ELECTRONICS
& WIRELESS WORLD

OCTOBER 1987 £1.95

V.K.Zworykin:
catalyst of
television

Oscillators
using unity-
gain op-amps

Harmonics —
the French
connection

Relativity:
a critique

Commercial
signal
generators

Semiconductor
analysis using
glow-discharge
spectrometry

Denmark DKr. 63.00 Germany D3 12.00 Greece ra. 680 Holland DFI. 12.50 1taly L 6300 1R €..86
Spain Ptas. 700.00 Singapore S$ 11.25 Switzerland SFr. 8.50 USA $ 6.50




BEFORE BUYING
YOUR NEXT SIGNAL GENERATOR

.compare the price, performance and facilities of the
new Farnell PSG1000 with the competition.
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10Hz resolution, 100 memories, |EEE 488
and HPIL, sweep, AC line or 12VDC
operation, 50W reverse power protection,
AF synthesizer for all tone calls portable: 145 x 330 x 405mm 8.5kg.

AM/FM/PM and pulse mod. option
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p.c.s200 fibre, the system feeds 500 dealer
desks from 12,700 video modules (as
shown) and 5000 data modules, requiring a
grant total of 60,000 connectors. The £3
million project was managed by Pilkington
Communication Systems Ltd of Rhyl.
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Multiplexed
analogue confusion

his time next year, direct tv broadcasting by satellite will be almost with us.

After years of false starts and second thoughts by the broadcasters, British

viewers will find their choice of channels nearly doubled overnight.

Receivers will come at a cost which promises to fall comfortably on the
right side of the traditional £400 cut-off level for family spending on consumer
durables.

All the major details of the new service appear to have been sorted out by the IBA
and its contractor. Nevertheless, the television industry now finds itself in the
middle of yet another standards battle.

Forjust as BSB is readying its new service, the European Astra satellite will
appear on the scene with a further 16 d.b.s. channels. Among them will be at least
another three in the English language, plus a clutch of all-day music and sport
channels with appeal for British viewers.

Unfortunately, it looks as though consumers who want both services will need
two sets of equipment; still more, perhaps, if they want to sample Europe’s other
d.b.s. offerings. To receive Astra they will need a larger dish, a more elaborate
mount for it and a separate front-end for the lower frequency band.

Indoors, satellite decoder units represent yet another battleground. Britain may
opt for the IBA's D-MAC, but France and West Germany’s d.b.s. groups are wedded
to the cut-down D2-MAC format because it will fit their existing cable networks.

Multi-standard decoder chips which will cope with this diversity are on the way.
But compatibility problems will undoubtedly return with renewed vigour when
high-definition tv arrives.

Marketing people say that when the consumer is confused, he keeps his cash to
himself: as evidence they can cite examples such as the quadraphonic sound fiasco
of adecade ago. And when BSB and Astra’s UK par:ners British Telecom each begin
spending millions of pounds promoting mutually incompatible satellite
transmissiors, there should be plenty of opportunity for confusion.

Among engineers it tends to be an occupational disease to want to keep the thing
in the lab just that bit longer; and in the present case the advertising interests which
will pay for satellite tv just couldn’t wait. But signal formats for satellite and cable
broadcasting have evolved so rapidly that it's fair to wonder what we might have had
inacouple of years more if they had been allowed to develop further. It's true that
Shoenberg, Blumlein and the others produced their 405-line standard in a matter
of weeks, but they did not have EBU and CCIR committee meetings to worry about.

Incidentally, readers who remember the colour tv standards battles of the 1960s
may recall the popular parlour game of reverse-engineering the acronyms. So, for
example, we had Never Twice the Same Colour, a System Essentially Contrary to
the American Method and, of course, Peace At Last. What are we bid for their MAC
successors?
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A synthesized signal generator
covering to 1GHz.

MARCONI INSTRUMENTS
CARRIER FREQUENCY

BOKHz - 1040MH2z signal generator 2019A
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Progress in signal
generators

The current state of signal generator design which, in
common with most measuring equipment, takes full

o appreciate the modern signal gener-
ator it is instructive first to review the
evolution of signal generators.

 FUNDAMENTAL-OSCILLATOR
SIGNAL GENERATORS

The earliest signal generators were of the
fundamental-oscillator type as shown in
Fig.1.Asingler.f. oscillator was used and the

advantage of digital technique.
S.J. GLEDHILL

frequency was changed by changing the
capacitance or inductance of the tuned
circuit. In the 1960s, transistorized instru-
ments appeared for the first time: mechanic-
al tuning was still retained, but the instru-
ments became more sophisticated and less
clumsy. Electronic tuning has subsequently
largely replaced unreliable mechanical
methods.

1. Block diagram of a fundamental oscilla tor signal generator.

2

/

R.t Automatic : R.f Rf
. Modulator | ALY
oscillator level control attenuator } outpuf
Modulation
oscillator

2.Block diagram of a heterodyne oscillator signal generator.
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Level control on very early instruments
was not automatic. The operator had to reset
the carrier level whenever the frequency was
changed by an appreciable amount, a level
control and meter being provided for this
purpose. More recent instruments include
automatic level control: a detector is used to
derive control voltage, which adjusts the
oscillator level or the gain of a variable-gain
amplifier, to maintain a level output.

Frequency stability is poor and the signal
generator can drift out of the pass-band of
the receiver whilst a measurement is per-
formed. Fundamental-oscillator signal
generators do have their advantages how-
ever: there are no non-harmonically related
spurious signals such as those experienced
in other signal generator types.

HETERODYNE-OSCILLATOR SIGNAL
GENERATOR

The problem with a fundamental oscillator is
that it is difficult to cover a wide frequency
range, particularly at the low-frequency end.
Incorporating many different oscillators
into the design is possible, but this is
expensive and, furthermore, the associated
band switching is cumbersome.

A solution is to mix or combine two
signals together. This technique is used in
the heterodyne-oscillator type of signal
generator, a simplified block diagram of
which is shown in Fig.2. A variable frequen-
cy oscillator (Fy) is mixed with a fixed
frequency oscillator (Fy). The output signal
is either the sum or difference of the two
oscillator frequencies, the difference fre-
quency (F,—F)) always being used. Wider

ELECTRONICS & WIRELESS WORLD



tuning ranges are thus possible and band
switching is reduced by using this type of
design.

Although heterodyne oscillators can cover
a wide frequency range, they can often also
suffer from poor frequency stability. The
output signal is not absolutely pure, since it
is derived from two other signals which will
be present to some degree at the output
together with intermodulation products,
even iffiltering is used.

MULTIPLIED AND DIVIDED OSCILLA-
TOR SIGNAL GENERATOR

To give a signal generator a wider frequency
coverage the multiplier and divider concept
was developed. The descriptions are largely
self-explanatory.

With a multiplied-oscillator signal gener-
ator, only one low-frequency variable oscil-
lator is used, so the cost and complexity is
reduced. Cascaded tuned multipliers are
used to provide the higher frequency ranges
and a switch is used to select the required
frequency range. A variable-frequency band-
pass filter may be tuned in synchronism with
the frequency of the r.f. oscillator to select
the required frequency. Frequency stability
is poor, especially at the higher frequencies,
since the effect of drift in the variable
frequency oscillator is multiplied. A further
limitation is that the output signal contains
many unwanted sub-multiple frequency
components.

Figure 3 illustrates the principle of the
divided-oscillator signal generator. This
technique superseded the multiplied oscilla-
tor type when high-speed dividers became
widely available. Like the multiplied oscilla-
tor type there is only one variable-frequency
oscillator, so cost and complexity is reduced.
Signal purity can also generally be better
because fairly simple filtering can be used to
remove unwanted high-frequency compo-
nents.

" DIGITALLY-CONTROLLED SIGNAL
GENERATORS

A solution to the drift problem is to digitally
lock the r.f. oscillator to a stable crystal
reference using a synchronizer. The inhe-
rent frequency stability of a crystal oscillator
is thus imparted to ther.f. signal.

A variable-ratio divider synchronizer
operates by dividing the signal generator
output frequency down to the frequency of
the crystal oscillator. The two frequencies
are compared and, as the frequency of the
signal generator drifts, a correction voltage
is applied to the voltage-controlled oscillator
in the signal generator.

Another method of synchronizing is to
use a frequency counter to determine the
current output frequency of the oscillator
and to compare this with the required
frequency, again a correction voltage being
used to correct the tuned frequency.

Synchronizers were introduced in the
early days of digital technology, but were
soon to be superseded by fully synthesized
signal generators. For stringent applica-
tions, where low sideband noise and spectral
purity are critical, a fundamental cavity
oscillator and synchronizer still provides the

ELECTRONICS & WIRELESS WORLD

purest possible signal with no non-
harmonically related signals. Such a gener-
ator is shown in Fig.4. The mechanical
oscillator tuning is controlled by an electric
motor, so the tuned frequency can be en-
tered from the keyboard or through remote
control. This provides the best instrument
for testing receiver spurious responses in a
programmab!e system or to provide a stable
low noise signal.

SYNTHESIZED SIGNAL GENERATORS

Most current signal generators now use one
of several synthesizer techniques. Frequen-
cy drift is reduced and the frequency of
tuning is set digitally to give precise rapid
tuning. There are no moving parts, so size,
weight and cost is reduced.

