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CMOS gate arrays - the fast way to 
semi-custom logic

R. CROES

Full custom logic ICs are compact, reliable and dissipate 
minimal power but they take a long time to develop and are 
expensive — too expensive if your production run is short. 
Discrete logic ICs cost less but they occupy more sockets 
and board space, cost more to assemble and test, and the 
overall system dissipates more power and is less reliable. 
An Uncommitted Logic Array (ULA) bridges the gap because 
it is an off-the-shelf chip which can be programmed to create 
a semi-custom IC that can reduce the component count of 
discrete IC logic by orders of magnitude and performs 
exactly the logic functions you need. Design and develop­
ment tunes are much shorter, and development costs much 
lower, than for full custom logic.

One sort of ULA is the Field-Programmable type such as 
the Field Programmable Logic Array (FPLA) and Pro­
grammable Array Logic (PAL). These comprise arrays of 
logic elements in which initially, everything is connected to 
everything else via nichrome fuses. They can be field­
programmed by selectively ‘blowing’ the fuses to leave only 
the required interconnections intact. Another type of ULA, 
with the advantage of variable architecture which allows 
more design flexibility and a higher gate utilisation factor 
than the FPLA or PAL, is the mask-programmable gate 
array as used for our PCF/PCC family of silicon-gate CMOS 
gate arrays.

Nearly all digital electronic systems and products can 
make beneficial use of PCF/PCC gate arrays. Most SSI and 
MSI circuits from today’s standard TTL and CMOS logic 
families can be implemented. Even the functions performed 
by programmable array logic, field-programmable logic 
arrays, transistors and passive components can be incorpo­
rated. (n the computer world they can be used in both 

mainframes and peripherals. In microprocessor-controlled 
systems, they can contain everything except the processor, 
memory and standard LSI peripherals.

INTRODUCTION TO THE PCF/PCC FAMILY

The advantages of silicon-gate CMOS
PCF/PCC gate arrays are made in Europe with the self­
aligning silicon-gate CMOS process with local oxidation 
(LOCOS) to isolate the transistors (Fig.l). This process has 
been established for more than a decade and is used in 
preference to the bipolar, NMOS, PMOS or metal-gate 
CMOS process because it has the following important 
features:

— Low power dissipation in the static, dynamic or tran­
sitional state
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CMOS GATE ARRAYS

— Single power supply with a wide operating voltage range 
of 3 V to 15 V, The low end of this range can be used to 
reduce power dissipation of‘slow’ logic circuits

— High noise immunity

— High packing density by using local oxidation of silicon 
(LOCOS) to separate the n-channel and p-channel tran­
sistors and reduce node capacitance

— Highly doped low-resistance substrate prevents potentially 
destructive latch-up which can occur in conventional 
CMOS structures due to the application of voltages out­
side the Vgs to V9Q range

— Typical gate delay of 2 ns and a maximum flip-flop 
toggle frequency of 15 MHz with a 15 V supply

— Specification compatible with the HE4000B family of 
CMOS digital ICs

— Wide operating temperature range
PCF (standard) -40 °C to +85 °C
PCC (extended) -55 °C to +125 °C.

or timing problems. This allows corrections to be incor­
porated before any hardware is committed. SIMON also 
generates test patterns for an automatic final test program. 
A cell placement program PLACE and an interconnection 
program INGATE use the verified logic network description 
to automatically determine which uncommitted elements 
of the gate array will be used and the most efficient manner 
of interconnecting them. The output from INGATE directly 
generates a control tape for interconnection and contact 
masks which open contact windows on the chip and deposit 
aluminium patterns which faultlessly wire the cell units and 
interconnect them with each other and the selected I/Os to 
form the desired logic circuit. Checking of the final inter­
connection patterns is not necessary. INGATE also cal­
culates wiring loads which can be fed back to SIMON for 
automatic calculation of overall circuit delays.

Gate array design principles
The PCF/PCC family of mask-programmable silicon-gate 
CMOS gate arrays comprises five types of pre-processed 
silicon chips consisting of a central rectangular matrix of 
165, 224, 352, 588 or 864 cell units and a periphery of 38, 
26, 38, 66 or 84 I/O devices with 40, 28, 40, 68 or 86 
bonding pads. A typical array with 352 cell units (PCF/ 
PCC0700) is shown in Fig.2. Each cell unit contains the un­
committed circuit elements equivalent to two 2-input 
NAND/NOR gates and can be mask-programmed to perform 
either one or two logic functions with up to four inputs and 
two outputs.

The PCF/PCC family is supported by a comprehensive 
computer-aided design (CAD) package which allows the 
gate arrays to be mask-programmed to perform the required 
functions without the need for tedious and error-prone tasks 
like breadboarding, digitising the layout and defining inter­
connections by hand. Since using the CAD facilities requires 
no knowledge of IC design and processing, it enables a logic 
system engineer to also retain direct control of his design 
throughout the integration phase.

As shown in Fig.3, the computer-aided design procedure 
starts with the preparation of a logic network description. 
This uses macro descriptions of a wide range of logic 
functions and types of I/O from a computer-based cell 
library to represent the required logic circuitry in terms that 
can be understood by the computer and to check its 
feasibility for integration. The logic behaviour of the net­
work description can be tested by a logic simulation program 
SIMON which automatically calculates propagation delays 
and signals any departures from specification, race hazards

DESIGN TESTING

DEPARTMENT DEPARTMENT

7Z91109

Fig.3 CAD design of CMOS gate arrays allows logic system 
designers to also retain control of the IC design
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The automatic calculation of propagation delays during 
circuit simulation is particularly important because it 
determines the overall speed of the circuit and the number 
of elements that can be incorporated in each logic function 
block. The loading at each output node is evaluated by cal­
culating the fanout and then adding the wiring load. The 
macro descriptions in the cell library include the delay 
figures for each logic function. SIMON adds these figures to 
the wiring load information fed back by INGATE. The 
HIGH to LOW and LOW to HIGH propagation delays are 
thus calculated during the logic simulation. For complex 
functions such as flip-flops, the different delay figures for 
each of the inputs arc taken into account.

The verified test patterns from SIMON are derived from 
the customer’s test sequences to verify adequate fault 
coverage before being used, together with a pin assignment 
list, as a basis for a final automatic test program. The final 
test program adds the d.c. parameter tests and generates 
control tapes which allow automatic testing on the CAD 
test equipment which includes:
- Sentry VII SS10
— Macrodata
- Philips LOCMOS testers 165OTG
— Tektronix S3260 series.

After the logic network description has been checked and 
approved, use of the CAD procedure to program the 
readily available pre-processed gate arrays is just as easy as 
designing a pnnted-wiring board by using a standard set of 
interconnection patterns which are guaranteed to be correct 
for performing a specific function. The turnround for first 
samples of the completed semi-custom IC is therefore 
very fast.

Design assistance and facilities
The computer-aided design of the gate arrays can be com­
pletely carried out in one of our design centres (Fig.4) or, if 
the user has the necessary facilities, he can do all or some of 
the design work himself. For example, a customer could 
simply deliver his logic diagram and circuit specification to 
one of our design centres and we would do the rest. At the 
other extreme, a customer with more extensive facilities 
could run our CAD software on his own computer and supply 
us with the final mask and test pattern tapes. Customers 
can of course also participate in the design at any inter­
mediate stage between these two extremes, either by having 
a terminal connected to our computer via a modem, or by 
visiting one of our design centres and working alongside our 
gate array design specialists.

Fig.4 A CMOS gate array design centre. Customers can participate at any stage of the design either by having
their own terminal, or by visiting a design centre
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PCF/PCC family specification

RATINGS limiting values in accordance with the Absolute Maximum System (IEC 134)

supply voltage range VDD -0.5 to+18 V
voltage on any input when pin pull up/down resistors are: 

used Vl -0.5 to Vpp +0.5 V
not used vi -0.5 to+18 V

D.C. current into any input or output +1 max. 10 mA
power dissipation per output p max. 100 mW
power dissipation per package
for standard temperature range: -40 to +85 °C (PCF) 

plastic and ceramic DIL
for 1^= -40 to +60 °C ^tot max. 400 mW
for Tamb = +60 to +85 °C Ptot derate Linearly by 8 mW/K to 200 mW

plastic mini-pack (SO)
<or Tamb = -40 to +70 °C Ptot max. 200 mW
for = +70 to +85 °C Ptot derate linearly by 5 mW/K to 125 mW

for extended temperature range: -55 to +125°C (PCC) 
ceramic DIL

f°rTarnb = -55 to +100°C Ptot max. 400 mW
for Tami, = +100 to+125 °C Ptot derate linearly by 8 mW/K to 200 mW

storage temperature range Tstg -65 to+150 °C

DC characteristics Vss = 0V
parameter temp, 

range
Vdd symbol

low
min. max.

Tamb®*

+25 
min. max.

high 
min. max.

— unit conditions

for all inputs I Iq I < 1 /xA.

quiescent 5 idd — 50 50 375 nA
device stand 10 >DD 100 — 100 — 750 pA
current 15 Idd - 200 - 200 1500 uA all valid input 

combinations
quiescent 

device ext.
5

10
1dd 
'dd

15
25

— 15
25

- 375
750

pA 
pA

V1 = VSS Of VDD

current 15 Idd - 50 - 50 - 1500 nA
input voltage 5 Vil - 1.5 — 1.5 - 1+5 V

LOW: all Ï0 Vil — 3.0 — 3.0 — 3.0 V
INP1, INPB 15 Vil - 4.0 - 4.0 - 4.0 V

input voltage 5 Vih 3.5 - 3.5 - 3.5 - V
HIGH: all 10 Vili 7.0 — 7.0 — 7.0 — V
(NPT, TNPB 15 V|H 11.0 — 11.0 - 11.0 - V

input leakage 10 illN - 0.3 - 0.3 - 1.0 pA Vj = 0 or 10 V
current stand 15 ±!in - 0.3 - 0.3 - 1.0 pA Vj = 0 or 15 V

* Tamb low = -40 °C for standard, -55 °C for extended temperature range. Tamb high = +85 °C for standard,
125 °C for extended temperature range.

** for Vdd - 5 V, V0 - 0,5 V or 4.5 V; for VDD = io V, Vo ” 1.0 Vor 9.0 V; for VDD = 15 V, Vq = 1,5 Vor 13,5 V;

AC characteristics VsS”0V.Tamb = 25DC
parameter Vdd symbol min. typ- max. unit

maximum toggle frequency 5 fmax 6 12 — MHz
flip-flop GT00 10 fmax 12 24 — MHz

15 fmax 15 30 — MHz
propagation delays 5 tpiIL and tpLH — 8 16 ns

2-input gate 10 tpHL and lPLH — 3.2 6.4 ns
fan-out = 2 15 tpnLand tFLH - 2 4 ns

output stage transition times (input transition <20 ns, Cl = 50 pF)
driver outputs 5 *THL - 60 120 ns

HIGH to LOW 10 ’THL — 30 60 ns
15 <THL - 20 40 ns

buffer outputs 5 ■THL — 30 60 ns
HIGH to LOW 10 'THL — 15 30 ns

15 tTHL - 10 20 ns
buffer outputs 5 tjLH - 40 80 ns

LOW to HIGH 10 'TLH — 18 36 ns
15 tTLH - 12 24 ns

System speed depends on number of gates in sequence. Average minimum frequencies are 3 MHz at Vdd = 5 V, 
6 Mllzat VDD= 10 V, 9 MHzat VDD= 15 V.
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I I ACTIVE n-MOS AREA

Fig.5 Structure of a CMOS gate array cell

(a) before programming

(b) the required logic circuit

(c) after programming
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20
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• = packages w.th 
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SO 
vso

7Z5 1 lie

Fig.6 Packages for the PCF/PCC family
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Summary
Outstanding advantages of PCF/PCC mask-programmable 
gate arrays are:

— Variable architecture allows over 90% of available gates 
to be programmed to perform up to 60 different functions

— 24 different I/Os and a range of pull-up/down resistors 
can be programmed. This allows interfacing with most 
other logic families

— The comprehensive Computer-Aided Design (CAD) 
system dramatically reduces development time and 
allows the designer of the original logic circuit to retain 
control of his own system throughout the final integra­
tion phase instead of relying on the expertise of a MOS 
IC designer

— The same data basis (the network description) is used for 
logic simulation, test pattern generation, cell placement, 
automatic interconnection routeing and mask generation

- Designing is as easy as with standard SSI or MSI
— Design changes can be easily incorporated

— The network description is made from a computer-based 
library of fully defined cell functions. The input/output 
list, dynamic characteristics and topology list of the 
input/output signals are part of the cell library macro 
descriptions. The SIMON program simulates the overall 
circuit, thoroughly tests it and allows modifications to 
be made before any hardware is committed

— After functions of the network description have been 
assigned to the array cell units and I/Os, by the PLACE 
program, a routeing program INGATE automatically 
specifies metallisation and contact mask patterns which 
are in accordance with the network description and are 
guaranteed to be correct for interconnecting bonding 
pads, I/Os, supply rails and cell transistors

— The final semi-custom logic IC protects proprietary 
rights because it is very difficult to copy.

THE PCF/PCC FAMILY IN DETAIL
Cell unit
As shown in Fig.5, a gate array cell unit contains four 
series-connected n-channel MOS transistors, four series- 
connected p-channel MOS transistors, and eleven vertical 
polysilicon interconnection strips above and below the 
transistors. Each interconnection strip area can accom­
modate five completely independent horizontal rows of 
CAD routed aluminium interconnections. On each side of 
the transistors, there is a polysilicon feedthrough strip for 
making connections across the cell unit or to other rows of 
cell units. There are also two input/output feedthrough 
strips. The substrates of the four p-channel MOS transistors 
are connected to the positive supply bus (Vdd), and the 

p-well of the four n-channel MOS transistors are con­
nected to the negative supply bus (Vgs)- Contact points 
are available for all sources, drains and gates and are auto­
matically connected as required when cell library functions 
are allocated to the cell unit. The gates of the complemen­
tary transistors are not initially connected to each other so 
that they can be connected to different potentials. This 
allows transmission gates to be programmed so that packing 
density and speed can be increased. Since each cell unit has 
a maximum of two output strips, it cannot accommodate 
more than two cell library functions.

I/O periphery
The I/O periphery consists of uncommitted bonding pads 
with anti-static protection, and I/O cells consisting of 
several uncommitted complementary pairs of MOS tran­
sistors. A pull-up/down resistor with a choice of eight 
values can be assigned to each bonding pad. The I/O cells 
can be assigned to the bonding pads and mask-programmed 
as 3-state outputs, drivers, buffers, Schmitt triggers or 
oscillators from the cell library. I/Os can be designated as 
transceivers by combining a 3-state output with any input 
stage. Bonding pads can also be assigned as direct inputs to 
the cell units in the core of the gate array. This flexible 
range of I/Os allows the final semi-custom circuit to inter­
face directly with most other logic families.

