























MICROPROCESSOR BUS

timing information used by all bus units; this line operates
at 4 MHz. The other communications line, SERDAT, is an
open-collector line used to transmit information. Its wired-
AND property is used during arbitration.

A packet of information is transmitted in the order
shown below — MSB first, LSB last. Bits on SERDAT are
synchronised with the positive-going edge of SERCLK, and
are maintained until the next positive-going edge.

priority producer consumer message function ACK

start bit address  address  type bits bits

1 bit S bits 6 bits 6 bits 2 bits 16 bits 2 bits

The start bit is a signal generated by all producers who
have messages ready for transmission. This signals all
potential producers that they should either take part in the
pending arbitration cycle or remain inactive until the end
of the transmission. After the start bit, users having mes-
sages place their priorities serially on the SERDAT line,
MSB first. On the negative-going edge of SERCLK, active
producers sample SERDAT. Since SERDAT is an open-
collector line, any message at a ONE (ground) appears on
the bus even if another message is transmitting a ZERO
(high). A module that puts a ONE on the bus at the positive-
going edge of SERCLK and samples a ZERO on the nega-
tive edge loses arbitration and must retire until the end of
the packet. At the end of bit 6, the priority level demanded
will have appeared, serially, on SERDAT.

The remaining message sender(s) must place a producer
address on SERDAT in a similar manner. At the end of
this phase, only one module should remain. Thus if two or
more modules attempt to use the I’B simultaneously, arbi-
tration is performed automatically on the basis of the
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priority of their messages. If two or more message producers
have the same priority, and both win the priority arbitra-
tion, then the producer address, which cannot be duplicated
in the system, must resolve the confict. All potential con-
sumers must sample the data on the negative-going edge of
SERCLK. This way, if a message is destined for one of the
consumers, they can respond appropriately.

The producer address can be used in the arbitration
process, but more typically it provides the message con-
sumer with the producer address. Consumer addresses can
be duplicated if they are used in the broadcast message.
More often, there will be only one module per address, and
a single module might have more than one address if it
embodies more than one logical module.

Message bits describe the type of message to appear on
the bus: system command, interrupts, or user messages.
System commands help control and synchronise the system.
Interrupts include the priority (interrupt level) and an inter-
rupt ‘vector. User messages contain information that is
transparent to the system, and thus can serve any purpose
required.

Function bits contain the information passed in a
message. In general, this information is the address of a
function to be performed, equivalent to the interrupt
vector in an interrupt type of message.

The two acknowledge bits are inverses of one another —
Acknowledge (ACK) and Not Acknowledge (NACK). They
can determine whether a module was on-line and whether it
could accept a message. In addition, acknowledge bits allow
any bus user to monitor the bus and generate a trans-
mission error. They also allow a producer to ensure that its
message has appeared on the I?B in un-interrupted form.
If it has not, acknowledge bits tell the consumer to ignore
the message.
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SCHOTTKY-BARRIER DIODE TECHNOLOGY

Planar technology is used to fabricate our range of Schottky-
barrier diodes as shown by the illustration of a BAT8S in
Fig.2. They consist of a low-resistivity n™ substrate (1)
onto which a higher-resistivity n-doped epitaxial layer (2) is
grown. It is the doping concentration and thickness of this
layer, in conjunction with the p" guard ring diffusion (4),
that defines the reverse breakdown voltage of the diode.

The process is started by growing a layer of thermal
oxide on the silicon wafer and performing additional
processing steps to stabilize the oxide charges. A ring is
then etched in the thermal oxide and p* boron is diffused
into the ring (4). This completes the p-n ‘protection’ diode.
A contact window is then etched within the inner circum-
ference of the ring and the metal-to-silicon contact (3) is
made by evaporation of the metal. This completes the
metal-semiconductor Schottky-barrier diode. A thin metal
contact layer (7) is added to the base of the structure and a
thick silver pressure contact (6) added to the top. Finally,
for high reliability and good thermal conductivity. the diode
is mounted in a whiskerless glass cnvelope type DO-34.

OUR SCHOTTKY-BARRIER DIODE TYPE
RANGE

The main characteristics of our Schottky-barrier diode type
range are given in Table 1 and Fig.3.

Type BA481

Specifically for use in u.h.f. mixers, this diode has the low
level of forward voltage shown in Fig.3(a). At a forward
current of 40 mA, the forward voltage is about 600 mV and
the dynamic resistance is less than 16§2. Other charact-
eristics which suit this diode for u.h.f. mixers are its low
capacitance when reverse biased (Fig.3(d)) and its noise
figure of less than 8 dB (Table 1).