The heart of the majority of synthesizers is
a phase-locked loop, working on the princi-
ple shown in Fig.5. Frequency F, is divided
by the variable divider to give a frequency of
F,ut/N: this frequency is compared with F
by the phase-sensitive detector and a correc-
tion voltage is applied to the voltage-
controlled oscillator via a low-pass filter.
Locking of the phase locked loop is achieved
when F,,/N = F,,. This method is known as
indirect synthesis.

Unlike fundamental frequency oscillators,
which have no spurious frequency compo-
nents and a low level of noise, synthesizers
generally have a number of spurious fre-
quency components and noise is normally
higher, although recent design advances
have improved matters. A further limitation
of a synthesizer is that the tuning changes in
steps equal to F. which can be a major
problem for receiver testing.

The indirect synthesizer detailed in Fig.5
can be made more versatile by including
what is known as a sum loop in the correc-
tion loop, further benefits including a wider
frequency coverage and superior frequency
resolution. This is an adaptation of the
heterodyne method described earlier. Figure
6 illustrates a simplified example, in which
two indirect-synthesis loops are both refer-
red to the crystal oscillator: the mixer in the
output loop allows the two frequencies to be
added. In practice three or more loops may
be added together and progammable divid-
ers also incorporated. On p.978 is shown an
example of a recent synthesized r.f. signal
generator which covers to 1000MHz.

Synthesizer design is a classic example of
compromise since there are two conflicting
requirements. Good sideband noise per-
formance is achieved by making the control-
loop bandwidth wide, but resolution suffers.

3.Block diagram of a divided oscillator signal generator.

Z

High resolution can only be achieved if the
contral-loop bandwidth is narrow. A solu-
tion is the fractional-N method of synthesis
which is used in many modern signal gener-
ators. A wide-bandwidth control loop is
used, but to achieve high resolution the
divider is rapidly switched between two
integer division ratios.

By switching the dividers with different
mark-space ratios, a range of frequencies
between the two that would only be attain-
able without switching is obtained: side-
bands at the switching frequency are re-
moved by cancellation methods. Figure 8
shows a signal generator using the
fractional-N synthesis method.

SIGNAL GENERATOR
SPECIFICATIONS

R.f. signal generators are available from
many different manufacturers, covering
similar frequency ranges, but with a be-
wildering variety of specifications. Inevit-
ably, the quality of the specification of an
instrument will generally affect the purch-
ase price and the complexity of the instru-
ment. It is therefore important to select the
right instrument with the right specification
for a particular application. The main speci-
fication points are reviewed

Frequency range. A typical r.f. signal gener-
ator will cover from 10kHz to 500MHz or
1GHz. Inevitably the user will select an
instrument to cover the appropriate h.f.,
v.h.f. or u.h.f. bands in question. An instru-
ment covering to only 500MHz may be less
expensive than one covering to 1GHz, but
with increasing use of the 800-960 MHz
band for mobile communications it may be
unwise to restrict future applications.

The low-frequency range is important,
since i.f. frequencies down to at least 450kHz
may need to be covered. Certain radio
receivers operate as low as 10kHz, so this
aspect may also have tobe considered.

Frequency resolution. A resolution of
100Hz is typical at v.h.f. and u.h.f. frequen-
cies for an inexpensive synthesized instru-
ment, but this can be a limitation when
measuring the bandwidth of a highly selec-
tive circuit. 10Hz resolution is common on
most mid-range signal generators; higher
resolution is achievable but this inevitably
leads te a high price, so it is wise to consider
carefully what is adequate. 100Hz resolution
is often more than adequate for routine
production and maintenance tests on receiv-
ers, whereas higher resolution may only be
necessary for research or development use.

High
frequency

Divider

variable
oscillator

Divider Divider

7

L R.f. output
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Frequency accuracy and stability. As we
have seen, most modern signal generators
are either synthesized or locked to a refer-
ence crystal oscillator. Key specification
points of the crystal oscillator are: Tempera-
ture stability, warm up and ageing rate.

Short-term stability and noise are very
important when evaluating the performance
of single sideband (s.s.b.) radio receivers.
Audio signals in the receiver are generated
by setting the signal generator to a frequen-
cy offset from the tuned frequency, an offset
of 1kHz thus generating a 1kHz signal from
the receiver. Any short term instability and
noise in the signal generator will be apparent
in the audio output and may invalidate a
measurement.

Modulation. Most r.f. signal generators in-
clude amplitude modulation and frequency
modulation as standard. Low-cost instru-
ments may have just one modulation fre-
quency, generally 1kHz. Mid-priced instru-
ments may have five or six modulation
frequencies, ranging from 300Hz to 6kHz,
so0 that the extremes of the voice-frequency
band can be evaluated. More sophisticated
and expensive instruments include modula-
tion oscillators with a much wider range of
internal modulation frequencies. External
modulation inputs are generally provided in
all types of signal generator so it may be
preferable to use an external audio oscillator
rather than selecting a more expensive
instrument with a wide-ranging oscillator
built in.

Mixed a.m. and f.m. may also be required,
especially in research and development
laboratories, for the measurement of such
parameters as the f.m. rejection of an a.m.
radio. Phase modulation may also be re-
quired and signal generators increasingly
offer this facility. Pulse modulation is also
available for certain applications such as
testing microwave radar systems at the i.f.
(intermediate frequency) stages.

Modern radio receivers employ digital
modulation techniques to a greater or lesser
extent; military radios, for example, use
digital techniques for encryption and data.
To test such a digitally modulated receiver a
digital test signal is applied to the external
modulation input of the signal generator. A
restricted modulation bandwidth may dis-
tort the pulse waveforms.

Modulation accuracy also needs to be
considered, since errors in the measurement
of the signal-to-noise ratio of a radio receiver
can be considered if accuracy is poor. Mod-
ulation inaccuracy of the order of +5% is
typical and this is generally acceptable.
Some lower-quality signal generators have

an inaccuracy of up to +20%, which can give
errors of up to *2dB when measuring
signal-to-noise ratio.

Output level range. Maximum and mini-
mum output levels both need to be consi-
dered. Most signal generators will be used to
measure the sensitivity of radio receivers, so
a minimum output level of at least
—127dBm (0.2 microvolts e.m.f.) is com-
monly available.

The maximum output level may be impor-
tant for certain applications such as measur-
ing receiver blocking or measuring mixer
intermodulation intercept points. For
routine production and maintenance max-
imum levels of +6dBm or +13dBm wili
generally be adequate.

Output-level accuracy. Level accuracy is
most important, especially since the sensi-
tivity of a radio receiver will be specified
according to the indicated output level of the
signal generator. A typical specification is
1dB total level accuracy. Unfortunately, level
accuracy can be misleading, so it is impor-
tant to read the manufacturer's specification
carefully. For example, the quoted level
accuracy may only apply at one frequency.
and frequency response uncertainty may
also have to be added to obtain the total level
uncertainty.

Another potential pitfall is that some
manufacturers incorporate exclusion
clauses such that the accuracy only applies
over certain level and frequency ranges.
Finally, it is also important to study the
output impedance specification, since a poor
v.s.w.r. can lead to errors when measuring
receiver sensitivity.

5.Block diagram of a simple indirect
synthesis signal-generator oscillator using
aphase-locked loop.

R.f. leakage. Leakage occurs because the
oscillator within the signal generator always
operates at maximum level. If the oscillator
and attenuator are not adequately screened
then signals may radiate from the oscillator
into the receiver and sensitivity measure-
ments would be invalid. This is especially a
problem when measuring very sensitive re-
ceivers such as pocket pagers.

Moving the generator away from the
receiver can sometimes cure leakage, but
the only real solution is to ensure that a
quality generator is used.

Spurious signals. Spurious signals can be at
any frequency and they can totally invalidate
the measurement of spurious responses
from a radio. It is not always possible to
differentiate between a spurious response
caused by the radio or by a spurious signal
generated by the signal generator. Typical
specifications for harmonics are —25dBc¢ to
—30dBc, improving to —40dBc for more
sophisticated instruments. Harmonics are
generally not a problem because their fre-
quencies are known and predictable; they
can, however, be a problem when measuring
filter frequency responses. The only signal
generator to have no non-harmonically re-
lated spurious signals is the fundamental-
oscillator type. Depending on the method of
signal generation and the quality of design,
the levels of non-harmonic signals will vary
considerably. Non-harmonic signals on cur-
rent signal generators can be as high as
—40dBc or as low as — 100dBc.

Residual f.m. This is generally caused by
random noise in the r.f. oscillator or synth-
esizer, and reduces the accuracy of signal-to-
noise measurements. It is useful to be aware
of how manufacturers measure and specify
residual f.m. An f.m. discriminator is used to
demodulate the carrier and a voltmeter is

Low pass
filter
Phase Low pass Voltage |gytput
sensitive filter Mixer controlled
detector oscillator
Low Crystal High

frequency controlled frequency
synthesizer reference synthesizer
[small steps) oscillator (large steps)

6. A sum loop adds together two indirect synthesis loops to provide a wide frequency range and superior resolution.

Low pass
filter
e
cgr:fyrsgﬂgd Fref Phase Variable Voltage | gytput
rolferente Divider - sensitive divider controlled e
oscillator detector +N oscillator out
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then used to measure the output from the
discriminator.