TABLE 1
Survey of PCF/PCC gate array facilities

type number: PCF.... or PCC.... 0330 0450 0700 1100 1700

2-input gate equivalents 330 448 704 1116 1728

cell units 165 224 352 558 864

rows of cell units 11 14 16 18 24

cell units per row 15 16 22 31 36

horizontal mask-programmable
interconnection strips (max):

above top row of cell units 5 5 5 6 7
between cell units 10 9 10 13 14
below bottom row of cell units 5 5 5 6 7

bonding pads 40 28 40 68 86

inputs/outputs (max) consisting of:
3-state I/Os (max) 34 26 38 66 84
drivers (max) 38 14 22 66 84
buffers (max) 38 12 16 66 84
Schmitt-triggers (max) 34 8 10 66 84

pull-up/down resistors (max) 34 26 34 66 84

Packages
PCF/PCC gate arrays are available in a wide range of plastic 
and ceramic packages as shown in Fig.6.
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s

Fig.7 The PCF/PCC I/O cell library is versatile enough to 
allow interfacing with most other logic families

transceivers with inverter input
TCDI complementary driver output
TCBI complementary buffer output
TPXI open drain p-channel driver output
TNDI open drain n-channel driver output
TNBI open drain n-channel buffer output

transceiver with Schmitt trigger input
TCDS complementary driver output
TPXS open drain p-channel driver output
TNDS open drain n-channel driver output

inputs
INPA direct access to array
INPI inverter
1NPD driver
INPB buffer
INPS Schmitt trigger

outputs fanout: driver = 2 LSTTL toads.
buffer = 4 LSTTL toads

OCDR complementary driver
OCBU complementary buffer
OTDR 3-state driver
OTBU 3-state buffer
OPDB open drain p-channel driver
ONDR open drain n-channel driver
ONBU open drain n-channel buffer
oscillators
XTOD crystal oscillator with driver stage
XTOB crystal oscillator with buffer stage
RCOD RC oscillator with driver stage
RCOB RC oscillator with buffer stage

resistors
RD pull-down resistors
HU pull-up resistors

The cell library
The cell function library contains about 60 different 
functions for the cell units of the gate arrays (Table 2), 24 
different functions for the peripheral I/O cells (Fig.7), and 
a range of pull-up/down resistors which can be assigned to 
the bonding pads. The cell library contains a macro descrip­
tion for each logic function. The descriptions include an 
input/output list for converting the customer’s logic diagram 
into a logic network description which can be understood 
by the SIMON program, the delay specification, and 
topology of input and output signals for the INGATE 
program. Some examples of library cell functions and their 
physical interpretation by the INGATE program are shown 
in Fig.5. Figure 8 shows the cell unit occupation of some of 
the functions from the library.

EVALUATION/TEST CIRCUIT PCF0700/005
This evaluation/test circuit is a 704-gate array type PCF0700 
which has been programmed with all the gate array functions 
from the CAD cell function library, together with a number 
of complex logic circuits which also incorporate most of the 
I/O cel] library functions. The circuit is used for testing 
and/or demonstrating the logic function and a.c. charact­
eristics of the PCF/PCC family of CMOS gate arrays. It can 
also be used to evaluate parameters which are not specified 
in the published data (e.g. the behaviour of linear functions). 
Since there are insufficient pins available on the PCF0700 
to access all the gate array cell functions individually, the 
evaluation circuit includes nine output multiplexers. 
Functions are selected by programming six input selection 
pins. By using the CMOS gate array design rules laid down 
in the gate array design manual, a utilisation factor of 92% 
has been achieved. The circuits available in addition to the 
cell library functions are:

4-bit static shift register which is compatible with 
HEF4015B and uses transmission gate master/slave flip­
flops GT00

■ transmission gate master/slave flip-flop GT00 which can 
be activated by clock and clock inputs so that propaga­
tion delay can be measured between the clock pulse and 
output transitions

— inverter input 1NPI connected directly to a comple­
mentary buffer output OCBU

■ 4-stage asynchronous binary ripple counter which is 
compatible with HEF4024B and uses transmission gate 
master/slave flip-flops GT00

— RC or crystal-controlled oscillator

— two Schmitt-triggers assembled from NAND/NOR gates 
for evaluating hysterisis due to the different switching 
levels of the two types of gate
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— 5-stage Johnson counter which is compatible with 
HEF4017B and uses transmission gate master/slave flip­

flops GTRRP ~ '

— ring oscillator comprising one chain of 13 NAND gates 
and one chain of 7 NAND gates. This circuit is for 

measuring maximum operating frequency and propaga­
tion delay times of sequential logic. Since all the inter­
connections have been executed by the CAD automatic 
routeing program INGATE, the resulting propagation 
delays include the effect of wiring loads that would 
occur in a practical circuit.

GIN1 
i nverter

GNAND2
2- input NAND

GTLO 
strobed D-LATCH 

without SET and RESET

100%<e I

GXNOR1 
exclusive NOR

7Z91 113

Fig.8 Examples of a few of the gate array logic functions 
showing the cell occupation
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TABLE 2
The PCF/PCC gate array cell library

library
function number of number of remarksidentification 

code
logic element units equiv. gates

invertcrs/buffers

GIN1 inverter Ã Y Yz max. 2 in one unit
GIN2 array driver inverting Ã Yi 1 2 times GIN1
G1N3 array driver inverting Ã % 1 + ¥2 3 times GIN1
GIN4 array driver inverting A 1 2 4 times GIN1
GIN6 array driver inverting Ã 1 + 14 3 6 times GIN1
GIN8 array driver inverting A 2 4 8 times GIN1
GIN 12 array driver inverting A 3 6 12 times GIN1
GB12 array buffer non-inverting A 1 2 2 times GIN1
GB13 array buffer non-inverting A 1 2 3 times GIN1

NAND/AND gates
GNAND2 2-input NAND A1-A2 Y 1
GNAND3 3-input NAND A1-A2-A3 % l+%
GNAND4 4-input NAND AI-A2-A3-A4 1 2
GAND2 2-input AND A1-A2 1 2 output GIN2
GAND3 3-input AND A1-A2-A3 1 2

OR/NOR gates
GNOR2 2-input NOR Al + A2 Vi 1
GNOR3 3-input NOR Al + A2 + A3 % 1+14
GNOR4 4-input NOR Al + A2 + A3 + A4 1 2
GOR2 2-input OR Al + A2 1 2 output GIN2
GOR3 3-input OR Al + A2 + A3 1 2

complex logic functions
GF01 Al + B1-B2 1 2
GF02 Al + B1-B1-B3 1 2
GFQ3 A1-A2 + BI-B2 1 2
GF06 Al + A2 + B1-B2 1 2
GF15

• complex function
Al + B1-(C1 + C2) 1 2

GF51 Al-(Bl + B2) 1 2
GF52 Al-(Bl + B2 + B3) 1 2
GF53 (Al + A2)-(B1 + B2) 1 2
GF56 A1-A2-(B1 + B2) 1 2
GF65 AI-(Bl + C1-C2) 1 2

GX0R1 EXCLUSIVE-OR A-B + Ã-B 1 2 unbuffered
GXNOR1 EXCLUSIVE-NOR A-B +Ã-B 1 2 unbuffered
GXOR2 EXCLUSIVE-OR A-B +A<B 1 2 buffered
GXNOR2 EXCLUSIVE-NOR A-B + Ã-B 1 2 buffered
GXOR3 EXCLUSIVE-OR A-B + A-B 2 4
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TABLE 2 (continued)
The PCF/PCC gate array cell library

library
identification 
code

logic element number of 
units

number of 
equiv. gates remarks

transmission gate latches
GTLO strobed D-LATCH without SET and

RESET 1 2
GTLRP strobed D-LATCH with RESET 1+14 3 positive triggered
GTLRN strobed D-LATCH with RESET 1 + 14 3 negative triggered
GTLSP strobed D-LATCH with SET 1+14 3 positive triggered
GTLSN strobed D-LATCH with SET 1 + 14 3 negative triggered
GTL2 strobed D-LATCH with SET and

RESET 1+14 3

compound latches
ÖGM0 MASTER module without SET and 

RESET 2 4
GGMR MASTER module with RESET 2 4 all positive 

triggeredGGMS MASTER module with SET 2 4
GGM2 MASTER module with SET and 

RESET 2 4

GGSO SLAVE module without SET and
RESET 2 4

GGSR SLAVE module with RESET 2 4 all negative
GGSS SLAVE module with SET 2 4 triggered
GGS2 SLAVE module with SET and RESET 2 4 ■

transmission gate master-slave flip-flop (MS-D-FF)
GTOO MS-D-FF without SET and RESET 2 4
GTROP MS-D-FF with RESET on MASTER 2 + 14 5 positive triggered
GTRON MS-D-FF with RESET on MASTER 2 + 14 5 negative triggered
GTRRP MS-D-FF with RESET on MASTER 

and SLAVE 3 6 positive triggered
GTRRN MS-D-FF with RESET on MASTER 

and SLAVE 3 fi negative triggered
GTSSP MS-D-FF with SET on MASTER 

and SLAVE 3 6 positive triggered
GTSSN MS-D-FF with SET .on MASTER 

and SLAVE 3 6 negative triggered
GT22 MS-D-FF with SET and RESET on 

MASTER and SLAVE 3 6

compound master-slave flip-flops
GGOO MS-RS-FF without SET and RESET 4 8
GGRO MS-RS-FF with RESET on MASTER 4 8 all negative
GGRR MS-RS-FF with RESET on MASTER 

and SLAVE 4 8
triggered
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Data communications

ALEX GOLDBERGER

Recent developments in information systems and computer 
and microcomputer hardware have highlighted the need for 
efficient data communications. The data communication 
process generally requires at least five elements: a trans­
mitter or source of information, a message, a binary serial 
interface, a communication channel or link, and a receiver 
of transmitted information (Fig.l). The range of channels 
includes private wire, wideband, Digital Data Service, 
limited distance, voice grade, subvoice grade, and telegraph 
(Table 1). A data communications interface is often needed 
to make the binary serial data compatible with the com­
munication channel.

Fig.1 Elements of data communications process. Five major 
elements are source, message, interface channel, and receiver.

Channel can be any of three basic types

COMMUNICATION CHANNELS AND 
FACILITIES
There are three basic types of channels: simplex, half­
duplex, and full-duplex. As an example of each, consider 
transmission between points A and B in Fig.l. Transmission 
from A to B only (and not from B to A) requires a simplex 
channel. Simplex channels are used in loop mode confifura- 
tions such as supermarket checkout terminals. Transmission 
from A to B and then from B to A, but not simultaneously, 
requires a half-duplex channel. If a 2-wire circuit is used, 
the line must be turned around to reverse the direction of 
transmission, A 4-wire circuit eliminates line turnaround. 
Transmission from A to B and from B to A simultaneously 
describes a full-duplex channel. Although four wires are 
most often used, a 2-wire circuit can support full-duplex 
communications if the frequency spectrum is subdivided 
into receive and transmit channels.

A channel is characterised by its bandwidth. In general, 
the greater the bandwidth of the channel, the higher the 
possible transmission speed. This speed is usually measured 
in terms of the number of signal elements per second, the 
baud rate. If a signal element represents one of two binary 
states, the baud rate is equal to the bit rate. When more 
than two states are represented, as in multilevel modulation, 
the bit rate exceeds the baud rate.

Digital vs analog transmission
Digital transmission can be applied to digital data or to 
voice signals. In either case, information is sent over the 
communications channel as a stream of pulses. Pulses trans­
mitted over a communication line are distorted by line cap­
acitance, inductance, and leakage. The longer the line or the
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TABLE I
Communication channel characteristics

channel type channel interface data rates (bits/s) applications

fibre optics fibre optic connector up to 10M computer-computer, 
computer-high speed peripheral

private wire or cable line drivers and receivers 
modern eliminators 
limited distance modems

IM to 2M in-plant data communications

wideband analog wideband Bell 300-series 
modems, CCITT V-series 
wideband modems

19.2k to 230.4k telephone channel multiplexing

Dataphonc Digital Service Data Service Unit
Digital Station Terminal

2.4k, 4.8k, 9.6k, 56k, 
1.544M

private terminal-coumputer, geo­
graphically dispersed links

switched telephone network 
(DDD)

2-wire modems

acoustic couplers

0 to 2k (async), 2k to 4.8k 
(sync)
300,450, 600,1.2k (async)

terminals, data collection stations, 
other interactive communications

leased voice-grade lines (with 
or without conditioning)

2/4 wire modems 0 to 2.4k (async)
2k to 9.6k (sync)

remote batch, private communi­
tions networks

subvoice grade narrowband modems 150 to 200 teletypes, A-D converters, 
telemetry

telegraph dc signaling 45 to 75 TWX, TELEX

faster the pulse rate, the more difficult it is to interpret the 
received signal. Tills signal degradation is the reason for the 
closely spaced regenerative repeaters used in digital data 
transmission facilities. When noise and distortion threaten 
to corrupt the pulse stream, the pulses are detected and 
regenerated. If the regeneration process is repeated prop­
erly, the received signal will be an exact replica of the trans­
mitted signal. It is possible to transmit pulses over short 
distances using privately owned cable or common-carrier 
wire pairs. This is baseband transmission and usually 
requires line drivers and receivers on each end of the line. 
Longer distance communication must use the digital 
transmission facilities of the common carriers.

In analog transmission, a continuous range of signal 
amplitudes or frequencies is sent over the communications 
line. Linear amplifiers maintain signal quality. The voice 
telephone network supplied by the common carriers uses 
analog transmission facilities to service most data commu­
nications users. To interface the analog voice channels to 
digital terminals and computers, a modulator-demodulator 
(modem) is used. In a modem, digital information modu­
lates a carrier signal, which passes through the telephone 
network just as does a voice signal. At the receiving end, the 
signal is demodulated back into digital form.

Voice grade lines
Voice grade telephone lines are available through the public 
switched network (Direct Distance Dialed or DDD); as pri­
vate leased lines without conditioning; and as private, con­
ditioned, leased lines. Although the bandwidth is the same 

for all three, the effective data rates vary because of ditfer- 
ent specifications for signal noise, amplitude attenuation, 
and envelope delay distortion. Voice grade telephone lines 
with a bandwidth of 2700 Hz (300 to 3000 Hz) are by far 
the most common medium used for data communications.

Dial-up lines are the 2-wire pairs supplied by the com­
mon carriers on the public switched telephone network. 
Most often these lines are used for half-duplex operation, 
although frequency band splitting modems can facilitate 
full-duplex at 1200 bits/s. A major advantage of dial-up 
lines is that any point on a worldwide telephone network 
can be reached. Furthermore, conununication costs are 
limited to the time the lines are actually in use.

Four major problems are associated with the switched 
telephone network. First, the lines may be noisy. The 
human brain can interpret what is being said desprite the 
interference that plagues many calls, but computers and 
terminals can easily lose or misinterpret data because of 
noise. Second, delay distortion is caused by the various 
frequency components of a signal being transmitted at a 
nonunifonn speed through the transmission medium. Tliis 
may result in received data that are erroneous. Third, the 
switched network requires relatively long connect, dis­
connect, and turnaround times, which limit the system 
data throughput. Fourth, the reliability of telephone 
switching equipment is relatively low.

Although more costly than dial-up lines, private leased 
lines largely circumvent the problems that afflict the 
switched network. Their basic advantages are ready avail­
ability and freedom from busy signals, fixed monthly
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charges, and conditioning for better data quality, as well as 
higher transmission rates and throughput. Leased lines are 
generally 4-wire circuits usable for half or full-duplex 
operation. Simultaneous transmission and reception is 
possible, and line turnaround is eliminated. The basic 
disadvantages of leased lines are higher cost and the line’s 
connection to only one location. However, if telecommuni­
cation demands entail high-volume, high-quality, high­
speed traffic between two points, a leased line is the best 
choice.

MODEMS
Modems are devices that convert digital data from a com­
puter or terminal to a modulated carrier wave required by 
the communication channel. One modem is needed at each 
end of the channel, as shown in Fig.2. Modems are also 
known as data sets and are designed for specific kinds of 
service and for specific bandwidths or data rates. Those 
discussed here accept a binary serial input from the trans­
mitter and provide a binary serial output to the receiver. 
Parallel input modems (used mostly for paper tape trans­
mission) and analog input machines (used primarily for 
facsimile transmission) are not considered. The three types 
that are considered are short haul, wideband, and voice 
grade (Table 2).

Short haul modems operate over relatively short distances 
- generally less than 16 km - on solid conductor, non­
limited, non-loaded lines. In some cases, they are not true 
modems but are line drivers and line receivers that transmit 
and receive digital data. Although the communication, line 
must be carefully chosen, the cost can often be one-tenth 
that of a voice grade modem rated at the speed. Other 
advantages are higher speed and reliability and easier 
maintenance.

Wideband modems operate over telephone transmission 
facilities at speeds of 19.2kbits/s to 230.4kbits/s. This class 
of data set is supplied almost exclusively by the common 
carrier and requires the bandwidth of 6 to 60 dedicated 
voice grade channels. Examples are the Bell 3O3B, C, and D 
for 19.2k, 50k and 230.4k-bit/s full-duplex operation.

