























ICs FOR COMPACT DISC DECODERS

SAA7010: demodulator IC

The SAA7010 forms the front-end of the decoding system
and supplies demodulated data and timing signals to the
error correction IC (SAA7020) and to the subcoding
microcomputer.

The h.f. signal read from the Compact Disc by the laser
pick-up is first amplified and filtered, then supplied to the
input of the SAA7010 and to an optional h.f. threshold
detector. The analogue h.f. signal is first digitised by a level
detector and then passed to a phase-locked loop (PLL)
which regenerates the bit clock from the incoming data.

There are six complete stereo audio samples in one frame
(588 EFM channel bits) of the disc data. Therefore, one
stereo sample comprises 98 channel bits. For a sampling
frequency of 44.1kHz, the data rate of the h.f. signal is
4.3218 Mbits/s. The voltage-controlled oscillator (VCO) of
the PLL operates at twice the incoming data rate from
which a 4.3218 MHz master clock signal used in all internal
timing is derived. Frequency-sensitive and phase-sensitive de-
tectors provide the coarse and fine tuning signals for the VCO.
Both detectors are enabled/disabled using the HFD input.

The incoming data is clocked into a shift register and the
sync pattern detected, which enables the start of each frame
of data to be identified. Sync information is passed to the
timing and control logic in order to synchronise the de-
modulation with the incoming data, The level detector has
feedback which automatically adjusts to the optimum
switching level. However, if the frequency of the incoming
data falls below a set level, e.g. owing to a drop-out, the
level detector switches to a nominal feedback level of half
the supply voltage Vpp 1. This prevents the switching level
drifting away from its optimum.

Provided the timing generator is locked to the h.f. signal,
each 14-bit word received is stored in alatch, then converted
into an 8-bit word by the EFM decoder.

In the SAA7010, a logic array is used for code con-
version, not a ROM look-up table as mentioned earlier. This
saves chip area and reduces power dissipation.

Demodulated audio data are shifted out of the SAA7010
to the error correction IC SAA7020 on DADE, with the
clock signal CLDE and the symbol and frame sync signals
SSDE and FSDE respectively.

The seven bits Q to W of the subcoding data plus a sync bit
are shifted out serially at the SDATA output with clock
SBCL and sync signal SWCL, while channel P (pause bit) is
output at P after passing through a debounce circuit.

Note, use of an h.f. threshold detector at the input HFD
of the SAA7010 is optional. If one is not used, the HFD
input is connected to Vpp for normal operation of the de-
modulator. Using an h.f. detector can improve the perform-
ance of a Compact Disc player because it disables the phase
and frequency detectors in the demodulator when the
amplitude of the h.f. input is small. Thus, the PLL cannot
lock onto noise in the absence of an h.f. signal and so clock
jitter is prevented.

SAA7020: error correction 1C

The SAA7020 detects, and where possible corrects, errors
in the demodulated data stream and supplies these data to-
gether with a flag, indicating whether the data are correct
or unreliable, to the SAA7000.

Data from the SAA7010 are arranged in frames of
thirty-two 8-bit symbols. Twenty-four of these symbols
contain 12 audio samples (i.e. 6 stereo samples), the re-
maining eight are parity symbols added for error detection
and correction.

Data enter serially into a register array at DADE. This
array comprises a shift register which accumulates symbols
for parallel processing and a FIFO register which acts as a
jitter reduction circuit. The FIFO register can compensate
for deviation of up to +2.25 frames from the nominal data
rate. It is this register that eliminates wow and flutter in the
Compact Disc system. The output data rate from the
SAA7020 depends only on the clock signal CLOX derived
from a crystal oscillator. Any discrepancy between the clock
derived in the demodulator and that from the crystal
oscillator generates an error signal MCES which controls
the speed of the motor spinning the disc. MCES is a PWM
signal with a range of 142 linear steps.

The CIRC makes use of interleaving and two Reed-
Solomon codes C1 and C2. The data from the demodulator
are de-interleaved by temporarily storing the thirty-two
8-bit symbols forming the input word of the C1 decoder
and the output word of this decoder in a 2K8 RAM.

An 8-bit bidirectional bus is used for transferring data to
and from the RAM, an 11-bit bus for addressing. Three bits
control the RAM: write enable WEER, output enable OEER,
and chip enable CEER. The last is for operation with
pseudo-static RAMs.

The C1 decoder of the SAA7020 is designed to correct
one erroneous symbol in a 32-symbol frame. The C2 decoder
is designed to correct one erroneous symbol, or two erasures
in a group of 28 symbols.

