





Engineers who hesitate to tackle problems involving mag-
netics will welcome this new approach to smoothing-choke
design. The magnetic properties of the core material are
already taken into account in easy-to-use charts.

Improved method of power-choke design

J. JONGSMA and L. BRACKE

A power smoothing choke which is to carry a significant
direct current component or to have a well-defined induc-
tance is usually wound on a core whose magnetic circuit
includes an air gap. The reluctance (magnetic resistance) of
this air gap reduces the effective permeability of the core:
either to increase the ampere-turns at which saturation
occurs, or to reduce the effect of variations in the perm-
eability of the core material on the inductance of the choke.

The traditional route to the design of a choke with a
gapped core involves the use of Hanna curves, or some
derivative of them. (Ref. 1, 2, 3). This design route has a
number of disadvantages and limitations. Initial core selec-
tion is uncertain and designs may have to be made using a
number of cores before the optimal solution is found. The
design procedure involves considerable calculation and
iteration, and the effects of changes in core operating con-
ditions and mechanical tolerances, especially on the airgap,
are not readily predicted.

To simplify the design of power chokes using Ferroxcube
grade 3C8 cores, we have devised a method based on
computer-generated charts. The first step in the design is the
selection of a suitable core: this selection usually proves to
be final. The published data (Ref.4) for each core includes
a further chart that replaces the Hanna curve and which is
used for graphical design of the choke.

DESIGN METHOD

Ferroxcube 3C8 manganese-zinc ferrite is established as an
excellent material for power transformer and choke cores
operating at ultrasonic frequencies, especially those in
switched-mode power supplies (SMPS). The new core
selection and design charts greatly simplify the design of
such chokes.

Starting with the peak current Iy that the choke is re-
quired to pass without saturating the core, and the minimum

inductance required Ly, the designer obtains directly all
the information necessary for the construction of the
choke. Core size, spacer thickness, number of turns, and
winding geometry are derived by straightforward proce-
dures. Of especial interest to those engineers to whom the
subject is a black art: the magnetic properties of the core
do not enter into the process at all.

The design method allows for ratios of alternating to
direct current from small (smoothing chokes) to large (push-
pull converter chokes). Parameter spreads due to manufac-
turing and temperature variations are taken into account in
the construction of the design charts. The design procedures
allow for spacer tolerances.

Core operating conditions

The selection and design charts are constructed for cores of
Ferroxcube 3C8 operating at a hotspot temperature of
100 °C. Operation at lower temperatures leads neither to
core saturation nor to inductances lower than Li,. The
design peak flux density By is 0.32 T; however, the charts
can be used for a lower value by designing for a peak current
0.32I)4/Bpg. (Symbols used in this article are listed and
defined in the Table; symbols for currents are illustrated
by Fig.1. Note that in the equations the unit of frequency
is kHz, not Hz; and the unit of length, mm. Some constants
in the equations are based on these units.)

Applications

For the purposes of the new design method, applications
are divided into three classes:
I 1,/19<0.3

as in smoothing chokes, and converter chokes for fly-

back-type SMPS, where the core flux density remains
above zero.
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POWER-CHOKE DESIGN

of turns in the winding cannot be divided into the ideal
number of layers, a difference of one turn per layer is
permissible.

1. The ideal wire diameter is

bw ) 1/3
djg = 2.6 (I—‘ITe

2. Select the nearest standard wire size (for d and d.,) from
a wire table such as that for IEC grade 1 winding wires.

3. The ideal number of layers is now

- N
Pid ™ p_jd, — 1

Note: this expression is valid only for d, from step 2.

— If pjg=1.5 and the current density in wirc djj is
excessive, make a new design using a larger core.

— If pjg < 1.5, also consider a foil or strip winding.

— If pjg <1, the expression for djq in step 1 is not valid:
go to the single-layer winding procedure.

Find p by rounding pjq to the next highest integer. This
rounding increases the spacing between turns.

4. The required winding height is
H=p(dg +1i)
S. If H exceeds the available height H,, or if current
density is low:
— reduce p by one layer
— select the thickest wire for which d, <pb,, /(N +p),
— repeat from step 4, evenif p= 1.
6. FRr=1+%(d/d;q)".
Note: Fg = 1.5 for d = djq; when d <0.7djq. FR = 1.
7. Py = IgR,. = I3FRRyc.*

Single-layer windings of solid, round wire

This design procedure is to be used only when p;q cal-
culated in step 3 of the previous section comes out as
equal to or less than unity.

1. Select the thickest wire for which d,<by, /(N + I).

2. FR=033dfe "N/(N+1), only if pig <1instep3 of the
last section.

3. Py = I3R,. = IZFRRyc*

* The d.c. resistance of copper wire is 0.0283/d? §2/m at 100 °C.

Bunched (Litz) wire windings

Eddy-current effects in bunched-conductor (or Litz-wire)
windings are negligible and, thus, no special design proce-
dure is required. Conductors of this type are not, however,
necessarily the complete solution: their packing factor, and,
consequently, winding thermal conductivity are both low.
They might be an attractive alternative where the ideal
solid-conductor winding fills less than half the available
height. The resistance of bunched conductors, like that of
solid conductors, is 30% higher at 100 °C than at 20 °C.

Foil or strip windings

Chokes for high-current, low-voltage SMPS often use
windings of strip or foil conductor. The width b,, of the
strip is equal to the available winding width.

_ 3l
4™ VANf,)

comin . \/N

1. h;

H,

3. hpax = 3

Choose a value for i that suits a strip of thickness about
Ha/N. If hyay <hpin, try a wire winding.

4. Select a strip of thickness h such that h,;, <h <hp,.
Aim for h = hg.

Il {h\*
S‘FR=1+§(Q)

When h = hj4, FR = 1.33; when h < 0.6 hjg, FR > 1.
6. Py = IR, = [2FRR 4.

Note: d.c. resistance of copper strip,is 1/(45b,,h)$2/m at
100°C.