A voice grade modem, designed for use on voice grade 
lines, should be selected on the basis of the type of service 
(dial-up or leased), the required data rate, and an acceptable 
level of error performance. The two broad categories of 
voice grade modems are asynchronous and synchronous. 
Asynchronous modems operate at a maximum data rate of 
1800 bits/s over dial-up facilities and 2000 bits/s on con­
ditioned leased lines. Acoustic couplers are asynchronous 
modems designed for dial-up use that are generally limited 
to speeds of 600 bits/s or less. Synchronous modems oper­
ate at a maximum data rate of 4800 bits/s over dial-up and 
9600 bits/s on conditioned leased lines.

TABLE 2
Modem characteristics

modem type communications channel data rate (bits/s) use

1. voice-grade (vg)
a. high-speed synchronous leased line (3002) 

dial-up
4.8k, 7.2k, 9.6k
4.8k

high-volume machine-to-machine com­
munications. 600 to 1200 bits/s

b. medium-speed synchronous 
medium-speed asynchronous

leased line/dial-up 
leased line

2.4k, 3.6k
1.8k, 2k

interactive or low-speed remote batch 
operations. 150 to 300 bits/s

c. low-speed asynchronous dial-up 300, 600 interactive teleprinters and teletype­
writers, data acquisition and collection. 
30 to 60 bits/s

2. wideband
a. super group (60 vg)
b. group (12 vg)
c. half group (6 vg)
d. lineplexer (2 vg)

5700, 5800 (TELPAK)
8801
8803
2 leased lines

230.4k
40.8k, 50k, 56k
19.2k
19.2k

large-volume telephone line multiplexing, 
dedicated computer to computer links

3. short-haul
a. limited distance 

«16 km)
private wire/cable
nonloaded, non-conditioned 
non-carrier line

2k to IM
2k to 19.2k

data communications in plant (private 
wire) or off premises where distance is
<16 km (leased line)

b. medium distance 
(< 80 km)

leased line 2k to 9.6k intermediate distance (16 to 80 km)

4. modem eliminators and line 
drivers/receivers

private wire/cable 2k to 1.544M on-premises data communications.
typical distances are 150 m to 3.0 km
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Fig.2 Analog transmission using 
modems. Each modem is divided into 
two functional segments: modulator 
and demodulator. The modulator 
accepts digital input in the form of 
squared pulses and converts’ them to 
analog, audio-frequency signals which 
are sent over the transmission link. 
At the end of the link, the demodu­
lator of the second modem recon­
verts the analog signals to digital 
output

Fig.3 Modulation techniques, in fre­
quency-shift keying (a) the modem 
shifts the frequency of an audio-fre­
quency carrier up or down to re­
present binary 1s and Os. In ampli­
tude modulation (b) one carrier am­
plitude level (A-|) represents binary T 
and the other (A2) binary 0. In phase 
modulation (c) the modem shifts the 
carrier phase 180° every time a binary 
0 occurs; for a binary 1 there is no 
change of phase.

Modulation techniques
Whether to use the dial-up network or leased lines depends 
on how the modem modulates data for transmission. Cer­
tain modulation techniques permit higher transmission rates 
than others, and all modulation techniques directly affect 

the maximum data rate and the error performance. The 
three basic modulation techniques are frequency modula­
tion (FM), amplitude modulation (AM), and phase modula­
tion (PM) (Fig.3).
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The most popular form of frequency modulation is 
frequency-shift keying, FSK, in which the carrier frequency 
(operating at, say, 1700 Hz) is modulated ±500 Hz to repre­
sent binary 1 or binary 0. Thus, a frequency of 1200 Hz 
represents a zero, while a frequency of 2200 Hz represents 
a binary 1. FSK techniques are generally quite suitable for 
low speed devices like teleprinters and allow operation at 
speeds as high as 1800 bits/s.

Amplitude modulation enables a modem to transmit and 
receive the analog equivalents of binary Is and 0s. This 
technique involves varying the amplitude of the line’s carrier 
frequency. Several levels of amplitude modulation are pos­
sible, allowing twice as much data to be sent in the same 
time frame. Both AM and FSK are quite suitable for data 
transmission; FSK has a noise advantage over AM, but AM 
allows more efficient use of the available bandwidth.

Phase modulation modems are generally described in 
terms of the number of phase shifts generated, and operate 
at speeds of 2000 bits/s and above. In this technique, the 
transmitted signal is shifted a certain number of degrees 
in response to the pattern of bits coming from the termi­
nal or computer. For example, in a 2-phase PM modem, if 
the analog signal generated by the transmitting modem is 
shifted 180°, a binary 1 (or 0 if desired) is indicated. If 
there is no shift, then the signal will be interpreted as a 
series of zeros (or ones) until such a shift is sensed. Gener­
ally, PM modems operate in four and eight phases, per­
mitting up to two or three times the data to be sent over 
the line in the same bandwidth. Most 4800 and 9600-bits/s 
modems use PM.

Conditioning and equalisation
As data in the form of analog signals are sent down the line 
between modems, they suffer from the effects of envelope 
delay and amplitude distortion. Signals of different fre­
quencies are delayed or attenuated by varying amounts as 
they are transmitted. To compensate for these effects, two 
techniques are employed: line conditioning and modem 
equalisation.

Line conditioning is the process by which the telephone 
company maintains the quality of a specific, privately 
leased Une to a certain standard of permissible delay dis­
tortion and signal attenuation. AT&T has two types of con­
ditioning referred to as C and D. There are five categories of 
C conditioning (Cl to C5) and two categories of D condi­
tioning (DI and D2). C conditioning tempts to equalise 
the drop in signal voltage and envelope delay for all fre- 
quenices transmitted; D conditioning controls the signal-to­
noise ratio and harmonic distortion. Both may be used on 
the same communication channel.

Modem equalisation refers to compensation for ampli­
tude and envelope delay distortion of the line. Equalisa­
tion is seldom required in lower-speed modems attached to 
a leased line, since minimum line conditioning is sufficient.

However, conditioning and equalisation are required when 
higher speed modems (4.8k and 9.6k bits/s) are attached. 
Modems used for high speed transmission over the dial-up 
network must have equalisation, since it is never certain 
exactly which unconditioned telephone line will be used.

Communication line sharing and modem sharing
When several input/output devices are required at one end 
of a communication link, a multiplexer or modem sharing 
unit, which enables these devices to share one communica­
tion line, can be used to reduce costs. Multiplexers take low 
speed inputs from a number of terminals and combine them 
into one high speed data stream for simultaneous transmis­
sion on a single channel. At the other end of the link, a 
second multiplexer (actually a demultiplexer) reconverts 
the high speed data stream into a series of low speed inputs 
to the host computer. The channel is split into time slots 
(time division multiplexing) or frequency bands (frequency 
division multiplexing). Intelligent or statistical multiplexers 
increase line utilisation by allocating time slots on the basis 
of a line activity algorithm.

Modem sharing units enable multiple terminals to share 
one modem. They are particularly valuable in networks 
that require clusters of terminals at remote sites because the 
number of modems and transmission lines are reduced. 
Operation is polled half-duplex. Multiport modems can split 
a high speed channel (e.g., 9600 bits/s) into various medium 
speed channels (e.g., two 2400 bits/s and one 4800bits/s), 
thus permitting several medium speed terminals to share 
a 9600 bit/s line. A multiplexer is a device that performs 
channel splitting; a lineplexer or biplexer splits 19.2k bit/s 
data into two 9600 bit/s paths that can be transmitted over 
two conditioned full-duplex channels. This eliminates the 
need for a wideband channel to send and receive data at 
19.2k bits/s. A port sharing unit connects to a commu­
nication controller or central processing unit port and 
transmits or receives data from two to six terminals or 
modems. Less costly than a multiplexer, it reduces the 
number of controller ports in a polled terminal data com­
munications configuration and makes more efficient use 
of connected ports.

Synchronisation techniques
Four kinds of synchronisation—bit, character, block and 
message-must be distinguished when using synchronous 
transmission. Bit synchronisation is achieved through a 
received clock signal which is coincident with the received 
serial data stream. Most modems or ‘business machines’ 
(i.e., terminals) derive this clock by means of phase-locked 
loops from the 0 to 1 and 1 to 0 transitions occurring in the 
received data. This technique, called self-clocking, over­
comes the effect of propagation delay between distant 
stations and the tendency of electronic circuits within the 
modem to drift.
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Character synchronisation is accomplished by recog­
nising one or two ‘phasing’ characters, often called SYN 
or sync characters. The receiver senses these SYN characters 
and phases its receive logic to recognise, by bit count, the 
beginning and end of each subsequent character. To ensure 
character synchronisation throughout a message, SYN 
sequences are sometimes inserted in the transmitted data 
stream at 1 or 2-second intervals. This permits receiving 
stations to verify that they are in sync.

Request for retransmission
Data-link control protocols include an error checking field 
to allow the receiving station to validate the message. 
When errors are detected, the receiving station issues a re­
quest for retransmission (ARQ). The two types of ARQs 
are stop and wait and continuous. Each provides defined 
methods for acknowledging correct (error-free) reception of 
transmitted blocks of information.

When a connection is established in the stop and wait 
ARQ, the transmitter sends one block and then stops. 
Eventually, the receiver acquires that block, subjects the 
block to an error check, and then sends an ACK control 
character to the transmitter to acknowledge that the block 
is correct, or a NAK control character to indicate an error. 
If an ACK is returned, the transmitter sends the next block 
in sequence. If a NAK is returned, that block is retrans­
mitted. Thus, the stop and wait mode involves periods of 
idleness, including propagation delays between each block, 
so that the line is not communicating nearly at its rated 
capacity.

In continuous ARQ, the transmitter keeps sending one 
block after another without stopping. The receiver and 
transmitter retain individual counts of the blocks out­
standing and provide buffer storage to retain those blocks.

Only when an erroneous block is detected does the receiver 
tell the transmitter to resend that block and all subsequent 
in-transit, but unacknowledged, blocks.

Standards and protection
The electrical, functional, and physical interface to data 
terminal equipment provided by modems is compatible 
with Electronics Industries Association (EIA) or Internatio­
nal Consultative Committee for Telephone and Telegraph 
(CCITT) standards. Most commercial modems conform to 
EIA RS-232, and plug-to-plug compatibility via a 25-pin 
connector is ensured between modems and data terminal 
equipment that subscribe to this standard. CCITT V.26 is 
the electrical equivalent of RS-232-C, while V.24 is the U.S. 
standard’s functional pin equivalent. CCITT V.35, a cur­
rent-mode, 34-pin connector interface standard for serial 
data transmission up to 56kbits/s, is used by wideband 
European modems and in the Bell System DDs Data Ser­
vice Unit at 56kbits/s. Military standard MIL-STD 188 
is a U.S. government standard for military communications 
equipment. An improved EIA functional standard, RS-449, 
was approved in November 1977. Although not yet imple­
mented in U.S. modems, it is being incorporated into mo­
dems used in Germany and in the CCITT V.36 modem.

Common carrier equipment on the switched telephone 
network must be protected. A device called a data access 
arrangement (DAA) limits the attached modem’s signaling 
power to prevent it from exceeding the power level re­
strictions of the communication channel. In 1977, the FCC 
ruled that modem manufacturers can incorporate equiva­
lent protective circuitry in their products, register them 
with the FCC, and connect them directly to the telephone 
network. DAAs are available from FCC-certified indepen­
dent suppliers and can be leased from the Bell System. 
Modems rented from the Bell System or those used on 
leased lines do not require a DAA.
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The magnetoresistive sensor - a sensitive 
device for detecting 
magnetic field variations

U. DIBBERN and A. PETERSEN

Magnetic-field sensors provide a highly effective means of 
measuring both Unear and angular displacement. This is 
because even quite small movement of actuating components 
in machinery (metal rods, cogs, cams etc.) can create 
measurable changes in magnetic field. Examples where this 
property is put to good effect can be found in instrumen­
tation and control equipment, which often require position 
sensors capable of detecting displacements in the region of 
tenths of a millimetre, and in electronic ignition systems, 
which must be able to determine the angular position of an 
internal combustion engine with great accuracy.

The magnetoresistive sensor (MRS) is one of the more 
recent developments for detecting magnetic field varia­
tions, and in many applications provides an attractive alter­
native to the conventional Hall-effect sensor. For example, 
the MRS is more sensitive than the HaU-effect sensor and 
can operate over a much wider temperature range. More­
over, its frequency range is much wider - from d.c. up to 
several megahertz.

The device makes use of the well-known property of a 
magnetic material to change its resistivity in the presence of 
an external magnetic field. This change is brought about by 
rotation of the magnetization relative to the current direc­
tion. In the case of permalloy for example (a ferromagnetic 
alloy containing 20% iron and 80% nickel), a 90° rotation 
of the magnetization (due to the application of a magnetic 
field normal to the current direction) will result in a 2 to 3% 
change in resistivity.

The MRS consists of four permalloy strips arranged in a 
meander pattern (Fig.l) on a silicon substrate, and con­
nected to form the four arms of a Wheatstone bridge con­
figuration. The degree of bridge imbalance is then used to 
indicate the magnetic field strength, or more precisely, the 
variation in magnetic field normal to the permalloy strips. 
As detailed below, the device characteristic (resistivity 
versus magnetic-field) is linearized using a special set-up 
known as a ‘barber-pole’ configuration.

supply (+ve) —

signal (-ve) —
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Fig.1 The MRS chip is made up of four permalloy strips arranged in 
a meander pattern and connected to form the four arms of a Wheat­
stone bridge. The chip incorporates special resistors that are trimmed 

during manufacture to give zero offset at 25 C

Since gold has a much higher conductivity than permalloy, 
the effect of these stripes is to rotate the net current 
direction through 45° (Fig.2), i.e. to reduce Oto 0—45°. 
Relation (1) then becomes

P = Po + △Pmax/2 + Apmax H/HOV[1 - H2/H2 ] (3)

As Fig.3 illustrates, for small values of II (relative to Ho) p 
increases linearly with H.

With the complementary barber-pole configuration to 
that shown in Fig.2, i.e. with the gold stripes inclined at

LINEARISING SENSOR CHARACTERISTICS - 
THE BARBER-POLE’ CONFIGURATION
The resistivity of a polycrystalline ferromagnetic alloy such 
as permalloy is related to the angle 9 that the magnetization 
makes with the current direction by Fig.2 Gold stripes on the permalloy surface rotate the current 

direction through 45° This linearizes the resistivity/magnetic- 
field characteristics of the MRS

p = pQ +Apmaxcos20 (1)

where p0 is the isotropic resistivity, and Apmax is the 
change in resistivity resulting from a 90° rotation of the 
magnetization (from the direction of current flow).

If this rotation is caused by a magnetic field H normal to 
the direction of current, and if the field tending to align the 
magnetization with the current is Ho (comprising the de­
magnetizing and anisotropic fields), then sin 9 = H/Ho, and

P Po + APmax — 
and

for H < Ho

(2)

P = Po for H > Ho

It’s obvious from this quadratic expression that the resistiv­
ity/magnetic-field characteristic is rton-linear, and moreover, 
that the set-up will not furnish a unique value for H.

There are, however, several ways of linearizing the 
characteristic. One is to provide a uniform biasing field 
Hbias in the direction of the field H. Then, provided 
H < Hbias. P will be proportional to H. The MRS employs 
another method that uses gold stripes secured to the top of 
each permalloy strip at an angle of 45° to its axis (Fig.2). 
This has been termed the ‘barber-pole’ configuration owing 
to its resemblance to the poles commonly seen outside 
barber shops.

0.75 -

Fig.3 In a barber-pole MRS, resistivity varies linearly 
with The figure shows the normalized
change ApMpmax in resistivity as a function of

H/Ho (Ap = P - Po~ Apmax^)
.'•___

ELECTRONIC COMPONENTS AND APPLICATIONS, VOL.5 NO.3, JUNE 1983 149



MAGNETORESISTIVE SENSOR

— 45° to the axis of the permalloy strip, 8 increases to 
6 + 45° and (1) becomes

P “ Po + ^max/2 - △Pmax H/H0VH - H2/Hq]

i.e. p decreases linearly with 11.
The MRS itself comprises two (diagonally opposed) 

elements in which p increases with H, and two in which it 
decreases. This largely eliminates the effects of ambient 
variations (temperature etc.) on the individual elements, 
and, moreover, magnifies the degree of bridge imbalance, 
thereby increasing the sensitivity of the device.

