set, and provided that the interrupt’s
priority is higher than any in progress. The interrupt mask
is set automatically (when an interrupt is started) or by the
programmer executing a Set Mask command, one of the co-
processor’s five instructions for managing its interrupt and
subroutine capabilities. (The other four instructions are
Clear Mask, Return, Push and Clear Interrupt.)

As for the controller, it can perform a complete function
— instruction fetching. datainput. rotation, ALU operation,
bit-string masking, and data output — within a single 200 ns
instruction cycle. Besides its 8-bit IV bus, which is shared
by the working (RAM) storage and a variety of 1/O peri-
pherals. the controller uses a 13-bit program address busand
a 16-bit instruction bus. The instruction and address busses
connect directly to program memory (ROM or PROM).

For fast 1/O transfer rates — up to 5Mbytes/s — two
control signals, Left Bank (LB) and Right Bank (RB).
divide all 1/O devices into two groups of 256 single-byte
locations. In this way, the controller can pass data between
any two devices on opposite banks in a single machine cycle.
In a typical system design, one bank addresses up to 256
bytes of RAM and the other addresses up to 256 1/0 devices.

What’s more, using latched ports, memory buffers larger
than 256 bytes can be interfaced with the controller. For
example, two ports can latch the high and low address
bytes of a 64-Kbyte memory, while a third port handles
RAM control signals and a fourth transfers the data be-
tween the controller and the memory.
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Robot control

Because robotics implies controlling devices such as stepper
motors and servo-mechanisms and sensing the status of input
detectors and switches — tasks that are intensely bit-oriented
— the controller has extensive bit manipulation capabilities.
These arc implemented using a variable bit-shifter, a special
multiplexer. and dedicated bit manipulation logic operating
in the data path of an ALU.

Among the other strengths of the controller is its high-
level language instructions for controlling the ALU (Add.
AND. XOR). moving data (Move, XMIT), and jumping and
conditional branching (XEC, NZT. JMP). In fact, the
different variations of thesc eight instructions form a total
of 95 real-time, industrial control operations.

As an example of the power of the controller’s instruc-
tions, an Add instruction can select an external data field
of from one to eight contiguous bits, add to it the accumu-
lator’s contents, and write the results back to the same or a
different external location within onc instruction cycle.

What's more, the controller’s fast 1/O can be made even
faster by adding microcoded-program memory to cxtend
the width of the instruction word. Thus each instruction
would carry additional data bits to provide system control
functions, status information, or whatever is needed to
avoid a separatc. timc-consuming address-selection cycle.
Extending the instruction word in this way speeds up, for
example, critical timing loops that transfer data between
scveral different ports.

Fast bit shifting

In addition, it is easy to program commonly used ALU
operations, like subtraction, inclusive-ORing, and left rota-
tion, although they are not included in the basic instruction
set. For example, subtraction is performed within 1 us using
the two’s complement method; an OR operation is per-
formed in 800 ns with a few commands; and rotating the
contents of a gencral-purpose register three places to the
left, for instance. that of register R4. takes 200 ns with
one instruction. MOVE R4(5), R4. Operations such as
multiplication and division can also be performed. using
longer algorithms, but still fast enough for most industrial
controller applications.

To perform table look-ups or multiple conditional
branches based on an operand’s value, programmers can use
the XEC (Execute) instruction in conjunction with a series
of Move, XMIT. or JMP instructions. XEC causes a single
instruction to be executed out of sequence without altering
the controller’s program counter. Such an operation is usc-
ful, for example, when an I/O port contains a value in-
dicating the status of an external operation and a succeed-
ing programming task depends on the value.

A plausible architecture for a multipurpose robot is one
in which the hardware executes multiple real-time tasks and
the software gives the robot flexibility to meet changing
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I.F. amplifiers and muting

The i.f. section of the TEA6000 incorporates three dircct-
coupled wideband differential i.f. limiting amplifiers which
have scparate softwarc-sclected inputs for a.m. and f.m.
signals, and require very few cxternal components. The
input sensitivity for 3 dB below limiting at the f.m. input is
150uV. The final i.f. amplification stage has two outputs.
One is internally applied to a frequency counter. The other
is applied. via a muting stage. to pin 11 from where it can
be applied to the input of an external f.m. ratio detector.
The muting stage reduces interstation noise during tuning
by about 15dB and the ratio detector is damped during
a.m. reception to prevent spurious noisc output.

Level detectors

The final two i.f. amplification stages also drive a two-stage
level detector with a high-level field-strength dependent
direct-current output at pin 13. This current output can be
converted into the desired voltage level by an external
resistor and uscd to derive an a.g.c. signal. It can also be
uscd for smooth field-strength dependent control of stereo/
mono switching (stereo channel separation), and for control
of the high-frequency audio response at the stereo decoder.
To increase the versatility of the TEAG000. the level
detector output at pin 13 can be switched off under soft-
warc control; pin 13 can then be used as an input. A low
value external smoothing capacitor between pin 13 and the
common return will ensure fast response of the ficld-
strength signal during £.m. reception and will not smooth
out any a.m. due to multipath reception. During a.m. recep-
tion however, more smoothing is required to cnsurc that
the field strength signal is not influenced by the amplitude
modulation. Since pin 14 is connected to the common
return in the a.m. mode. this additional smoothing can be
obtained by connecting a higher value capacitor between
pin 13 and pin 14.