The input word to the C1 decoder is checked for errors
by multiplying this word with the C1 parity check matrix.
This produces four syndromes. If there are no errors in the
input word, all four syndromes are equal to zero and the 28
data symbols at the output of the C1 decoder (4 parity
symbols being discarded) are written back into the RAM
unchanged. In case of one erroneous symbol, this is cor-
rected and the 28 corrected output symbols are written
into the RAM. In case of two or more erroneous symbols,
the 28 output symbols are written into the RAM unchanged
and a flag is set which marks these 28 symbols as unreliable.

Since each symbol in a C1 output word is delayed by a
different amount before reaching the C2 decoder, the CI
flag of each unreliable symbol is delayed by the same
amount as the symbol to ensure that symbol and flag arrive
at the input of the C2 decoder together.

The output symbols of the C1 decoder are de-interleaved
further by means of the RAM. Then, the 28 symbols
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SAA7000: interpolation and muting IC

The SAA7000 eliminates the audible annoyance that could
result if an erroneous symbol which managed to get through
the error correction circuitry was processed further. The
SAA7000 also gencrates the clock used for internal timing
of the SAA7020 and SAA7030.

Serial data from the SAA7020 on DAEC are entered into
a shift register using the clock CLEC. Data are then de-
scrambled and separated into left and right channel samples.
A similar descrambling and separation is performed on the
unreliable data flag UNEC. When there are no unreliable
data flags, the data values of the audio samples are un-
affected by the SAA7000.

When, for either left or right channel, a single unreliable
sample is flagged between two correct samples, linear
interpolation is used to replace the erroneous sample. If
two or more adjacent samples are flagged as unreliable, they
are muted. Starting thirty samples before muting (by making
use of the advance information of UNEC), the correct
samples are attenuated smoothly to zero according to a
cosine curve. The levels of the first thirty samples following
muting are then increased back to the normal level, again
according to a cosine curve. The thirty-sample (5-frame)
delay necessary in muting is obtained using the 2K8 RAM.

The data which are now either correct or processed are
converted into 2’s complement or offset binary depending
on the digital-to-analogue converters used. Selection is made
by the status of DAEC during the intervals between input
samples which is controlled by the GAP input of the
SAA7020. Left and right channel output data on DLCF
and DRCF are clocked out by the shift clock CLCF. Strobe
signals STR1 and STR2 are generated for the digital-to-
analogue conversion unit. A 14-bit or 16-bit output data
format can be selected using the input 14/16. A full-per-
formance 16-bit conversion system is described in the next
section.

A crystal oscillator is used to generate internal timing
signals and the clock signal CLOX for the SAA7020 and the
SAA7030. By using the frame sync signal FSEC to reset the
internal timing, the SAA7000 is automatically synchronised
with the output of the SAA7020.

16-bit digital-to-analogue conversion

The digital-to-analogue conversion section (Fig.8) converts
the digital output data from the interpolation and muting
IC to analogue voltages and removes all unwanted frequency
components above the audio band.

This conversion system is an outstanding feature of the
Compact Disc decoder. It is based on a digital oversampling
filter (SAA7030) followed by two (one for each channel)
14-bit DACs (TDA1540) and low-order analogue filters.
This arrangement has the SNR of a system using 16-bit
DACs and high-order filters, plus the following advantages
over that approach:

ICs FOR COMPACT DISC DECODERS

— lincar phase response in the audio band (0 —20 kHz)
— reduced slew rate distortion
— requires only a 14-bit DAC

— less intermodulation distortion, because the oversampling
frequency moves any intermodulation products well
outside the audio band

— only a simple low-cost analogue filter is needed after the
DAC to suppress any residual frequency components
not removed by the digital filter.

SAA7030: digital oversampling filter IC

The SAA7030 consists of three main parts: oversampling
section, transversal filter, and noise shaper. Circuitry in the
SAA7030 is duplicated, one for each channel.

The two 16-bit data streams, at DLCF and DRCF are
fed into shift registers which quadruple the sampling fre-
quency from 44.1kHz up to 176.4 kHz. Quadrupling the
sampling frequency also quadruples the effective audio
bandwidth, which is thus increased from 22 kHz to 88 kHz.
The quantisation noise power, previously distributed uni-
formly across a 22kHz bandwidth, is now distributed
uniformly up to 88kHz. Since 75% of the noise is now
above the audio band, it can be suppressed by filtering.

The SAA7030 incorporates two identical filters, one for
each stereo channel. Each filter is a finite impulse response
transversal filter of length 24 with ninety-six 12-bit coeffi-
cients and using 16-bit input data wordsentering at 44.1 kHz.
A recirculating shift register is used to store data required
during the multiplication of input data with the filter
coefficients which are stored in ROM. Each multiplication
produces a 28-bit word which is stored in an accumulator,
the 14 most significant bits of the words are then shifted
out at DLFD for the left channel, DRFD for the right
channel, with the clock CLFD. Overflow protection is in-
corporated so that the output always limits cleanly in the
unlikely event of accumulator overflow.