MANUFACTURE
The devices are manufactured in thin-film technology using 
established photo-lithographic processes. Major steps in the 
fabrication process are as follows:

- Surface oxidation of silicon substrates
(dimensions 1,6 x 1,63 mm2)

— Sputter deposition of a titanium adhesive layer (0,1 Mm 
thick) and then of permalloy

Formation of permalloy strips using subtractive photo­
lithographic process

■ Baking at high temperature and application of a strong 
magnetic field parallel to the strip axis. The field imparts 
a preferred magnetization direction to the permalloy 
strips

- Sputter deposition of a titanium/tungsten adhesive layer 
(0,1 pm thick) on the surface of the permalloy strips

— Formation of gold barber-pole pattern on the surface of 
the permalloy strips

- Trimming of MRS bridge to give zero offset voltage at 
25 °C. '

SENSITIVITY - GOVERNING FACTORS
One of the major advantages the MRS has over other devices 
like the Hall-effect sensor is the ease with which its sensi­
tivity can be set during manufacture. For small field varia­
tions, the sensitivity of the MRS is, from (3), given by 
△p/H = Apmax/H0. Apmax is determined by the material 
properties; Ho by, among other things, the strip geometry.

Fig.4 illustrates how the strip geometry governs sensitivi­
ty. For a given field, the thicker the permalloy strip, the less 
the magnetization is rotated. So by using different strip 
geometries, it’s possible to produce a range of devices with 
different sensitivities and measuring ranges. At present, four 
types are produced - designated types A to D. A com­
parison of these types is provided in the table below.

Fig.4 Factors affecting sensitivity. The higher the d/b (depth/ 
breadth) ratio of the gold stripes, the (ess the magnetization 
will be rotated by a given magnetic field and the lower will be 

the sensitivity

MRS characteristics (at Tanl|j = 25 °C)
MRS/A MRS/B MRS/C MRS/D

Umax ±1000 A/m ±3000 A/m + 7000 A/m + 20000 A/m
open-circuit sensitivity 2,5 gVm/A 2,7 gVm/A 0,43 uVm/A 0,06 ±iVm/A
open-circuit voltage @HmaK 40 mV 80 mV 50 mV 24 mV
bridge current 16 mA 10 mA 16 mA 20 mA
bridge resistance 250 ii 800 Í1 300 Í2 120 D
temperature coefficient

constant voltage -0,4%/K -0,4%/K -0,4%/K -0,4%/K
constant current -0,12%/K -0,12%/K -0,12%/K -0,12%/K

linearity
full scale 3% 3% 3% 3%
half scale 1% 1% 1% 1%

offset voltage ±0,05 mV ±0,16 mV +0,06 mV +0,024 mV
offset drift between -40 and 120 °C 0,015%/K 0,015%/K 0,015%/K 0,015%/K
sensitvity drift between -40 and 120 °C 0,1%/K 0,1%/K 0,1%/K 0,1%/K
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The sensitivity of the MRS falls with increasing operating 
temperature. This isn’t a major problem, however, since it is 
relatively easy to incorporate effective compensating net­
works in the operating circuitry. In fact, as the next section 
shows, the linear temperature variation of bridge resistance 
is itself used to compensate variations of sensitivity with 
temperature.

USING THE MRS

The MRS in circuit
For some applications it’s not necessary to compensate for 
temperature dependence of the bridge characteristics, and 
it’s sufficient to operate the MRS from a simple constant­
voltage source. A constant-current source could also be 
used, at the cost, however, of lower sensitivity.

For many applications, however, temperature compensa­
tion is essential, and Fig.5 shows a simple, set-up in which 
this can be realized.

The output of the bridge, which indicates the degree of 
imbalance, is amplified by opamp Aq — common-mode 
rejection being provided by a feedback network incor­
porating opamp A}.

A negative-impedance converter (NIC) incorporating 
opamp A2 provides a temperature dependent voltage 
source for the bridge. This set-up has the advantage of 
providing a ready means of correcting for temperature 

effects using the bridge resistance itself as the controlling 
parameter. Any change in bridge resistance (caused by a 
change in operating temperature) will affect the voltage 
across the bridge. The output signal of Ao then acts to 
restore this voltage to its original value (Vref).

Figure 6 shows a more extensive circuit, embodying the 
functions of Fig.5 and including an output comparator stage 
to provide a step-function output (e.g. for counting pur­
poses). This circuit is designed to operate from a single 12 V 
d.c. supply.

Fig.5 Simple drive circuitry for the MRS incorporating 
common-mode suppression and temperature-compensation
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Internal magnetization
In the absence of a magnetic field normal to the permalloy 
strips, Ho aligns the magnetization with the strip axis. If, 
for any reason, the sensor should come under the influence 
of a powerful magnetic field opposing Ho, the magnetiza­
tion may flip 180° and the strips become magnetized in the 
opposite direction. This leads to drastic changes in sensor 
characteristics. As a precaution, therefore, the sensor should 
be provided with a stabilizing magnetic field parallel to Ho. 
Note, however, that the stabilizing field reduces sensitivity 
slightly, but since it need not to be too strong, the effect is 
minimal.

This field should not be confused with the linearising 
field Hbjas referred to above, which is unnecessary with the 
MRS owing to the barberpole configuration, and which in 
any case, is applied perpendicular to Ho.

Practical applications
Linear position sensor. The MRS is ideally suited for use as 
a linear position sensor. Fig.7 shows a simple set-up for 
measuring linear displacement. Here a Ferroxdure disc 
magnet (magnetized axially) is located with its axis ap­
proximately normal to tlie plane of the sensor. The axis is 
inclined slightly to the normal to provide the sensor with 
the necessary stabilizing field. As Fig.8 shows, this set-up is 
highly sensitive to axial displacement of the magnet.

Fig.8 Sensor output versus magnet displacement 
for the set-up of Fig.7

Fig.7 A highly sensitive position sensor using the MRS. A 
Ferroxdure disc magnet located with its axis approximately 
normal to the plane of the sensor chip, will, when moved 
axially, produce relatively large variations in rhe magnetic 
field passing through the sensor. The magnet axis is inclined 
slightly to the normal to provide the sensor with the necessary 

stabilizing field

Fig.9 The MRS monitoring the axial position of a piston. 
The double-headed arrow indicates the sensitive direction of 
the MRS. A permanent magnet embedded in the piston body 
produces a field through the MRS whose vertical component 
forms the stabilizing field, and whose horizontal component 

varies with piston displacement

Fig.9 shows an example in which, the MRS is used to 
monitor the axial position of a piston. A permanent magnet 
is embedded in the body of the piston, and the sensor is 
located off axis between its poles. The sensitive direction of 
the MRS (the direction in which it is sensitive to magnetic 
field variations) is indicated in Fig.9 by the arrows.
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Fig.10 MRS output versus piston displacement

In tills set-up, as in the one shown tn Fig.7, both the 
stabilizing field and the varying field are produced by the 
same magnet. The vertical field passing through the MRS 
varies only slightly over the axial travel of the magnet and 
can be regarded as a constant stabilizing field. As the piston 
and magnet move axially, variations in the horizontal off- 
axis field are detected by the sensor, which produces a d.c. 
signal (Fig. 10) proportional to piston displacement.

Angular position sensor. Fig.l 1(a) shows an experimental 
set-up in which the MRS is used to detect the angular posi­
tion of a toothed iron wheel. The set-up could find applica­
tion in, for example, electronic ignition systems. The sensor 
is located between a rotating iron wheel and a permanent 
magnet oriented with its magnetic axis parallel to the axis 
of the wheel. To provide the biasing field, the magnet 
centre is displaced slightly relative to the MRS.

Figure 12 shows the time varying output from the sensor, 
for sensor/wheel spacings S of 0,1 mm, 0,4 mm and 0,8 mm. 
The output is approximately sinusoidal with an amplitude 
strongly influenced by the spacingS, However, the inter­
esting point emerging from Fig.12 is that the crossover 
point of the sinusoid is independent of S, and could there­
fore be used as the trigger point in an electronic ignition 
system.

Figure 11(b) shows a variation on the set-up of Fig.l 1(a) 
in which a non-metallic wheel bearing a steel tab rotates 
beneath an MRS. This set-up produces a similar output to 
that of Fig.l 1, again with the crossover point independent 
of sensor/wheel spacing.

The obvious advantage of both these set-ups lies in the 
fact that precise location of the sensor/magnet combination 
is unimportant as far as ignition timing is concerned, so 
adjustment procedures in a practical device would be 
greatly simplified.

(b)

Fig.11 An MRS monitoring the angular position of (a) a 
rotating toothed iron wheel and (b) a rotating non-metallic 
wheel bearing a steel tab. Both these set-ups may find impor­

tant applications in electronic ignition systems

Fig.12 Time varying output of the MRS for the set-up of 
Fig.11 (a), for different values of sensor/wheel spacing S. The 
output is approximately sinusoidal with an amplitude strongly 
influenced by S, but with a crossover point independent of S

These examples serve only to illustrate the many roles 
the MRS can fill. Other uses will become apparent as the 
device becomes more readily available. It’s already quite 
possible to produce devices sufficiently sensitive to detect 
variations in the Earth’s magnetic field. Such devices could 
be used to monitor traffic flow for example. Or they could 
be used to monitor electric current in, say, car-headlight 
circuitry, and to trigger a warning signal if the lights should 
fail.
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Circulators and isolators for reducing 
transmitter intermodulation

W.GOLOMBEK

Circulators and isolators are highly effective in reducing 
intermodulation between transmitters operating on closely 
spaced frequencies. They are particularly useful when the 
intermodulation products fall in parts of the frequency 
spectrum removed by kilohertz rather than megahertz from 
the wanted frequencies. In these circumstances the com­
monly used coaxial cavity filters lose their effectiveness 
through severely reduced rejection efficiency, and — when 
used in cascade for better rejection — increased insertion 
loss. A circulator on the other hand, between transmitter and 
antenna, can reduce intermodulation by 20dB or more, at 
the expense of no more than about 0,2 to 0,6 dB increase 
in insertion loss (depending on frequency range).

This article describes the operation of circulators and 
isolators, and shows how they can be used to maximum 
advantage in transmitting systems operating on communal 
transmitter sites.

CIRCULATOR/ISOLATOR OPERATION
The circulator (Fig.l) is a passive non-reciprocal device, 
consisting of three or more ports, coupled to a ferrite core 
magnetised along its axis by a pair of permanent magnets. 
The biasing field produced by these magnets orients the 
electron spins within the core to produce a gyromagnetic 
effect, with electrons precessing about the magnetic field 
direction.

An r.f. signal entering via port 1 say, interacts with the 
precessing electrons to produce a standing-wave pattern 
within the core (which acts as a low-Q resonator). This 
pattern is governed by the magnitude of the biasing field, 
so with suitable choice of permanent magnets, a nodal 
point can be made to occur at one of the other ports, e.g. 
port 3, which is thus isolated from the input (port 1). In 
the example shown in Fig.l, energy entering via port 1, 

exits via port 2, energy entering via port 2, exits via port 3, 
and so on in cyclic order.

The isolator is basically a three-port circulator with one 
of its ports, port 3 say, terminated with a matching load 
able to absorb all the energy directed to it. In the forward 
direction, r.f. energy can pass from port 1 to port 2, but 
energy passing in the reverse direction, i.e. into port 2, will 
be absorbed by the matching load. Note: the value of this 
load is critical. A mismatch producing appreciable v.s.w.r. 
will result in power being reflected by the load, and this 
power will emerge from port 1, thus negating some of the 
isolation possible with these devices.

Fig.1 Three port circulator. The circulator has a circular 
ferrite core magnetised along its axis. When r.f. energy enters 
via port 1, a standing wave pattern is set up within the core 
which behaves effectively as a low-Q resonator. With proper 
adjustment of the magnetic field, a nodal point occurs at 
port 3 which is thus isolated from port 1 .So all energy entering 
via port 1 exits via port 2, energy entering via port 2, exits 

via port 3, and so on
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Circulators/lsolators/Isoductors for transmitter applications

frequency 
range1) 
(MHz)

cat. no.
2722 162...

type max cw power
cire. C (W)

isolation 
(dB)

insertion 
loss (dB) v.s.w.r. temperature 

range 
(°C)

connector 
type1)

approx, 
mass 
(g)isol. I forw. refi. min. typ. max. typ- max. typ-

Mobile and fixed radio communication
72-73 02911 I 25 20 20 23 0,7 0,6 1,25 1,2.' 0-55 Nfem 350
73-74 02731 I 25 20 20 23 0,7 0,6 1,25 1,2 0-55 Nfem 350
83-84 02721 I 25 20 20 23 0,7 0,6 1,25 1,2 0-55 Nfem 350
86,5-87,5 02861 I 25 20 20 23 0,7 0,6 1,25 1,2 0-55 Nfem 350
138-141 02901 I 25 20 22 24 0,4 0,3 1,2 1,15 0-55 Nfem 350

05001 C 110 22 24 0,4 0,3 1,2 1,15 0-55 Nfem 350
144,5-147,5 02951 I 25 20 22 24 0,4 0,3 1,2 1,15 0-55 Nfem 350
153,5-156,5 02961 I 25 20 22 24 0,4 0,3 1,2 1,15 0-55 Nfem 350
156,9-162,1 03831 C 110 22 24 0,4 0,3 1,2 1,15 0-55 Nfem 350
157,9-163,1 03841 C 110 22 24 0,4 0,3 1,2 1,15 0-55 Nfem 350
165,4-170,6 03851 C 110 22 24 0,4 0,3 1,2 1,15 0-55 Nfem 350
160-178 01871 C 500 20 24 0,35 0,3 1,25 1,15 -10-60 Nfem 2100

01901 C 1000 20 24 0,35 0,3 1,25 1,15 -1O-405) HF7/16fem 2150

225400 03732 C 60 16 19 1,4 0,9 1,5 1,3 -40-80 Nfem 400
03722 C 60 16 19 1,4 0,9 1,5 1,3 -40-80 SMAfem 380

225-270 01931 C 150 18 21 0,35 0,2 1,35 1,25 0-70 Nfem 725
03171 C 500 20 24 0,35 0,3 1,25 1,15 -10-60 Nfem 2100
03181 C 1000 20 24 0,35 0,3 1,25 1,15 -10A02) HF7/16fem 2150

270-330 03421 C 60 18 21 0,35 0,2 1,25 1,25 0-70 SMAfem 725
01941 C 150 18 21 0,35 0,2 1,35 1,25 0-70 Nfem 725

330400 01951 C 150 18 21 0,35 0,3 1,35 1,25 0-70 Nfem 725

400470 02711 I 25 20 20 25 0,5 0,35 1,25 1,15 -10-60 Nfem 350
03411 C 100 20 25 0,5 0,35 1,25 1,15 -10-60 Nfem 400
01572 C 300 20 25 0,35 0,20 1,25 1,15 -10-60 Nfem 1200

406414 02931 I/C3) 70 70 45 55 0,8 0,5 1,25 1,2 -10-60 Nfem 800
450458 02981 I/C3) 70 70 45 55 0,8 0,5 1,25 1,2 -10-60 Nfem 800

460468 02851 I/C3) 70 70 45 55 0,8 0,5 1,25 1,2 -10-60 Nfem 800
462468 01555 C 60 60 25 30 0,5 0,3 1,2 1,1 -10-60 Nfem 400
510-514 02921 I/C3) 70 70 45 55 0,8 0,5 1,25 1,2 -10-60 Nfem 800
600-960 05171 C 10 16 20 1,3 0,8 1,4 1,25 -25-65 SMAfem 400

06011 I 10 1 16 20 1,3 0,8 1,4 1,25 -25-65 SMAfem 400

790-1000 03811 C 100 20 25 0,5 0,3 1,25 1,14 -10-60 SMAfem 400
02741 I 50 10 20 25 0,5 0,35 1,25 1,15 -25-65 SMAfem 400
03261 C 100 20 25 0,5 0,3 1,25 1,14 -10-60 Nfem 400
032634) C 100 20 25 0,5 0,3 1,25 1,14 -10-60 Nfem 400

Isoductors
68-150 09001 25 20 0,9 or 0,7s) 1,22 0-60 40

140-260 09011 25 20 0,6 1,22 0-60 40
230470 09021 25 20 0,5 1,22 0-60 40

') Other frequency ranges, and other connectors are available on request.
2) If the devices are air cooled, dry-air should be used as a pressure of 25 mm water column and with a maximum intake temperature of 40 °C.