During f.m. reception, with the level detector switched
on, the output at pin 13 will be amplitude modulated if
multipath distortion is present. This a.mn. can be scparated
from the i.f. carrier by an active filter constructed around
the internal operational amplifier between pins 6 and 7.
After external rectification and smoothing, the multipath
level signal can be rcinserted at pin 5. Software control also
allows the internal reset signal of the frequency counter to
be routed to pin 5 for testing purposcs. This facility can.
however, also be used to ensure that the external smoothing
capacitor for the multipath distortion signal is rapidly
discharged when changing from one station to another.

The field-strength and multipath-distortion level signals
at pins 13 and S are multiplexed by two internal analogue
switches and applied to an A to D converter.

The A to D converter receives the multipath signals from
the analogue switches and converts them into a 3-bit binary
codc representing one of eight quantization levels refcrenced
to the output from a bandgap stabilizer. The converter can be

ACCURATL AM/FM RADIO TUNING

softwarc-programmed to have low or high sensitivity to the
ficld-strength and multipath distortion signals at pins 13
and 5. In the low sensitivity mode, the eight quantization
levels cover the range OV to 6 V. In the high sensitivity
mode. they cover the range OV to 3 V. To ensure glitch-
free data from the A to D converter, its 3-bit binary output
is first converted into a Gray code (in which only one bit
changes for each level increment). latched, and then recon-
verted into binary form and latched before being trans-
mitted on the I°C bus.

DIGITAL SIGNAL PROCESSING

Frequency counter

The frequency counter is an 11-bit ripple counter with reset
and preset. The 3MSBs of the counter have an overflow
function and can be switched off under software control
for test purposes. The remaining cight bits represent an
intermediate frequency in the range 10 Miiz to 1 Mlz for
f.m.. or in the range 428 kHz to 492 kHz for a.m. To in-
crease the flexibility of the system, the counter is preceded
by a single stage divider which can be switched on or off
under software control. This allows a trade-ofl to be made
between the speed of counting and its accuracy by effect-
ively changing the length of the counter. With the divider
off, the counting accuracy is 1 bit (£6,4 kllz for f.m. or
+250 Hz for a.m.) and a short window is selected in the
measuring window control circuit. With the divider on. the
counting accuracy is % bit (3.2 kHz for f.m. or 125 Iz for
a.m.) and a long window is selectcd.

Measuring window control

The measuring window for the TEA6000 frequency meca-
suring system is derived from a 40 klHz or 32 kHz reference
signal which passes through a chain of frequency dividers.
The first three-stage divider is softwarc-programmed to
divide by four for a reference frequency of 32kllz or to
divide by five for a reference frequency of 40 kllz, thereby
obtaining a frequency of 8kHz. The second three-stage
divider is software-programmed to divide by four for a.m.,
or to divide by five for f.m. Following a third three-stage
divider are three single-stage dividers which are software-
controlled to set the measuring windows to 20 ms (1/50 Hz)
or 40ms (1/25Hz) for f.m., and 4 ms (1/250 Hz) or 8 ms
(1/125 Hz) for a.m. The duration of the long window for
f.m. (40 ms) is not less than one complete period of the
lowest f.m. audio frequency (25 Hz) so that symmectrical
frequency shifts due to modulation do not disturb the
counter.

A microcomputer-controlled radio is usually tuned by a
frequency synthesizer. If our SAA1057 is uscd for this
purposc. a 32kllz or 40 kHz rcference frequency to syn-
chronize the internal oscillator of the TEA6000 can be
made availuble under softwarc control from pin 18 of
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Modifying Teradyne 283 programs to
test high-speed CMOS logic ICs

J. EXALTO and H. KERN

The PC54/74 HC/HCU/HCT family of high-speed CMOS
(HCMOS) logic ICs has the low power consumption, high Vee o
input noise immunity and wide operating temperature ”m[j am[T] mn[l]
range of earlier silicon-gate CMOS, combined with the high

speed and drive capability previously only attainable with
bipolar LSTTL. Circuits with the type number suffix HCT
have the additional advantages of TTL input switching levels,
operation from a supply voltage range of 5V +10% and pin
compatibility with most popular LSTTL circuits. These
advantages, will result in PC54/74 HCT circuits being used ot o v
to replace their LSTTL counterparts in many existing logic E N
systems. This will lower the overall power consumption of
the systems without reducing their operating speed, but it T % 15kQ2 3ka
will no longer be possible to use the same test programs to
test the HCMOS circuits on the equipment which is normally
used to test the bipolar LSTTL circuits. Since the Teradyne GND © 7287719
283 is one of the most widely used logic testers, we shall

show how its programs can easily be modified for testing (a) 2-input LSTTL NAND gate with totem-pole outputs
PC54/74HCT logic ICs (% 54/74LS00). For other structures, refer to published data

input [¢
foedt o J- Lo —o0 output

Using an existing LSTTL test program, without modifi-
cation, to test an HCMOS circuit will result in a “FAIL”.
Analysis of this “FAIL” will reveal that only two or three of
the parameter tests have failed and the remainder have Vec o
passed. The parameter test failures occur because the input x 3
and output structures of HCMOS and LSTTL circuits as =500
shown in Fig.] are not the same. The failures don’t indicate 1509 — [
that the HCMOS circuits are unsuitable as LSTTL replace- input o—{—3—
ments, but the test program must be modified to obtain a _ ~1500 | =222 »:_L
“PASS” for the HCMOS circuits when they are tested on eut o— 1 1P outpun
the Teradyne 283 tester.
The parameter tests which must be modified for use J ]
with HCMOS circuits can be divided into the following two '_l:j =
y