Since the output of the discriminator is
noise, the measurement bandwidth has to be
specified. Some manufacturers specify the
noise over a band from 300Hz to 3kHz or
from 50Hz to 15kHz, the former being
applicable to communication receiver
measurements, the latter to broadcast re-
ceiver measurements.

Another method of measuring the noise is
to pass it through a psophometric filter,
which has a frequency response tailored to

4. Synchronized cavity tuned signal gener-
ator covering to 1024MHz with very low
sideband noise.

simulate the sensitivity of the human ear to
noise. A typical specification would thus
refer to a CCITT telephone psophometric
weighted filter.

Specifications differ between different
types of signal generator but spurious f.m.
figures of less than 10Hz are readily achiev-
able on most modern signal generators,

whilst 1Hz is available on
expensive instruments.

Single-sideband phase noise.

This is a very important para-

meter, to be considered if the

signal generator is to be used

for adjacent-channel rejection

measurements. This test meas-

ures the ability of a radio receiver

to reject a high-power signal in

the adjacent channel. To carry

out a measurement, two signal

generators are used; one at the

tuned frequency of the receiver

and one set to a frequency one

channel spacing above or below the

receiver frequency, as shown in Fig.9.

The level of the off-channel signal

generator is increased until the signal-

to-nois2 performance of the receiver is

degraded by a specified amount, usually

from 12dB to 9dB. The single-sideband

phase-noise specification is critical because

unwanied noise sidebands give rise to

erroneous results, as illustrated diagramma-
tically in Fig.10.

Only higher-quality signal generators
have specifications sufficiently good to allow
sideband noise measurements to be made.
Measurements are generally only carried out
during development, and not as a routine
test, so it is not always necessary to have
excellent sideband noise performance

A typical, modern high-quality signal
generator has a sideband noise specification
of between —135dB¢/Hz and —145dB¢/Hz at
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10KHz to 1024MHz
AM/FM SIGNAL GENERATOR

-
uP controlled, synthesized 10KH2-1024MHz signal generator
MARCONI TF2017. Superb specification, in mint condition.
One only available from stock at under half current list price
£8000

.£950
.£325

TF2006 AM/FM Signal generator 10-1000MHz
TF2011 FM Signal generator 130-180MH2
TF2905/8 Sine squared pulse and bar generatcr

DL905 transient recorder with XY display

AMBER 4400 Multipurpose audiotest set ...
TEKTRONIX 475 200MHz oscilloscope with DM44
TEKTRONIX P6202 active oscilloscope probe 500MHz
TEKTRONIX 1L5 spectrum analyser plug-in %
AVO B151 RCL bridge.

8007B Pulse generator e £
400F Voltmeter 100uV-300V 4MHz ...
738BR Calibrator ... £1
4B800A Vector impedance meter
11602B Transistor fixture for 8745A
1630D Logic analysers...
5300A 6 digit measunng syslem 'with 50MHz
counter ... £110
3300A  Function
versions.......
5110B Driver with synlhesnzers '5105A and
51008 covering from 0.01Hz-500MHz extremely
accurately
Prices : 5110B £250 Synlheslzers £100 each
5326A 50MH2 coumertlmered»g‘ls s .£150
1740A 100NHz Oscilloscope ..
8745A S-Parameter test set 116028 trans fixture
8004 pulse generator.......... r
355E Programmable attenuator 1GHz 0—12db.
355F As above but 0-120db in 10db steps .
3490A Digital Mutlti-meter ..
8733A Pin modulator...

generalor ‘Rack  mount
.£100

TF2908 Blankin%‘and sSync mixer .

TF995A/5 AM/FM signal generator 1.5-220MH2 .£195

2017 AM/FM signal generator 0.01-1024MHz Superb sgec
8.0

MEGURO 2-Channel automatic distortion meter .

TELONIC 1019 sweepers Band Il (83- 115MHz)

PHILIPS PM5509 TV Pattern generator ¢olour...

FLUKE D.M.M. 8800A 5'2 digit.

FLUKE D.,M.M. 8840A 5'2 digit + GPIB and true RMS opts
£400

TF2170 digital synchronizer (for 2002 senes})
TF2300S modulation meter 35-1000MHz AM'FM
TF2303 Modulation meter 2.5-520MHz AM/FM...

TF1313 Ya% RCL Universal Component Bridge . £250 h §
TELETYPE Terminal model 43 RS232 i/face.
LEA2861 O, Metcrj] 226,511 237 =350 £250/§1go TELEQUIPMENT CT71 transistor curve tracer

;2‘849532 g ?L%Tg ?):;’w"e]?‘rjrt\:;%? 1e rlnw 10W fsd 875 TEKTRONIX 575 Transistor curve tracer.
TF1020A 100W 250MHz RF power meter 18 TELEQUIPMENT D83 Oscilloscopes S0MHz. .
TELEQUIPMENT DM64 Storage scopes . from ¢

TF1152A/1 25W 250MHz RF power meter 75
TF2604 Electronic multi-function meter . £150 | OSCILLOSCOPE - stock, phone for best quote.

BRYANS 22020 XYT Plotter A3..
;E;gggf%"g:f,f.{,e,f.’ﬁ:ﬁi;‘é‘,’"‘e" tggg DYMAR 785 modulation meters. 30-480MHz AM/FM.._.
2829 PCM digital analyser. ¢750 | GPW 7620 Telegraph & Data generator ! oe _
2833 PCM digital line mon-or. £275 | AVOVCM163 Valve characteristic meter system with 2 5%" FDD's, 10MB Winchester, eprom
2828A Digital simulator... £750 | RACAL 383 4-Trace display osclloscope. programmer. Software for 8048 ...offers Invited

TF2167 RF ampiifier 0.05-80MHz 47db galn £450

TF1263S 1GHz attenuator 142db 1db steps £250

TF2092C noise receiver .£350 MARCONI 2435 2GHz 8 d’gll I
VALRADIO 24V DC Input to 230V 50Hz output 120W HP5300A 6 Digit system unit with 50MHz counter ...
Slne Wave. £185 (new); £125 (used)

TF2910/4 non-linear distortion analyser........ £750
TF2162 MF Attenuator 0-111db in 0.1db steps. HP 5326A 8 Digit 50MHz counter timer
150W Square wave £75 (used) 24V 5A chargers ... £45

GREEN 2601 Wattmeter 0.3-300W to 500MHz

HEWLETT-PACKARD Speclrum Analyser srslem to 110MH2
compnsnng 1417 main-frame, 85528, |.F. plug-in and 85538
110MHz RF Plug-In Unit. Excellent condition throughout ..... .£3250

Hewlett-Packard model 64000 micro%rocessor development

ALL OUR EQUIPMENT IS SOLO IN EXCELLENT, FULLY

FUNCTIONAL CONDITION ANO GUARANTEED FOR 90 DAYS.

MAIL OROERS AND EXPORT ENQUIRIES WELCOMED. PLEASE

TELEPHONE FOR CARRIAGE QUOTE. ALL INSTRUMENTS ARE :

2113 Audio frequency spectrometer AVAILABLE EX-STOCK AS AT COPY DATE. GOOD QUALITY TEST Hewlett-Packard 8407A 110MHz Network analyser with types

; gg; fée‘é‘a’?e"f& greu? distortion measunng bndge EQUIPMENT ALWAYS WANTEO FOR STOCK. PRICES QUOTED g";,?A Phase-magnitude and 182133 Polar d-sola'y units ... ££15053
Vi - arameter test set with 116028 transistor fixture ..

1022 BFO with 2305 . B ARE SURIECT TO ROIMAR VAT, | * %% or COMPLETE KIT - £2000 # % +

1042 Random noise generator
2209 Precision sound level meter
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COMPUTER AIDED DESIGN
DECEMBER ISSUE

The December issue of Electronics &
Wireless World, on sale 19 November,
reviews Computer Aided Design.

C.AD. plays an ever increasing

role in the design of circuits and

systems. P.cb. design can be
improved dramatically by the use of
a computer. Most large scale
integrated circuits are too complex
to be designed without one.

Electronics & Wireless World explains
the processes involved and describes
some of the available systems.
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a 20kHz offset from the carrier, permitting
the measurement of adjacent channel rejec-
tion to better than 70dB.

Overload protection. When testing trans-
ceivers it is important to be aware of the fact
that the same antenna connection is used for
transmitting as well as for receiving and that
it is very easy accidentally to turn the
transmitter on while it is still connected to
the signal generator. Many signal generators
have been destroyed by an accident such as
this — it only takes a momentary loss of
concentration. Modern signal generators
now incorporate reverse power protection to
eliminate the problem.

SIGNAL GENERATOR FACILITIES

Microprocessors have had a dual impact on
signal generator design. Ease of use is
increased due to digital setting of parameter
values, and specitications have been im-
proved due to software correction and con-
trol of parameters.

Tobe able to enter the frequency of tuning
directly would have been an expensive lux-
ury 10 years ago. This has now become
commonplace and is taken for granted. The
user now demands additional facilities to
improve ease of use, the two main ones being
incremental control and storage of control
settings.

Incremental controls are generally avail-
able to increment or decrement any para-
meter by an amount entered on the
keyboard. Holding a key down will incre-
ment the parameter continuously. — invalu-
able for tuning rapidly across a band or for
changing output level when determining
receiver sensitivitv. A ‘total shift’ display
which indicates the total increment is espe-
cially useful when measuring bandwidths,
since calculation is not required.