DESIGN EXAMPLE

A choke of 30mH minimum inductance is required for a
peak current of 1 A at 30kHz with a waveform as shown in
Fig.1.1;./19= 0.1, so this is a class I design.

Core selection

Cost is important and quantities justify customised coil
formers, so a UU core is selected.

The value of 1}4Lpin =3 x 107J. A horizontal line of
this value drawn on the UU core selection chart intersects
the curve for the UU 64/79/20 core at a spacer thickness of
about 0.7 mm.
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Number of turns and spacer thickness

Another horizontal line for Ilz\/lein =3x10?%J drawn on the
design chart for the UU64/79/20 core, Fig.4, intersects the
(llzwL)max curve for class I at a spacer thickness of 0.6 mm.
A resin-bonded paper sheet of 0.9 mm thickness with a
tolerance of —0.1 mm is available. Adhesive thickness is
between 0.01 mm and 0.02 mm, so the final spacer thickness
could be 0.81 to 0.92 mm. Vertical lines of these values are
drawn on the design chart. The condition given with
reference fo Fig.S, that a > b, is satisfied.

From Fig.4, (I}§L)max 1 = 0.036Jand A | =2 x 1077 H.
Thus, from Eq.(1).

0.036

Nmax = VW =424.26 turns

ApL2=19x107H, so the minimum number of turns is,
from Eq.(2),

0.03
N . 3 —— T
min V1.9 x 1077 397.36

Since N ax is, as it should be, greater than N i, the design
is successful so far and a number of turns can be selected
between these limits.

POWER-CHOKE DESIGN

Winding design
The effective operating frequency for the core is given by
Eq.(3),

£=—13%X30 ook

¢ VI+3(0.19

At this effective frequency, eddy-current effects can be
neglected, and the winding can be designed to fit the space
available, allowing for the coil former wall thicknesses.
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current limiting resistor must be connected in series with
the supply to the dialling circuit because the clamping
voltage of the zener diodes can be as high as about 22V in
the event of high-level current surges.

RFI and noise suppression

In exceptional cases where the telephone is close to a
source of r.f.i., the interference currents can cause incorrect
operation. Dialling circuits without the r.f. filter at the input
as shown in Fig.10 can tolerate about 2 mA (p-p) inter-
ference current within the frequency range 100klz to
30MHz. With the r.f. filter circuit shown in Fig.10(a), the
dialling circuit functions correctly with interference currents
within the same frequency range but with a level of up to
60 mA superimposed on line currents of 15 mA to 120mA
(TDA1077) or 8 mA to 150mA (TEA1021, TEA1043 and
TEA1044). The capacitor connected between pins 9 and 16
of the TEA1021 circuit of Fig.10(b) suppresses inter-
ference from the logic circuits and from the DAC of the
frequency synthesiser. The same function is performed by
the capacitor connected between pins 12 and 18 of the
TEA1044.

Automatic dialling

All the DTMF dialling circuits can be used for automatic
dialling if the keyboard is replaced by, or paralleled with
bilateral analogue switches (e.g. 2 x HEF4066B) or an
analog multiplexer/demultiplexer (e.g. 2 x HEF4051B). This
system can be used for repertory dialling, redial of last
dialled number and rapid dialling in case of emergency.

FUTURE TRENDS

At present, DTMF dialling is only being introduced into
existing telephone networks as new exchanges are required.
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DTMF TELEPHONE DIALLING

Since the conversion/replacement of existing exchange
dialling equipment and subscriber sets will take many years,
it is envisaged that this will create an increasing world-wide
demand for DTMF dialling circuits over the next ten years.
During that period, we will be developing more comprehen-
sive and higher performance DTMF dialling circuits. Typical
of these circuits in development are the TEA1046 and the
RO129.

DTMF dialling circuit TEA1046

This circuit, shown in Fig.14 contains the speech, supply
and DTMF dialling functions on the same chip. For a basic
subscriber set, the keyboard inputs are connected toa 4 x 4
pushbutton matrix. If extended dialling functions are re-
quired, a CMOS microcomputer can be connected directly
to the same keyboard inputs. The circuit includes a micro-
phone amplifier, the gain of which can be set by an external
resistor so that it can be used with a dynamic (symmetrical)
microphone or an electret (asymmetrical) microphone. A
first-order low-pass filter at the output of the microphone
amplifier acts as an additional filter for the dialling tones
during dialling. The amplitude of the signal from the
microphone amplifier to the telephone amplifier (sidetone)
is reduced by a potential divider which is part of the anti-
sidetone network.

Next generation DTMF dialling circuit

This is a second generation tone dialler that can be used in
conjunction with either the present speech circuits or active
circuits. Since all the muting functions are integrated, the
circuit can be simply interfaced with the speech circuit.
Additional dialling functions include register recall (flash)
for use in PABX sets and redial of last number with up to
21 digits.
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Mains interruption is always inconvenient and can often be
costly or dangerous. A back-up inverter fed by an accumu-
lator can ensure continuity of supply to critical equipment.
The one described here takes over instantly and matches
the frequency and phase of the mains cxactly.

PWM uninterruptable power supplies

L. HAMPSON

Uninterruptable power supply (UPS) systems have been
developed for those electronic installations, especially
computers and communication systems, which require a
power supply unaffected by mains degradation or failure.
This article describes a laboratory prototype UPS which has
been designed to demonstrate the application of PWM
techniques to UPS systems. The UPS is based on our Pulse
Width Modulation (PWM) speed control system for a.c.
motors (see Refs. 1 to 6). and is notable for its simple filter
requirements and high efficiency. It has been designed in
modular form using two modules: a PWM waveform genera-
tion module, type VM5000*, and a power supply and current
sensing module, type VM5001 *. The power ratings are 3 kVA
(three-phase output) and 2 kVA (single-phase output). but
the basic design can readily be extended to higher powers.

DESIGN OF A CONVENTIONAL UPS

A block diagram of a conventional UPS is shown in Fig.1.
Power is normally taken from a three-phase mains supply,
which is then rectified to provide a high-voltage d.c. link for
an inverter. The switching elements of the inverter are usually
thyristors switched at 50 Hz to give quasi-square waveforms.
A filter removes harmonics from the inverter output,
producing a sinewave input for the isolating transformer. This
transformer isolates the load from the d.c. link and provides a
standard mains voltage.