1 4]

categories: Xz
GND &

7287720

1. Those tests that must be modified to obtain a “PASS”
for the HCMOS circuits. For these tests, it is only (b) 2-input HCMOS NOR gate (% PC54/74HCT02)
necessary to modify the settings that cause problems.
This will result in a test that confirms the ability of the
HCMOS circuit to perform the LSTTL function

2. Those tests that must be modified to test the circuit to

the HCMOS Speciﬁcation if the user wishes to take ad- Fig.? Comparison of LSTTL and HCMOS circuit structures
vantage of the additional HCMOS features.
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TEST PROGRAMS IFOR HCMOS LOGIC

CATEGORY 1 TESTS

Input currentat Vi =7V

Due to the input protection network of HCMOS circuits
shown in Fig.1(b), input current will flow if the input voltage
exceeds Ve by 0.5V or more. To prevent a “FAIL™, the
input voltage must be reduced to Vec. To test the exact
input leakage current. the setting must be modified accord-
ing to the d.c. characteristics for PC54/7411CT circuits given
in Appendix 2.

Input clamp voltage

The protection network for each HCMOS circuit input
incorporates a scries resistor that will cause the input clamp
voltage with an input current of —18 mA to be much lower
than the —1,5 V specified for LSTTL. Since the input clamp
voltage is not specified for HHCMOS circuits, this test must
be omitted.

Output short-circuit current HIGH

Due to the symmetrical output structure of HCMOS
circuits as shown in Fig.1(b). the LSTTL coliector output
resistor is not present. IHICMOS circuits will therefore draw
a much higher short-circuit output current than their
LSTTL equivalents. Since the output short-circuit current
is not specified for HHCMOS circuits, this test must be
omitted.

Hysteresis

The octal buffer/line drivers in the PC54/74HCT range do
not have input hysteresis. This test must therefore be
omitted.

Output voltage LOW at 1g =12 mA (buffers)

The LOW level output voltage for HCMOS bus drivers is
specified for an output current of 6 mA. The current setting
must therefore be reduced to 6 mA.

Output voltage LOW at Ig=8 mA

The LOW level output voltage is not specified at this output
current level for HCMOS circuits. This test must therefore
be omitted.

Continuity

With some settings used for continuity testing, the input
resistor of HCMQOS circuits could cause a “*FAIL”. This must
therefore be borne in mind when test engineers select their
individual settings for this test.
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CATEGORY 2 TEST

Quiescent supply current

Setting supply current Icc for the output LOW condition
for HCMOS circuits will not causc problems, but setting it
for the output HIGH condition is more complicated. If the
Teradyne 283 docesn’t have a hardware CMOS modification,
there is a comparator connccted to each of the outputs of
the circuit under test. These comparators causc an extra
load current of about 7uA per output, the precise current
depending on the specific tester. The extra load currents
are ncgligible compared with the Icc of LSTTL circuits and
can be ignored. When mcasuring 1ICMOS circuits however,
they can be very significant compared with the total IcC
and must be taken into account. A solution to this problem
is to conncct the HIGIH outputs to VcC so that they arc
cxcluded from the Icc measuring path. This can be done
with the statement MTEST VCC1 A BC D, where A, B, C,
and D are the outputs in the HIGIH state.

Output voltage LOW at [g=4 mA

The lower output voltages of HCMOS circuits can be tested
without any complications.

Output voltage HIGH

The higher output voltages of HCMOS circuits can be
tested without any complications.

Short-circuit output current with Vo=0,5V

Although this parameter is not specified for 1HCMOS
circuits, they will meet the same requirements as LSTTL
circuits. This test. however, can be omitted.

OFF-state output current for 3-state outputs with
Vo =Vcc or GND

The lower leakage current for HCMOS circuits can be tested
without any complications.

Input leakage current with V| HIGH or LOW

The much lower input lcakage currents of HCMOS circuits
can be tested without any complications.

Function

This test can remain unchanged.
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TWIN-SWITCH POWER PACK FOR 110° CTV

Figure 6 shows the equivalent circuit of the audio supply.
The input voltage Vjp is a square wave transformed from
the primary side of the input choke. L) is the leakage in-
ductance of the choke. C2 and L) form a series resonant
circuit. Diodes D3 and D4 form a peak-to-peak rectifier.
C3 is a smoothing capacitor. R represents an audio load.

Under no-load conditions, C) charges to Vg during the
negative excursions of Vjp, and C3 is charged to |Vg + V7.

With Rp connected, C3 discharges a little but is re-
charged when Vjp is positive by a current flowing through
L. C2 and D4. The amplitude of this charging current is
determined by the load, thc duration by the resonant
frequency of the circuit. Charging C3 discharges C a little.
but C2 is recharged to Vg via D3, C2 and Ly when Vjj is
negative. The charging currents for C2 and C3 are identical
since the resonant circuit is the same in cach case. Figure 7
shows the sequence of events in more detail.