Oversampling and filtering add 6 dB to the SNR of the
digital audio signal, bringing it to 90dB for the 14-bit
output words. A further improvement of 7dB is obtained
in the SAA7030 by means of a noise shaper. This circuit
redistributes the quantisation noise, now uniformly spread
across 0-88kHz because of oversampling, reducing the
noise in the audible region still further and increasing it
above 22 kHz, see Fig.9.

A choice of offset binary or 2’s complement output
data can be made using OB. The OS input enables a 3%
d.c. offset to be added. This can be useful to reduce the
effects of glitches at low output voltages with certain DACs.
A 176.4 kHz strobe (LAT) is provided which can be used to
latch data into the DAC in applications where a SAA7000
is not used.
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PYROELECTRIC INFRARED DETECTORS

T, is the temperature of the target, and 8 is a constant.
Variations in T} can be compensated by using a linear
temperature transducer. A calibrated gain control can be
used to allow for variations in emissivity of the target.

Radiometer with compensation for ambient
temperature

A low-cost remote-sensing radiometer which does not
require chopper blade temperature compensation is
described in Ref.3. It uses a null technique in which rad-
iation from a defincd area of the target is balanced against
the radiation from an intcrnal reference source. At balance:

€ ( T, >“

€r Ty
where €, is the emissivity of the target. €, the emissivity
of the internal reference source, T, is the absolute temp-
erature of the internal reference source, and Ty is the
absolute temperature of the target. The value of T, can be
measured using a contact thermistor or thermocouple, so

that provided € and € are known. T; can be readily
determined.

Radiometer with compensation for target
emissivity

By splitting the target radiation into two spectral regions.
it is possible to make a radiometer that compensates for
variations in target emissivity. The detector samples each
region alternately, and the ratio of the two output signals
is proportional to the target temperature. The target
radiation must be chopped prior to filtering so that the
radiation emitted by the filter is eliminated as a source of
error.

Radiometer with collecting optics

The use of collecting optics will increase the radiation
energy incident on a detector, in the ratio of the area of
the collecting aperture to the area of the sensitive element
in the detector. As a result, the temperatures of areas of a
remote radiant object can be measured provided its
emissivity is known.

Level sensor

A dual-element detector can be used with a chopper and
focusing optics to sense levels by detecting small tempera-
ture discontinuities. An application for such an instrument
is in sensing solid or liquid levels in vertical storage tanks
and silos. In containers of this type, there is usually a
temperature difference between the full and empty parts of
the tank. By employing a dual-element detector (elements

in series opposition) and a chopper blade which masks and
then exposes both elements simultaneously, a difference
signal is produced. The instrument can thus be used to scan
a field of view and produce a maximum difference signal at
the level discontinuity.

Gas analysis

The presence of some gases can be detected by the amount
of infrared radiation that they absorb at characteristic
wavelengths. To detect a particular gas, infrared radiation at
the characteristic absorption wavelength of the gas (the
radiation is selected by narrowband filters) is passed
through a reference chamber, which does not contain the
gas, and a chamber which contains the sample. The relative
transmission of infrared radiation through the two
chambers is a measure of the amount of the sought-after
gas. The absorption of the gas is likely to be small, so that
a long radiation path-length is essential. This can be
accommodated in a small space by the use of multiple
reflection between mirrors. A system of this type could be
used to detect alcohol in the breath (‘breathalyser’), or to
measure industrial pollution or car exhaust gases.

RELIABILITY

Ceramic pyroelectric detectors are manufactured and
tested using standards and practices which correspond
to those employed in the production of high-quality
transistors. The incoming components are sampled for
quality, and further sample checks are made after each
stage in the production process. After final assembly,
all detectors are tested for responsivity and N.E.P., and
the dual-element detectors are tested for signal matching.

The measuring conditions used in the quality assurance
programme for the detectors are based on those stipulated
for the CECC 50 000 series of approved transistors. Details
of the programme for the RPY93 are given in Table 3,
and identical or very similar test conditions apply to the
other types. The first four tests listed in Table 3 define
the batch release procedure. Failure in any one of these
tests will result in the rejection of a batch.

Samples of the devices have been subjected to
continuous storage under a variety of conditions, includ-
ing ambient, high temperature, and continuous electrical
operation. Over one million device hours have been logged
in these tests without a single failure.