Types BAT81/82/83

The Schottky barriers of these diodes are protected by
guard-ring diodes with minimum reverse breakdown voltages
of 40V, 50V and 60V respectively. As shown in Fig.3 and
Table 1, they are characterized by low forward voltage, low
diode capacitance and a reverse recovery time of less than
Ins with a load of 100S2. These features make them
particularly suitable for high speed operation in clipping,
clamping and transistor speed-up circuits.

SCHOTTKY-BARRIER DIODIES

Type BATSS

The Schottky barrier of this diode is protected by a guard-
ring diode with a minimum reverse breakdown voltage of
30 V. A special feature of the BATS8S is its low forward
voltage at high forward currents. As shown in Fig.3(a), the
forward voltage at forward currents above 4 mA is lower
than that of the BAT81/82/83. The specificd maximum
average forward current is 100mA and the maximum
allowed non-repetitive peak forward current (t<10ms) is
600mA. This diode is a more technologically advanced
replacement for gold-bonded germanium diodes such as the
AAZ18.

COMPARISON WITH OTHER DIODES

The main characteristics of Schottky-barrier diodes are
compared with those of silicon p-n junction diodes in
Table 2. Figure 4 compares the forward and reverse charact-
eristics of Schottky-barrier diodes BA481 and BATS8S with
those of germanium point-contact diode OA90 and germa-
nium gold-bonded diode AAZ118.

Type BA481

The forward and reverse characteristics of the BA481 are
compared with those of germanium point-contact diode
OA90 in Fig4. With a forward current of 0.1 mA. the
forward voltage across the BA481 is about 250 mV and,
since the forward characteristic is very steep, the forward
voltage only increases to about 450 mV with a forward
current of 10mA. The forward resistance is therefore lower
than that of the OA90 which has a forward voltage of 1 V
with a forward current of 10 mA. The BA481 is therefore
a replacement for the OA90 in f.m. radio ratio detectors.

Type BATS85

The forward and reverse characteristics of the BAT85 and
germanium gold-bonded diode AAZ18 are compared in
Fig.4. The forward characteristics of the two diodes are very
similar although the forward voltage of the BATS8S5 is some-
what lower than that of the AAZ18 at all levels of forward
current. Figure 4(b) however shows that the reverse leakage
of the BATSS is far less than to that of the AAZ18. Table 2
shows that the reverse recovery time for the BATS8S is
<5ns with a 10082 load. Although this is longer than the
recovery time specified for the BAT81/82/83 (<1 ns) due to
the different chip layout. it is considerably shorter than
that for the AAZ18 (<70ns). The BAT 85 is a faster. more
technologically advanced diode with better electrical and
thermal characteristics than the germanium gold-bonded
diode, and can therefore replace it in a wide variety of
applications.
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Ramp-and-pedestal methods of thyristor triggering in three-
phase power controllers are subject to error due to drift and
variations in the balance of the phases. The ‘look-back’ sys-
tem described here eliminates those errors by predicting the
times of impending zero crossovers of each phase on the
basis of those just past.

Microprocessor-based phase controller —
the ‘look-back’ system

J.E. GILLIAM

The control of power from a mains supply to a load is of
fundamental importance in power enginecring. The simplest
approach uses a resistor in scries with the load, the value of
the resistor being varied with changing power requirements.
However, since power is dissipated in the resistor, this
arrangement is very incfficient. A further disadvantage lies
in the nced for some form of electromechanical control to
adjust the resistor value. A variable transformer introduced
between the mains supply and the load provides a morc
efficient means of power control. the number of secondary
turns selected determining the power supplied. This is a
great improvement on the simple series resistor, but an
electromechanical control is still required to vary the
number of secondary turns used.

Electronic control techniques (notably phase control)
became possible with the development of thyristors. In
phase control, the power supplied to a load is varied by
triggering thyristors to conduct for a specific proportion
of the mains cycle. If the power control range is to extend
from zero to full power, then triggering is necessary on
both the positive and negative half-cycles of the supply
waveform; the circuit used to achieve this is termed a fully-
controlled a.c. controller (Fig.1a). As the trigger angle
(thyristor trigger point) of a single-phase fully-controlled
a.c. controller varies from O to 180°, the power supplied
to the load will change from full power to zero (Fig.1b).

Conventionally, the thyristor trigger points are deter-
mined using analogue techniques. and while these are
adequate for single-phase applications, they have serious
deficicncies when applied to three-phase systems. This
article describes a microprocessor-based three-phase fully-
controlled a.c. controller, called the ‘look-back’ system*,

*British patent application 8205159
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Fig.1 (a) Single-phase fully-controlled a.c. controller
(b) Thyristor current waveforms in relation to
supply voltage
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MICROPROCESSOR-BASIEED PHASE CONTROLLER

which overcomes many of the disadvantages of analoguc
controllers. Before discussing this system in detail, it will be
helpful to review analogue controllers and practical
triggering requirements.