At tQ:
Capacitor C2 has been discharged by AV() in the previous
period owing to the load. Vj, changes from a positive voltage
to a negative one (Vg), producing a voltage across L) of:

VL2 =Ve — (V6 — AV(2)
= +AV().
This voltage causes a current in the resonant circuit which
charges C».

At ty:
VL2 =0and V3 = Vg,

and the charging current is a maximum. Between t] and t>,
the charging current falls to zero.

At to:
C7 has charged to Vg + AV(). No current flows since there
is no stored energy in L). Since D3 is blocked, the voltage
at point y changes to that of Vjp.i.e. to Vg. The voltages at
points y and z rise by AV(C2. From t) to t3 there are no
currents so nothing changes.

At t3:
Vin changes from Vg to V7. The voltage across L) is:
VL2 = (Ve +V7) — (V6 +AV(C2) — V7
= —-AV(C).
This voltage causes a current through Lj. C2, Dg and C3
identical to the current during tg to t}, but in the opposite
direction, since the sign of V[ 2 has reversed. Since the

resonant circuit is the same, the current pulses will be
identical for C3 > C3.

At t4:
The supply current is a maximum. Vy =V7 and V2 = Ve.

At ts, the supply current reaches zero and Vy and V;
fall by AV(ca.

From t5 to tp nothing changes and at tg the cycle
starts again. The current pulses in the choke secondary are
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transformed to the primary, but have no effect on the
average current flowing in the input choke and have almost
no effect on the storage time of TR, see Fig.8.

During the first current pulse I, the transformed current
is subtracted from the current flowing in part m of the
input choke. The second pulse 11 is added to this current.
Therefore. the total average current flowing in the input
choke is unaffected by the “‘audio currents™ and so the d.c.
voltage on the supply capacitor for the SMPS, Cy, in un-
affected. The peak collector current of the switch is not in-
fluenced by the “audio™ currents, so the storage time of
this switch will hardly be affected. The maximum “‘audio™
current is determined by the peak value of 13.

The maximum width of the current pulses is set by the
duty cycle of the SMPS and the audio supply current has to
be zero when TR is switched on.

In the case of a maximum duty cycle of 0,62 (180V
mains), the maximum duration of the audio supply pulses
willbe T — 6T =64 — (0,62 x 64) =~ 24 us.

To reduce the cost of the audio supply circuit, C3 can be
replaced by a capacitor of 3,3 uF in series with a 12 uH
choke. This will incrcase AV(2 without altering the reso-
nant frequency of the circuit or changing the internal
impedance of the audio supply.

TABLE 2
Key components of the TSPP system

diode-split linc output AT2077/82

transformer

lincarity control AT4042/30 or AT4042/08

input choke AT4043/16

line driver transformer AT4043/17

current sensing transformer AT4043/46

bridge coil AT4043/68

stand-by supply transformer TS561/2

supply capacitor Cy 10 uIF,100 V 2222 344 90206

audio capacitor C)

[-W capacitor (IFig.4)
flyback capacitor (IFig.4)
flyback capacitor (FFig.4)
S-correction capacitor (IFig.4)

3,3ulF, 100V 2322344 21335
6,8 ul’, 100V 2222344 21685
10 nlF, 1S00 V2222357 82103
27 nl, 1000 V2222 357 72273
330nF, 250V 222235751334

resistor (inrush limiter) 3,3 2 ACO4
resistor (start up supply) 39 9 PRS2
resistor (line driver) 56 Q PRS2
resistor (line driver) 910 2 PRS2
power transistor TR | BUS0S
power transistor TRy BUSO8A
control IC TDA2582
sync processor IC TDA2578A
vertical deflection IC TDA3652
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Recent publications

MEAS8000 voice synthesizer: principles and interfacing,
Technical Publication 101, 16 pages
(ordering code 9398 041 80011)

The development of speech synthesis techniques has drama-
tically reduced the bit rate and memory required for digital
spcech synthesis so that it is now economically feasible to
open a wideband voice channel between machine and man.
Such a channel is provided by our totally digital integrated
voice synthesizer MEA800O. A 4-page leaflet describing the
components and editing system supporting the MEA8O00
speech synthesizer is also available.

(ordering code 9398 31940011)

7090 W hi-fi audio amplifiers with the BDV66 and BDV67,
Technical Publication 113, 8 pages
(ordering code 9398 043 20011)

This publication describes two high-fidelity audio amplifiers
using complementary Darlington power transistors BDV66
(pnp) and BDVG67 (npn) in the output stage. Features of
these transistors arc economy. improved SOAR and high
reliability.

A low-cost monochrome data and graphics display unit
(C6T).

Technical Publication 114, 4 pages

(ordering code 9398 043 30011)

The CO6T is a minimum circuitry VDU based on circuit
design techniques that have been well-proven by extensive
tv usage. It is ideal for alphanumecric and graphic display
applications such as computer terminals, small business
computers and vidco games.

A versatile high-resolution monochrome data and graphics
display unit (C64).

Technical Publication 115, 6 pages

(ordering code 9398 043 40011)

The C64 is a high resolution VDU which can be adapted to
operate over a wide range of line and field frequencies and
can operate in either landscape or portrait oricntation. It
therefore allows many different dedicated display units to
be built from one basic design.