HIGH-PERFORMANCE PYROELECTRIC
DETECTORS

Ceramic pyroelectric detectors are not designed to meet
the performance requirements of infrared spectroscopy
or high-resolution radiometry. For such applications, we
have developed a range of pyroelectric detectors, types
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The SAA1057 is a new 18-pin LSI circuit which performs
all the functions of a PLL controlled by a microcomputer
in an electronically-tuned radio. Since the h.f. prescaler and
tuning voltage amplifier are on-chip, this circuit and only a
few peripheral components perform all the PLL functions
that previously required the use of three integrated circuits
and a host of peripheral components.

Single-chip synthesiser for radio tuning

J. MATULL and J. VAN STRAATEN

To remain competitive, manufacturers of domestic radios
must not only produce a comprehensive range of reliable
equipment with the required performance at the right price,
but must also meet the needs of the market with regard to
styling, ease of operation and available functions. Although
the widespread use of integrated circuits has allowed vast
improvements of performance and reliability and has in-
creased the range of available facilities, the integrated circuits
are not always optimally matched, resulting in partial
redundancy and a large number of peripheral components.
We foresaw this problem and were able to avoid it by using
a total systems approach to manufacture our comprehensive
range of ideally matched integrated circuits for signal pro-
cessing and digital control of tuning, displays and analogue
functions in all classes of radio. We can now therefore devote
our design resources and considerable knowledge of inte-
gration technologies and techniques to reducing radio
manufacturers’ development and assembly costs by mini-
mising the number of integrated circuits needed to imple-
ment the wide range of features and facilities required in
today’s radios.

If a radio must incorporate facilities such as search
tuning and/or tuning by direct entry of frequency at a key-
board, variable-capacitance diode tuning must be used and
a stable local-oscillator signal can be generated by indirect
frequency synthesis with a phase-locked loop (PLL) con-
trolled by a microcomputer. This system was fully described
in Ref.1 which showed how integrated circuits SAA1059
(h.f. prescaler), SAA1056 (PLL frequency synthesiser) and
an op-amp integrator (PLL loop filter and amplifier) were
used in our radio tuning system (RTS). We have now used
bipolar technology to combine analogue circuits with several
types of logic (I’L, ECL and miniwatt) so that all the

functions previously performed by three integrated circuits
can be performed by a single 18-pin LSI integrated circuit
called synthesiser module SAA1057. The component
economy afforded by the SAA1057 is amply illustrated
by Fig.1 which shows that tuning synthesiser functions
which previously required the use of three integrated
circuits and a large number of peripheral components
can now be performed by the SAA1057 and only 16
peripheral components.

The SAA1057 is not only economical with regard to the
required number of components. It also consumes very little
current (<20 mA) and isable to meet the varied performance
requirements of all classes of radio from battery-powerd
portables to mains-powered hi-fi tuners. For example, a
novel twin phase detector system in the PLL achieves the
fast tuning often required for car radios and also ensures
that, when the PLL is locked, the VCO signal has high
spectral purity to ensure low distortion in hi-fi tuners. The
wide frequency range (a.m. 512 kHz to 32 MHz, f.m. 70 MHz
to 120 MHz) and high maximum tuning voltage (30 V) make
the SAA1057 suitable for multi-waveband mains sets. The
low current consumption combined with the wide supply
voltage range (3.6 V to 12V) due to internal stabilisation
allow it to be used in battery-powered portables.

In addition to the basic function of tuning by direct
entry of frequency, the SAA1057 can also provide the
following software-controlled facilities:

— search tuning with muted interstation noise
— continuous up/down step tuning (manual tuning)

— accurate storage and automatic tuning to preset fre-
quencies
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phase detector operates at 1/32 of the reference frequency,
has no region of uncertainty in its transfer characteristic and
provides increased spectral purity of the local-oscillator
signal when the PLL is locked. The ‘hold’ voltage from the
analogue phase detector is converted into a d.c. current and
summed with the output pulses from the digital phase
detector to provide a current proportional to tuning error.
This current drives a gain-programmable amplifier to
generate the tuning voltage output.

The analogue phase detector is always operating, but the
digital phase detector can be switched on/off by setting/
resetting the in-lock detector with features/test bits in the
software (e.g. to minimise noise during step tuning). If the
software does not include any features/test bits, the digital
phase detector is automatically switched on if the tuning
error exceeds the phase range of the analoguc phase detec-
tor. This could occur. for example, as the result of exe-
cuting a large frequency change. When the in-lock detector
determines that the tuning error has been reduced to within
the operating range of the analogue phase detector for three
consecutive sampling periods, the digital phase detector is
automatically switched off again.

Gain-programmable current amplifier

The sum of the output currents from the two phase detectors
drives a gain-programmable bidirectional current source
which replaces the normally-used resistor between the
charge pump and loop amplifier of a PLL. This allows the
loop gain of the PLL to be software programmed over a
40dB range within the limits 0.023 to 2.3, thereby elimi-
nating the need to switch loop filter components during
waveband selection.