Storage of complete front-panel control
settings can be a great time-saver. Not only

ELECTRONICS & WIRELESS WORLD

8. Compact low-cost signal generators are
possible using fractional-N synthesis.
Coverage of this instrument is 10kHz to
1GHz with 100Hz resolution.

can the frequencies of a multi-channel re-
ceiver be recalled by simple key-strokes but
complete settings, including incremental
values, can be recalled as well.

Software is used to correct for frequency
response variations and to linearize frequen-
cy modulation. A further useful facility
which is becoming increasingly popular is a
software-controlled clock, which can indi-
cate elapsed time. This may be used to
monitor instrument reliability or to sche-
dule re-calibration only when absolutely
necessary.

CONCLUSION

Signal generators have changed dramatical-
ly in recent years. Very high performance
and extreme precision are available, but at
the other end of the market low-cost, high-
performance instruments are readily avail-
able. Perhaps the most dramatic illustration

s A
years ago a synthesizer was found in only a
few development laboratories. Modern
synthesizers are now so affordable that they
become universally used for service and
maintenance as well as for more demanding
applications.

S.J. Gledhill is with Marconi Instruments at
St. Albans

10. Sideband noise on a noisy signal gener-
ator introduces noise into an out-of-band
channel measurement.

80 Receiver selectivity
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Radio frequencies —a new
generation

' @wam SIGNAL GENERATOR - 100 kHz.. 1000 MHz - SMG

: (v
801.0001 52

Radio frequency signal generators have taken on new
roles. As well as testing radio performance they are now
used for testing a variety of equipment from optical-fibre

are part of a test chain. They inject a

signal into a component or system
that can then be measured for power or
purity at various stages along a transmit/
receive system. As the complexity of the
medium increases, by using high frequen-
cies or further distances, so the quality of the
test equipment must increase. It should be
noted that the test equipment should be a
degree of magnitude better than the system
under test in order to obtain meaningful
measurements. So r.f. signal generators, as
the first link in the test chain, have had to be

Signal generators, for any frequency,

networks to satellite systems.

Synthesized generators, like the one
above, offer low noise high frequency
stability and remote control and moni-
toring.

improved over recent years to include mic-
rowave frequencies and achieve even lower
distortion figures to test equipment which is
itself of very high quality.

Perhaps the biggest change in recent
years is due to the microprocessor and to
digital electronics generally. It is now possi-
ble to synthesize signals of high speed and
high purity without the delicate tuned ana-
logue circuits of previous generations. It has

A test set-up. The attenuation in an optical fibre is compared with a known level. The
technique is used to testa single component or a whole system.

SO

Sweep signal F_(ectricall Optical Optical Optical/
generator /optical switch Flbreu'nedse'r i electrical
converter converter
e e e—
Variable b
attenuator
— Spectrum
- analyser
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also led to remote and automatic testing
and, like much other test equipment, the
signal generator can be controlled from a
computer and can communicate its status
and operations back to the remote control-
ler. Because it is the essential front end of a
test system, it can be incorporated into that
system and becomes just one part of, say, a
spectrum analyser or an r.f. ‘test set’. This
has the advantage that the signal generator
and the measuring instrument are com-
bined and the receiving instrument is auto-
matically set up to ‘expect’ a signal that its
own generator is sending. Alternatively a
generator can be rack-mounted and inte-
grated into a complete test set-up. However,
it should be noted that the test chain is only
as strong as the weakest link, so it is
unnecessary to use a high-performance
generator if the rest of the equipment is not
up to its standard.

A typical test set-up is shown in Fig.1,
where an optical-fibre cable is being tested
and compared with a known, adjustable,
level of attenuation. A similar technique is
used to test a single component or a whole
system,

SYNTHESIZED R.F. GENERATORS

The performance requirements of modern
radar and communications systems call for
high-frequency signals with particularly
good spectral purity. Hewlett Packard pro-
duce two synthesized signal generators with
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m[ INSTRUMEX ]
Equipment Sales Division of Instrument Rentals (U.K) Ltd.

01—897—-—2434
AT LAST !

THE SINGLE SOLUTION TO YOUR TEST EQUIPMENT NEEDS

HEWLETT PACKARD
6033A HEWLETT PACKARD
GPIB POWER SUPPLY 7550A
MLP £2237 A3/A4 PLOTTER
OUR PRICE £1250 MLP £3813
RICE
HEWLETT PACKARD OU*':J NU(;ESEESO
8568A
SPECTRUM ANALYSER
MLP £37,000

OUR PRICE £25,000

HEWLETT PACKARD
MARCONI

7440A-001
2019 COLORPRO PLOTTER
SIGNAL MLP £995
GENERATOR OUR PRICE £750

OUR PRICE £2750 ** UNUSED**

INSTRUMEX, the newly formed subsidiary of Instrument Rentals, offers the
widest available selection of second-user equipment in Europe. Through its
direct access to over $150 million worth of stock, it is able to buy and sell
more equipment than other "market leaders". The items shown above are a
very small example of what we carry, why not 'phone now for a quotation?

European Distribution Centre : Regional Offices : B
Dorcan House Munich : 089-2021021
Meadfield Road Paris : 1-69285829
Langley, Berks Aberdéen @ 0224-899522
England SL3 8AL Manchester : 061-973-6251
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especially low noise characteristics: the
HP8662A operates up to 1.280GHz, while
the HP8663A covers an additional octave up
to 2.56GHz. Phase noise (or s.s.b. phase
noise) is a measurement of the short-term
stability of a frequency source. It is impor-
tant because it can affect the performance of
receivers, particularly where the desired
signal is of lower strength but close to
another source. The selectivity of a receiver
can be reduced because of phase impurities
in local oscillators. HP, therefore, have
designed their generators especially with
low phase noise, so that they can be used to
measure the phase noise in communciations
systems.

The block diagram (Fig.2) shows three
main sections: reference, phase-locked loops
and output sections. The reference section
synthesizes many ditferent frequencies from
a high-stability 10MHz quartz oscillator.
Phase-locked loops use these reference fre-
quencies to generate output frequencies of
320 to 640MHz in 0.1Hz steps. The output
section modulates and amplifies the output
signal and translates this to the required
output frequency.

The reference section not only produces
the frequencies that are used to derive the
output wavetorms, but also several local-
oscillator frequencies for internal use by the
p.lll. and outpul sections. All these are
directly derived from the quartz oscillator,
s0 the long-term stability of the instrument
depends on this internal reference which is
specified at 5 x 107 '? per day after a ten-day
warm-up. This represents a maximum drift
of 0.25Hz/day. The reference frequency can
be adjusted mechanically within a range of
20Hz to allow close calibration against a
standard. For even greater stability, an
external reference, such as a caesium or
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rubidium clock, can be used to give a
stability of lin 10'". Short-term stability or
phase noise is kepl to a minimum by the use
of monolithic crystal filters in the reference
multiplier chain. The mechanical mounting
of these cryslals is critical because any
vibration can be translated into spurious
noise microphonically. Typically, cooling
fans in the instrument can cause offsel
sidebands. so the filters are mounted in
special shock absorbers.

There are seven p.lIs in the loop section.
Indirect-synthesis techniques are used (con-

Internal workings of a Hewlett Packard
8663A generator. Three sections are the
reference oscillator, phase-locked loops
and output.

trasting with the direct synthesis of the
reference section, which derives it signal by
mixing, multiplying or dividing.)

One of the high-frequency loops, the
‘reference sum loop’ tunes over a 310 to
620MHz frequency range, improves the re-
solution from 20MHz to 10MHlz steps and
provides 60dB of spectral filtering, reducing
the spurious sideband levels from —40dBc to
—100dB¢ (dBc — dB rel. to carrier). The
‘output sum loop’ is virtually identical and
sums the 310 to 620MHz output from the
reference sum loop with a 10 to 20MHz
signal from the low-frequency loops, which
output has a resolution of 0.1Hz which
provides the output sum loop with 0.1Hz
steps. Frequency modulation of the signal
can be added to the wavetorm at this stage.
Both high-frequency loops use a special
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voltage-controlled oscillator, a switched-
reactance oscillator consisting of five induc-
tors switched in and out by pin diodes. This
reduces the bandwidth needed for the varac-
tor tuning diode and again helps to reduce
noise. The signal from the output loop is
directed to the output section by way of any
modulators (a.m., fm., p.m., p.c.m., or
b.p.s.k.) used for the final signal.

The output stage translates this signal
from the p.ll. section into the desired
output frequency by frequency doubling,
dividing and mixing. Phase noise is in-
creased in the multiplying stages and re-
duced in the dividing stages, but is kept to a
minimum by careful design of the a.g.c.
circuits and the input levels to the hetero-
dyne band mixer. Noise is better than
—90dBc anywhere in the spectrum and is
typically better than —148dBc.

Hewlett Packard produce a wide range of
signal generators and much of this informa-
tion was taken from their application note
on phase noise measurement.

LOW-COST GENERATOR FROM
ROHDE & SCHWARTZ

The latest signal generator from Rohde &
Schwartz is the SMX, which at £4,300
incorporates GPIB remote control and r.f.
overload protection to 30W and a memory
capacity for up to 50 front-panel set-ups. The
frequency range is 100kHz to 1GHz and so
covers all frequency bands from L.f. to u.h.f.,
with a resolution varying between <10Hz
and <100Hz. Output level can be set with
high accuracy from —137dBm to +13dBm
with a total error level of <+1.5dB down to
—127dBm. Non-interrupting levels of set-
tings over a range of 10dB can be used for
squelch hysteresis measurements or testing
a.l.c. characteristics with a level setting time
of <10ms.