EUROM — A display IC for CEPT Videotex, 6 pages
(ordering code 9398 317 90011)
A brochure describing the EUROM IC. an NMOS CRT con-

troller chip that covers all presentation level aspects of the
CEPT Videotex standard.

Simple rules for GTO circuit design,
Technical Publication 116. 20 pages
(ordering code 9398 043 50011)

Some of the terms and characteristics in the published data
for GTOs may be unfamiliar to those circuit designers who
are more accustomed to using transistors and thyristors.
This publication describes the characteristics and perform-
ance of the GTO and discusses the design of GTO circuits.

Miniature ceramic capacitors, 16 pages
(ordering code 9398 313 90011)

A brochure describing the manufacture and quality control
procedures for our flanged miniature ceramic plate capa-
citors.

Microwave oscillators, 12 pages
(ordering code 9398 315 70011)

A survey of microwave oscillators for high-quality telecom-
munications, satellite tv. radar beacons, test equipment and
electronic guidance systems. Products described range from
ultra-stable low-noise cavity-stabilized oscillators in the 11
to 19 GHz band to economy-class X-band devices.

On-line semi custom logic, 20 pages
(ordering code 9398 317 80011)

A brochurc describing our semi-custom ICs including
CMOS, ACE and ISL gate arrays. IFL programmable arrays
and CMOS and TTL cell libraries.

High-speed CMOS, PC54/74 family, 26 pages
(ordering code 9398 317 30011)

A survey of the HCMOS products including performance
data and a cross-refererence guide to 54/74 series TTL and
4000 series CMOS circuits.

CATYV amplifier modules, 12 pages
(ordering code 9398 311 40011)

A survey of our BGY series of hybrid wideband amplifier
modules designed specifically for tv applications.

Microwave transistors, 20 pages
(ordering code 9398 317 70011)

A survey of our bipolar silicon transistors and GaAs FETs
for operation at frequencies from 1 GHz to 16 GHz.

Copies of these publications can be ordered from any of the companies whose addresses are listed on the back cover; subscribers in the U.S.A.
are requested to address their orders to the Editor, Elcctronic Components and Applications, Building BA, Philips Elcoma Division, MD 5600
FINDHOVEN, The Netherlands. When ordering, plcase quote the twelve-digit ordering code number.
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Schneller Coprozessor erfiillt industrielle Echtzeitanforderungen

Integrierte, computergestiitzte Fertigung (Integrated Computer-
Aided Manufacturing, 1CAM), erfordert eine Kombination von
Hochgeschwindigkeits-Opcrationen, z.B. fir die Datenverarbeitung
und -iibertragung, mit langsamen Echtzeit-Operationen, zB. fiir die
Prozess- und Roboterstcuerung. Dieser Beitrag beschreibt den Ein-
satz des schnellen Mikrocontrollers 8X305 in Kombination mit
cinem interruptgestcuerten Coprozessor 8X310, um derartige Unter-
schiede in der erfordcrlichen” Arbeitsgeschwindigkeit zu bewaltigen.
Dic ausgewihlten Applikationsbeispiele beziehcn sich auf mehr-
achsige Robotersteucrung und Dateniibertragungssteuerung.

FM-ZF-System und mikrocomputergesteuertes Suchlauf-Abstimm-
interface

In dicsem Artikel wird die integrierte Schaltung TEA6000 beschrie-
ben, in der ein vollstandiges FM-ZF-System und ein mikrocomputer-
gesteuertes Suchlauf-Abstimminterface auf einem einzigen Silizium-
Kristall untergebracht sind. Dicse Schaltung is vorgeschen fiir den
Linsatz in Auto- und Hifi-Radios, deren Funktioncn digital ge-
steuert werden. Fiir dic Hersteller von Rundfunkempfingern wird
der hohe Lrsctzungsgrad der neuen intcgrierten Schaltung von
Nutzen sein, wihrend fiir den Geritebenutzer dic hohe Abstimm-
genauigkeit vortcilhalft ist. Letztere wird errcicht durch den Einsatz
eines hochauflésenden Frequenzzihlers anstelle der sonst iiblichen
Methode, der Nulldurchgang der FM-Demodulatorkurve als Ab-
stimmkriterium zu verwenden. Mit der Schaltung TEA6000 ldsst
sich in Kombination mit den meisten verfiigbaren integrierten AM-
Empfingerschaltungen cin Allband-Rundfunkempfinger aufbauen.

Modifizierung von Teradyn 283—Programmen zur Priifung von sehr
schnellen CMOS-Logik-ICs

Finige sehr schnclle CMOS-Logik-ICs der PC54/74-Familie haben
bei der Typenbezcichnung den Zusatz HCT. Vicle dieser Schal-
tungen sind Pin- und Funktionskompatibel mit der 54/74-Serie der
LSTTL-Schaltungen. Sic haben auch die gleiche Eingangsschalt-
schwelle und dcn gleichen Versorgungsspannungsbereich. [hre
Hauptaufgabe ist cs, LSTTL-Schaltungen zu crsetzen, um die Lei-
stungsaufnahmc ohne Herabsetzung der Schaltzeiten zu vermindcrn.
Standard-TTL-Programme konncn jedoch zum Priifen der HCMOS-
Schaltungen nicht verwcendet werden, da sie eine andere Ein- und
Ausgangskonfiguration als LSTTL-Schaltungen haben. Dieser
Artikel zeigt, wic dic TTL-Priifprogramme fiir eincs der am meisten
verwendeten Priifgerite, Teradyn 283, so modifizicrt werden
konnen, dass die Priifung schr schneller CMOS-Schaltungen méglich
ist.