Loop amplifier

The loop amplifier is capable of providing a tuning voltage
output of up to 30V and only requires a series-connected
RC network between its input and output to form an active
low-pass loop filter. The supply voltage for the loop ampli-
fier (Vcc3) need not be stabilised but it should be ade-
quately filtered.

Reception of frequency and control data

Data for the SAA 1057 consists of serially-transmitted 17-bit
frequency setting and control words from a microcomputer.
Both types of word incorporate a zero start bit which is
tested to identify a correct transmission. Each word also
contains a latch selection bit which is O for a frequency
setting word and 1 for a control word. The incoming data is
transmitted via an asynchronous data highway with separate
data (DATA), clock (CLB) and enable (DLEN) lines. The
logic levels on the lines are TTL compatible and are in-
dependent of supply voltage.

Sixteen bits of each incoming data word are loaded into
a shift register. The bus, load and control logic then checks

SINGLE-CHIP SYNTHESISER FOR RADIO TUNING

that the transmission is valid by checking that the first bit
is zero and that the word length is correct during the HIGH
period of the DLEN line. If valid, the data word is then
transferred to the appropriate latch by the next pulse on
the clock line.

A frequency-setting word includes fifteen bits which
define the required frequency expressed as a 15-bit binary-
coded divisor (512 to 32 767) for the programmable divider.

A control word includes fifteen bits for the following
purposes:

— one bit (FM) to control the switch to select the required
input from the a.m. or f.m. local-oscillator. If the a.m.
input is selected, the divide-by-ten prescaler is switched
off to conserve power

— one bit (REFH) to program the divisor for the reference
frequency divider

— four bits (CPO to CP3) to set the gain of the gain-pro-
grammable current amplifier

— one bit (SB2) to determine whether the remaining eight
features/test bits should be used or not

— one feature bit (SLA) which determines whether fre-
quency sctting data is loaded into the programmable
divider immediately after reception (asynchronous
loading) or synchronised with the sampling frequency
(synchronous loading). Synchronous loading is for
minimising noise during manual tuning without muting

— two features bits (PDMO and PDMI1) which set the
operating mode of the digital phase detector as pre-
viously described

— one feature bit (BRM) which sets the bus receiver into
an automatic mode so that it is switched off to conserve
power after a data transmission

— four test bits (TO to T3) which can route the reference
signal, the output from the programmable divider or the
output level from the in-lock detector to the TEST pin
for alignment purposes.

TECHNIQUES USED TO OBTAIN THE HIGH
PERFORMANCE OF THE SAA1057

Many new circuit techniques have been used in the SAA1057
to achieve the high performance, application flexibility and
low power consumption. A description of the techniques
listed here is beyond the scope of this article but further in-
formation can be found in the references:

— travelling-wave dividers in the divide-by-ten prescaler
ensure low current consumption and high sensitivity for
the r.f. inputs

ELECTRONIC COMPONENTS AND APPLICATIONS, VOL.4 NO. 3, MAY 1982 155









Comparison of the three available types of small and minia-
ture electrolytic capacitor clearly highlights the superiority
of solid aluminium types for many professional and in-
dustrial applications which were hitherto considered to be
the exclusive domain of wet electrolytics or tantalum.

Small electrolytic capacitors compared

E. H. L.J. DEKKER and P. S. FRIEDRICH

Three basic types of small and miniature electrolytic capa-
citor are available:

— wet aluminium electrolytic (aluminium anode and a
liquid electrolyte)

— solid tantalum electrolytic (tantalum anode and a solid
electrolyte)

— solid aluminium electrolytic (aluminium anode and a
solid electrolyte)

The two types of solid electrolytic are each made in two
versions. A compact resin-dipped version with radial leads
(such as our 122-series of solid aluminium ‘pearls’), and a
version in a tubular metal can with axial leads (such as our
123-series of solid aluminium electrolytics). Figure 1 shows
a selection of comparable capacitors from the three basic
types.

Price is only one factor determining which type of
electrolytic is most suitable for a specific purpose. Consid-
eration must also be given to reliability. the permissible
range of operating conditions, size (especially important in
high density circuits), and any need for current limiting
resistors like those which increase the cost of using tantalums
for many applications. Making the correct choice therefore
requires a comprehensive knowledge of the merits and
limitations of all three types. Furthermore, if the correct
choice was made some time ago, it may not still be valid if
one of the manufacturing technologies has undergone
significant improvement. For example, use of a recently
developed deeply-etched foil allows our 123-series of
axial-lead solid aluminium (SAL) electrolytics to achieve
the high CV density which makes them less expensive
replacements for tantalums in a wide variety of professional
and industrial equipment.