The instrument features versatile mod-
ulation capabilities; a.m. or f.m. separately
or combined in a two-tone modulation; the
a.m. mode also allows external pulse mod-
ulation. A modulation source is fitted as
standard with a range of frequencies. The
unit is shielded against received or transmit-
ted r.f.i. at a level well below recognized
standards.

Another instrument from R & S is the SMG
low-noise signal generator which shares many
of the specifications of its fellows but offers a
total error level of <1.5dB and very high spec-
tral purity with s.s.b. phase noise of —140dbc
at 20kHz from a carrier of 100MHz, and resi-
dual f.m. of <2Hz at frequencies up to
500MHz. The SMG also features a sweep with
selectable start and stop frequencies, step size
and timings for phase-continuous frequency
changes.

SWEEPER FROM MARCONI
INSTRUMENTS

A programmable sweep generator

with applications in scalar network
analysis, active measurement and
ATE testing, the 6311, has been intro-
duced by Marconi Instruments. It offers an
extended frequency range of 10MHz to
20GHz in a single sweep. Features of the
generator include high signal purity coupled
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with low harmonics, high power level
accuracy, fast sweep and low residual f.m. It
also provides a frequency accuracy of
+3MHz typically in c.w. mode, £20MHz
over any sweep width is provided for preci-
sion swept measurements by digital control
circuitry. The instrument can be calibrated
in 15 minutes using only a power meter and
counter connected on the internal GPIB. In
conjunction with the 6500 automatic ampli-
tude analyser and an autotester, the 6311
forms part of a complete scalar network
analyser system. Uses of the 6500/52] sys-
tem are for microwave component and sys-
tem manufacturers for testing cables, con-
nectors, amplifiers, pin switches etc, and
test applications in radar, telecommunica-
tions and satellites.

The high-purity signal coverage required
for scalar analysis has been incorporated in
the design of the 6311 to guard against
serious errors in filter measurement caused
by harmonics and subharmonics. Between 2
and 20GHz, harmonics and subharmonics
are —40dBc and —60dBc respectively.
Coverage of 10MHz to 2GHz is provided with
low harmonics of —30dBc with spurious
signals below —40dBc.

Digital control of the 6311 is of use in
active-device measurement, since the power
level accuracy of +£0.5dB over 10MHz to
2GHz and +0.4dB for 2 to 20GHz is neces-
sary for the effective testing of the devices.
Microwave transistor and mixer manufac-
turers require accurate input-level measure-
ments on amplifiers to compare gain com-
pression, and mixer sensitivity for local
oscillator drives with conversion loss.

For a.t.e. testing, where speed of switch-
ing signals is important, the instrument has
a fast sweep of 15ms across its full range.
This meets the requirements for t.w.t. test-
ing, radar system performance and military
sub-system test racks.

The 6311 can also be used in calibration
laboratories with such features as precision
power resolution of 0.01dB, low harmonics
and low spurious signals, rapid calibration
and stable output power and frequency. The
instrument incorporates a 68000 processor
with programming facilities, either from the

front panel or through the GPIB. The sweep
generator has internal and external GPIB
links and includes comprehensive com-
mands for operation over the system bus.
Manual eperation of the 6311 is simplified by
a ‘soft-key’ operation, from instructions on
the instruments’ back-lit l.c.d. Up to 20 sets
of start-up modes can be stored in the
non-volatile memory and quickly reviewed
and selected.

" GENERATORS FOR RADIO AND TV
TESTING

Two synthesized generators from Philips are
intended especially for radio and tv testing
and are probably nearest to what a tradi-
tionalist might call a “sig. gen.” They are
intended as signal sources for testing v.h.f./
u.h.f. receivers. Frequency increment set-
tings allow random or sequential testing of a
wide range of tv channels, irrespective of
standards and including cable tv ‘S’ chan-
nels. They can also be used for testing
domestic radio receivers and as a video
modulator or signal source for testing video
equipment. With a frequency range of
0.1MHz to 0.102GHz, the PM5390 has a
resolution of 1kHz up to 1GHz and of 10kHz
above that. It takes 80 minutes after switch-
on to settle in, after which its setting error is
<1 x107%. Harmonic impurity is typically
—35dB and non-harmonic —45dB. S.s.b.
phase noise is —100dBc¢/Hz at 20kHz from
the carrier. It offers a wide range of modula-
tions, including a.m., f.m., video and sound
carrier. There is an input for external a.m. or
f.m. and for an external video source or
sound carrier. Easy-to-use front panel con-
rols can select frequency, increment, sweep
time, level and change in level. Each of these
selections has its own display. The instru-
ment has a built-in GP1B and can be control-
led remotely.

The PM5326 is especially suitable for radio
and tv development laboratories and those
involved in sensitivity and selectively
measurements. For service workshops and
educational purposes it has four wobbula-
tors (sweep generators) for i.f. alignment
and f.m. receivers. The 5326 offers a fre-
quency range of 0.1 to 125MHz in nine
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push-button ranges. The frequency can be
set on the 5-digit display to an accuracy of 1
in 10°. The r.f. output is electronically
stabilized to 50mV into 75f), and can be
calibrated and continuously attenuated to
over 100dB. Variable and fixed markers can
be added to a wave to positively identify
reference frequencies. The built-in frequen-
cy counter can be used to measure external
sources.

MICROWAVE FREQUENCY
SYNTHESIZER

Frequency synthesizers covering up to
500MHz bandwidth at frequencies between
0.5GHz and 4GHz, with high spectral in-
tegrity, are produced by Scitec Electronics
Inc. and distributed by Lyons Instruments.
The modular design enables even unusual
requirements to be met. The VDS-G’s design
makes use of new techniques and devices to
achieve excellent performance without sig-
nal multiplication, cavities, mechanical tun-
ing, or crystal oscillators. 1t uses little
power, and is simple, reliable and less
vulnerable to shock and vibration. Explora-
tion of surface acoustic wave devices make it
ahighly cost-effective system.

Construction takes the form of four mod-
ules, mounted on a fifth mother module.
The reference generator module uses a
s.a.w. resonator and also produces the step-
size reference. The comb generator module
drives the r.f. output module via a tubular
bandpass filter mounted in the mother
module. The r.f. module includes the v.c.o.

and r.f. signal processing devices. Finally,
the signal processor modules uses a com-
bination of programmable dividers, low-
noise loop amplifiers and a loop parameter
network to accommodate changes in loop
characteristics such as v.c.0. constants and
division ratios.

This modular approach makes it easy to
meet customers’ specific requirements. All
output frequency-determining elements are
contained in the r.f. module and tubular
filter. Similarly, the signal processing mod-
ule circuitry determines user requirements,
such as step size, frequency control word
and the like.

Typical performance specifications in-
clude bandwidth of 20% standard, up to the
500MHz available, and step size of 500kHz,
1MHz, 5MHz or 10MHz. Switching speed is
less than 1ms, spurious signals typically less
than —70dBc and the s.s.b. phase noise floor
—146dBc/Hz. The instrument is controlled
through binary-coded decimal signals.

RACAL-DANA INSTRUMENTS

Racal-Dana manufactures a comprehensive
range of synthesized signal generators offer-
ing a broad spectrum of performance and
capability. Indeed the company pioneered
the synthesized signal generator concept.
Their range combines stability, resolution.
accuracy, and programmability of synthesiz-
ers as well as the low noise offered by more
conventional analogue generators.

These generators are designed for a wide
range of general and systems applications

associated with radio communications test-
ing, including selectivity and sensitivity
testing of ultra-sensitive r.f. receivers. The
Racal-Dana products are particularly suited
to these applications because of their cali-
brated output-level characteristics, low
v.s.w.r. and automatic levelling circuits. In
addition, the overall design has been en-
gineered to reduce leakage and r.f.i. to
extremely low levels, typically less than
0.5uV. The generators offer a wide range of
functions which allow their use for signal-
to-noise ratio measurements, as drive
sources for mixers and bridges and for many
other applications including automatic test
systems. Frequency selection, spin-wheel
tuning, and a choice of internal reference
oscillators make the Racal-Dana synthesized
signal generators a cost-effective solution to
measurement and stimulus requirements in
the h.f., v.h.f. and u.h.f. bands. Probably the
best known of the Racal-Dana signal gener-
ators is the 9087, the highlights of which
are: 10kHz to 1.3GHz with 11z resolution;
exceptional spectral purity; internal and
external modulation a.m., f.m., phase, pulse
and f.s.k. with simultaneous combinations:
+19dB dynamic range with 0.1dB resolu-
tion; level accuracy better than +1dB; full
GPIB control; and self-check and diagnostic
routines.