ANALOGUE PHASE CONTROLLERS

To trigger a thyristor at a particular point with respect
to the mains supply. a timebase must be generated which
is in phase with the mains waveform. Conventionally. this
timebase takes the form of a ramp voltage synchronous
with each half-cycle of the mains waveform. The trigger
point is then set by a pedestal voltage whose amplitude is
varied in accordance with the required trigger position;
see Fig.2. The offset voltage in Fig.2 is required because the
circuit which detects the equality of the ramp and pedestal
voltages (and hence triggers the thyristor) cannot function
at low voltages.

Although satisfactory in single-phase applications, ramp
and pedestal techniques cannot fully meet the more exact-
ing requirements of three-phase systems. A threc-phase
fully-controlled a.c. controller is shown in Fig.3. An
important requirement of this circuit is that it should
deliver equal quantities of power to each phase of the load.
Adjusting the ramps and their offsets will ensure that a
ramp and pedestal controller can meet this requirement
initially, but drift or variations in the balance of the three-
phasc supply will incvitably result in subscquent misalign-

mains voltage
waveform
A Y

thyristors conducting

ramp voltage

[
|
[
|
|
|
[
[
I
|

i | |
offset voltage l/ ¢ pedestal voltage

trigger point

Fig.2 Ramp and pedestal voltage waveforms

ment. This is particularly serious with a transformer or
motor load, where cven a small degree of phase imbalance
can result in magnetic saturation. giving rise to large
unbalanced magnetising currents.

PRACTICAL TRIGGERING REQUIREMENTS

For purely resistive loads, the thyristors in a phase
controller could be triggered by a single pulse at the
required trigger angle (the situation shown in Figs. 1b and
2). However, many practical loads will have a significant
inductive component and in such cases the power require-
ments cannot be controlled by single-pulse triggering. The
difficulty arises from the lag between current and voltage,
since for a trigger angle less than the phase angle the single
trigger pulse will be issued when the load current is flowing
in the direction opposite to that required to turn on the
thyristor. This situation is prevented by maintaining the
trigger signal for a time which is sufficient to ensure
thyristor turn-on when the required state of the load
current is attained. Since the control circuits must be
isolated from the high-voltage thyristor stack, the trigger
signal comprises a train of trigger pulses which are passed
to the thyristor via a trigger transformer.

The triggering requirements of a phase control system
can thus be defined by a set of block waveforms which

<\ ThR(f)
RO >t
N4

8 ThRr) load
v 0 ( E | )ThY(f)
E )ThY(r)

o)
8o @ThB(f)

E )ThB(r)

Fig.3 Three-phase fully-controlled a.c. controller.
ThR(f) denotes the Red phase forward thyristor, able to
conduct from source to load. ThR(r) denotes the Red phase
reverse thyristor, able to conduct from load to source.
ThY(f), ThY(r), ThB(f}, and ThB(r) are similarly defined.
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3) The HALT command is HIGIH prior to the final counter
value being read by the microprocessor. A spurious ZCO
pulsc could then momentarily disable HALT producing a
single erroncous increment of the counter.

Even in the last two situations the effect on the system
will be marginal, and it is clear that overall the look-back
system has high noise immunity.

.Time to find synchronisation

There is often a need to ‘inch’ machinery, and for rcasons
of safety this is done with thc mains isolator. It is thus very
important for a phase control system to synchronise
promptly with the mains. The look-back system synch-
ronises within four cycles of switching on the mains, at
which point triggering can commence. This delay is not
perceptible to the opcrator.

. Resolution

The resolution of the look-back system is ultimatcly
limited by the finite size of the microprocessor’s internal
counter, since this determines the maximum counter
value which can be assigned to a 60° interval. With an
“8-bit counter. and a 15 us clocking period. a 60° interval
at 50 Hz will generate a counter value of 222, so the best
attainable resolution at this frequency is 60/222, or 0.27°.
In practice. the look-back system does not attain this
resolution but is constrained by the conversion of the
analogue error signal into a digital input for the micro-
processor. The output of the A-to-D converter is an 8-bit
word, defining a conduction angle of between 0 and 150°,
so the resolution is 150/256. or 0.58°. By using a 10-bit
A-to-D converter, the resolution of the system could be
improved, up to the limit of 0.27°, but this is not consid-
ered necessary for phase control.

STRUCTURE OF THE LOOK-BACK PROGRAM

The structure of the look-back program is shown in Fig.10.
The program may be divided into two parts. Part 1 includes
an initialisation procedure and the establishment of the
timebase. Part 2, which is cyclic in structure, maintains
synchronisation and generates the thyristor block wave-
forms.