In the event of mains failure, power is taken from a battery
supply connected across the d.c. link. Failure of the UPS

*For further information on these modules contact Mullard Ltd.

itself is most unlikely, but should it occur a static switch
supplies a.c. power direct from the mains to the load. The
frequency and phase of the a.c. output waveforms are
synchronised with the mains supply by means of a phase-
locked loop system. This minimises any disturbance to the
output voltage associated with the operation of the static
switch. Current sensing and output voltage regulation
systems are required, and the more sophisticated designs
include a complex inverter triggering system which allows
output voltage control from zero to full voltage.

UPS USING PWM

The laboratory prototype UPS described in this article has
been constructed for demonstration purposes and comprises
those sections of a conventional UPS enclosed within the
broken line of Fig.1. By adding the sections lying outside the
broken line, the prototype can be readily converted to a full
commercial system.

As mentioned above, the prototype has been developed
from our PWM a.c. motor speed control system (sce Ref.1).
At the heart of this system is a purpose-designed LSI circuit,
type HEF4752V, which generates the PWM waveforms for a
three-phase inverter. The output from the inverter consists of
sinewave-weighted PWM voltage waveforms whose voltage
and frequency can be controlled directly via the HEF4752V.
The harmonic content of these waveforms is very low, so that
the filter section of the UPS is only required to integrate the
waveforms, in order to produce a sinewave output voltage to
the load. A simple L-section lowpass filter can therefore be
used. In contrast, the inverter output waveforms of a
conventional quasi-squarewave UPS have a high harmonic
content, necessitating the use of a complex filter design. Such
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From the 115-series data, the ripple current rating (100
Hz, 85°C) of a 150 uF capacitor s 1.2 A. The life expectancy
of an electrolytic capacitor is determined principally by its
core temperature, and the 115-series capacitors are designed
to operate at a maximum core temperature of 95°C,
corresponding to a life expectancy of 10 000 h. A 150 uF
capacitor operated at an ambient temperature of 85°C, with a
100 Hz ripple current of 1.2 A, will have a core temperature
of 95°C and thus a life expectancy of 10 000 h. By reducing
the core temperature the life expectancy can be extended, an
increase by a factor of 2 being achieved for each 10°C
reduction in the core temperature. Thus for a core tem-
perature §:

life expectancy = 10000 X 2", (5)

_95-6
10

If an ambient temperature of 50°C is assumed, then a 150
uF capacitor operated with a 100 Hz ripple current of 1.62 A
will have a core temperature given by:

where:

n

2
8=50+10 (%) = 68°C. (6)

Full details of the origin of Eq.6 are given in Ref.6. For § =
68°C, n = 2.7, and substituting this value into Eq.5. a life
cxpectancy of 65000 h is obtained. The 115-series 150 uF
capacitor is thus well suited to this application. If a longer life
expectancy is required, then the capacitor ripple current
must be reduced by using series/parallel networks.

The filter chokes are wound on ‘Telcon’ steel strip cores
operating at a maximum flux density of 1500 mT. Each
winding consists of 90 turns of bifilar wound 2 X 1.8 mm
enamelled copper wire. Because of the required value of the
inductance and the peak value of the line current, a ferrite
core cannot be used because the filter would becomc
unacceptably large and costly.

PWM waveform generation module

The primary function of the waveform generation module
(sce Fig.8) is to generatc the PWM waveforms and produce
isolated trigger pulses for the 12-thyristor inverter. The
module is able to vary the output frequency, change the
output voltage at a given frequency, and implement a range of
user-control functions. A full description of the facilities of
the module is given in published data. In the PWM UPS
system the module is required to perform the following
functions.

Set the output frequency to SO Hz

Set the nominal a.c. output voltage of the UPS
Implement current limiting through voltage control
Implement voltage regulation with variations in load

UNINTERRUPTABLE POWER SUPPLIES

Clock setting

The operation of the module is principally defined by four
clock inputs to the PWM IC HEF4752V, and by the
components and connections in a program plug. The numbers
within circles on Fig.8 indicate the pin numbers of the
program plug. The four clock inputs F¢, F.,. F, and F
have the following functions.

® F.f determines the output frequency of the PWM
waveforms

® F., determines the output voltage at a given output
frequency

® F. sets the maximum switching frequency for the inverter

® F., sets the interlock delay period required at the
changeover between the upper and lower main thyristors
in each phase of the inverter

The clock input F.r is set by Vg, the d.c. input to a
voltage-controlled oscillator, in conjunction with capacitors
Cl and C2 on the program plug. A second d.c. voltage V,
also the input to a voltage-controlled oscillator, sets F ... The
clock inputs F; and F . are fixed by the resistor values R2
and R1 on the program plug. For a given application, the
required values of the four clock inputs are determined by the
inverter output frequency. the nominal output voltage, the
maximum switching frequency of the inverter, and the
interlock delay period. For the prototype UPS system, these
are respectively 50 Hz, 120 V, 1050 Hz, and 40 us. Following
the approach sct out in the waveform generation module
data, it can be shown that the corresponding value of V. is
—8 V, with C1 +C2 =470 pF, that V, = -3.9 V, and that
R2and R1 are 9.83 k2 and 6.2 k2 respectively.

Load current limiting

The load current limiting function of the waveform genera-
tion module is implemented via the V; input. This input
voltage, derived from the power supply module (see below),
is proportional to the sum of the moduli of the threc-phase
load currents. Below a preset value, V. has no cffect on the
system: however, once the preset value is exceeded. the
frequency of Fy is increased rapidly to a maximum of about
3 MHz. The output voltage is inversely proportional to F ..
so that this sudden increase in F, causes a corresponding
rapid fall in the output voltage, and a consequent limitation
of the load current.