Because of their low noise performance,
the 9087 and its sister model the 3101, a low
noise frequency-agile synthesizer, are ideal
for use as local oscillators in satellite com-
munications and for testing of v.h.f./u.h.f.
receivers. High switching speed also enables

TAYLOR

VESTIGIAL SIDEBAND
TELEVISION MODULATOR C.C.I.LR/3

C.C.I.LR/3 SPECIFICATION

Output (any channel 47-860MHz}
Vision to Sound Power Ratio 5 to1
Intermodulation

Spurious Harmonic Output

CRYSTAL CONTROLLED OSCILLATOR
19” RACK MOUNTING, 1u HIGH, 205mm DEEP

Power Requirement 240V 8 Want | in other g

Video Input 1V Pk-Pk 75 Ohm

Audio tnput 8V 600 Ohm

F.M. Sound Sub-Carrier B8MHz (available 5.5MHz)

Modulation Negative

LF. Vision 38.9MHz TCFL2
I.F. Sound 32.9MHz (available 33.4MHz) TCFL4
Sound Pre-Emphasis S0us TSKO
Ripple on |.F. Saw Filter

6d8
+6dBmV {2mV} 76 Ohm

Equal or less than 60d8
40d8 (80dB if fitted with TCFLY.Fliter or com-
bined via TCFL4 Combiner/Leveller

CHANNEL COMBINER/FILTER/LEVELLER
to combine outputs of modutators

2 Channel Filter/Combiner/Levelier. Insertion Loss 3.5d8
4 Channel Filter/Combiner/Leveller. Insertion Loss 3.5d8
Enables up to 4 x TCFL2 or TCFL4 to be combined

— TAYLOR BROS (OLDHAM) LTD
BISLEY STREET WORKS, LEE STREET,

C.C.ILR./3A Specitication as above but outpul level 60dBmV OLDI{AM) ENGLAND-
L TELEPHONE: 061 652 3221 TELEX: 669911
ENTER 24 ON REPLY CARD
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their use for frequency-hopping
radio testing.

Aswell as manufacturing signal
generators, Racal-Dana also
distributes equipment including
products manufactured by Adret
Electronique. Among the range of
signal generators which Adret
manufacture is the 742A,a2.4 GHz
high spectral-purity instrument.
Launched as a high-performance
generator available ata modest price, its
excellent pulse modulation capability
makes it ideal for certain radar applications.

PORTABLE GENERATOR FOR
MOBILE TESTING

New from Farnell Instruments is the
PSG1000 synthesized signal generator, a
compact, lightweight, fully portable instru-
ment for use in the frequency range 10kHz
to 1GHz. The unit is designed to operate
from an external 12V d.c. supply or any
standard a.c. mains supply and its small size
and light weight make it eminently suitable
for field or bench use.

Full +13dBm (1V) output is available
from 10kHz to 1GHz and an integral mod-
ulation synthesizer (10Hz to 10kHz) is pro-
vided. The instrument can also sweep carrier
frequency/level and modulation frequency/
level between set limits. The generator has
microprocessor control and can achieve the
entire frequency range of the PSG1000 by
direct r.f. synthesis with a resolution of 10Hz
up to 128MHz and 100Hz from 128MHz to
1GHz.

Controls are of the sealed tactile mem-
brane type. This results in increased reliabil-
ity, prevents the ingress of dust or moisture
and reducesr.f. leakage.

The front panel includes high-visibility
led displays of output frequency, output
level, modulation rate and modulation level.
An automatic sinad facility is included which
provides a quick, simple and unambiguous
method of measuring receiver sensitivity.
A.m. f.m. and p.m. are available and other
features include facilities for external mod-
ulation, external reference frequency, re-
verse power protection to 50W, patented r.f.
screening techniques and 100 non-volatile
memories for front panel set ups or user
defined modulation tones and selcal tone
sequences for radio-telephones. In addition
to manual data entry and updating, the
PSG1000 is programmable via the standard
IEEE488 bus or Hewlett Packard Interface
Loop (HPIL).

Amongst other generators from Farnell
are two synthesized signal generators, desig-
nated the SSG1000 (1GHz) and SSG2000
(2GHz). These two models also use micro-
processors and offer 10Hz resolution, low
r.f. leakage, 1GHz testing of cellular radios,
wideband coverage for testing aeronautical
and marine communications, low phase
noise for radio astronomy and ranging and
location equipment, wideband phase mod-
ulation for satellite communications, sweep
facilities for component testing and chan-
nelled operation for multichannel radio,
with a fast lock speed for frequency-hopping
transmission.
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SMX generator from Rohde & Schwartz
covers frequencies from Lf. to u.hf. and
offers highly accurate output levels.

The entire range of the SSG1000 is co-
vered without using doublers or mulitipliers
with a frequency resolution of 10Hz: the
SSG2000 achieves 2GHz by means of an
internal active doubler system. Three manu-
al methods of data entry and data updating
are provided and the instruments are pro-
gammable via the standard IEEE488 or
Hewlett Packard Interface loop. This is a
low-cost serial twisted pair link that can
communicate to a controller, which can be
as small as a Hewlett Packard hand-held
programmable calculator.

FUNCTION GENERATOR UP TO 2MHZ

An audio-style function generator has a
frequency range of 0.1Hz up to 2MHz and so
can be used for some r.f. applications. The
Black Star Jupiter 2000 offers sinewave
distortion of less than 1% at frequencies
below 200kHz, with all harmonics below
—30dB in the upper range. The frequencies
are in seven overlapping bands with a vernier
adjuster which can set the frequency to
within 5%. Output levels are also in switched
bands with vernier adjustment and the
claimed level flatness is +0.2dB up to
200kHz and +1% to 2MHz. A sweep facility
is provided. The instrument has also triangle
waves and pulse trains (“square waves”) and
a t.t.l. output with a fan-out of 20 standard
t.t.I. loads. The instrument is marketed in
the UK by Altek Products.

RADIO FREQUENCY TESTSETS

Wandel and Goltermann make a range of
level generators, but these are designed to
work with their level meters and make up
test sets. They are tuned externally through
the meter, though some of them can have
their output levels and frequencies set by
front panel keypads or be controlled through
a GPIB. They make a whole series of test sets
that do incorporate r.f. signal generators.
Typically there is a spectrum and network
analysis system that covers a frequency
range of 100Hz to 180MHz and includes a
sweep generator of a high specification.
There is also a range of distortion measure-
ment sets for cable, radio links and satellite

systems. The RK-100 white noise measuring
set up can cope with up to 10,800 channels
in a frequency range of 6kHz to 100MHz.

" PULSE MODULATION AND 2.1GHz
FROM FLUKE

The latest signal generator from Fluke has a
frequency range from 0.1MHz to 2.1GHz; In
addition, the 6062A incorporates a pulse
modulator which uses GaAs switch techno-
logy to achieve rise/fall times of 15ns and
on/off ratios of 80dB. The 6062A is designed
for L-band testing in avionics communica-
tions and navigation.

Specific applications include secondary-
surveillance radar, i.f.f, microwave links,
global positioning systems and satellite
communications.

The 6062A adds extended frequency to
Fluke's family of low-cost signal generators
and complements the performance of their
general purpose 6060B and the low noise
6061A models, both of which operate to
1.05GHz. Its output level is adjustable over
the range of +16 to —137dBm to 1050MHz,
and +13 to ~137dBm to 2100MHz. Abso-
lute accuracy is +1.5dB. Amplitude can be
displayed in volts, dBm, dB uV, or relative to
any specific reference. The 6062A increases
the modulation capabilities of the 6060 line
with f.m. deviations to 400kHz. The pulse
modulation on the 6062A has the high on/off
ratio (80dB minimum) that is needed for
radar simulations. Fast rise and fall times
permit quality pulses of less than 50ns
duration. The low-noise capabilities of the
6061A are incorporated in the 6062A. Re-
sidual f.m. is guaranteed to be less than 6Hz
(0.3 to 3kHz) and less than 4Hz in the
frequency range of 245 to 512MHz. Non-
harmonic spurious products are less than
—60dBc to 1050 MHz, —54dBc to 2100
MHz; typical s.s.b. phase noise is —123dBc¢
at 20kHz offset from a S00MHz carrier
frequency. Other standard features on the
6062A include: a.m, f.m. and phase modula-
tion; a.c./d.c. coupled a.m.; full talk-listen
IEEE 488 interface; 400 kHz f.m. deviation
on 1050 to 2100 MHz range; relative fre-
quency and amplitude nodes; step program-
ming; a 50 location non-volatile memory;
25W reverse power protection; sub-
harmenic external reference; Low mic-
rophonics due to robust construction; and
self-diagnostics.
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The electronic car — myth

p—

ntil about twenty years ago, the aver-
l | age car contained only one capacitor,

fitted across the contact breaker
points to reduce arcing. Today, the figure
has grown to around 100 capacitors per
vehicle, due mainly to the meteoric growth
in the number and complexity of in-car
entertainment systems. At present, about
30% of new cars are equipped with some
form of audio equipment, predicted to rise to
approximately 70 per cent by the start of the
next decade. There is every reason to sup-
pose that the number of capacitors in these
units will increase as more and more fea-
tures are incorporated. Already, push-
button radio tuning is accomplished by
electronics rather than a mechanically-
variable inductive tuner.

But this market is a rather static one;
in-car entertainment is the biggest user of
capacitors at the moment, but this isn’t
where expansion will take place. Driver
surveys commissioned by the car industry
have revealed, not surprisingly, that the
average car owner regards electronics as
something of a gimmick. This hasn’t been
helped by the introduction of voice synth-
esizers and difficult-to-read liquid crystal
displays on some up-market cars. Electro-
nics is chiefly of interest to the driver if it
brings improved performance, better fuel
economy or increased reliability; it interests
the manufacturer if it achieves these goals
profitably. However, the appeal of gadgets to
the potential car buyer must not be forgot-
ten. In the US, strict emission control
requirements have provided an impetus to
the development of engine management
systems which until recently has been lack-
ingin Europe®.