Part 1

Activating the reset line of the microprocessor starts an
initialisation routine which sets the flags and registers
and enables the external interrupt pin. This pin is connec-
ted to the output of the zero crossover detector, which at
this point is initialised to produce one pulse for each full

MICROPROCESSOR-BASED PHASE CONTROLLER

cycle of the mains. By mcasuring the time between the next
two pulses from the ZCO detector, the microprocessor
checks that the mains frequency is within acceptable limits
— greater than 45 Hz and less than 65 Hz. If the mains
frequency is acceptable, it is used to prime all six of the
60° look-back memory locations. The control line to the
ZCO detector (Fig.7) is then activated so that ZCO pulses
arc gencrated for every 60° of the mains waveform. Over
the next two full cycles of the mains, the look-back
memory locations are adjusted so that they reflect the true
separation of ZCOs during this period. The microprocessor’s
timebase is then synchronised with the mains, and trigger-
ing is started.

Part 2

This scction of the program continually processes the
information required to generate the thyristor block wave-
forms and maintain synchronisation. A complete
description of its operation would be extremely complex.
but an understanding of the basic principles can be obtained
by following a simplified description through a series of
successive ZCOs: sce Fig.11.

The situation depicted in Fig.11 covers a pair of block
waveforms to be started between ZCO,, and ZCOp4, and
terminated at ZCO, 4. The starting position of the wave-
forms is calculated during the period between ZCOy, 1 and
Z2COy, (the preparation time). using the most recent error
signal and the estimated scparation of ZCO,, and ZCOp4
as stored in the look-back memory. The speed of the micro-
processor is such that it is able to calculate the starting
position two or three times before the most recent estimate
must be committed for use. This ensures a very short
response time for the system. Following ZCOy,, the micro-
processor’s internal counter is loaded with a number that
will generate an overflow of the counter at the calculated
position of the start of the block waveforms. This overflow
generates an internal interrupt, and the appropriatc pins
of Port 1 go LOW defining the start of the waveforms.

A further counter overflow, occuring just prior to
ZCOn+1, initiates the sequence which terminates the
waveforms at the anticipated position of ZCO4|. The
modulo-32 counter is then interrogated to determine the
true time for the occurrence of ZCOp 4. and the relevant
look-back memory location amended as necessary. If the
measured position of ZCO, 4+ differs from the anticipated
position by more than three 1S us clock periods. or 45 us.
the look-back memory location is amended as though the
measured position was 45 us or --45 us from the predicted
position for positive and negative errors respectively. This
limitation on the allowed error in the position of a ZCO
is equivalent to the generation of a ZCO window 90 us
wide.

To summarise, the operation of Part 2 of the look-back
program consists essentially of the repetition of the
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MICROPROCESSOR-BASIED PHASIE CONTROLLER

one full cycle
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two full cycles
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frequercy is 45H2
‘65Hz

prime look—bzck
memory Iocatiors
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Fig.10 Structure of the
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Timing diagram for establishment of thyristor block

waveforms. The conduction angle is in the range O to 60°.
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following sequence: calculate the starting position of the
block waveforms, terminate the waveforms at the
appropriate ZCO, then monitor the true position of the
ZCO to maintain the integrity of the internal timebase.

FUTURE DEVELOPMENTS

While the system described in this article has been designed
specifically for a fully-controlled a.c. controller, the basic
opcrating principles of the look-back system are applicable
to all types of a.c. controller or three-phase bridge. As a
future development, the look-back program could be
structured to provide the busis of a universal three-phasc
power controller.
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PPM MANAGEMENT

PPM and CECC

Both ppm and CECC are systems concerned with the achicve-
ment of high quality, so it is important to understand the
essential difference between them.

CECC is a system of quality assurance: it seeks to ensure
that the quality of products delivered is equal to or better
than the CECC-agreed level. For a given series of devices,
this level is sct by a sct of test specifications that apply to.
and are mandatory for, all CECC-approved suppliers. AQLs
are set for conformance. and reject criteria for environ-
mental and endurance testing. These are not targets and so
the CECC system does not have a quality-improving function.

PPM s, however, a system of quality improvement:
targets are sct and the manufacturcr is committed to im-
proving actual product quality in coopecration with the
OLEM. PPM relates to the actual quality of the product as
experienced by the OEM in his assembly linc and afterwards.
Both aspects of quality are monitored with a view to
improvement. Although the ppm system assumes that the

igie]

manufacturer operates a satisfactory quality-control system,
approval of it is not required.

The circumstances of the modern electronics industry
require continuous improvement in the quality of compo-
nents and finished cquipment of all types. [ndeed, increased
complexity and, thus, improved capability. is practicable
only if the achicvable quality of each circuit element can be
improved in proportion.

AQL.-based systems, such as CECC, arc economic for the
OEM, and CECC approval demonstrates confidence in the
component-manufacturer’s quality-control ability. However,
such systems neither prove nor indicate the manufacturer’s
ability or intention to improve quality.