Since the characteristics of SAL electrolytics are less
well-known than those of wet electrolytics and tantalums,
this article compares the three types of small electrolytic
and thereby demonstrates that there are indisputable
reasons why SAL electrolytics are ideal for many uses
hitherto considered to be the exclusive domain of wet
aluminium electrolytics or tantalums.

COMPARISON OF SMALL ELECTROLYTIC
CAPACITORS

A survey of the avaiable rated voltage (UR) and nominal
capacitance ranges for the three types of small and miniature
electrolytic is *given in Fig.2. Their characteristics are
compared in the Table (page 160) and in the remaining
illustrations.

Measuring conditions for the comparisons

The level of applied voltage can have a marked influence on
the results of measurements of the electrical characteristics
of electrolytics, especially the leakage current. For example,
reducing the test voltage for 40 V solid aluminium electro-
lytics to 35V halves the measured leakage current. To
obtain comparable results for all three types of electrolytic,
a uniform test voltage (for example 35 V) should be used.
However, for some capacitors, the maximum specified surge
voltage would then be cxceeded. The comparison curves in
Fig.3. 4 and S have therefore been measured with applied
voltages equal to the rated voltages. The comparisons are
thus restricted to capacitors with identical or very similar
rated voltages.
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LIGHT-SWITCHING ARRAY

The table below gives the specifications of LiSA 512,
and Fig.8 gives an example of a pattern generated by a
single LiSA 512 unit. The unit can accept input data at the
rate of one Mbit/s, which gives a maximum pattern gener-
ating speed of about 2000 patterns/s. This is comparable
with the speed of the latest computer line printers, but the
quality is much higher.

In a practical printing system, several LiSA 512 units
would be installed side-by-side, the exact number depending
of course on the line width required. The units would necd
a fibre-optically coupled light source, and a lens system (as
shown in Fig.1) to focus the pattern onto the photo-con-
ductive drum.

In the LiSA system all switching operations are con-
trolled by hybrid ICs external to the LiSA unit, so cooling
is never a problem.

Specifications of LiSA 512

number ol light valves 512

optical aperture of a light valve 65 X 65 um?
pitch of light valves 62.5 um
“optical’ length 32 mm

total length 42 mm
optical switching time <2 us
thermoelectronic switching delay 18 us

cycle time (typical) S00 ps
electronic input data rate (typical) 1 Mbit/s
drive voltage 12 V/30 V
power requirements, at 2000 patterns per second ca. SW

Printed by LiSA.

rinte y LiSA.

!rlnte! !y !1!!.
rlnte ! !!!
rlnte ! !I !!

!I nte ! !I !!
!l nte ! !I !!
!I nte ! !!!

Fig.8 Pattern generated by a single (experimental) LiSA
unit generating 12 dots/mm
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EXTERNAL CONTROL AND INFORMATION
INPUT

Figure 9 shows the control inputs to the LiSA unit, and
Fig.10 shows how the external control functions are
divided. The external control comprises three circuits: the
control pulse generator, the heat switch and the magnetic
coil switch. The first two can be assembled on one board.
so only two control boards are needed. These supply all
voltages and signals needed to drive LiSA, and no additional
connections need be made to the LiSA unit itself.
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uu?las‘e +12V Load  Erase -5V Tc:c‘l"':? Clock  jnput  l0gic e
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Heat logic data Clock heatng _gy Erase Load +12V Heat

pulse ground 1MPUl  pyise  CifCUt g pulse  pulse dec. pulse
(bank 11} (n2) return (bank I1)
7289744

Fig.9 Control inputs of the LiSA 512 unit
{view from the top)
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Fig.10 Division of external control functions
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Fig.11 Pulse sequence for the LiSA 512 unit. Data input frequency 500 kbits/s

Control-pulse sequence

To understand how the system works, consider the pulse
diagram shown in Fig.11, intended for a data frequency of
500kbits/s. This diagram is best considered with reference
to Fig.12, which shows the switching cell layout and signal
input in more detail.

The Start pulse must be generated externally, e.g. by the
external shift register that supplies the digital information
to the LiSA unit. This pulse resets the internal clock in the
control pulse generator and starts it counting. The Start
pulse also activates the bank selector within the control
pulse generator, which then selects the bank of cells (upper
or lower) to be switched.

A reset cycle then starts. This sets all the switching cells
into the blocking state, in preparation for receiving fresh
information. First an Erase pulse is applied to the shift
registers, making all output stages conductive. This is
followed by a Heat pulse, along say line I (Fig.12), which
heats all the cells in the upper bank. Finally, the Magnetic
Field pulse, which starts just before the end of the Heat
pulse, switches all the cells in the upper bank into the
blocking state.