*See Microprocessor-controlled engine management, by
Pat Jordan, EWW September 1987.
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BY PAUL BASTOCK

Greatest growth for components will not
be in-car entertainment, as this EX-E panel
hints.

ELECTRONIC INROADS

One of the first areas to move away from
mechanical and electromechanical opera-
tion into electronics was electronic ignition.
This apparently simple function gave manu-
facturers and designers their first taste of the
problems involved in installing electronic
units in the electrically noisy, hot and
vibratory environment of a typical engine
compartment. Capacitor discharge units
dominated this application at first, but fail-
ures due to the extreme stresses imposed on
the output capacitor, both in terms of
voltage and current handling, gave electro-
nic ignition an undeserved reputation for
unreliability. Now, most such units use
inductive energy storage, coupled with a
Hall-effect magnetic field sensor to give
feedback control for spark optimization.

Fuel-injected cars also require electronic
control systems, ranging from simple pro-
gram controlled open-loop networks to
more complicated feedback systems. Some
manufacturers have used electronic fuel
management successfully on cars using car-
burettors.

Currently, some 60% of new cars have
some form of electronic engine manage-
ment. Indications are that by 1992, all
vehicles sold in the EEC will have some form
of electronic engine management, particu-
larly as EEC pollution regulations favour
electronic control rather than catalytic sys-
tems.

Some analysts include automatic trans-
mission systems under the heading of en-
gine management. The traditional automa-
tic gearbox uses a complex series of

pressure-sensitive valves to determine when
to change gear, but there is a new breed of
transmission units which employ power fets
under the control of a microprocessor for
improved reliability. The next decade should
see about 40% of cars with this variety of
automatic transmission.

Safety and security. The principal use for
electronics in safety is in the control unit for
anti-lock braking (ABS), which many car
makers are offering as an, albeit rather
expensive, option. This is another field in
which electromechanical systems are being
supplanted by electronic control. It is feasi-
ble to implement a self-adjusting servo-
actuated suspension system; indeed this is
already being done, but the extremely high
cost of the sensors will limit this aid to
road-holding to very expensive vehicles,
unless there is a major technology break-
through in the near future.

More likely to expand is the area of
electronic security. Indeed, electronic lock
encoding and security marking of stereo
equipment is present-day rather than future
technology, even for medium-priced cars.

Comfort and convenience. Electronic ‘C
& C’ systems are almost unknown, but
prestige cars are beginning to use various
means of electronic driver environment con-
trol. Some particular models feature a
microprocessor unit which governs the op-
eration of the air-conditioning, a task
formerly entrusted to relays and bimetallic
sensors. The driver’s seat position and shape
can also be controlled by an electronic
system via electric or hydraulic actuators.
Inevitably, this category of equipment will
remain a fitment for only the most expensive
vehicles. The best predictions currently
available indicate that around 25% of new
cars will have some electronic comfort con-
trol by 1990.
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Dashboard instrumentation. Despite a
number of widely-differing high-tech dash-
board layouts seen on cars in the last couple
of years, driver reaction has not on the whole
has been favourable, so the market has yet to
find a direction when it comes to digital or
liquid crystal information displays. Possibly
a quarter of all cars will have an electronic
dashboard within the next few years, but this
is a very debatable figure.

THE MARKET FOR CAPACITORS

Assuming that all the trends mentioned
are accurate, the average car in 1990 should
have some 500 capacitors fitted by the
factory. With an estimate of 10 million new
cars on the roads in Europe by then, this
makes for a very large volume of capacitor
production to very exacting quality stan-
dards. None of the above arguments takes
into account the growing use of plastics for
body panels, which will inevitably degrade
the screening between different electronic
units within the car, so these figures might
even represent an underestimate, assuming
that decoupling remains cheaper than using
screened cable. A modern car uses up to 5km
of wiring, so screening is certainly an expen-
sive option.

Problems for component suppliers. Few
applications require such a large volume of
production as does the automotive industry.
A typical production line will consume many
thousands of electronic units per week, even
in medium-volume manufacture; mass-
market cars are made at even higher rates. It
is this sheer volume which has tended to
exclude the small component manufacturer
for very high reliability, one-per-car units
like ABS control boxes. There

is room for the small supplier, but generally
they must be capable of producing compo-
nents in huge numbers. For a car manufac-
turer, price is all-important, with assured
quality a very close second. Most car produc-
ers will expect a product specifically tailored
to his own need, with SPC (Statisitical
Process Control) figures supplied well in
advance of a firm order. It can easily take two
years to develop a component exactly to the
buyer’s requirements, and there is no
guarantee that any other manufacturer will
be interested in the same component as his
rival. But having designed the component
and assuming that failure levels of a few
parts per million can be achieved, the com-
ponent supplier is usually rewarded with a
four-year contract with production quanti-
ties scarcely dreamed of in other fields.
Space for electronics. Although the num-
ber of electronic functions is increasing, the
size of the car into which units must be fitted
isn’t changing appreciably. Already there is
strong competition for the prime spots, such
as under the dashboard where temperature
ranges are restricted, so units are being sited
under wings, in the boot, anywhere in fact
but in the electrically noisy and hot area
under the bonnet. The tendency to overheat
is exacerbated by present-day drag reduction
programmes, which reduce the volume of
air flowing into the engine compartment.
This places a premium on small size, so
surface mounting of devices has caught on
in the automotive sector much faster than in
some other industries. This is good news for
multilayer ceramic capacitor makers, since
today’s plastics-film capacitors are difficult
to surface-mount without the risk of ther-
mal damage to the dielectric. Surface
mounting brings other advantages, of

course, chiefly that of reduced r.f. pickup
brought about by minimal lead length and
therefore minimal inductance.

THE FUTURE

The automotive market represents one of
the few areas in which really high-volume
electronics production is likely to continue
to expand. The workhorse at the moment is
the eight-bit microprocessor, though the
newer microcontrollers with their on-chip
ram and multiple i/o ports are ideal for this
type of process control and are rapidly
gaining ground. Sixteen-bit processors will
probably not be used in the near future as
eight-bit accuracy is sufficient for all present
needsinacar.

Mechanical and electromechanical units
will continue to be replaced by electranics,
with closed-loop control and its attendant
advantages in the majority of applications.
This will mean an enormous market for
low-cost, reliable sensors of every type,
provided that they can be made cheaper than
and at least as reliable as their electromecha-
nical counterparts. All kinds of passive com-
ponents, with particular emphasis on capa-
citors and resistor arrays in surface mount-
able form, will be needed in vast quantities.
Almost every control box will have at least
one power mosfet to do the mundane but
necessary job of switching the solenoid
valves and electrical actuators. Companies
prepared to invest the large sums needed to
make components in millions at high re-
liability will benefit immensely from this
expanding industry.

Paul Bastock works at the newly acquired
AVX plant in Paignton, Devon.

Capacitors for suppressing
r.f. interference

How to choose the best capacitor type for use across the

ence suppression filters to electronic

and electrical equipment, either to
prevent the equipment malfunctioning due
to noise on the mains or to prevent noise
generated by the equipment going back into
the mains supply. The last-mentioned re-
quirement is governed by EEC directives and
regulations in many countries.

Interference filters consist of one more
capacitors used either alone or in conjunc-
tion with chokes in series with the supply
leads. These assemblies can consist of indi-
vidual components on a printed board or an
encapsulated assembly in a box. These filters
can present a safety hazard, the primary
cause of which is the capacitors. Properly
made chokes are an insignificant hazard. To

There is a growing need to fit interfer-
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a.c. mains supply.
R.HANSON

make economical and physically small capa-
citors the dielectric within them is stressed
at potential levels of 40V/um, which equates
to 400kV/cm - sufficient to make one’s hair
stand on end. No other electrical or electro-
nic components are stressed at such levels.

It is because r.f.i. capacitors are stressed
so highly and operated from low impedance
sources that they are a safety hazard. The
numerous regulations around the world
covering their use and operation testify to
numerous capacitor failures. The failures
have led to equipment fires and the possibil-
ity of electrical shocks to operators.

DESIGN OF XAND Y CAPACITORS

There is no way that millions of capacitors

can be made without having some failures in
the field, albeit only one or two per million.
Having accepted that failures are going to
occur the capacitor designer must design
the capacitors to be intrinsically safe in that
if short circuits do occur in the capacitor
during use they should clear themselves — in
other words the capacitor self-heals. In the
event of the capacitor permanently going
short circuit the component should prefer-
ably be made of fire retardant materials
which do not sustain burning.

This doesn’t mean that the capacitor will
not burn, only that the burning will exting-
uish when the prime cause of ignition is
removed by the circuit protection device. It
is unfortunate that many of the capacitor
designs on the market are not intrinsically
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safe. In the United Kingdom, unlike other
countries, capacitors for r.f.i. suppression do
not have to be approved, and only need to
complywith the regulations (BS2135).