A sound system of Quality Assurance, as isdemonstrated
by CECC approval, is an essential background to good
product quality. However, only a ppm system is capable of
yiclding the progressive improvement in quality that today’s
circumstances demand.
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The new a.m. variable-capacitance diode BBI112 is supplied
in accurately matched sets of three for use in the long/
medium wavebands of many types of radio. Since they
are single diodes they allow the optimum circuit layout
which cannot be achieved with diodes made in multiple
units. Their voltage range (1 Vio 9 V) makes them ideal

Jor car radios.

Single variable-capacitance diode for

a.m. car radios

Incorporation of features such as eclectronic station pre-
selection and automatic search tuning in the a.m. section of
multi-waveband car radios requires the use of low-voltage
(<10V) variable-capacitance diodes for tuning, and LW/MW
band-switching diodes such as our BA423 (Ref.1). The
variable-capacitance diodes must have a min/max capaci-
tance ratio that enables them to tune the three resonant
circuits normally used in the a.m. section of car radios (two
r.f. circuits and the local-oscillator) to frequencies in the
medium waveband (510kHz to 1610kHz) and long wave-
band (150kHz to 300kHz). Their voltage/capacitance
characteristic curve and series resistance must be such that
they don’t cause undue distortion of the signal or damping
of the tuned circuits. Accurate tracking of the tuned-circuits
also demands that the voltage/capacitance characteristic
curves of the diodes be closely matched. This can be
achieved by manufacturing multiple diodes on the same
crystal (e.g. the BB212 described in Ref.2). or individual
diodes which are subsequently measured and supplied as
matched sets. However. even when multiple diodes are on
the same crystal, the voltage/capacitance characteristics of
each diode must still be measured after manufacture and
any crystals containing diodes which are not matched to
within the required accuracy must be discarded. Obviously,
this rejection of crystals incurs a cost penalty. Furthermore,
variable-capacitance diodes manufactured with a common
cathode connection restrict design flexibility because each
diode cannot be positioned close to the tuned circuit of
which it forms a part.

These considerations have led us to manufacture new
single a.m. variable-capacitance diodes type BB112 using
the recently developed controlled-growth profiled epitaxial
process. After manufacture, these diodes are subjected to a
unique computer-controlled measurement and selection
procedure so that they can be supplied in sets of three with

capacitance matched to within less than 3% over the tuning
voltage range 1V to 9 V. Other outstanding characteristics
of the BB112, of particular importance in the a.m. section
of a car radio are:

— the maximum required tuning voltage is less than 10V

— the maximum capacitance of 440 pF to 540 pF and the
max/min capacitance ratio of at least 18 allows tuning of
the required frequency range

— the normally used part of the tuning voltage/capacitance
characteristic shown in Fig.]l closely follows the law re-
quired to minimise non-linear distortion of signals applied
to the tuncd circuits. This is described in greater detail
in Ref.1

7282681.1
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Fig.1 Typical capacitance as a function of tuning voltage
for variable<apacitance diode BB112 (f = 1 MHz2)
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VARIABLLE-CAPACITANCE DIODE FOR A.M.

— the temperature coefficient of capacitance is only
0.05%/°C

— leakage current at the maximum tuning voltage (12 V) is
less than 50 nA at 85°C.

— series resistance of less than 1.5 when the tuning
voltage is 1V causes minimal damping of the tuned
circuits

Even with such a high-performance variable-capacitance
diode as the BB112, the following precautions, which are
more fully discussed in Ref.2, must be taken when designing
the a.m. section of a car radio with variable-capacitance
diode tuning:

— the tuning voltage must be stabilised against temperature
and supply voltage variations. A typical stability require-
ment is *0.1% for a tuning stability of *1kHz in the
medium waveband

— since non-linear distortion caused by the variable-capaci-
tance tuning diodes increases with high signal levels and
with low tuning voltage, some form of r.f. gain control
must be applied to prevent strong aerial signals causing
increased distortion and allowing the reception of
spurious signals by shifting the tuned frequency

— to minimise non-linear distortion and radiation, the local
oscillator signal should have a low level (about 150 mV)
which remains constant throughout the tuning range of
the radio. Such a signal is available from our integrated
a.m. radio circuit TDA1072 (Ref.2, 3 and 4)

— parasitic capacitance due to other components and con-
nections in parallel with the tuning diodes must be
minimum

— the tuning voltage must be adequately decoupled at
signal frequencies

— the smoothing resistors in series with the tuning voltage
applied to the diodes must be correctly chosen with
regard to leakage current and acceptable voltage drop.