Voltage regulation

Regulation of the output voltage (below the trigger level for
V) is achieved. via the V, input. A circuit on the
user-control board (see below) causes the value of V.,
(nominally —3.9 V) to tend towards zero as the load current
is increased, and to become more negative as the load current
falls. Since the output voltage varies inversely with the
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between the current sinking diodes and the output driver
transistors; see Fig.9. In the single-phase mode, the B-phase
should either be switched out from the d.c. link or may be left
operating in a redundant mode but disconnected from the
external load.

Power supply and current-sensing module

In the UPS system, the power supply and current-sensing
module provides low-voltage power supplies for the wave-
form generation module and user-control board. a logic signal
L;s which enables/disables the complete system at switch-on
and switch-off, and an isolated signal V| proportional to the
sum of the moduli of the three-phase load currents. The V|
signal is derived in conjunction with an external DCCT
system; see Fig.2. A full description of the module is given in
published data; sce also Ref.5.

User-control board

The user-control board (see Fig.10) includes the following
facilities.

Soft-start circuit

Output voltage regulation circuit

Gatingcircuit for generating the chopped L;, signal
Potentiometer control for V.

Phase reversal switch

Soft-start circuit

This circuit ensures a reduced output voltage at start-up.
Under established operating conditions (soft-start switch in
position 1 and transistor TR1 off), V. isset to —3.9 V by
VR2, and F, will be equal to 347 kHz giving the UPS a
nominal three-phase output voitage of 120 V. In position 2 of
the soft-start switch (corresponding to stop). TRI is
saturated, thus clamping V., to the —10 V supply line and
setting the F ., clock to approximately 820 kHz. At start-up,
this high value of F, gives the UPS an initial output voltage
of about half the nominal operating value.

Output voltage regulation circuit

The current-sensing voltage V| is directly proportional to the
load current. As the load current rises, the increasing value of
V will cause the positive voltage across VR torise, thereby
causing V., (nominally —3.9 V) to tend towards zero.
Conversely, a falling load current will make V., more
negative. Qutput voltage regulation with changes in load
current is thus readily achieved, the degree of compensation
being adjustable via VR1. Figure 11 shows the variation of
output voltage with d.c. link current. In the compensated
curve of Fig.11, VR1 has been sct to give a degree of
overcompensation, illustrating the range of control available.

UNINTERRUPTABLE POWER SUPPLIES
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Fig.9 Three-phase to single-phase conversion; switch shown in
single-phase position

Gating circuit

The F, clock signal from the clock output buffers on the
waveform generation module is used as a high-frcequency
chopping signal to generate high-frequency trigger pulses for
the thyristor gates. The signal is gated with the Ls (start-up
delay) logic signal via IC1, and the gate output signal is used as
the L, input for the waveform generation module.

Output frequency setting and phase reversal

The output frequency of the UPS is set by the negative d.c.
control voltage on the V. input of the waveform generation
module. The value of V. is set by a simple ten-turn
potentiometer VR3 on the user-control board. If required.
the phase sequence of the outputs in the three-phase mode
can be reversed by switching the Ly, signal; see Fig.10.
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UNINTERRUPTABLE POWER SUPPLIES

TABLE 1

Efficiency of UPS system with three-phase resistive load

Efficiency

Load condition D.C. input power Three-phase a.c. power
as a percentage to load
of full load
% W W %
100 2656 2550 96
50 1330 1210 91
25 738 650 88
TABLE 2
Efficiency of UPS system with single-phase resistive load
Load condition D.C. input power Single-phase a.c. power Efficiency
as a percentage to load
of full load
% W W %
100 1947 1850 95
50 950 855 90
Transient response with load switching REFERENCES

The transient response of the UPS has been tested under two
conditions: half load to full load switching, and full load to
half load switching. The resulting voltage waveforms are
shown in Fig.13. In the half to full load switch, the
disturbance on the voltage waveform is shown at the fifth
cycle, and on the full to half load switch the disturbance
occurs at the sixth cycle. In both cases the maximum
disturbance is only about 30% of the peak value of the voltage
waveform, well within current commercial requirements.

Total harmonic distortion

The total harmonic distortion for load conditions varying
from zero load to full load is less than 3%. The harmonic
content of the PWM waveform is the least significant
component in this figure. The main contribution comes from
the ripple on the d.c. link, with an additional but smaller
contribution being made by the filter.

Load power factor

Initial testing has shown that the UPS will meet normal
commercial requirements by working into loads with power
factors of 0.8 to unity.
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If you can’t justify the expense of a custom chip, and
combinations of random logic make your design too cum-
bersome or complex, integrated fuse logic may be the
answer. It enables you to configure an off-the-shelf chip to
do a custom job. What'’s more, it doesn’t penalise you for
having second thoughts about design details.

New developments in integrated fuse logic

K. A. H. NOACH

Custom logic is expensive — too expensive if your produc-
tion run is short. ‘Random logic’ is cheaper but occupies
more sockets and board space. Integrated Fuse Logic
bridges the gap. Using IFL, you can configure an off-the-
shelf chip to perform just the logic functions you need.
Design and development times are much shorter, and risk
much lower, than for custom logic. Connections are fewer
than for random logic and, for all but the simplest func-
tions, propagation delay is usually shorter. Yet another
advantage that IFL has over custom logic is that it allows
you to redesign the functions without redesigning the chip
— giving you an invaluable margin not only for cut-and-try
during system development but also for later revision of
system design. You’re not tied down by the need to recover
capital invested in a custom chip.

An IFL chip is an array of logic elements — gates, in-
verters, and flip-flops, for instance. In the virgin state
everything is connected to everything else by nichrome fuses
and, although the chip has the capacity to perform an
extensive variety of logic functions, it doesn’t have the
ability to. What gives it that is programming: selectively
blowing undesired fuses so that those that remain provide
the interconnections necessary for the required functions.