During the reset cycle, the first 256 bits (of the line to
be printed) are read into the shift registers. By the 127th
count this process is complete and the upper bank of cells
can be loaded with the line pattern. To do this, a Load
pulse is applied to the shift registers at the same time as the

Erase pulse, making some of the output stages — those con-
nected to cells that must be switched to the transmitting
mode — conductive. The Heat pulse is then again applied to
line I, followed by the Magnetic Field pulse (in the opposite
direction to the earlier pulse), switching the required cells
in the upper bank into the transmitting state.

From the 230th count on, this whole process is repeated
for the lower bank of cells.

clock LiSA = 1 ]

In1 LiSA SHIFT REGISTER
(128 bits)

ot B CHE 3 e
= B e

LiSA SHIFT REGISTER |le——
1128 bits) In2

7289746

Fig.12 LiSA 512 switching cell layout and signal input
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LIGHT-SWITCHING ARRAY

Data encoding

Figure 13 shows how the serially arranged data supplied by
the external shift register should be encoded.

The demultiplexer separates the data into that required
for the upper and lower cell banks. Following this, the data
must undergo second transformations T, T, tailored to

the internal logic of the four 64-bit shift registers. Figure 14
shows how to carry out these transformations, and Fig.15
suggests a way this can be done in practice.

A present aim of LiSA development is to simplify the
internal logic of the shift registers so that these second trans-
formations will become unnecessary.
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last bit _ first bit
1270126 _ _T2T7J0] | trans-
FORMATION
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Fig.14 (a) Transformation Ty and (b) transformation Tp
necessary for adapting the input data to the internal logic
of the LiSA shift registers

174

PO

+V *V
address
[} bits 112 |3 Ja |5 |6 |7 |8

S2 S1
o] ADDRESS COUNTER o
d I 4
clock LiSA

*) oddress = address —1 for C = high

Fig.15 Practical data encoding circuit. For direct or reversed
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shift registers, and S2 exchanges upper cell bank with lower



It has long been thought that silicon diodes are unsuitable
for ratio detectors for fm. signals because of their high
threshold voltage. It has now been shown that this is not
the case: noise can be utilised to pre-bias a silicon diode so
that its performance in a ratio detector is just as good as
that of a germanium diode.

Silicon ousts germanium for ratio detector

diodes

A. GARSKAMP

Ideally, the detector in an f.m. radio must convert the fre-
quency deviations of the modulated i.f. carrier into ampli-
tude variations identical to those that originally caused the
frequency modulation at the transmitter. The conversion
should be efficient and linear. In addition, although the i.f.
amplifier can limit the amplitude of higher level signals, the
f.m. detector should be insensitive to any spurious ampli-
tude modulation caused by noise on weak signals. This latter
point is of particular importance in car radios which must
often receive signals with low or varying signal strength.

Four types of f.m. detector are in common use. They
are phase-locked loop (PLL), pulse counter, quadrature and
ratio detector. The first two are not suitable for car radios
because of their inadequate weak signal performance. In
general, the quadrature detector, when driven by a limiting
i.f. amplifier, is suitable but it cannot suppress noise caused
by spurious amplitude modulation which is particularly
offensive when the radio is receiving weak signals below the
limiting level. This shortcoming of the quadrature detector
can be mitigated by using it in conjunction with dynamic
limiting and muting circuits.

The ratio detector achieves highly efficient demodula-
tion of f.m. and has low efficiency with a.m. (good a.m.
suppression, even of signals below the i.f. amplifier limiting
level) and simple overallcircuitry comparedwitha quadrature
detector with ratio detector performance. Furthermore, the
ratio detector uses only passive components and two diodes
so that the only possible noise sources are the diodes and
resistors. It is commonly believed however, that to enable a
ratio detector to demodulate weak signals, it must use
diodes with a low threshold voltage. The assumption is
therefore that silicon diodes cannot be used because their
high threshold voltage (>450mV) must be offset by
applying a d.c. bias which entails additional component

costs and makes it difficult to derive a.f.c. from the detector
because of the d.c. component in the audio output signal.
The only apparent alternative is to use germanium diodes
which have a lower threshold voltage (about 200 mV). Since
germanium is rare and expensive, and the spread of charac-
teristics of germanium diodes requires the use of a poten-
tiometer to correct imbalance in the ratio detector. cost-
conscious car radio manufacturers are seeking alternatives
to the ratio detector for their products.

This article presents the results of investigations that
prove these assumptions to be incorrect. Our silicon diodes
BA281 not only replace germanium diodes in ratio detectors
without any reduction of weak signal performance, they
also eliminate the need for the balancing potentiometer.