A MW/LW SECTION FOR A VOLTAGE-TUNED
CAR RADIO

Description

Figure 2 is a block diagram of a variable-capacitance diode
tuned MW/LW section of a car radio. The required high
sensitivity is obtained by using a preselector followed by
two r.f. amplifiers. each with a variable-capacitance diode
tuned bandpass filter and an asymmetric J-FET type BF410
(Ref.5). This type of transistor has been chosen because it
has low feedback capacitance, low h.f. noise and its transfer
characteristic approximates a square law over a much wider
range of gate-source voltages than any other FET. It can
therefore handle larger input signals without causing undue
non-linear distortion or intermodulation.

tuning <
+ Vtuning
—{ 1
i
b Y
l
// BF4108 BF4108 BF4108 AM ::$3t
% Rt
RADIO >
®x @ dzxd ;
TDA1072
PRESELECTOR BA423 8B112 » | BAd23 8B112
b
b Z
== " B r.f. gain control
* N " ) % @
R.F. GAIN 88112
CONTROL
+ DRIVE
MW band switching

7289705

Fig.2 Block diagram of the a.m. section of a variable-capacitance diode tuned car radio
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VARIABLE-CAPACITANCE DIODE FOR AM.

PERFORMANCE OF THE A.M. SECTION

supply voltage range 10.5 to 1§ \Y%
long wave frequency range 150 to 300 kHz
medium wave frequency range S10to 1610 kHz
a.g.c. range (Vjp/3 V) for 10 dB variation of output >100 dB
maximum r.f. signal handling capability (m = 0.8, THD < 1%) >2 \"
THD over most of the a.g.c. range (m = 0.8, f;0d4 = 400 Hz) <1 %
tuned frequency fp 160 200 250 600 1000 1500 kHz
aerial input voltage (Vin) for S*N/N = 26 dB (see I'ig.5) 200 200 200 110 110 110 nY%
i.f. suppression at fgy (Vin = 100 V) >90 >80 >70 >60 >70 >80 dB
image rejection at f( (Vijp = 100 V) > 100 >100 >100 >100 >90 >80 dB
r.f. bandwidth (-3 dB) at fg 10 12 15 10 15 20 kHz
0dB = 120mV, fy = 1 MHz 2289704
24 1 ! LTI T 1
T 150F Vo 0 A S+N (m=03)
5052 oo (dB) 0 - W
Vin 509 809“" aerial - | LN
1 | 20 :
" -30 h
SIGNAL 1209702
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[T 1 o
1 10 102 108 10 10° 10°
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24 i J ! [T 11
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DIELECTRIC-RESONATOR OSCILLATORS

TEMPERATURE STABILITY

An unstabilised oscillator will usually suffer relatively large
frequency drifts with changes in ambient temperature.
A temperature coefficient of frequency 7, of around
—100 x 10%/K is not unusual, and is due principally to
capacitance drifts in the active device. With frequency
stabilisation using a resonator, this will be reduced by a
factor S — called thc stabilisation factor. So the overall
temperature coefficient of frequency of the stabilised
oscillator is

TE=TR/S + 76

where 7¢, is the resonant-frequency tempcrature coefficient
of the dielectric, i.e. 1.5 x 10°/K for barium titanate. S is a
function of circuit efficiency, and of the unloaded Q-values
of the resonator and unstabilised oscillator. As a general
rule, S increcases with increasing resonator Q-value, and falls
with increasing circuit efficiency, so the design of a DRO is
inevitably a compromise between these two quantities.

In the transmission type circuit of Fig.1(b). with resonator
and unstabilised oscillator Q-values of say 2500 and S0
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Fig.6 (a) Frequency f and (b) output power Py of a Gunn

DRO (JS1200), both as a function of heatsink temperature

Ths. Conditions: zero detuning, bias voltages —8 V (solid
line), —7 V (broken line)

respectively, and a circuit cfficiency of about 40%. you
could expect a stabilisation factor of around 25. So the
average valuc of 74 would be (—100/25 + 1.5) x 10°%/K. i.c.
-2.5x 10°¢/K.

I’s clear from this that the resonator must have a
positive temperature coefficient to compensate the negative
coefficient of the active element. In the example given here.
a somewhat larger ¢, is in fact needed for complete tem-
peraturc compensation.

Figures 5 and 6 show, respectively. the temperature
dependent frequency/power variation of a Gunn DRO
(JS1200) and a microstrip-based FET DRO (JS1300). The
latter is a particularly stable device with a temperature
coefficient 7 of about —1 x 10%/K between —20°C and
+60°C.