Signetics Series 20 IFL, named for the number of pins,
supplements the well-known Series 28. The package is
smaller — little more than a third the size, in fact — but the
improved architecture, with user-programmable shared 1/O,
compensates for the fewer pins. The series comprises the
following members, in order of increasing complexity:

e 82S150/82S151 — field-programmable gate array
e 82S152/82S153 — field-programmable logic array
o 82S154/82S159 — field-programmable logic sequencer

The even-numbered types have open-collector, and the odd-
numbered types three-state outputs.

Entry to all the devices is via a product matrix, an array
of input and shared I/O lines fuse-connected to the multiple
inputs of an array of AND gates (see Fig. 1, 2 and 6). To
exploit the capacity of any device it is important to make
the most economical use of the AND gates it has available.
Application of the Morgan’s theorem can help in this. For
example, inputs for the function

F=A+B+C+D

would occupy four of the AND gates of the product matrix.
However, the same function rewritten as
F=ABCD

would occupy only one. Moreover, the second function
could be done on the simplest of the Series 20 devices (and
leave eleven gates over for other functions), whereas the first
could not. The fact that all inputs of the Series 20 devices,
including the shared ones, incorporate double buffers that
make the true and complement forms of all input variables
equally accessible, greatly facilitates the use of de Morgan’s
theorem for logic minimisation.

To convert the minimised logic equations to the pattern
of fuses to be blown you can use either a programming
sheet (see e.g. Fig.5) or boolean equation program-entry
software that lets you enter the equations via the keyboard
of a terminal. The direct programmability of logic equations
makes system design with IFL simple and sure. Functional
changes can be made by replacing one IFL chip by another,
differently programmed. In many cases you can even remove
the original one, reprogram it on the spot, and re-insert it.
Programming machines qualified for the Series 20 are at
present available from DATA I/O, KONTRON, and STAG.
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FPGA 82S150/82S151

The field-programmable gate array is the simplest of the
Series 20 IFL devices; Fig.1 shows the functional diagram.
The array can accept up to 18 inputs. There are six dedi-
cated input pins (A) and twelve (A’) that can be program-
med as inputs, outputs, or bidirectional I/O. All input
variables, whether on dedicated or programmed input pins,
are available in both true and complement form in the
product matrix (B), and both forms are buffered: either
form can drive all twelve product lines if required. In the
virgin state, all the input variables and their complements
are connected to all the product lines via a diode and a fuse
(C), and the product matrix is effectively inoperative. To
enable it to generate the required functions, unrequired con-
nections between individual input lines and product lines
are severed by blowing the connecting fuses.

At the output of the product matrix are twelve NAND
gates, each with 36 inputs to accommodate the 18 possible
input variables and their complements. Each of the product
terms is normally active-Low, but a unique feature of Sig-
netics IFL is that any or all of them can be independently
programmed active-High. This is done by means of an array
of exclusive-OR gates (D) at the NAND-gate outputs; when
the fuse that grounds the second input of each OR gate is
blown, the output of that gate is inverted.

The product matrix and exclusive OR-gate connections
shown in Fig.1 illustrate the flexibility conferred by having
buffered complements of all input variables internally
available, together with independently programmable output
polarities. Output Bj, shown with its exclusive OR-gate
fuse intact, is programmed

Bip=IglyIs
At the same time, and without using any additional inputs,
output Byq (fuse blown) is programmed
Bip=Ipl1ls

Each of the exclusive-OR gates drives a three-state output
buffer. In the virgin state all the buffers (E) are disabled and
therefore in the high-impedance state. The function of the
programmable 1/O pins (A’) is then determined by the 1/O
control matrix (F). The three AND gates at the control-
matrix output are active-High, and when one of them is in
the High state the four output buffers it controls are
enabled; the corresponding 1/O pins then act as outputs.
Conversely, when a control-matrix AND-gate output is Low
and the control fuse for the corresponding three-state
buffer is intact, the pins controlled by that gate act as inputs.
Thus, these pins can be programmed in groups of up to four
to act as inputs or outputs according to the state of selected
input variables. If required, any of the programmable 1/O
pins can be made a dedicated output by blowing the control
fuse of the output buffer associated with it.

The speed of the FPGA compares favourably with TTL,
although its propagation delay (currently specified as 30 ns)

INTEGRATED FUSE LOGIC

is longer than the individual gate delay of TTL. When the
number of inputs required is large, however, the FPGA more
than makes up for this. When more than eight inputs are re-
quired, for example, the FPGA has a distinct advantage.
Then, the overall propagation delay of TTL often amounts
to two or three gate delays, but that of the FPGA to only
one (see Table 1).

TABLE 1
Comparison of propagation delays for FPGA and TTL
tpd (ns)
number TTL gates
of inputs in series TTL
FPGA
74 74LS  74S
<8 1 30 20 17 7
>8 2 30 40 35 16

FPLA 82S152/82S153

Architecture

With two levels of logic, embodied in a product matrix ter-
minating in 32 AND gates coupled to a ten-output OR
matrix (Fig.2). the FPLA is a step up in complexity from the
FPGA. Again, there is provision for 18 input variables,
internally complemented and buffered, but here divided
between eight dedicated input pins and ten individually
programmable I/O pins. As before, exclusive-OR gates
grounded by fuses provide output polarity control, and any
of the programmable 1/O pins can be made a dedicated out-
put by blowing the control fuse of the output buffer as-
sociated with it.

Programming

The first step in programming the FPLA is to define the re-
quired functions in boolean equations. These do not neces-
sarily have to be minimised, but a good principle is: the
fewer terms you use, the more capacity you will have left
for implementing other function on the same FPLA or for
altering the program during prototype development.
Karnaugh maps will yield sums of products suitable for the
FPLA. Logic minimisation methods (Quine-McCluskey, for
instance, Ref.1,2) are particularly useful for complicated
functions and are often necessary for reducing them to
minimum-sums-of-products (MSP). A program called LOG-
MIN, accessible via data link to Signetics’ computer, derives
MSPs for an array of up to 16 inputs and 8 outputs.

When the required functions have been defined, cor-
responding programming instructions are entered in a pro-
gramming table the layout of which reflects the FPLA
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All the product terms from the product matrix (Tq to T3
in Fig.6) are fuse-connected to the J and K input OR gates.
If both fuses of any one product term are left intact, J =K
and the flip-flop isa T type.