The connector temperature should then not exceed 55 °C.
3) I/C denotes a 4-port device with one port terminated with a matched load.
’) Ultra-low-noise version of type 03261.
s) Depending on whether frequency is < 100 MHz or > 100 MHz.
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Circulators/isolators are designed to operate in a specific 
frequency range (see Table). They are dedicated, packaged 
devices, available in waveguide or triplate technology, and 
with a choice of coaxial or waveguide terminations. For 
radio and TV transmission, however, the choice of termi­
nations is usually limited to coaxial.

A range of isoductors is also available. These unpackaged 
devices are printed-circuit compatible. They function as 
either circulators or isolators, and can easily be tuned to 
the desired frequency with the aid of trimming capacitors.

Bandwidth
Figure 2 shows how the isolation, v.s.w.r. and insertion loss 
of a typical narrow band isolator varies with frequency. At 
the centre fc of its range, the device can provide up to 30 dB 
isolation, but this drops off rapidly either side of fc. Usually, 
the bandwidth covers about 3% of fc, the isolation falling 
by some 15 to 20 dB at the band edges. So a 150 MHz device 
could conceivably be used from 147 MHz to 153 MHz. If 
maximum isolation is essential, however, i.e. more than 
25 dB, a more realistic bandwidth might extend from 
148 MHz to 151MHz(±l%offc).

Fig.2 Isolation, v.s.w.r. and insertion loss of a typical narrow 
band isolator as functions of frequency

With this narrower bandwidth, the performance at the 
band edges roughly equates with'that of a fairly standard 
coaxial filter. So for a bandwidth greater than about ±2% 
the coaxial filter is definitely favoured.

Two or more isolators in series, each covering a discrete 
but adjacent 1% section of the band, would provide a greater 
overall bandwidth, but the insertion losses might then be 
excessive. As an alternative, a broadband circulator/isolator 
could be used. These devices have a bandwidth of 20% or 
more, with a minimum isolation of about 20 dB. Normally, 
they cover the whole frequency band of interest, and no 
special tuning is required.

ISOLATING ON-SITE TRANSMITTERS
Figure 3(a) shows a basic setup for two on-site transmitters 
operating with separate antennas.

If the antenna systems connected to each transmitter are 
mounted on a common structure, then provided care is 
taken with feeder runs, polarisation, spacing etc., you could 
expect intrinsic isolation of about 35 dB. Anything less than 
this would certainly lead to excessive levels of spurious 
radiation. For, say, 25 W transmitter power, tliis will result 
in 3rd order products at around the 5 mW level, and in 5th 
order products at a slightly lower level. Such power levels 
are quite capable of providing a receiver signal of around 
5 qV at a distance of 2 km.

antenna/feeder 
coupling loss 

~30dB

transmitters
25W

(a)

antenna/feeder 
coupling loss 

«30dB

Fig.3 (a) Two closely spaced transmitters operating with 
separate antennas. Total isolation between the transmitters 
would be around 35 dB which for a 25 W transmitter will 
result in 3rd and 5th order products at around the 5mW level. 
This is sufficient to produce a spurious signal of around 5 pV 
at a distance of 2 km; (b) isolators in the antenna circuit, 
giving some 20 dB isolation (at the expense of only about 
1 dB power loss), reduce the intermodulation level from 
5 mW to around 50 pW, and cut the range of interference 
from 2 km to under 200 m for the same receiver signal.
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This level of spurious radiation is not serious in itself if 
the transmitting frequencies are properly planned, i.e. to 
allow the spurious signals to fall on unoccupied frequencies. 
Usually, however, this is not the case, and to prevent 
excessive interference on occupied frequencies, an isolator 
is essential.

Figure 3(b) shows the system with an isolator in each 
antenna circuit. These leave the output signals relatively 
unaffected (less than 1 dB power loss), whilst reducing 
reverse power by some 20 dB. This reduces the intermodu­
lation level in the setup described above from 5 mW to 
50 mW, and cuts the range of interference from 2 km to 
under 200 m for the same receiver signal.

Note: for better intermodulation suppression, two isola­
tors in series can be inserted between each transmitter and 
its associated antenna.

isolation between antennas approximately 30dB

0°

COMBINING ISOLATORS AND FILTERS
Circumstances may exist on communal transmitter sites 
where several frequencies are instrumental in causing inter­
modulation problems. Some of these frequencies may be 
separated from the others by several megahertz, and for 
these, normal (narrow band) circulators/isolators will be 
ineffective.

Figure 4(a) illustrates the problem. Here two blocks of 
transmitters: Tl, T2, T3 operating on 1500, 1501 and 
1504 MHz, and T4, T5 operating on 1525 and 1527 MHz 
have isolators in their antenna circuits. Suppose these 
provide 20 dB isolation. The total isolation between trans­
mitters within each block, including say 30 dB intrinsic 
antenna isolation, will then be around 50 dB. Because of 
their limited bandwidth, however, the isolators will only 
provide about 10 dB isolation between each block, so the 
total isolation will be only 40 dB.

Figure 4(b) shows how the use of filters can overcome 
this problem. Coaxial bandpass filters in the antenna 
circuits, whilst having no effect on the isolation between 
transmitters in each block, can add 30 dB to the interblock 
isolation, giving a total isolation of around 70 dB.

In the above example (i.e. with only about 25 MHz 
separation between blocks), the problem could be solved 
just as easily with broad band isolators. In many instances, 
however, this would not be practicable.

T1 T2 T3 T4

block A --------------- -*------ block B ------

isolation between antennas approximately 30dB
7Z89882

7Z89883

Fig.4 (a) Two blocks of transmitters — T1, T2, T3 operating 
on 1500, 1501, 1504 MHz and T4, T5 operating on 1525 and 
1527 MHz. Isolators in the antenna circuits give 20 dB in­
crease in isolation between transmitters within each block, 
but owing to limited bandwidth, only 10 dB increase in iso­
lation between blocks. So with say 30 dB intrinsic antenna 
isolation, total isolation will be only 40 dB; (b) coaxial 
bandpass filters in the antenna circuits add about 30 dB to 
the interblock isolation, giving a total interblock isolation of 

around 70 dB

OPERATING RECOMMENDATIONS
• Unit power rating. Do not exceed the rated power of a 

circulator or isolator.
• Terminating load — power rating. The terminating load 

of an isolator must be capable of dissipating the full 
rated output power of the transmitter. Otherwise, severe 
mismatch, caused for example by snow or ice on the 
antenna, could damage or destroy the isolator and lead ul­
timately to transmitter failure. It should be noted that the 
load rating will fall with increasing ambient temperature. 
If several isolators in series are used, only the isolator 
nearest the antenna is subject to the above requirement.

• Unit ‘hop-over’. An isolator is only effective in reducing 
spurious signals that arrive via the antenna. Any equip­
ment coupling will negate some of the isolation gained. 
So to gain maximum benefit from using an isolator, the 
effect of surrounding units (hop-over) should be mini­
mized, either by screening the units, or by keeping them 
well separated. Other likely sources of ‘hop-over’ that 
should be looked for, and eliminated if possible are: 
common earthing of feeder lines within the same cabinet, 
poor quality feeder lines, and badly made coaxial joints.

• Magnetic effects. Keep the units away from stray mag­
netic fields, produced for example by loudspeakers, 
transformers etc.
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TUNING ISODUCTORS
1. Tune the transmitter to the required frequency and 

reduce its power to around 1/1 Oth of its normal output 
power (or less if possible).

2. Connect the isoductor to the transmitter in the forward 
direction i.e. arrow pointing away from the transmitter 
(Fig.5) and tune the parallel capacitor at the input of 
the isoductor and then the series capacitor at the input 
for maximum forward power (measured on a power 
meter connected to the output of the isoductor). Repeat 
for the output capacitors.

3. Reverse the isoductor in the transmission line so that 
the arrow points towards the transmitter, and adjust the 
parallel capacitor at the terminated port and then the 
series capacitor for minimum reverse power (measured 
on the power meter).

4. Return to step (2) and re-adjust if necessary.

Fig.5 Isoductor circuit. Only low temperature coefficient 
trimming capacitors should be used

type C1 (pF) C2 (pF)

2722 162 09001 25 to 200 20 to 150

2722 162 09011 5,5 to 65 5,5 to 65

2722 162 09021 2 to 16,5 2 to 16,5

REFERENCE
For a more detailed discussion of isolators and circulators 
and their uses, consult Philips Application book ‘Isolators 
and Circulators’, 1974, published by Philips Electronic 
Components and Materials Division.
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A complete f.m. radio on a chip

W. H. A. VAN DOOREMOLEN and M. HUFSCHMIDT

Until now, the almost total integration of an f.m. radio has 
been prevented by the need for LC tuned circuits in the 
r.f., i.f., local-oscillator and demodulator stages. An obvious 
way to eliminate the coils in the i.f. and demodulator stages 
is to reduce the normally used intermediate frequency of 
10.7 MHz to a frequency that can be tuned by active RC 
filters, the op-amps and resistors of which can be integrated. 
An i.f. of zero seems to be ideal because it eliminates 
spurious signals such as repeat spots and image response, 
but it would not allow the i.f. signal to be limited prior to 
demodulation, resulting in poor S/N ratio and no a.m. 
suppression. With an i.f. of 70 kHz, these problems are over­
come and the image frequency occurs about halfway 

between the desired signal and the centre of the adjacent 
channel. However, the i.f. image signal must be suppressed 
and, in common with conventional f.m. radios, there is also 
a need to suppress interstation noise and noise when tuned 
to a weak signal. Spurious responses above and below the 
centre frequency of the desired station (side tunings), and 
harmonic distortion in the event of very inaccurate tuning 
must also be eliminated.

We have now developed a mono f.m. reception system 
which is suitable for almost total integration. It uses an active 
70 kHz i.f. filter and a unique correlation muting circuit for 
suppressing spurious signals such as side responses caused 
by the flanks of the demodulator S-curve. With such a low 

A laboratory model of the TDA7000 in a complete f.m. radio. Also shown is the TDA7010T in the SO package against a cm scale.
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i.f., distortion would occur with the ±75 kHz i.f. swing due 
to received signals with maximum modulation. The maxi­
mum i.f. swing is therefore compressed to ±15 kHz by 
controlling the local-oscillator in a frequency locked loop 
(FLL). The combined action of the muting circuit and the 
FLL also suppresses image response.

The new circuit is the TDA7000 which integrates a mono 
f.m. radio all the way from the aerial input to the audio 
output. External to the IC are only one tunable LC circuit 
for the local-oscillator, a few inexpensive ceramic plate 
capacitors and one resistor. The TDA7000 dramatically 
reduces assembly and post-production alignment costs 
because only the oscillator circuit needs adjustment during 
manufacture to set the limits of the tuned frequency band. 
The complete f.m. radio can be made small enough to fit 

inside a calculator, cigarette lighter, key-ring fob or even a 
slim watch. The TDA7000 can also be used as a receiver in 
equipment such as cordless telephones, CB radios, radio­
controlled models, paging systems, the sound channel of a 
tv set or other f.m. demodulating systems.

Using the TDA7000 results in significant improvements 
for all classes of f.m. radio. For simpler port, jles, the small 
size, lack of i.f. coils, easy assembly and low power con­
sumption are not the only attractive features. The unique 
correlation muting system and the FLL make it very easy 
to tune, even when using a tiny tuning knob. For higher- 
performance portables and clock radios, variable-capaci­
tance diode tuning and station presetting facilities are often 
required. These are easily provided with the TDA7000 
because there are no variable tuned circuits in the r.f. signal 

Fig.1 The TDA7000 as a variable capacitor 
tuned f.m. broadcast receiver

1) These pins are not used in the SO package version ITDA7010T) 
AP = All-Pass filter.

2) 1-2 is printed on the experimental PCB (Fig. 12). 
Lt = Toko MC108 No. 514 HNE 150013S13. 
C20 = Toko NO.2A-15BT-R01.
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path. Only the local-oscillator needs to be tuned, so tracking 
and distortion problems are eliminated.

The TDA7000 is available in either an 18-lead plastic DIL 
package (TDA7000), or in a 16-pin SO package(TDA7010T). 
Future developments will include reducing the present 
supply voltage (4.5 V typ.), and the introduction of fjn. 
stereo and a.m./f.m. versions.

capacitor C]0- The final section of the i.f. filter consists of 
a first-order low-pass network comprising an internal 12 kil 
resistor and external capacitor C] 2- The overall i.f. filter 
therefore consists of a fourth-order low-pass section and a 
first-order high-pass section. Design equations for the filter 
are given in Fig.2. Figure 3 shows the measured response for 
the filter.

BRIEF DATA
typical supply voltage 

typical supply current 

r.f. input frequency range 

sensitivity for -3 dB limiting ejn.f, 
with Zs = 75J2, mute disabled

maximum signal input for 
THD<10%, Af=±75kHz
e.m.f. with Zs = 7512

audio output (r.m.s.) with 
Rl= 22ki2, Af =+22.5 kHz

Vp 4.5 V

Ip 8 mA
frf 1.5 to HO MHz

Vrf-3 dB 1 -5 pV

Vrf 200 mV

Vo 75 mV

CIRCUIT DESCRIPTION
As shown in Fig.l, the TDA7000 consists of a local-oscillator 
and a mixer, a two-stage active i.f. filter followed by an i.f. 
limiter/amplifier, a quadrature f.m. demodulator, and an 
audio muting circuit controlled by an i.f. waveform cor­
relator. The conversion gain of the mixer, together with the 
high gain of the i.f. limiter/amplifier, provides a.v.c. action 
and effective suppression of a.m. signals. The r.f. input to 
the TDA7000 for —3 dB limiting is 1.5 pV. In a conven­
tional portable radio, limiting at such a low r.f. input level 
would cause instability because higher harmonics of the 
clipped i.f. signa] would be radiated to the aerial. With the 
low i.f. used with the TDA7000, the radiation is negligible.

To prevent distortion with the low i.f. used with the 
TDA70O0, it is necessary to restrict the i.f. deviation due to 
heavily modulated r.f. signals to ±15 kHz. This is achieved 
with a frequency-locked loop (FLL) in which the output 
from the f.m. demodulator shifts the local-oscillator fre­
quency in inverse proportion to the i.f. deviation due to 
modulation.

Active i.f. filter
The first section of the i.f. filter (AFIA) is a second-order 
low-pass Sallen-Key circuit with its cut-off frequency 
determined by internal 2.2kil resistors and external 
capacitors C7 and Cg. The second section (AF1B) consists 
of a first-order bandpass filter with the lower limit of the 
passband determined by an internal 4.7 kil resistor and 
external capacitor Ch. The upper limit of the passband is 
determined by an internal 4.7 kS2 resistor and external

Sallen-Key circuit

= with a=2R1C8
1 + jwa — wb 3

b = R1C7C8

With f0 = 1 and Q= ^=0.5l/^
2irRiV(C7Cg) a f Cg

For C7 « 3.3 nF, Cg = 180 pF; Q = 2.1 and fo - 94 kHz

Bandpass circuit

abp .------ 2-------x-------- L2C1IH2--------------
1+'“C1OR| ! +itu<^R + J"CWR2

“ Z 1+jcuC10R2

1 1
for fi p = -------- -— and fup - —.......... 