For cven better temperature stability. DROs can be
supplied with a temperature dependent voltage regulator.
This could take the form of an NTC thermistor (mounted
in the heatsink) that automatically reduces the diode voltage
with increasing temperature. Figure 7 shows how the in-
clusion of an NTC thermistor improves the temperature
stability of a high-power Gunn DRO.
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Fig.6 (a) Frequency f and (b) output power Py of a FET
DRO (JS1300), both as a function of heatsink temperature
Ths- Conditions: zero detuning, Ipg = 47 mA
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First-inffirst-out buffers are often essential for interfacing
computer peripherals and other applications. A new LS/
controller chip now makes it possible to build large yet
economical FIFO buffers using standard RAM chips.

Controller IC for FIFO buffers

JEFF SELTZER

More and more digital systems require large first-in/first-out
(FIFO) buffer memories to interface asynchronous sub-
systems. Now, with the introduction of the Signetics 8X60,
large FIFO buffers can be built from high-density RAM
chips.to form compact and economical systems. The ncw
LSI chip, known as a FIFO RAM Controller (FRC), can be
used with RAM chips to produce FIFO registers with depths
of up to 4096 words (where the words can be of any
desired length).

In many applications — examples include peripheral
interfacing, data communications and data acquisition —
there has been an urgent need for large FIFO buffers (see
“Where FIFO Buffer Storage Is Needed™). But, until the
introduction of the new controller chip, all the available
techniques for building large FIFOs resulted in bulky and
expensive systems. For cxample, FIFO memory chips have
been available for scveral years, but with very limited
capacity — typically 64 x 4 bits. Most FIFO applications
require a large number of 1C packages to produce the re-
quired buffering capability. Ilowever. in applications where
only a limited amount of buffering is required, LSI FIFO
chips may yield the most compact and cost-effective design.

Fitting the FIFO to the task

Before examining the FIFO RAM controller in detail, first
look at some of the alternatives. This will help you to select
the best method for a specific application. and will highlight
some of the advantages of the new approuach. Of course.
regardless of the method employed, the application deter-
mines the required buffer size. The memory itselt may be
built from standard RAMs or from available FIFO memory
chips.

For buffer memories in general, though not necessarily
for FIFO buffers, semiconductor RAMs are commonly used
because they are inexpensive and readily available. The one
chosen depends on the buffer size and speed requirements.
In most buffer applications, high speed is required, and
static RAMs are a popular choice because they tend to be
faster and are more easily interfaced than dynamic RAMs.
However, cven with static RAMs, additional logic is re-
quired to address the buffer from both system interfaces.
This logic must be capable of generating and keeping track of
addresses in the RAM where data are stored. [t must also
control read and write cycles and provide status signals to
indicate buffer availability.

An advantage of RAMs as buffers. of course, is that they
allow random access. Data in the RAM can be directly
accessed, and new data can be directly written into any
RAM location. A disadvantage, however, is the need for a
sophisticated buffer controller, or for substantial logic in
the buffered sub-systems to generate addresses and interpret
control signals. To avoid undue cost and complexity. RAM-
based buffer designs usually must be operated under the
control of the systems that are being interfaced. This. in
turn, means that they often must be completely filled up
by one sub-system before being completely emptied by the
other sub-system. The net result of this constraint is that. if
large amounts of data are flowing through the buffer, there
will be inherent delays that detract from overall system
performance. In fact, where real-time response is required.
RAM buffering may prove impractical.

Fortunately, RAM buffering isn’t essential in most
applications, for direct access to the buffer is rarely needed.
Most systems require sequential data transfer that can be
handled by a straightforward FIFO buffer. without the
need for complex address-control circuitry in either sub-
system. With FIFO organisation of the buffer memory.
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DETECTOR PARAMETERS

The parameters by which infrared detectors are usually speci-
fied are responsivity, noise, detectivity, time constant, and
cut-off wavelength.

Noise, together with responsivity, determines a detector’s
ability to detect small input signals. It is a function of fre-
quency; there is a low-frequency region of flicker or 1/f noise,
a flat mid region, and a high-frequency roll-off determined by
the detector time constant. Noise may be specified at one or a
number of frequencies, or as a noise spectrum. It is expressed
in V/Hz”.

Responsivity, R, is the ratio of output voltage to radiant input
power, expressed in volts per watt. As the output voltage due
to incident radiation is a very small fraction (about 10-) of the
d.c. bias voltage across the detector, the responsivity is mea-
sured by exposing the detector to chopped radiation from a
calibrated source and measuring the alternating voltage com-
ponent at the chopping frequency.

Detectivity, D*, is a figure of merit that takes account of
resposivity, noise, and detector size; it is expressed in
cmHz%/W.

. _ Vs viAsD
n W

Vg = r.m.s. signal voltage
r.m.s. noise voltage in the bandwith Af
detector area

W = r.m.s. radiation power incident on the detector
As D* varies with the wavelength of the radiation and the
frequency at which the noise is measured, these are stated in
parentheses whenever D* is given. For example, D*(5um,
800 Hz, 1) means that the given value was measured at Sum
wavelength, with the noise measured at 800 Hz; the 1 means
that the measurement has been normalised to unit bandwidth.
D* may also be measured at a specific black-body temper-
ature, in which case that, instead of the wavelength, is stated.