The flip-flops of the 825154 and 825155 have asynchro-
nous Preset and Reset controlled by terms in the OR matrix
that take priority over the clock. When power is applied all
flip-flops are set to a defined state. Their three-state output
buffers can be controlled from the enable pin OE or per-
manently enabled or disabled by blowing fuses or leaving
them intact in the enable array (K in Fig.6).

The 82S156/7 and 82S158/9 sequencers have, respect-
ively, six and eight flip-flops. The architecture differs in detail
but is similar in principle to that of 825154 and 825155.

Programming

The FPLS is programmed in much the same way as the
FPLA, using a table to instruct the machine that blows the
undesired fuses. It is not necessary to work with a circuit
diagram; in fact, it is even undesirable to do so, since ap-
plying the necessary logic reduction techniques would in
most cases make the diagram difficult to read and more a
hindrance than a help. An example of how to program the
FPLS as a universal counter/shift-register is given in the
Appendix.

DEVELOPMENT AND PRODUCTION ECONOMY
WITH IFL

Underlying the design philosophy of the Signetics Series 20
IFL is the concept of programmable arrays whose architec-
ture emulates logic equation formats rather than mere
aggregations of gates. The unique combination of features
which support this philosophy includes:

— double-buffered true and complement inputs
— programmable-polarity outputs

— programmable I/O for internal feedback and maximum
freedom in allocating inputs and outputs

— truth-table programming format.

These features are common to all the IFL devices. In the
field-programmable logic sequencers they are further sup-
ported by:

— flip-flops with dynamically alterable operating modes
— a complement array for simplified handshaking control.

From the development engineer’s point of view an important
advantage of IFL is that it eliminates breadboarding. Once
he has worked out the functions required in terms of
minimised logic equations, he can program an IFL device
accordingly. Once programmed, it will perform those
functions.

INTEGRATED FUSE LOGIC

Loading the instructions into the programming machine
usually takes no more than a couple of hours; after that, the
machine can program the devices at a rate of 100 an hour.
Moreover, since any IFL device can be programmed in many
different ways, IFL has considerable potential for simpli-
fying purchasing and stock control. One type of device can
be programmed to perform a diversity of tasks for which it
would otherwise be necessary to purchase and stock many
different devices.

Series 20 IFL is second-sourced by Harris Semiconductor.

APPENDIX

Programming an FPLS as a counter/shift-register

Obijective: to program an 825155 FPLS asa count-up, count-
down, shift-right, shift-left machine governed by three
control terms — COUNT/SHIFT, RIGHT/UP, LEFT/DOWN,
Direct implementation would result in a machine with 64
state transitions (see Table A1), which is beyond the scope
of the 82S15S or even the 28-pin 82510S. Logic reduction
is therefore necessary.

As there are only four feedback variables (D, C, B, A),
you can do the reduction by hand, one mode at a time; the
control terms need not be included till the summary
equations are written. Using the transition mapping method
suggested here, you can examine the excitation equations
for all types of flip-flops (R-S, J-K, D, T) and choose those
types that will perform the required functions using the
fewest product terms. Table A2 summarises the rules for
flip-flop implementation using transition maps; the transi-
tion symbols used in the table mean:

present state next state transition symbol
0 0 0
0 1 @
1 0 B
1 1 1

Using these symbols, construct Table A3 from Table Al to
enable you to examine the excitation equations for all types
of flip-flops. Proceeding one mode at a time, transfer the
state conditions from Table A3 to Karnaugh maps, as in
Fig.A1. Following the rules in Table A2, derive the excita-
tion equations for the different types of flip-flops (the
examples shown in Fig.Al omit the T type because it is the
same as the J-K type when J = K). In deciding which types
of flip-flop to use, remember that logic minimisation with
IFL is different from logic minimisation with ‘random logic’:
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the counter/shift-register. The programming of Terms 0 to
15 reflects the flip-flop excitation equations and illustrates
the value of being able to switch the flip-flops dynamically
from one type of operation to another. Terms 16, 17 and
18, respectively, provide for INITIALIZE, asynchronous
RESET, and STOP functions.

The programming of the two additional inputs HALT
and BUSY illustrates the value of the complement array,
which is made active when HALT and BUSY are Low (A in
the Complement square of Term 18) and propagated into
all the other terms (dot in the Complement squares of
Terms O to 17). This means that unless the HALT and BUSY
inputs are High none of the product terms will be true and
the state of the machine will not change. If the complement
array were not used, twice the number of product terms
would be required, even if one of the additional inputs
were omitted.

As it is, the design uses only 19 of the 32 product terms
available, so there is ample capacity for extending its capa-
bilities. For example, the shift-left function can be aug-
mented by a binary multiplication capability, usinga D type
flip-flop to make it shift one, two, or three places according
to the state of two extra inputs, X and Y. Figure A3 shows
the revised programming table. The binary multiplication
function occupies nine additional product terms and is an

example of why initial product-term minimisation is always
worthwhile: it affords design flexibility and frees capacity
for additional features or refinements that might not other-
wise be feasible.

The IFL counter/shift-register has a set-up time of 50 ns
— just half what it would be if LS TTL were used.
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Abstracts

Improved method of power-choke design

A method of designing gapped-core power chokes based on com-
puter-generated charts now published with the data for grade 3C8
Ferroxcube has a number of advantages over traditional methods
using Hanna curves. Initial core selection is more positive, the final
design takes account of tolerances and temperature effects, and the
designer need not concern himself with the magnetic propertics of
the core.

Integrated voice synthesiser

In our ncwly-developed totally digital voice-output IC, the
MEAB8000, thc bit-rate requirement has been reduced to a practical
level by using the principle of formant synthesis. The article dis-
cusses the principles of voice synthesis and explains cach part of
the new intcgrated circuit. It also explains how the IC has been
designed for simple interfacing with a microcomputer.