Twin-Switch Power Pack fiir 110° Farbfernschgerite und -Monitore

Das TSPP (Twin-Switch Power Pack) ist eine Kombination von
netzgetrenntcr Horizontal-Ablenkschaltung und Versorgungsschal-
tung fiir 110°-Bildréhren-Systeme. Dic Versorgungsschaltung
arbeitet synchron mit der horizontalen Ablenkung und liefert alle
Versorgungsgleichspannungen, auch fiir die Erzeugung der Hoch-
spannung, sowie die Versorgungsleistung fiir die Tonverstiarkung bis
S0 W ohne Stérbecinflussung des Bildes. Das TSPP beniitzt eine
neuen Diodcnsplittransformator fir die Horizontalablenkung mit
eingebautem Fokuspotentiometcr. Der Transformator ist kleiner
und preisgiinstiger als in synchronen 110°-Versorgungschaltungen
iibliche Transformatoren. Er kann auch bei weitgehend gleicher
Pinbelegung, im SSPP (Singlc-Switch Power Pack) von rasterkorrek-
turfreien (r.k.f.) Systemen eingesetzt werden. Folglich kann man das
gleiche Layout sowohl fiir r.k.f.-Systeme als auch fiir 110°-Ablenk-
systeme verwenden.

Breitband-ZF-Verstarker fiir Satelliten-FS-Empfangssysteme

Die ncue Breitband-Transistor BFG6S ist fiir ZF-Verstarkcrstufen
von Satelliten-I'S-Empfangssystemen cntwickelt worden. Der Tran-
sistor ist mit cincr schr fcinen (2,5 um) interdigitalen Elektrodcn-
struktur sowie ciner diinnen (1 um) Epitaxialschicht ausgestattet.
Diese ermaglichen cinc hohe Transitfrequenz f, hohe Verstarkung
und cin giinstiges Rauschverhalten. Zum Aufbau eines ZF-Verstarkers
mit mechr als 20 dB Verstirkung und einem niedrigeren Rauschmass
als 4 dB werden nur zwei Stufen mit dem neucn Transistor BFG65
benotigt.

Des circuits intégrés pour la transmission téléphonique adaptables a
toutes les architectures

Un poste téléphonique doté d'une architecture modulaire, pcut étre
adapté aux impératifs particulicrs du client. Unc des conditions de
la modularité est la nécessit¢ de disposer d’unc source d’alimentation
auxiliaire dans le circuit de transmission afin d'alimenter les circuits
périphériques. Ce circuit de transmission doit également étre prévu
pour un usagc dans un systeme utilisant la numérotation soit déci-
male, soit DTMF, ct donc posséder un mode d’attente caractéris¢
par une bassc consommation pour supporter les interruption du
courant de ligne. Toutes ces conditions sc trouvent réunies avec le
nouveau circuit intégré de transmission TEA1060/61.

Un logiciel tolérani I’erreur pour les circuits intégrés microcontro-
leurs 3 pucc unique, fonctionnant en temps réel

Larticle préscnte les techniques applicables a la conception d'un
logicicl tolérant les crreurs pour les systémes a base de microcontrd-
leur. L'exemple donné décrit la conception d'un logiciel pour unc
liaison dc central téléphonique PABX sophistiqué utilisant des
microcontrdleurs a 8 bits de la famille MAB8400. Des essais menés
dans des conditions de bruit extréme montrent qu’avee le logiciel
classique, d'importantes erreurs irrécupérables se produiscnt, qui
pourraicnt étre évitées avee un logiciel tolérant I'erreur.

Télétexte commandé par ordinateur

Ces derni¢res annécs, lc télétexte s'est fermement implanté dans le
marché dc la télévision grand public. L'un des principaux facteurs-de
cette expansion rapide réside dans I'amélioration prouvée du rende-
ment des décodeurs télétexte de la premiére génération. A mesurc
que lc prix du décodcur diminue et que scs possibilités augmentent,
on s'attend i cc que le marché poursuive encore sa croissance. Cet
article décrit la prochainc génération de décodeur qui est d’ores ct
déja disponible, sous le nom dc Télétexte Commandé par Ordina-
teur (Computer Controlled Telctext = CCT).

Un co-processeur rapide satisfait les impératifs de temps réel des
usines

La Fabrication Assistée par Ordinatcur Intégré (Integrated Compu-
ter-Aided Manufacturing = ICAM) exige que soicnt combinés le
fonctionnement a grande vitessc, comme dans les communications
et Ic traitements des donndes, ct le fonctionnement en temps réel a
faible vitesse, comme dans la commande des processus ou par robot.
Cet article décrit I'utilisation d’un micro-contrdleur a grande vitesse
8X305 cn conjonction avec un co-processeur régi par interruptions
8X 310, afin de pallicr cctte différence dc vitesses de fonctionnement.
Les excmples cités concernent a la commande de robot sur plusicurs
axes ¢t la commande des communications.