Lr 2trR2C10 2wR2Cii

For Clo = 330 pF, Cn - 3.3 nF;fLP = 103 kHz, fHP = 10.3 kHz

Low-pass circuit

1
Alp ” —?-----------

1 + juCi 2R3

forti p - ------------  
2rrC13R3

1
Alp =-----------

For Ci 2 “ 150 pF; f Lp = 88.4 kHz.

Fig,2 I.F. filter of the TDA7000
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Fig.3 Measured response of the i.f. filter

F.M. demodulator
The quadrature f.m. demodulator M2 converts the i.f. varia­
tions due to modulation into an audio frequency voltage. 
It has a conversion gain of —3.6 V/MHz and requires phase 
quadrature inputs from the i.f. limiter/amplifier. As shown 
in Fig.4, the 90° phase shift is provided by an active all-pass 
filter which has about unity gain at all frequencies but can 
provide a variable phase shift, dependent on the value of 
external capacitor C17.

LF. swing compression with the FLL
With a nominal i.f. as low as 70 kHz, severe harmonic 
distortion of the audio output would occur with an i.f. 
deviation of +75 kHz due to full modulation of a received 
f.m. broadcast signal. The FLL of the TDA7000 is therefore 
used to compress the i.f. swing by using the audio output 
from the f.m. demodulator to shift the local-oscillator 
frequency in opposition to the i.f. deviation. The principle 
is illustrated in Fig.5, which shows that an i.f. deviation of 
75 kHz is compressed to about 15 kHz. The THD is thus 
limited to 0.7% with +22.5 kHz modulation, and to 2.3% 
with +75 kHz modulation.

7Z9O192

Co = ^ext + Astray + Cdiode open loop = 49 pF at fo = 96 MHz

feedback factor 0 =
ALS fQ 

2CO

open loop conversion gain = D = —3.6 V/MHz

closed loop conversion gain =
D

---------  = 0.68 V/MHz for fo = 96 MHz
1 + Dß °

open loop gain 3.6 V/MHz 
modulation compression factor K =-----------------------= .......    « 5

closed loop gain 0.684 V/MHz

for ùfrf = 75 kHz, Afosc = 60.74 kHz, △f¡f «15 kHz

With R2 = 0,

0 = —2 tan'1 cdR-| C-J7

o 1for 0 - -90°, C17 ------- , = 227 pF for fif = 70 kHz.
gjR i

To improve the performance of the all-pass filter with the
amplitude limited i.f. waveform, R2 has been added.
Since this influences the phase angle, the value of Ci 7 must 
be increased by 50% i.e. to 330 pF for f ¡f = 70 kHz.

Áf¡f = 84,25-70- 14,25 kHz
7Z90193

^osc ■ f0 f OSC f

: f„-70kHl

rf ’

Mrf = 75kHz

rf

f'if = 84,25 kHz1 * U-

1 1

i 1 t

95,9 95.93 95,99 96 96,075 96,1
frf (MHz)

Fig.5 I.F. swing compression with the FLLFig.4 F.M, demodulator phase shift circuit (all-pass filter)
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Correlation muting system with open FLL
A well-known difference between f.m. and a.m. is that, for 
f.m., each station is received in at least three tuning posi­
tions. Fig.6 shows the frequency spectrum of the output 
from the demodulator of a typical portable f.m. radio 
receiving an r.f. carrier frequency-modulated with a tone of 
constant frequency and amplitude. In addition to the audio 
response at the correct tuning point in the centre of Fig.6, 
there are two side responses due to the flanks of the de­
modulator S-curve. Because the flanks of the S-curve are 
non-linear the side responses have increased harmonic 
distortion. In Fig.6, the frequency and intensity of the side 
responses are functions of the signal strength, and they are

Fig.6 Audio signal of a typical portable radio as a function 
of tuned frequency with r.f. input as a parameter. The modu­

lation frequency and amplitude are both constant

separated from the correct tuning point by amplitude 
minima. However, in practice, the amplitude minima are 
not well defined because the modulation frequency and 
index are not constant and moreover, the side responses of 
adjacent channels often overlap.

High performance f.m. radios incorporate squelch 
systems such as signal-strength-dependent muting and 
tuning-deviation-dependent muting (Ref.l) to suppress side 
responses. They also have a tuning meter to facilitate 
correct tuning. Although the TDA7000 is mainly intended 
for use in portables and clock radios, it incorporates a very 
effective new correlation muting system which suppresses 
interstation noise and spurious responses due to detuning to 
the flanks of the demodulator S-curve. The muting system 
is controlled by a circuit which determines the correlation 
between the waveform of the i.f. signal and an inverted 
version of it which is delayed (phase shifted) by half the 
period of the nominal i.f. (180°). A noise generator works 
in conjunction with the muting system to give an audible 
indication of incorrect tuning.

Fig.7 Function of the correlation muting system

Figure 7 illustrates the function of the muting system. 
Signal IF' is derived by delaying the i.f. signal by half the 
period of the nominal i.f. and inverting it. With correct 
tuning as shown in Fig,7(a), the waveform of the two 
signals are identical resulting in large correlation. In this 
situation, the audio signa! is not muted. With detuning as 
shown in Fig.7(b), signal IF' is phase-shifted with respect to 
the i.f. signal. The correlation between the two waveforms 
is therefore small and the audio output is muted. Figure 7(c) 
shows that, because of the low Q of the i.f. filter, noise 
causes considerable fluctuations of the period of the i.f. 
signal waveform. There is then small correlation between 
the two waveforms and the audio is muted. The correlation 
muting system thus suppresses noise and side responses due
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to detuning to the flanks of the demodulator S-curve. Since 
the mute threshold is much lower than that obtained with 
most other currently used muting systems, this muting 
system is ideal for portable radios which must often receive 
signals with a level only slightly above the input noise.

(c)

<t>2 ~ —2 tan'1 ojR , C-|g

for <¡>2 = -90° Cig “ —- 
cjRi

for fi( = 70kHz, 0^ = 227 pF

mute function

corrector 
output voltage

local oscillator 
control voltage

f.m. demodulator 
output voltage

audio 
output voltage 

with 
'soft' muting

rf—'ose

'rf —'ose

rf “ o$c

(e)
^rf— ^osc

7Z9Q206

correct 
tuning

side tuning 
suppressed

Fig.8 Correlator of the TDA7000
Fig 3 Operation of the correlation muting system 

with open-loop FLL

As shown in Fig.8, the correlation muting circuit consists 
of all-pass filter AP2 connected in series with f.m. de­
modulator all-pass filter API and adjusted by an external 
capacitor to provide a total phase shift of 180°. The output 
from AP2 is applied to mixer M3 which determines the 
correlation between the undelayed limited i.f. signal at one 
of its inputs and the delayed and inverted version of it at 
its other input. The output from mixer M3 controls a muting 
circuit which feeds the demodulated audio signal to the 
output when the correlation is high, or feeds the output 
from a noise source to the output to give an audible indica­
tion of incorrect tuning when the correlation is low. The 
switching of the muting circuit is progressive (soft muting) 
to prevent the generation of annoying audio transients. The 
output from mixer M3 is available externally at pin 1 and 
can also be used to drive a detuning indicator.

Figure 9 shows that there are two regions where the de­
modulated audio signal is fed to the output because the 
muting is inactive. One region is centred on the correct 
tuning point fL- The other is centred on the image fre­
quency - fL. The image response is therefore not suppressed 
by the muting system when the frequency-locked loop is 
open. When the loop is closed, the time-constant of the 
muting system, which is determined by external capacitor 
Ci, prevents the image response being passed to the audio 
output. This is described under the next heading.

Correlation muting system with closed FLL
The closed-loop response of the FLL is shown in Fig.10, in 
which the point of origin is the nominal i.f. (frf — fosc= fL)- 
With correct tuning, the muting is inactive and the audio
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signal is fed to the output. Spurious responses due to the 
flanks of the demodulator S-curve which occur outside the 
i.f. band —f2 to f2 are suppressed because the muting is 
active. Fast transients of the audio signal due to locking of 
the loop (A and B), and to loss of lock (C and D) are sup­
pressed in two ways.

Lock and loss of lock transients B and D occur when the 
i.f. is greater than f2 and are therefore suppressed because 
the muting is active. The situation is different during loss of 
lock transient C because the muting is only active for the 
last part of the transient. To completely suppress this 
transient, capacitor C] in Fig.l holds the muting control 
line positive (muting active) during the short interval whilst 
the i.f. traverses from —fj to —f2- The same applies for lock 
transient A during the short interval whilst the i.f. traverses 
from — f2 to — f J. Since the image response occurs halfway 
between -fj and — f2, it is also suppressed.

Fig.11 Audio signal of the TDA7000 as a function of the 
tuned frequency with r.f. input as a parameter. The modu­

lation frequency and amplitude are both constant

Figure 11 shows the audio output from the TDA7000 
radio as a function of tuned frequency with aerial signal 
level as a parameter. Compared with the similar diagram for 
a typical conventional portable radio (Fig.6), there are 
three important improvements:

— There are no side responses due to the flanks of the de­
modulator S-curve. This is due to the action of the 
correlation muting system (soft mute) which combines 
the function of a detuning-dependent muting system 
with that of a signal-strength-dependent muting system

— The correct tuning frequency band is wide, even with 
weak aerial signals. This is due to the a.f.c. action of the 
FLL which reduces a large variation of aerial input fre­
quency (equivalent to detuning) to a small variation of 
the i.f. There is no audio distortion when the radio is 
slightly detuned

— Although the soft muting system remains operative with 
low-level aerial signals, there is no degradation of the 
audio signal under these conditions. This is due to the 
high gain of the i.f. limiter/amplifier which provides 
—3 dB limiting of the i.f. signal with an aerial input level 
of 1.5 mV. However, the soft muting action does reduce 
the audio output level with low level aerial signals.

RECEIVER CIRCUITS

Circuits with variable capacitor tuning
The circuit diagram of the complete mono f.m. radio shown 
in the frontispiece is given in Fig.l. An experimental 
printed-wiring board layout is given in Fig.l2. Special 
attention has been paid to supply lines and the positioning 
of large-signal decoupling capacitors.

The functions of the peripheral components of Fig.l not 
already described are as follows:

Cp
Determines the time constant required to ensure muting of 
audio transients due to the operation of the FLL.

C2:
Together with R2 determines the time-constant for audio 
de-emphasis (e.g. R2C2 = 40ms).

C?
The output level from the noise generator during muting 
increases with increasing value of C3. If silent mute is re­
quired, C3 can be omitted,

C4:
Capacitor for the FLL filter. It eliminates i.f. harmonics at 
the output of the f.m. demodulator. It also determines the 
time-constant for locking the FLL and influences the fre­
quency response.

C5:
Supply decoupling capacitor which must be connected as 
close as possible to pin 5 of the TDA7000.
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C7 to C]2, C17 and C]g:
Filter and demodulator capacitors. The values shown are 
for an i.f. of 70 kHz. For other intermediate frequencies, 
the values of these capacitors must be changed in inverse 
proportion to the i.f. change.

Clfr
Decouples the reverse r.f. input. It must be connected to 
the common return via a good quality short connection to 
ensure a low-impedance path. Inductive or capacitive 
coupling between C [4 and the local-oscillator circuit or i.f. 
output components must be avoided.

C15:
Decouples the d.c. feedback for i.f. limiter/amplifier LAI.

Cjp and C21:
Local-oscillator tuning capacitors. Their values depend on 
the required tuning range and on the value of tuning 
capacitor C20-

C22, C23, Li, L2:
The values given are for an r.f. bandpass filter with Q = 4 for 
the European and U.S.A, domestic f.m. broadcast band 
(87.5 MHz to 108 MHz). For reception of the Japanese f.m. 
broadcast band (76 MHz to 91 MHz), Li must be increased 
to 78 nH and L2 must be increased to 150 nH. If stopband 
attenuation for high level a.m. or tv signals is not required, 
L2 and C22 can be omitted and C23 changed to 220 pF.

R2:
The load for the audio output current source. It determines 
the audio output level, but its value must not exceed 22 kQ 
for Vp = 4.5 V, or 47 k-Q for Vp = 9 V.

(a) copper side

i. l 7Z90199(b) component side
Fig.12 Experimental printed-wiring board for the circuit of Fig.l

Fig.13 Audio output as a function of input e.m.f. The curves numbered 1 were measured with the 
muting system active. The curves numbered 2 were measured with the muting system disabled by 
injecting about 20 mA into pin 1 of the TDA7000. The input frequency was 96 MHz modulated with 
1 kHz with a deviation of ±22.5 kHz for the output level curves, and ±75 kHz for the distortion curve
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Performance of the circuit
unless otherwise specified, Vp = 4.5 V, Tamh = 25 °C, frf = 96 MHz, Vrf = 0.2 mV e.m.f. from a 75 SI source, modulated with 

Af = ±22.5 kHz, fm - 1 kHz. Noise voltage measured unweighted over the bandwidth 300 Hz to 20 kHz 

parameter symbol typ. max. unit

sensitivity
(e.m.f. voltage)
for -3 dB limiting:
muting disabled EMF 1.5 - MV
for —3 dB muting EMF 6 - RV
for (S+N)/N = 26 dB EMF 5.5 mV

signal handling (e.m.f. voltage)
for THD < 10%; Af = ±75 kHz EMF 200 mV

signal-to-noise ratio (see Fig.13) (S+NJ/N 60 - dB

total harmonic distortion (see Fig.13)
atAf=±22.5 kHz THD 0.7 %
at Af = ±75 kHz THD 2.3 - %

a.m. suppression
(ratio of the a.m. output signal
referred to the f.m. output signal)
f.m. signal: fm = 1 kHz; Af = +75 kHz
a.m. signal: fm = 1 kHz; m = 80% AMS 50 - dB

ripple rejection (AVp =100 mV;
f = 1 kHz) RR 10 - dB

oscillator voltage (r.m.s. value)
at pin 6 v6-5(rms) 250 mV

variation of oscillator frequency
with supply voltage (AVp = 1 V) ^fosc 60 kHz/V

selectivity s+300 45 - dB
s-300 35 - dB

a.f.c. range Aflf +300 kHz

audio bandwidth at AV0 = 3 dB
measured with pre-emphasis (t = 50 us) B 10 - kHz

a.f. output voltage (r.m.s. value)
at Rl = 22 kn Vo(rms) 75 mV

load resistance for audio output current source
at Vp = 4.5 V rL - 22 kn
at Vp = 9.0 V rL - 47 kn
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Circuit with variable-capacitance diode tuning
Since it is only necessary to tune the local-oscillator coil, it 
is very simple to modify the circuit of Fig.l for variable­
capacitance diode tuning. The modifications are shown in

Fig.14. A circuit board layout for the modified receiver and 
a photograph of a complete laboratory model are shown in 
Fig.15.

Fig.14 Variable-capacitance diode tuning for the local-oscillator. Additonal measures must be taken to ensure temperature stability

100 kSl

7Z902O0

Fig.l 5 Circuit board layout and complete model of a TDA7000 radio with variable-capacitance diode tuning. This is the same pcb 
as shown in Fig,12

Narrow-band f.m. receiver
The TDA7000 can also be used for reception of narrow­
band f.m. signals. In this case, the local-oscillator is crystal- 
controlled as shown in Fig. 16 and there is therefore hardly 
any compression of the i.f. swing by the FLL. The devia­
tion of the transmitted carrier frequency due to modula­
tion must therefore be limited to prevent severe distortion 
of the demodulated audio signal.

The component values in Fig. 16 result in an i.f. of 
4.5 kHz and an i.f. bandwidth of 5 kHz (Fig.17). If the i.f. 

is multiplied by N, the values of capacitors C j 7 and Cjg in 
the all-pass filters and the values of filter capacitors C7, Cg, 
C10, Cl 1, and C12 must be multiplied by 1/N. For improved 
i.f. selectivity to achieve greater adjacent channel attenua­
tion, second-order networks can be used in place of C]Q 
and Cu.