Insulation displacement connections

Increases in circuit packing density increase the demands made on
interconnection techniques. Soaring labour and machinery costs
increase the cost per connection. Insulation displacement (ID)
connections, with their potential for making many connections
in onc operation, are now bringing relief to equipment manufuac-
turers. This article dcscribes the economic and technological
foundations of ID connections and their inhcrent reliability.

Bipolar ICs for DTMF telephone dialling

Use of 1?L technology in the integrated circuits for Dual-Tonc
Multi-I'requency (DTMF) dialling allows digital and analoguc
circuits to be combined on one chip. The tones gencrated are
accurate and stable, with low harmonic distortion, and the circuits
can be used in conjunction with first or second-order filters and
transient voltage suppression to mect the requirements of different
telephonce authorities.

Uninterruptable power supplies

An uninterruptable power supply uscs a battery and an inverter
to enable mains-powered equipment to continue operating through-
out a mains failure. Switchover from mains to battery power is
immediate, and the alternating current supplicd is of the same
voltage, frequency, and phase as the mains. Efficiency of the supply
is 967 at full load and 91% at half load.

New developments in integrated fuse logic

Field programmable logic fills a gap between custom LSI and
conventional logic circuits. As a replacement for conventional TTL,
the intcgrated fuse logic described here has an important advantage
in that it cnables the designer to program the required functions
without regard to the details of the circuits in which they are
implemented.

Eine verbessertc Methode zum Entwurf von Speicherdrosseln

Finc Mcthode zum Entwurf von Speicherdrosseln mit Luftspalt
beruht auf Computer-Diagrammen, die unter Beriicksichtigung
der Daten von Ferroxcube 3C8 erstellt wurden und nunmehr
veroffentlicht werden, Diese Mcthode bietet gegeniliber den her-
kémmlichen Mcthodcn, dic mit Hanna-Kurven arbeiten, cine Reihe
von Vortcilen. Dic zu Anfang erfolgende Kernauswahl ist zuver-
lassiger, der cndgiiltige Entwurf beriicksichtigt Toleranzen sowie
Temperatureffekte, und der Konstruktcur braucht sich nicht mit
den magnetischen Ligenschaften des Kerns zu beschaftigen.

Integrierter Sprachsynthesizer

Bei unscrer neucntwickelten, vollstindig digital arbeitenden Sprach-
ausgabe-1S (MEAB000) wurden dic Bitraten-Anforderungen unter
Anwendung des Prinzips der Formantensynthese auf ein praxis-
gerechtes Niveau reduziert. Der Beitrag erértert dic vorherrschenden
Sprachsyntheseverfahren und beschreibt die cinzelnen [Funtions-
blocke der ncucen intcgricrten Schaltung. Ausscrdem macht der
Artikel dcutlich, dass bei der MEA8000-Intwicklung auf eine
cinfache Schnittstelic zum stcuernden Mikrocomputer besonders
Wert gelegt wurde.

Schneidklemmkontakte

Bei zunchmender Packungsdichte der Schaltungen werden auch
an dic Technik der Anschliisse hohere Anforderungen gestellt. In-
folge des steilen Anstiegs der Lohn- und Maschinenkosten nehmen
dic Kosten je Anschluss zu. Schnecidklemmkontakte (ID - Kontakte)
gestatten cs, vicle Verbindungen in cinem Arbeitsgang herzustellen,
und fiihren jetzt zu ciner betrichtlichen Arbeitserleichtcrung fiir den
Gerdtchersteller. In diesem Artikel werden dic wirtschaftlichen und
technologischen Grundlagen von Schneidklemmkontakten sowic
ihre konstruktionsbedingte Zuverlassigkeit und zum Schluss ver-
schicdene Ausfiihrungen beschricben.

Integrierte Schaltungen tiir DTMF-Nummernwahl in Fernsprechern

Dic in den integrierten Schaltungen fiir Zwciton-Multifrequenz-
Nummernwaht (DTMF - Dual-Tone Multi-Frequency) verwendcete
1? L-Technik erlaubt cs, digitale und analoge Schaltungsabschnitte
auf cinem Kristall zu kombinieren. Dic crzeugten Tone sind fre-
quenzgenau und -stabil mit geringem Obcrwellenanteil. Dic Schal-
tungen konnen in Verbindung mit Filtern 1. oder 2. Ordnung
sowic mit Bauclementen zur Stdrspannungsunterdriickung  be-
tricben werden, um dic individucllen Anforderungen der einzelnen
Postverwaltungen zu cerfiillen.

System zur kontinuicrlichen Stromversorgung

Das Systcm arbeitet mit cinecm battericbetricbenen Wechselrichter
und gewdhrleistet den kontinuierlichen Betricb cines netzgespeisten
Verbrauchers bei Netzaustall, Die Umschaltung von Netz- auf
Batteriebetricb erfolgt schlagartig, wobei cinc dem Versorgungsnetz
gleichc Spannung, I‘requenz und Phascnlage geliefert wird. Der
Wirkungsgrad bei Battericbetricb betragt bei voller Last 96%, bei
halber Last 91%.

II'L-Schaltungen

Die II'L-Schaltungen fiillen cine Liicke aus zwischen kundenspe-
zifischen LSI- und diskreten Logik-Schaltungen. Als Ersatz fiir
herkdmmliche  TTL-Schaltungen haben dic hicr beschricbenen
IFL-Schaltungen cinen grossen Vortceil. Sic erméglichen dem Ent-
wickler, dic crforderlichen Funktionen zu programmiercn, ohne
auf dctaillicrtc  Anforderungen der Gesamtschaltung Riicksicht
nchmen zu miissen.
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Une méthodc améliorée pour I’étude des bobines d’alimentation

Unc méthode d'étude des bobines d’alimcntation a noyau ouvert,
basée sur des tableaux générés par ordinateur qui viennent d’étre
publiés avec les données pour lc IFerroxcube 3C8, offre plusieurs
avantages par rapport aux méthodcs classiques utilisant les courbes
dc Hanna. Le choix initial du noyau cst plus sir, la conception finale
tient compte des tolérances et dc I'influcnce de la température, ct lc
projcteur n’a pas besoin de se soucier des caractéristiques magnéti-
qucs du noyau.