Systéme I'M/FI interface d'accord commandée par microcontrolcur

Nous avons réuni sur un scul cristal un systeme FM/FI complet ainsi
qu’une interface d'accord commandée par microcontréleur. Ce
circuit intégré appclé TLEA6000, cst destiné aux autoradios a com-
mande numérique ct aux récepteurs radio haute fidélité, équipés
d’un détectecur de rapport pour la I©.M. Les fabricants bénéficicront
de la grandc valeur de remplacement du nouveau circuit intégré, et
les utilisatcurs dc son accord cxtrémement précis. Celui-ci est
obtenu en utilisant un compteur dc fréquence a grand pouvoir
séparatcur, au licu de la méthode habituelle consistant -a détecter le
rccoupcment zéro de la courbe S du démodulateur F.M. Le circuit
peut étre associé a la plupart des circuits récepteurs a modulation
d’amplitude cxistants, pour réaliscr un récepteur radio toutes bandcs.

Modification des programmes Teradyne 283 pour lc test des circuits
intégrés logiques CMOS a grande vitesse

Certains circuits intégrés logiques CMOS a grande vitesse dc la
famillc PC54/74 ont le suffixe HCT dans lcur numéro de type. Un
grand nombre dc ces circuits sont compatibles, du point de vue
brochage et fonctions, avec la série 54/74 des circuits TTL/LS; ils
préscntent cn outre les mémes nivcaux de commutation d’entrée ct
les mémes gammes de tension d’alimentation. Ils sont destinés a
remplacer les circuits TTL/LS afin de réduire la consommation de
courant, sans diminucr la vitessc de fonctionnement. Cependant, les
programmcs dc test de la TTL standard ne peuvent pas étre appli-
qués aux circuits CMOS, car la structurc d’cntrée et de sortic des
circuits CMOS différe de celle des circuits TTL/LS. L’article montre
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comment les programmes d’essai TTL pour I'un des matéricls dc test
logiques les plus couramment utilisés, Teradyne 283, peuvent
aisément étre modifiés pour permettre 'essai des circuits intégrés
logiques CMOS & grande vitesse.

Unité d’alimentation a3 commutation double pour moniteurs ct
’ sy s 0 . . (<]
récepteurs de télévision couleur a tube de 110

L'unité d’alimentation @ commutateur doublc (Twin-Switch Powcr
Pack = “TSPP’’) comporte un bloc d’alimcntation ct un circuit
combiné de déviation horizontale isolée du sccteur, pour les tubes-
image 110°. L'alimentation est synchronisée avee le balayage hori-
zontal ct fournit toutes les tensions d’alimentation cn courant
continu, y compris la trés haute tension, ct I'alimentation des
amplificatcurs audio fréquences, jusqu'a SO W, sans perturber
I'image. L’unité “TSPP™ utilisc un transformatcur dc sortic dc
lignes a division par diodc, d’un nouveau genre, auquel cst incorporé
le potentiomeétre dc localisation. Plus pctit ct mcillcur marché que
celui que 'on trouve couramment dans les unités d’alimentation
synchrone 110°, ce transformateur est ¢galement disponible — avec
un brochage pratiquement identique — pour les unités d'alimenta-
tion 3 commutation simple destindes au systéme d'analyse totale
d’image sans correction. Par conséquent, cet agencement dalimen-
tation peut étre utilis¢ ausi bien pour un systeme d'analyse totale
d’images sans correction quc pour un systéme 110°,

Amplificateur a fréquence intermédiaire c¢n bande large. pour les
systémes récepteurs de télévision par satellite

Le nouvcau transistor a bande large BFG6S a été congu pour I'utili-
sation dans I’étage d’amplification dc fréquence intermédiaire des
systemes récepteurs de télévision par satellite. Ce transistor posséde
unc structure d’électrodes interdigitées extrémemet fines (2,5 um),
¢t une mince couche épitaxiale (1 um), procurant unc valeur
¢levée, un grand gain et un faible bruit. Avee le BEG6S, il suftit de
deux érages d'amplification pour produire un amplificateur de fré-
quence intermédiaire, avec un gain de plus de 20 dB ¢t un facteur
de bruit meilleur que 4 dB.

Circuitos integrados de voz/transmision adecuados a todas las
arquitecturas telefonicas

Si unequipo tcleldnico ticne arquitectura modular, puede confeccio-
narsc segin los requisitos especificos del cliente. Una condicion para
la modularidad es la disponibilidad de un punto de alimentacion a
través del cual ¢l microcontrolador y algunos periféricos pucden
alimentarse a partir de la linca telefonica. Un lugar conveniente para
este punto ¢s en cl circuito de transmision. La transmision también
pucde ser adccuada para utilizarla tanto con discado de impulsos
como discado DTMF, y scria preferible tener un modo bajo de
potencia para minimizar su corricntc de alimentacion durante las
interrupciones de la corriente de linca. Todas estas condiciones s¢
cumplen con el circuito integrado dc voz/transinision TEA1060/61.

Software tolerante a fallos en sistemas de microcontrolador mono-
chip de tiempo real

Sc explican las técnicas que se pueden utilizar en el disefo de software
tolerante a fallos para sistemas basados cn microcontrolador. Como
cjemplo s¢ describe ¢l diseio de software para una sofisticada
central telefonica PABX que se usa con microcontroladores de 8
bits de la scric MAB8400. Las prucbas bajo condiciones extremas de
ruido muestran que con software convecional se presentan impor-
tantes errores no recuperables, los cuales se pueden cvitar con soft-
warc tolerante a crrores.