WHAT CAUSED THE INCORRECT ASSUMPTION

Figure 1 is the circuit of a ratio detector driven by an
integrated f.m. i.f. system TEASS60. Figure 2 shows the
signal-to-noise ratios of this circuit as measured between the
i.f. input and output. One pair of curves is for the circuit
when germanium diodes are used in the ratio detector. The
other pair of curves is for the circuit when silicon diodes
are used in the ratio detector.

In Fig.2, the effect of the threshold voltage of the silicon
diodes, which is higher than that of the germanium diodes,
is clearly visible. With germanium diodes, good f.m. detec-
tion is achieved, even when the input voltage is reduced to
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SILICON RATIO DETECTOR DIODES

HOW MUCH NOISE IS NECESSARY

The characteristics of the circuit in Fig.3 when using silicon
diodes and with the i.f. preamplifier gain control set for
maximum gain are:

noise figure of front-end 5dB
aerial input for S/N =0dB 0.66uVr.m.s.
(1.7uV p-p)
—3dB bandwidth of i.f. amplifier 150kHz
i.f. input to TEAS560 for output 3dB
before limiting 150 uV
aerial input for 3 dB before limiting
(gain set to max.) 10uV

Without an r.f. input signal to the circuit, 20mV d.c. is
developed across the 1 uF electrolytic capacitor in the ratio
detector. It can therefore be concluded that the ratio
detector diodes are conducting due to a rectified noise-
induced bias of more than the threshold voltage of the
diodes (about 450mV). When the potentiometer in the
emitter circuit of the i.f. preamplifier transistor is adjusted
(gain reduced) until the voltage across the 1 uF electrolytic
capacitor in the ratio detector is just reduced to zero, the
sensitivity at the aerial input for 3dB before limiting
becomes 30uV. Under these conditions, the diodes are
receiving a noise-induced bias exactly equal to their threshold
voltage (about 450mV) and the overall noise gain between
the aerial input and the ratio detector output is 450 mV/
1.7uV=108dB. From the foregoing, the requirements for
obtaining sufficient noise to pre-bias silicon diodes in a
ratio detector for an f.m. radio are:

. typ. for modern
requirement P f

car radio
noise figure of f.m.
front end =5dB 6dB
gain between acrial and
ratio detector output =108 dB 115dB
3 dB bandwidth for i.f.
channel =150kHz >170kHz

In practice, these requirements can be met by using several
different combinations of input noise. i.f. bandwidth and
amplification.

PERFORMANCE OF RATIO DETECTORS

To minimise distortion in a ratio detector, the relationship
between the coupling coefficient (kQ) of the ratio detector
coils and the maximum a.m. suppression must be optimised
to obtain a detection curve which is as linear as possible.

Circuit with germanium diodes

In the ratio detector circuit using germanium diodes in
Fig.3 the coupling coefficient of the coils is set by the

33 pF capacitor and spreads of the diode characteristics
(VF atlow IE, C4 and Ry as functions of 1, and the capaci-
tance when reverse biased) are compensated by the potenti-
ometer. The potentiometer is adjusted for maximum a.m.
suppression with the aerial input at the —3 dB limiting level.

The following performance figures and the curves in
Fig.4 were measured with fg = 93 MHz, Af = £22.5kHz,
fm = 1 kHz, dummy aerial as shown in Fig.4.

aerial input (V;,) for 3 dB before limiting 15uV
output for Vj, = 1 mV 180mV
noise at output with V;, =0V

(0dB =180 mV) —33dB
THD at Vi, = I mV

Af=#225kHz 0.24%

Af=+75kHz 1.2%
(S +N)/N

Vi = 4uV 30dB

Vi = 151V 44 dB
a.m. suppression, m = 0.3

(0dB = output for Vj,; = I mV)

Vip =4uV -32dB

Vip = 151V ~40dB

Circuit with silicon diodes

In the ratio detector circuit using silicon diodes in Fig.3.
the coupling coefficient is set by the 39 pF capacitor. Since
the spread of the characteristics of BA281 silicon diodes is
very small, the potentiometer used in the germanium diode
circuit can be replaced by two fixed resistors. The values of
the resistors are unequal because, in this circuit, the ratio
detector coils and their capacitances to the common rail
are not symmetrical.

The following performance figures and the curves in
Fig.5 were measured with fg=93MHz, Af=+225kHz,
f; = 1 kHz, dummy aerial as shown in Fig.5.

aerial input (Vjp,) for 3 dB before limiting 15uV
output for Vi, = ImV 204 mV
noise at output with V;, =0V

(0dB =204 mV) —37dB
THD at Vi, = 1 mV

Af=+225kHz 0.22%

Af=+75kHz 1.3%
(S+N)/N

Vi = 4uV 32dB

Vin=15uV 44dB
a.m. suppression, m = 0.3

(0dB = output for V;,; = 1 mV)

Vip =4uV —-36dB

Vip = 15uV —43dB
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