Circuit intégreé a sortie vocale

Dans le circuit intégré a sortic vocale, cnticrement numérique, que
nous venons dec mettre au point, lc Mi:A8000, le débit de bits a été
réduit 3 un niveau raisonnable par I’emploi du principe de la syn-
thése formantc. L'article expose les principes de la synthése de la
voix ct cxplique chaque partic du nouvcau circuit intégré. llexplique
également comment il a été congu pour étre connecté de manicre
simplc a un micro-ordinateur.

Connexions a déplacement d’isolant

L’accroissement de la densité d’intégration des circuits imposc dces
cxigences de plus grandes aux techniques d’interconnexion. La
haussc du coiit de la main d’ocuvrc ct des ¢quipements augmente le
couat par connexion. Offrant la possibilité de réaliser dc nombrcuscs
conncxions cn une seule opération, les conncxions a déplaccment
d’isolant (ID) portent actucllement sccours aux fabricants d’équipc-
ments. Cet article décrit les bases économiques ct technologics des
conncxions 1D ainsi que leur fiabilitc.

Circuits intégrés pour la sélection des numéros de téléphone par lc
systeme DTMF

L’cmploi dc la technologic [?L dans Ics circuits intégrés pour la
sélection DTMFE (Double Tonalité Multi I'réquence) permet de
combincr des circuits analogiqucs ¢t numcriques sur unc méme pucc.
Les tonalités cngendrées sont préciscs ct stables, avec unc faible
distorsion harmonique et les circuits pcuvent étre utilisés conjointe-
ment avec des filtres du premier ou du sccond ordre pour la sup-
pression des tensions transitoires afin dc satistairce les cxigences des
différentes administrations.

Alimentation ininterruptible

Unc alimentation ininterruptible, composée d’unc batterie et d’un
ondulcur, permet a des équipements alimentés par le secteur de con-
tinucr a fonctionner en cas dc pannc dc ce dernicr. Le passage du
secteur d la batteric est immédiat et Ic courant alternatif fourni est
dc la méme tension, fréquence ct phasc que le sccteur. Le rende-
ment dc I'alimentation est de 967 cn plcine charge et dc 91% a
demi-charge.

Logique intégrée a fusibles

La logique intégrée a fusibles comble unc lacunc entre les circuits
LSI personnalisés et les circuits logiques conventionnels. En tant que
solution dc rechange pour la TTL conventionnelle, la logique inté-
grée a fusibles ici décrite présente un avantage important car elle
permet au concepteur de programmer les fonctions requises sans
s'occuper du détail des circuits dans lesqucls elles sont mises en
oeuvre.

ABSTRACTS

Un método mejorado para el disciio de choques de potencia

Los métodos de disefio con choques de potencia con nicleos con
entrehierro, basados en los datos para lerroxcube de grado 3C8 ahora
publicados mediante cartas generadas por un ordenador, presentan
un nimero de ventajas sobrc los métodos tradicionales quc usan las
curvas dc Hanna. La seleccion inicial ¢s mas positiva, el disefio final
ticne en cucnta tolerancias y cfectos de temperatura y cl dischador
no necesita involucrarse con las propicdades magnéticas del niiclco.

Circuito integrado para salida de voz

La barrera de comunicacion final entre ¢l hombre y sus maquinas
ha sido sobrepasada por la disponibilidad de circuitos integrados
que pucden hablar. Con nuestro Cl's MI:A8000 para salida de voz
recientemente  desarrollado, totalmente digital, la tasa dc bits
requerida ha sido reducida a un nivel prictico por el uso del prin-
cipio de sintesis formante. El articulo discute los principios de
sintesis dc voz y explica cada una de las partcs del nucvo CI. Sc
cxplica también como sc ha dischado el circuito para una simplc
interfaz con un microcomputador.

Concxiones por desplazamicento del aislamiento

El aumento de la concentracion de componentes cn los circuitos
implica un incremento de las exigencias impucstas a las técnicas de
interconexion. La clevacién de los gastos de mano dc obra y ma-
quinaria repercuten también cn los gastos por concxidn. La posi-
bilidad dc hacer muchas concxiones en una sola opcracion que
ofrece la téenica de concxiones por 1D (Insulation Displacement)
supone ahora un alivio para los fabricantes dc equipos electronicos.
Sc¢ describen en este articulo los principios ccondmicos y tccno-
légicos de las conexjones por [D y su inherente seguridad funcional.

Circuitos Integrados para discado telefonico DTMF

I:] uso de la tecnologia I2L cn los Circuitos Intcgrados para dis-
cado teleténico  Dual-Tono, Multitrecucncia (DTMF), permite
combinar en una sola pastilla circuitos digitales y analdgicos. Los
tonos generados, son cstables y exactos con baja distorion armonica,
los circuitos pueden usarsc cn conjuncion con filtros de primero y
scgundo orden y supresion dc voltajes transistorios para satisfacer
los requerimicntos de las difercntes Companias telefonicas.

Sistema de suministro de potencia ininterrumpible

Un sistema de suministro dec potencia ininterrumpible usa una
bateria y un inversor para capacitar al cquipo alimentado por la
red para continuar funcionando durante los fallos de suministro de
cnergia. La conmutacion de red a bateria cs inmediata y la corriente
alterna suministrada es dcl mismo voltaje, frecuencia y fase que la
de red. La cficicncia del sistema cs del 96% a plena carga 'y del 91
a media carga.

Laogica integrada fusible

La 16gica programable por campo llcna un vacio entre el LS, es-
pecifico por encargo (custom - LSI) y los circuitos 1gicos conven-
cionales, como reemplazamiento dcl TTL convencional, la logica
intcgrada posible, descrita aqui ticne una importante ventaja por
la cual sc capacita al disenador para programar las funciones re-
qucridas sin tener cn cuenta los dctalles de los circuitos en los
quc se insertan.
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