Teletexto controlado por ordenador

Durantc los altimos afios, el teletexto se ha establecido firmemente
en ¢l mercado de la TV doméstica. Un factor importante en csta
ripida expansion han sido las prestaciones resultantes de la primera
gencracion de decodificadores de teletexto. Como el precio de la
placa decodificadora baja y sus caracteristicas mejoran, se espera que
el tamano del mercado aumente atn mas. Este articulo describe la
proxima generacidn de decodificadores que esti disponible ahora y
que s¢ conoce como teletexto controlado por ordenador (CCT,
Computer-Controlled Teletext).
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Co-procesador rapido que cumple las necesidades de tiempo real de
las factorias

La fabricacion ayudada por ordenador integrada necesita una com-
binacién de funcionamicnto a alta velocidad, como en comunica-
ciones y mancjo de datos, y de funcionamiento en ticmpo real dc
baja velocidad, como cen control dc procesos o robot. Fste articulo
describe ¢l uso de un micro-controlador de alta velocidad, 8X305,
junto con un co-procesador dec excitaciéon interrumpida, 8X310,
para acomodar cstas diferencias en velocidad operacional. Los
cjemplos tomados son de control dec robot multi-cjc y control de
comunicaciones.

Sistema FM/F1y acoplamiento para sintonia por ordenador

Recientemente hemos cencapsulado en un chip un sistema FM/II
completo asi como un acoplamiento para busqueda de sintonia
controlada por microordenador. Este circuito integrado, TEA6000,
estd disenado para utilizarlo cn radios de Hi-Fi y auto-radios contro-
ladas digitalmente, las cuales tienen un detector de relacion para
quc los fabricantes de sistemas de FM se beneficicn dcl alto valor de
sustitucion del nuevo circuito integrado, y los usuarios s¢ beneficien
de su sintonia altamente precisa. Esto ultimo se consiguc utilizando
un contador de frecuencia de alta resolucion en lugar del método
usual de detectar el cruce por cero de la curva S del demodulador de
F.M. Lste circuito se puede utilizar junto con la mayoria de recep-
tores A.M. integrados disponibles para construir una radio toda banda.

Modificacion de los programas del Teradyne 283 para probar
circuitos integrados 16gicos CMOS de alta velocidad

Algunos circuitos integrados 16gicos CMOS de alta velocidad de la
familia PC54/74 ticnen un sufijo HCT ¢n cl niimero de tipo. Estos
circuitos son compatibles, tanto cn terminales como funcional-
mente, con la seric 54/74 de circuitos LSTTL y tiencn los mismos
niveles de conmutacion de entrada y margen de tension de alimen-
tacion. Su principal papel consistc cn reemplazar circuitos LSTTL
para reducir ¢l consumo de potencia sin reducir la velocidad de
funcionamicento. Sin embargo, los programas de prueba TTL estan-
dar no sc pueden utilizar para probar los circuitos CMOS debido a
que tiencn una estructura dc entrada y salida diferente dc los
circuitos LSTTL. Este articulo muestra como s¢ pueden modificar
facilmente los programas de prucba TTL para uno de los compro-
badores logicos mds ampliamente utilizados, el Teradyne 283, con
¢l fin de probar circuitos integrados 16gicos CMOS de alta velocidad.

Sistema compacto de potencia de conmutacion doble para moni-
tores y receptores de TVC de 110°

Il sistema compacto dc potencia de conmutaciéon doble (TSPP,
Twin-Switch Power Pack) es una combinacién de fuente dc alimen-
tacion y circuitos de desviacién horizontal aislados de red para
sistemas de visualizacion de 110°. La fuente de alimentacion estd
sincronizada con el barrido horizontal y puede generar todas las
tensiones  continuas de alimentacion incluyendo la tension de
M.A.T. y hasta 50 W para los amplificadores de audio sin distorsio-
nar la imagen. La TSPP utiliza un nuevo transformador de salida de
lincas dc diodos divididos, ¢l cual incorpora el potencidmetro de
foco. Fstc transformador, mds pequeio y barato que ¢l del usual
sistema compacto de potencia sincrono de 110°, estd disponible
también, con casi idéntica configuracion de terminales para sistcmas
compactos de potencia de conmutacion sencilla para sistemas sin
correccion de trama. Consecuentcmente, se puede utilizar un
circuito de alimentacion para cada R.C.F. o sistema dc 110°.

Amplificadir de F.I. de banda ancha para sistemas de recepcion de
TV por satélite

I:] nucvo transistor de banda ancha BFG6S5 ha sido diseiado para
ser utilizado ¢n la etapa amplificadora de T.I. de sistemas de recep-
cién de TV por satélite. El transistor tiena una cstructura de elec-
trodos intcrdigital extrafino (2,5 um), y una capa epitaxial delgada
(1 um), lo quc le da un alto fT, alta ganancia y bajo ruido. Con cl
BFG65 sélo se necesitan dos ctapas amplificadoras para realizar un
amplicador dc I'.I. con una frecuencia por encima de 20 dB con un
factor dc ruido mejor que 4 dB.
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