There are two basic classes of suppression
capacitors, namely X and Y. The last type is
for use where failure of the capacitor could
lead to danger of an electric shock, and as a
consequence is made to much higher
standards than X capacitors and designed to
withstand much higher test voltages. Class X
capacitors are normally in the capacitance
range of 0.01 to 1pF and go straight across
the mains to filter symmetrical interference.
Class Y capacitors are normally in the
capacitance range 1 to 4.7nF and go between
live and neutral and earth and neutral to
filter asymmetrical interference. Because Y
capacitors are connected from the mains
lead to earth they are limited to 4.7nF for
most domestic equipment to prevent more
than 0.5mA flowing to earth. (If the equip-
ment is permanently connected to the mains
the 0.5mA limit does not apply.)

Class X capacitors are mostly wound
capacitors using either paper, polyester,
polycarbonate or polypropylene as the
dielectric. Class Y capacitors may be either
wound units using the previously mentioned
dielectrics or ceramic capacitors.

Most countries have their own specifica-
tions and regulations relating to X and Y
capacitors to maintain safety standards but
sometimes they are used as import controls.
Specifications do not always keep in touch
with the times and are sometimes written
around a previous generation of capacitors,
for instance the German specification
VDEO§.60/7 for X capacitors.

Originally published in 1967 before metal-

lized capacitors came to the forefront for
suppression purposes, the specification was
very good but 10 years later when metallized
capacitors were used across the mains some
types of approved capacitors failed dis-
astrously. This was because on the 240V a.c.
mains, there are present transient voltage
spikes many hundreds of volts greater than
the peak a.c. voltage of 240V2. Some lesser
makes of early metallized capacitors had a
very low tolerance to transients and as a
consequence the VDE specification was
withdrawn and replaced by another,
VDE0565/1, published in 1979. This re-
quired 1kVa.c. to be applied to class X2 and Y
capacitors for 0.1 second every hour of the
endurance test at the rated temperature.
These tests were also called up in IEC
specification 384-14, published in 1981.

The problem of designing intrinsically
safe X and Y capacitors depends on econo-

mics and physical constraints of size as well
as the parameters of the design materials. As
stated, given that millions of capacitors are
in use and some are left on continuously 24
hours a day (tv sets which leave the filaments
warm for instant picture, even some electric
kettles), some capacitors are going to short.
Short-circuit failures in metallized capaci-
tors are reduced because even if voltage
transients cause the capacitor to short the
component clears itself.

This clearing or self-healing depends on
metallized electrodes, burnt away around
the short-circuit area enabling the capacitor
to function normally. The self-healing is a
complex physical and chemical process
which even today is not fully understood, but
will be described later. The metallized plas-
tics paper capacitors are the only types that
have this self-healing function, other types
such as ceramic capacitors cannot recover.

NEXT MONTH

Single-board computers. Computers on
one board have long been regarded as
components to be incorporated in larger
systems. Since our last look at these
devices, development has proceeded apace;
we therefore review the latest techniques
and survey the available boards.

Edwin Armstrong — genius of radio.
Eleventh in our series on the pioneers of
radio and electronics, this piece describes
the life and work of the American engineer
who is known for his invention of the
superheterodyne principle and for the
development of f.m. radio.

32-bit micro. Production of Motorola’s
MC68030 begins this month. This a second-
generation, enhanced, 32-bit
microprocessor in which the functions of
memory management are integrated with
the c.p.u. on the same chip, as well as a data
cache, instruction cache and Harvard
architecture. Qur authors Burns and Jones
describe the device.
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The Janus link. P.E.K. Donaldson of the
Medical Research Council shows how two
independently adjustable outputs can be
derived from one pulse or r.f. The circuit
was designed for a radio-coupled
stimulation system, but is adaptable for
more general applications.

Fast, current-mode precision rectifier.
John Lidgey and Chris Toumazou describe a
novel precision rectifier circuit using op-
amps with supply-current sensing. It is
simple to design and provides a
performance which is claimed to be
superior to conventional op-amp rectifiers
over a large bandwidth.

Elliptic low-pass filter. Kamil Kraus
presents a simple method of design for
elliptic filters using op-amps in the form of
a ladder network. The design of a 5th order
filter is shown as an example.
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While ceramic capacitors have a major dis-
advantage their basic construction does
make them flame retardant; but providing
selected materials and additives are used
metallized plastics and paper capacitors can
also be made flame retardant.

The two main problems encountered with
capacitors for use at 240V a.c. on the mains
are

—ijonization within the capacitor

—inability toclear faults.

IONIZATION INVOIDS

All capacitors contain voids and these are a
cause of ionization within the capacitor. The
void which contains air has a lower dielectric
constant than the surrounding dielectric
and is therefore subjected to a greater
voltage stress. Additionally the air in the void
has a lower breakdown voltage than the
surrounding dielectric. The minimum
breakdown voltage for air under ideal condi-
tions is approximately 340V and as the peak
voltage of the 240V a.c. mains exceeds this,
ionization can occur in all mains capacitors.
Once started it can rapidly degrade the
dielectric and this in turn can cause the
onset of ionization to start at a lower voltage
than that which was first required. This is
positive feedback, which leads to the dielec-
tric breaking down and a short circuited
capacitor.

The way to eliminate ionization within a
capacitor is to

—make the air gaps very large

—make the air gaps very small

—reduce the voltage on the capacitor
below the minimum to start ionization.

Obviously the first choice is possible, but
makes for unacceptably large capacitors.
The second is also possible and while all
wound capacitors contain air voids due to
irregularities of the winding materials, these
can be eliminated by vacuum impregnation
of the capacitor with an oil. This was the
traditional method but the requirement to
have oil-tight seals and cases made the
capacitors expensive and bulky. The modern
version of oil impregnation is to use epoxy
resin which is then cured to a solid. By
impregnating the capacitor in a suitable
mould the resin can be made to completely
encase the capacitor element and no addi-
tional case is needed and this method be-
comes economical. The method is not a
complete answer to all types of capacitors —
only capacitors using paper dielectrics are
sufficiently porous to impregnate properly.

Plastic films, because they have smoother
surfaces which are more difficult to wet and
inherently non-porous, cannot be satisfac-
torily impregnated to avoid ionization. Be-
cause of shrinkage of the resin when it cures,
even paper dielectric capacitors contain
some small voids which cause some ioniza-
tion, but if metallized paper is used the
ionization burns away the metallizing at
these potential fault sites and in practice the
fault sites are isolated. That is, the ionization
within a metallized paper capacitor, provid-
ing it is below a specific level, does not
increase with time but reduces.

The third method of preventing ionization
is to reduce the peak voltage below the
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critical voltage of 340V. This is done in
practice by winding the capacitor as two
elements in series such that there is only
120V a.c. across each capacitor element.
This method is done on several commercial
designs and is very effective.

CLEARING ABILITY

The clearing ability of metallized capacitors,
that is their ability of self-heal and to clear
short circuits due to transient voltage or
dielectric faults, is a complex physico-
chemical process. While the number of
clearings or self-healing operations occur-
ring during the life of a properly designed-
capacitor is minimal they do occur in ser-
vice. The clearing ability depends on elec-
trode metal. electrode thickness, and dielec-
tric film. The metal electrodes almost uni-
versally used for metallized film capacitors
are aluminium evaporated on to the dielec-
tric films, about 30nm thick in a high
vacuum.

The films commonly used in mains capa-
citors are polyester, polypropylene, polycar-
bonate and paper. These dielectrics all have
different clearing abilities which are also
dependent on the metal film used. When a
clearing occurs in a capacitor, the energy
discharged through the short circuit causes
the electrodes around the fault site to be
evaporated away. This evaporated metal can
still cause short circuits or low resistance
paths unless it is oxidized to an insulating
film. The only places that the oxygen can
come from are either the entrapped air in the
winding, and to prevent ionization this
should be negligible, or from the dielectric
itself. It has been found that those dielectrics
which contain a high proportion of oxygen
in their molecules do in fact have superior
clearing ability to dielectrics which have
little oxygen.

Another important criterion is to have a
high hydrogen to carbon ratio as this pre-
vents carbonization which can in turn lead
to low resistance paths in capacitors and
additional clearing discharges. The tempera-
tures reached during self healing are in the

BREAKDOWN VOLTAGE

GAP LENGTH

At large gap lengths the potential gradient
is reduced and few free electrons are
available. At small gap lengths the gradient
is high but the mean free path of the free
electrons generated is comparable to the
gap length and no additional ionization is
caused by the electrons striking other
molecules. At intermediate gap lengths
free electrons are generated by the vol-
tage gradient and these travel sufficiently
far to strike and ionize the air molecules.
This generates other free electrons and an
avalanche effect occurs causing large
currentto flow.

order of 600K and at these temperatures the
aluminium electrodes are easily evaporated
and can react with oxygen in the film to form
an insulating oxide.

The empirical formulae for the com-
monly used capacitor dielectrics are:

- paper {(cellulose) CzH, 05

— polyester {(polyethylene terephthalate)
C19Hg04

— polypropylene C;Hg

— polycarbonate C;3H,;0;

— polystyrene CgHg

Paper has the highest oxygen content fol-
lowed by polyester, and experience confirms
that paper has the best clearing properties,
followed by polyester.

Polystyrene has a low hydrogen to carbon
ratio, no molecular oxygen, and as a con-
sequence is not used as a metallized dielec-
tric. Polypropylene has a high hydrogen to
carbon ratio but no oxyge