In this circuit the detuning noise generator is not used. 
Since the circuit is mainly for reception of audio signals, the 
audio output must be passed through a low-pass Chebyshev 
filter to suppress i.f. harmonics.
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r.f. input

Fig.16 A narrow-band f.m. receiver with a crystal-controlled local-oscillator

7Z90204

Fig.17 LF. selectivity for the narrow-band f.m. receiver

+3 V

AUDIO AMPLIFIER AND DETUNING 
INDICATOR CIRCUITS
Audio output stages suitable for use with the TDA7000 are 
shown in Fig.18 and 19. Figure 20 shows how the muting 
signal can be used to operate a LED to give an indication of 
detuning.

from pin 2 
TDA7000

0V

65 S2 
earpiece

BC550B

Po = 0,4 mW, d = 10 % 
quiescent current = 4 mA

these components replace R2 and C2 in Fig. 1

Fig.18 A 0.4 mW transistor audio output stage without 
volume control for driving an earpiece

7Z90201

ELECTRONIC COMPONENTS AND APPLICATIONS, VOL.5 NO. 3, JUNE 1983 169



COMPLETE FM RADIO ON A CHIP

ACKNOWLEDGEMENTS
The authors wish to acknowledge the information provided 
by D.Kasperkovitz and H.v, Rumpt for incorporation in 
this article.

REFERENCE
KANOW,W. and SIEWERT, I., ‘Integrated circuits for hi-fi 
radios and tuners’, Electronic Componentsand Applications, 
Vol. 4, No. 1, November 1981, pp. 11 to 27.

The TDA7000 allows f.m. radios to be made small enough to fit inside a pencil, 
a cigarette lighter, or a wristwatch
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Progress in
SMPS magnetic component optimisation

L. P. M. BRACKE

The last ten years have seen considerable progress in the 
development of the switched-mode power supply. Both 
design methods and associated hardware have been refined 
by experience and intensive development. These improve­
ments, especially in the understanding of the influence of 
magnetic material and winding-conductor properties on 
SMPS operation, are reflected in the more straightforward 
and complete design routines now available. The better 
understanding that made for the improved design routines 
has also resulted in improved core designs: the ETD range 
of ferrite cores. Furthermore, lessons learned from experi­
ence in wound-component production have been applied to 
the design of the associated hardware, especially the coil 
former. The improved core and coil former, together with 
specially-developed assembly hardware, form the ETD 
system.

IMPROVED DESIGN ROUTINES
References 1 to 4 form a series of publications that presents 
complete design routines for the magnetic components of 
all common versions of SMPS. Part 1 of the Series (Ref.l) 
covers most aspects of SMPS design, with emphasis on the 
interaction between the electronic and magnetic aspects. 
The basic electrical relationships are given for forward, 
push-pull and flyback converters. Practical formulae are 
given for inductance and effective-current values. Auxiliary 
outputs and other special features are included in the 
coverage, as are related control aspects. All treatments are 
related to the magnetic design.

The data derived from Ref.l are used in Part 2 of the 
Series (Ref.2) to select a suitable ferrite core for the trans­
former. Here, the magnetic and thermal properties of ferrite 
cores are considered as they affect their suitability for a 
given application. Initial selection of a suitable core is by 

me,ans of charts showing the limits of performance to be 
expected at various frequencies. The optimum working 
conditions for cores in various transformer types are 
discussed, and a further chart enables this optimum to be 
determined. Wound transformer thermal characteristics are 
discussed, and formulae given for the losses in the core 
itself. Together with expressions for the number of turns 
required, Ref.2 allows the design of an SMPS transformer 
to progress from the electrical requirements set forth in 
Ref.l to the mechanical design of the windings themselves 
discussed in Ref.3.

SELECTING THE CORRECT CORE
Most SMPS requirements can be satisfied by the range of 
cores currently available (Ref.5). The preferred grade of 
material for such high-frequency power applications is 
Ferroxcube 3C8.

Core selection charts
Due to the wide variation in application conditions, the 
selection charts have been designed to indicate the range of 
operation of the cores. This is done by using areas of 
throughput power as a function of frequency as shown in 
Fig.1. These are effectively areas of good design, since both 
boundaries represent the performance of a well-designed 
transformer.

The upper boundary of each area corresponds to a trans­
former design operating at optimum flux density sweep, 
with maximum use of the winding window, and Litz-wire 
windings, for minimum a.c. resistance. The lower boundary 
corresponds to a transformer design that also operates at 
optimum flux density, but has optimised solid-wire windings 
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incorporating 8mm creepage distance for IEC435 mains 
isolation, and with a demagnetising winding occupying one 
third of the winding space.

Selection charts are given for push-pull, forward and 
flyback converter SMPS. However, the flyback converter 
charts are mainly intended as a cross-check on the design 
obtained by the method given in Ref.4 for chokes.

Fig.l In the core selection charts given in Part 2 of the SMPS 
transformer design series (Ref.2), the power-handling capa­
bility of each core is plotted as a shaded area extending from 
10 kHz to 100 kHz. The vertical boundaries of this area are 
the upper and lower limits of throughput power capacity 
achievable by good design but depending on conductor type 

and insulation requirements

Operating conditions
Converter type has the largest influence on throughput 
power obtainable, but other factors also influence per­
formance, principally
— flux-density sweep
— winding configuration (simple or split, for example) and
— the presence of sensor or demagnetising windings
— the type of conductor used in the windings
— the number of output windings required
— mains insulation requirements.
Generally, the selection charts assume worst-case conditions. 
Operation at ambient temperatures lower than the 60 °C 
assumed, the use of feed-forward to ease the restriction on 
peak flux density (1/1.72 of saturation to allow for transient 
conditions), or heatsinking or potting to reduce thermal 
resistance, will all increase transformer power capacity.

Flyback transformers and chokes
Flyback converter transformers and output chokes are 
magnetically much the same: the main design requirement 
is stored energy, !4I2L. This is the basis of a separate design 
routine that includes winding design (Ref.4). This routine, 
using specially-developed design charts, leads directly to 
spacer thickness and number of turns.

OPERATING FLUX DENSITY
For chokes and flyback-converter transformers (which 
operate as chokes), stored energy is the basis of the design 
(subject to the core not being driven into saturation). With 
forward and push-pull converter transformers, the operating 
flux density (both a.c. and d.c. components) is set at the 
beginning of the design process.

Forward and push-pull converters
The operating flux density in forward and push-pull con­
verter transformers strongly influences the overall volume 
of the transformer. Thus, it is set at the beginning of the 
design process to as high a level as practicable. For forward 
converter transformers, this level is determined by transient 
protection requirements or permissible core loss only. With 
push-pull converters, however, considerations of symmetry 
may dominate the choice.

Both forward and push-pull converter transformers must 
be designed to accommodate rapid changes of load. This is 
done by introducing a transient factor, usual symbol a, 
related to the range of input voltage for which the power 
supply is designed. A common value of a is 1.72. This is 
suitable for mains-fed supplies (215 V to 370 V or 200 V to 
340 V), telephone supplies (40 V to 70 V), and mobile 
supplies (9 V to 15.5 V).

Considerations of symmetry usually result in the value 
of a being multiplied by a further factor e for push-pull 
converter transformers. Asymmetry leads to core satura­
tion, which in turn results in destruction of power switches. 
Principal causes of asymmetry are unbalanced flux linkage 
in windings (Ref.3) and unequal conduction times in 
switches. Where care has been taken to achieve balanced 
transformer windings, and protection circuitry is incorpo­
rated to ensure equal conduction times, the value of e may 
be 1.15; that is, a is Increased from 1.72 to 2 for a typical 
core. Where unbalance is accepted, however, the value of e 
should be 2. (A list of the symbols used in this article, to­
gether with their definitions, is given as Table 1).

The use of feedforward (Ref. 1) can considerably reduce 
the value of a required but at the expense of reduced 
transient response.

In forward-converter transformers core remanence 
should also be taken into consideration. However, the in­
troduction of a small airgap in the core, and the use of a 
slow-rise capacitor (Ref.l) allows the whole first quadrant 
of the core hysteresis loop to be used.
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TABLE I
List of symbols

symbol unit definition

®ac T flux-density sweep; half the peak-to-peak flux 
density excursion

bcf mm coil former breadth

f Hz operating frequency

fl Hz the frequency at which the number of turns on 
the lowest-voltage transformer winding becomes 
unity

fL Hz the lowest frequency at which the coil former 
height is sufficient to accommodate ideal (mini­
mum-loss) windings

fT Hz the frequency above which no useful increase in 
the throughput-power capacity of a transformer 
can be obtained

HCF mm coil former height

L H choke inductance

Ëav mm average turn length

Pc w total transformer core loss

Rfhc K/W transformer or choke thermal resistance with 
winding creepage distance incorporated

Rthn K/W transformer or choke thermal resistance for a 
winding without creepage distance

ve m3 effective volume of a core

a — ratio of core saturation flux to working flux 
allowed: for transient response without satu­
ration

AT K temperature rise above ambient
e - unbalance factor

subscripts
e effective value
cp pertains to centre pole

TABLE 2
Maximum values of flux-density sweep for various converter 

types and control circuits

boundary conditions
flux-density sweep Bac Cp (T)

forward push-pull

maximum sweep for
FXC3C8 (100 °C) 0.16 0.32

at transient factor a 0.32 0.32
2ct a

with unbalance factor e* 0.32
ca

with x% feedforward 0.32 0.32
2 (1 + x/100) (1 + x/100)

with unbalance factor e and 0.32
x% feedforward e (1 + x/100)

* e is the ratio of peak flux density in a balanced converter to the 
peak flux density in an unbalanced converter.

Fig.2 Flux-density excursionsand corresponding flux-density 
sweeps for (a) push-pull, (bl forward converter transformers 
(with slow-rise capacitor) or ringing choke, and (c) flyback 

converter chokes

Using this expression, curves of Bacem, the peak flux­
density sweep, have been derived for all Philips’ SMPS 
transformer cores (See Fig.3).

Figure 2 shows the maximum transformer flux-density 
sweeps for various converter types, and Table 2 gives the 
value of transient factors ct and e under various conditions.

Optimum flux-density sweeps
Manipulation of the expression (Ref.6) for the throughput 
power of an SMPS transformer shows that power reaches a 
maximum at a combination of operating frequency and flux 
density such that core loss is 44% of total loss. That is, when

AT
°.44 — = 16.7 f1-3 B^emVe

Here, the right-hand part of the expression is the typical 
hysteresis loss of Ferroxcube 3C8 ferrite. Since eddy-current 
loss is neglected, this expression applies only up to about 
100 kHz. '

THERMAL RESISTANCE AND TEMPERATURE 
RISE
The maximum permissible dissipation of a transformer or 
choke is set by its maximum operating temperature; ambient 
temperature and thermal resistance depend on core size, 
mounting method and attitude, the type of conductor in 
the winding and the amount of insulation incorporated. 
Due to the insulating effect of the interleaving where 8 mm 
creepage distance is allowed for in the windings, two values 
are quoted for thermal resistance in Ref.2: with and without 
creepage allowance.

Measurement methods are discussed in Ref.2 and 7. 
Results given in Ref.7 confirm that transformer tempera­
ture rise can be accurately calculated from the product of 
total transformer dissipation and thermal resistance for any 
ratio of core to winding loss.
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Fig.3 Optimum, peak, centre-pole flux-density sweeps Baccp for a variety of cores for 
SMPS applications. Horizontal lines indicate the limits for various converter types la = 1,72k

The curves were calculated for a peak temperature rise of 40 K

THE EFFECT OF OPERATING FREQUENCY

Winding properties
Depending on frequency, the windings of an SMPS trans­
former fall into one of three categories. At low frequencies, 
the available winding-window height will be insufficient to 
accommodate minimum-loss (ideal) windings. At some 
higher frequency, fp, the height of minimum-loss windings 
becomes less than that of the winding window. Finally, at 
some higher frequency, fj, the number of turns required 
for the lowest-voltage winding becomes unity.

It is shown in Ref.8 that, where the winding height is 
insufficient for minimum-loss windings, winding loss is 
inversely proportional to the squares of both flux-density 
sweep and operating frequency. At frequencies above fp 
winding loss becomes inversely proportional to operating 
frequency.

Flux density sweep
From the considerations given earlier, it is apparent that at 
lower frequencies, operating flux density is limited by core 
saturation rather than loss. Above some frequency fp, the 
optimum operating flux density (for maximum power) be­
comes less than the saturation-related maximum, and the 
flux-density sweep is limited- by the requirement that (for 
Ferroxcube 3C8) core loss Pc = 0.44 Ptot, where Ptot13 the 
total permissible dissipation.

Throughput power
In Ref.8, these various effects of operating frequency are 
combined to explain the observed variation of SMPS trans­
former throughput power with operating frequency for 
Ferroxcube 3C8 cores. Figure 4(a) shows the division 
between core and winding loss for an SMPS transformer as 
a function of operating frequency. Frequencies fL, fp and 
fl, are marked. (Note that fp may, in fact, be higher than 
fy for some cores. This does not alter the main argument.) 
In Region I, operating flux density is limited by saturation 
considerations only, so that throughput power is roughly 
proportional to frequency. Operation remains saturation 
limited into Region II, but here power increases roughly as 
the root of the frequency. (This relationship is complicated 
by the fact that average turn length decreases as ideal­
winding height decreases.) Region III begins at fp, where 
core operating flux density becomes limited by core loss to 
the optimum value for that frequency. The shape of the 
throughput power curve in the region depends on core 
material characteristics: the Steinmetz coefficient and its 
associated flux-density and frequency exponents. For 
Ferroxcube 3C8, flux density is inversely proportional to 
the root of frequency. Then, winding resistance decreases 
slightly with frequency so that, since windingloss is constant, 
throughput power is also about constant.
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Fig.4 (a) Division of transformer loss between core loss and 
winding loss as a function of frequency, showing the various 
boundary frequencies, (b) Relation between flux density and 
frequency for maximum throughput power, (c) The cor­

responding throughput power characteristic

Region IV begins where frequency increases to the point 
where the number of turns required on the lowest-voltage 
winding falls to unity. (Contours of number of turns N as a 
function of frequency for various voltages are indicated in 
Fig.4(a)). When this happens, flux density must then decrease 

with frequency. The rate of this decrease is greater than that 
required for optimum core loss, so that throughput power 
decreases. The effect is accentuated by the increasing con­
tribution of eddy-current losses at high frequencies.

In practice, other factors, such as eddy-currents, para­
sitic capacitance and rounding of numbers of turns, cause 
the transitions from one Region to another to become 
blurred so that, as Fig.4(c) shows, the thoughput power 
characteristic is more rounded. Calculated values for real 
cores, Fig.5, shows that the general characteristics remain, 
however: there is always a frequency, close to the core 
transition frequency, above which no useful increase in 
throughput power can be obtained.

Fig.5 Calculated throughput powers (5 V forward converters) 
with frequency for EC52 and E42/21/20 core show the same 
general characteristics: there is a frequency (from Fig.3) 
above which no useful increase in throughput power can be 
obtained. For the EC52 core this is 100 kHz, for the E42 

core it is 52 kHz

EFFECT OF CORE DESIGN
The more complete understanding of the factors that in­
fluence throughput power obtainable has made it possible 
to examine established core designs with a view to improving 
the designs available. Electrical, magnetic and mechanical 
considerations can now be combined so that the core can 
be made as effective as possible.

Existing core designs
Analysis of existing core designs (E, EC, PM, PQ and RM 
cores, Ref.8) shows that performance agrees well with values 
of fy. The performance of the smaller cores is found to be 
relatively poor at 50 kHz due to lack of sufficient winding­
window height for ideal windings.

The effectiveness of the use of core materials is another 
important consideration, since it directly affects the weight 
of an SMPS. Constant cross-section E cores generally have 
the best power-to-weight ratios.
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SWITCHED-MODE POWER SUPPLIES

The essential difference between switched-mode and con­
ventional (mains) power supplies is operating frequency. 
Whereas conventional power supplies operate at mains fre­
quencies, 50 Hz or 60 Hz, switched-mode power supplies 
(SMPS) operate at frequencies of the order of 50 kHz. The 
complications associated with operation at these high fre­
quencies are more than compensated for by the savings in 
weight and volume, especially of transformers and smoothing 
components.