For a SPRITE element D* is, by convention, based on a
nominal sensitive area A equal to a square with a side equal to
the element width (i.e. 62.5 pm).

An advantage of D* as a figure of merit is that it enables one
to calculate a theoretical maximum detectivity that would
apply when performance is limited only by noise due to fluc-
tuation of the background radiation. That maximum depends
on the cut-off wavelength of the detector and its field of view
and is denoted D*, p (for Background Limited Infrared
Photodetection).

> <
=
o

Time constant, t, is determined by measuring the time be-
tween incident radiation being cut off and the output of the
detector falling by 63%.

DETECTORS FOR THERMAL IMAGING

Cut-off wavelength, A._, is the longer of the two wavelengths
at which the responsivity of the detector is down to half its
maximum. The wavelength at which the responsivity is maxi-
mum is denoted kpk.

Figure 18 shows the responsivity, noise, and detectivity of
some typical infrared detector elements.

IMAGER PERFORMANCE

The performance of a thermal imager is usually specified in
terms of temperature resolution, angular resolution, and field
of view.

Temperature resolution

Temperature resolution is a measure of the smallest temper-
ature difference in the scene that the imager can resolve; it can
be expressed in two ways:

— noise equivalent temperature difference (NETD) is the
temperature difference for which the signal-to-noise ratio at
the input to the display is unity

— minimum resolvable temperature difference (MRTD) is the
smallest temperature difference that is discernible on the
display: it is typically less than 0.3 K and can be less than
0.1 K.

Temperature resolution depends on the efficiency of the opti-

cal system, the responsivity and noise of the detector, and the

signal-to-noise ratio of the signal-processing circuitry.

Angular resolution

In principle, the angular resolution, in radians, is the effective
width of a detector element divided by the focal length of the
infrared optics. However, it may be degraded by the optical
transfer function of the lens or the frequency response of the
signal-processing circuitry or the display. Angular resolution
is typically I milliradian and can be as small as 0.1 milliradian.
Angular resulution is sometimes called instantaneous field of
view (IFOV).

System field of view

The system field of view (sometimes called total field of view,
TFOV) is the angle subtended by the scene imaged. When the
angles subtended parallel to and perpendicular to the direction
of scan differ, the angle subtended by the diagonal may be
given. Together, the required system field of view and angular
resolution determine the number of pixels required.

The term field of view is also used to describe the conver-
gence angle of the infrared optics to which the detector is
matched. Thus, the terms instantaneous field of view, system
field of view, and detector field of view refer to three distinct
quantities and must not be confused.

Performance equations

To estimate the performance ot a detector in a specific imaging
situation it is necessary to take account not only of its detec-
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DETECTORS FOR THERMAL IMAGING

TABLE 1
Detector encapsulations

MIRPY M2RPY M3RPY M4RPY
i-r wavelengths (um) 3-5 8-13 8-13 3-5
operating temperature (K) 195 77 77 220
cooling method thermo- Joule- Stirling thermo-
clectric Thomson engine electric
(4-stage) (2-stage)
number of elements. typ. 10-64 up 10 30 up to S§ 1
suitable for SPRITE array yes yes yes no
TABLE 2

Typical performance of CMT detector arrays of up to 55 elements, at 195 Kand 77 K

195 K 77 K
cut-oft wavelength 4.4 1.5 pm
element size 50 x 50 50 x 50 pum
field of view (halt angle) 40 1S degrees
element bias current 0.5 2 mA
element resistance 300 50 Q
D*(Apk. 20kHz. ) 1.5 x 10" Sx 10w cmHz"2/W
D*(500 K.20kHz. ) 1.5 x 10" 24 x 10" cmHz"2/W
responsivity, R(500 K, 800 Hz) 1.2 x 10¢ 1.5 x 104 VIW
time constant, 1 2 0.3 ©um
TABLE 3

Typical performance of eight-element SPRITE arrays at 195 K and 77 K

195 K 77 K

i-r wavelengths 35 8-13 um
field of view (half-angle) 14 12 degrees
element bias field 30 30 V/cm
element resistance, typ. 3000 500 Q
power dissipation

per element 1.5 9 mWwW

per array 12 80 mwW
pixel rate per element 6 x 10° 1.8 x 10* pixel/s
D*(500 K, 20kHz. 1), mean, for

62.5 um X 62.5 um scan 5x10' 11 x 10" cmHz2/W
responsivity, R (500 K, 800 Hz) 1.5 x 108 6 x 10° VIW
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