Voltage conversion and control in SMPS is achieved by 
chopping the incoming supply voltage with a high-speed 
switch such as a transistor. The chopped voltage is applied to 
a transformer which performs voltage conversion and provides 
isolation. This transformer is generally wound on a ferrite 
core, and is much smaller and lighter than a 50 Hz unit of 
comparable power capacity. Fine control of output voltage is 
obtained by varying the duty cycle of the switch.

Most SMPS converters require a d.c. input and provide a 
d.c. output. For operation from the mains, therefore, a recti­
fier and smoothing circuit generally precedes the converter 
itself, Fig.A.

SMPS converters
There are three basic SMPS converter arrangements; they and 
their variants are discussed in detail in Ref.l.

In the forward converter, Fig.B, power is transferred 
directly to the load while the switch is closed; the energy 
stored in the inductor is transferred to the load while the 
switch is open. The switch may be transformer coupled to 
the inductor for input/output isolation.

In the flyback converter, Fig.C, power is stored in the in­
ductor while the switch is closed and transferred to the load 
while the switch is open. The functions of transformer and 
inductor may be combined where voltage transformation is 
required.

The push-pull converter is, effectively, a forward converter 
in which the output choke is driven by any push-pull arrange­
ment of power transistors, including a full bridge, Fig.D. 
Operation after the transformer is similar to that of a forward 
converter, but with twice the effective switching frequency.

Transformer and choke requirements
There are two main boundary conditions for the power trans­
former: it must not saturate (otherwise the power transistors 
will be damaged) and it must not overheat. In addition to 
these boundary conditions, the output choke should be 
capable of storing sufficient energy to deliver one output 
cycle so that ripple will be low and regulation good.

Saturation is prevented by designing for worst probable 
combinations of load change and input voltage fluctuation. 
In forward converters, provision must be made for removing 
energy stored in the transformer at the end of the ON period 
of the switch. In push-pull converters, the degree of symmetry 
achievable in both power switches and transformer windings 
determines the unbalance allowance.

Overheating of the transformer and choke is prevented by 
calculation of total power dissipation: core hysteresis and 
eddy current losses, and winding losses.
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Mechanical design is of great importance since this in­
fluences manufacturing cost and transformer production 
cost. The core should be cheap to manufacture. Enclosed 
cores, such as pot cores and their variants (RM, PQ, PM 
cores) are more expensive to make than E cores for a given 
power capacity. However, round centre legs make for easier 
winding, with less leakage inductance — especially for strip. 
For all but the smallest transformers, E cores result in more 
compact design than U cores. Finally, due to their sym­
metry, E cores require some 20% less core material for a 
given power capacity than U cores, with a consequent 
reduction in eddy-current losses. This last point is of 
especial importance at higher operating frequencies.

Core design requirements
From this theoretical and practical background the require­
ments for a new core design are clear. The range of cores 
should be optimised for frequencies appropriate to their 
power handling capacity: 50 kHz for 300 W, 100 kHz for 
100 W, for example. This requires proper choice of f] and 
ff. Optimisation should be aimed at forward-converter 
applications (the cores will then also be suitable for un­
balanced push-pull converters).

The design of the associated coil formers is also critically 
important. They should be suitable for automatic handling. 
A large number of pins is required, both for flexibility of 
layout and to accommodate multiple secondaries.

The core and wound coil former should be quick and 
easy to assemble. The combination should be designed for 
horizontal mounting on p.c. boards to minimise height and 
make termination of strip windings easier.

THE ETD SYSTEM

The cores
These criteria have been adopted in the design of the ETD 
cores (Ref.8). They are constant cross-section E cores in 
Ferroxcube 3C8 ferrite with round centre legs, photo and 
Fig.6, and are designed for

- minimum throughput powers in the range 100 W to 300W 
— economical manufacture
— minimum weight of ferrite
- operating frequencies in the range 50 kHz to 150 kHz
— high throughput power density
— mains isolation

— minimum transformer volume and p.c. board areas.
Magnetic properties are given in Table 3.

The ETD cores are compared with existing core designs 
for power per unit weight in Fig.7. Throughput power areas 
as a function of frequency for ETD cores are given in Fig.8, 
and the optimum flux density sweep in Fig.9.

TABLE 3
Magnetic dimensions of ETD system cores

core ^cp min Ae Ve «e
type (mm2) (mm2) (mm3) (mm)

ETD 34 87 97.1 7 640 78.6
ETD 39 117 125 11 500 92.2
ETD 44 167 173 17 800 103
ETD 49 204 211 24 000 114

mid-limit dimensions (mm) mass

a ¿2 d$ h-j h2 b (core half)

EFOM 342 26.3 13 8 17 3 12.1 10.3 20
FTO39 39 1 30.' 12 5 19 8 14.6 12.6 30
Et044 440 33.3 149 22 3 16.5 14.9 47

Fig.6 Outline drawing and dimensions of the new ETD core range

Fig.7 The throughput power per unit weight of core material 
for ETD cores compared with that of other popular core types 
at two operating frequencies: 50 kHz (shaded areas) and 
100 kHz (open areas). Forward-converter operation is assumed

ELECTRONIC COMPONENTS AND APPLICATIONS, VOL.5 NO.3, JUNE 1983 177



SMPS MAGNETIC COMPONENTS

These ETD system components provide OEMs with the most efficient and economical route to SMPS transformers

Fig.8 Throughput power as a function of frequency for ETD cores in forward-conuerter transformers
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The coil former and assembly hardware
Simple, rapid winding and assembly of ETD-system based 
transformers and chokes is made possible by the coil former 
of Fig.l0, together with the associated snap-on stainless- 
steel assembly clips.

Principal features of the design are indicated in Fig.10:
— the length and number of slots gives a wide choice of 

lead-out position

— there is at least 8 mm creepage distance from the pins to 
the ferrite core

- the pegs between the slots allow wire to be run from 
any one slot or pin to any other

- the four support legs provide 8 mm creepage distance 
between the windings and the p.c. board

- the hood over the pins provides 8 mm creepage distance 
between leadouts and assembly clips

— a separate earthing clip for the core is to be available.

The coil former itself is moulded in polybutylene tere­
phthalate, a high-grade, flame retardant (UL 94-VO), 
thermoplastic. Windings dimensions are given in Table 4.

TABLE 4
Winding dimensions of ETD-system coil formers

type bCF 
(mm)

hcf 
(mm)

®av
(mm)

ETD 34 20.9 5.9 61
ETD 39 25.7 6.9 69
ETD 44 29.5 7.3 78
ETD 49 32.7 8.4 86

ETD system components provide OEMs with the most 
efficient electrical, magnetic and mechanical route to full, 
economical, automated production of SMPS transformers.

1 — pegs allow wires to be taken from 
most appropriate slot to chosen pin

2 — these plates give 8 mm creepage dis­
tance between wires and assembly 
clips

3 — legs give 8 mm creepage distance 
from windings and p.c. board.

4 — 8 mm creepage from pins to core
5 — multiple slots for maximum free­

dom of lead-out position

Fig.l 0 Coil formar design for the ETD system.
intended for automatic winding
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Data converters for robotics

STEPHAN OHR*

The high level of interest in robotics technology is due to 
the increased industrial manufacturing productivity it 
promises. Despite popular fancy, the vast majority of com­
mercial robots are not the least bit anthropomorphic. No 
matter how sophisticated, these machines are primarily in­
tended as intelligent aids to productivity. They simplify 
many repetitive operations, such as component inspection, 
bin sorting, and assembly, by putting them under micro­
processor control.

The designer of a robot control system has some tough 
and challenging choices to make. He must determine what 
he wants the system to do, what component parts it should 
include, and how to build it within certain cost constraints.

With regard to data converters in particular, a $20 device 
is not likely to significantly affect the price of a robot as­
sembly costing from $10000 to $50 000. The same data 
converter, however, will have a more substantial impact in 
a machine tool selling in the $500 to $1000 range.

In this article, we intend to look at some of the typical 
functions performed by industrial robots and examine some 
of the most obvious systems and components used for ac­
complishing these tasks. And for those areas which may be 
cost sensitive, we will propose some potentially useful 
alternatives.

THE BASIC CONTROL LOOP
Robots are typically required to perform two types of 
tasks: those involving some sort of sensing, and those in­
volving some sort of locomotion. It doesn’t matter whether 
the robot arm holds a drill, an arc welder, or a spray painter. 
The basic two-step operation is the same: the robot must 
sense, or ‘see’, the object or location it needs to work on, 
and then it must move to that object or location. There is, 
* Formerly with Signetics Corporation.

naturally, a feedback loop, in which the robot asks itself, 
‘How close am I?’, but this will always be some variation on 
sensing/seeing. The corrective action, of course, will be 
some variation on locomotion.

The design engineer can use various approaches to devel­
oping the systems that accomplish the two main tasks. For 
sensing systems, the approaches would include non-contact 
visual systems, such as camera-based intelligent inspectors 
or laser-based optical scanners; contact systems, such as 
pressure or temperature sensors: and those in between, such 
as infrared scanners. For locomotion systems, the ap­
proaches would include those systems that involve some 
sort of rotational movement, such as elbow and wrist joint 
controllers, and those that involve linear positioning, such 
as microprocessor-controlled lathes or drill presses.

This is a logical point at which to review the basic func­
tions of robotics system design. The basic control model is 
the same — almost regardless of the sophistication of the 
machine. Whether we focus on the dazzling strength and 
flexibility of Cincinnati Milacron’s T-3(Fig.l), or on the 
routine, but still sophisticated, operations of a Rowe Inter­
national dollar bill changer, the system model is consistent.

Invariably, for the sense/seeing function, sensors/trans- 
ducers produce an analog voltage as the first input. This 
voltage is typically conditioned or amplified, and fed to an 
analog-to-digital converter. The digital code produced is 
then given to a microprocessor which compares that code 
with the code information in its memory instruction set 
and look-up table. In the control loop, or locomotive task, 
the microprocessor feeds an instruction code to a digital-to- 
analog converter which translates the digital code back into 
an analog voltage. This voltage, in turn, can be used to dic­
tate a variety of industrial operations, from motor speed to 
arc welding temperature to linear position.
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The feedback loop will typically be the same sensor­
amplifier converter loop on a new ‘read data’ cycle of the 
controlling microprocessor. The typical system configura­
tion is shown in Fig.2. While a typical control system may 
also use multiplexers, voltage references, and isolation or 
instrumentation amplifiers, in addition to a goodly number 
of buffer and/or storage registers between the converter 
and the microprocessor, all systems will involve some varia­
tion of this basic architecture.

The elements of the system, consequently, should be 
selected according to the complexity of the task that needs 
to be performed—but also with an eye to costs. The micro­
processor element will be picked according to the amount 
of computing power required for the particular task, as well 
as speed and costs. On the analog front and tail of the sys­
tem, the major choices revolve around bit resolution, speed, 
and again, component costs.

The selection of a data converter should, of course, be 
based on similar criteria. On one side of the interface, it is 
important to match the bit resolution and speed of the data 

converter with the capacity of the processor. On the other 
side of the interface, the converter will determine the pre­
cision with which the'analog signal will get divided up.

If it weren’t for the high costs of 16-bit converter mod­
ules (upwards of $1000), industrial controls would undoubt­
edly be using this as the standard. A 16-bit converter mod­
ule, used for linear position finding, for example, will find 
a spot within 50jam over a range of 3 metres. While 25 Mm 
is closer to the resolution required in many precision ma­
chine-tool applications (such as turning or boring equip­
ment), a higher bit resolution will increase the cost and 
complicate the task of software programming.

From an engineering point of view, it may be more sen­
sible to first limit the range of the position finder in order 
to locate each 25 pm spot without making undue demands 
on converter bit resolution. One suggestion would be to 
make an 8-bit slice into the 3 metres travel, which would 
provide segments as small as 12 mm, and then make another 
10-bit slice to yield better than 25 gm resolution. The com­
ponents cost, by this route, is considerably less than $1000.
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7Z86975 ACTION

Fig.2 A simplified robotics control system

Among industrial controls manufacturers, 12-bits is at 
the moment the most popular number.

If you look closely at robotics applications, you will 
find situations in which speed rather than bit resolution is 
the criterion for data converter selection. You will also find 
situations in which cost factors far outweigh both speed 
and bit resolution.

ROBOT VISION SYSTEMS
Camera-based robot vision systems are one application area 
in which speed seems to take priority over bit resolution. 
This is especially true in those situations in which the robot 
intelligence must recognise patterns or objects on a changing 
field. A typical example is an operation requiring the robot 
to sort and bin parts from a fast moving conveyor belt.

Perhaps typical of the new generation of robot vision 
systems is the VS-110 from Machine Intelligence (Fig.3). 
Designed for high-speed object/pattern recognition among 
objects on a moving conveyor belt, this intelligent machin­
ery can recognise up to 900 separately indexed parts per 
minute. The front end, the ‘eyes’ or seeing/sensing element 
of this system, is a CCD camera. The intelligence is supplied 
by an LSI-11 (Digital Equipment Corp.) with 256 Kbytes 
of memory. The interface between the CCD camera ele­
ments is accomplished by a video-speed 8-bit converter, a 
device with a 20ns conversion time.

The camera field is divided into a 256 x 256 grid, or 
65 536 pixels (see Fig.3). The voltage produced by the 
camera at each pixel is digitised almost instantaneously by 
an 8-bit converter. The 8-bit code generated will be a re­
presentation of the grey scale value of that pixel. An 8-bit 
converter will resolve 256 grey scale values.

MANIPULATORdimensional defects. Its LSI-11-based circuit views images and 
transforms them through masking, adding, or differencing
operations.
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In the operation of the VS-110, the digitised informa­
tion generated by the A/D converter is fed to the LSI-11 
and compared with the digitised images already placed in 
the computer’s memory bank and instruction set.

An illustration should clarify this operation. Assume the 
vision system must recognise an object like a screw/nut as­
sembly among a whole field of metallic objects on a sorting 
table. The screw/nut assembly, as a general rule, will be re­
cognised by its outline, and the light intensity at and 
around its pixels will help the processor distinguish it from 
its background of similarly-colored neighbors (see Fig.4).

«--------NC COLUMNS--------- ►

But Lo make certain, the vision system may make a second 
pass at the object: the camera will refocus and the voltage 
reference level on the A/D converter will shift in order to 
help the converter and the processor make a gross black and 
white distinction between the object and its neighbours. In 
other words, once the objects has been located in its field, 
the processor will no longer require grey scale information 
and will work entirely in binary.

In the VS-110, an industry-standard DAC-08 controls 
the reference voltage level on the 8-bit A/D converter. The 
use of a multiplying D/A converter like a DAC-08 would 
most typically require the addition of an outboard data 
latch, voltage reference, and high-speed op amp, all of 
which can be conveniently integrated on one chip, such as 
Signetics’ NE5O18, a microprocessor-compatible voltage 
output D/A converter.

In certain applications, it may be possible to reduce 
some of the bit resolution requirements of the video-speed 
converter, and thereby some of the cost. If the vision sys­
tem were dedicated, for example, to distinguishing light 
objects on a dark background, such as light-colored scratches 
on a dark paint job, a 6-bit device could be substituted for 
the 8-bit converter. In some cases even a 4-bit device 
might do.

PROBABILITY DENSITY

ELEMENTS

lb)

Fig.4 <a} Typical digital, image generated from a circular 
object, (b) The edges of the desired object are determined 
according to gray scale differences between pixels at the 
borders of the object. Once the borders are determined, how­
ever, the camera element will refocus, and the reference 
voltage level on the video A/D converter will shift to draw a 
much sharper contrast between the object and its surroundings. 
All processing from then on is binary: object/non-object

LOWER-COST ALTERNATIVES
While the cost of video-speed A/D converters is small com­
pared with the price of a complete LSLl 1 computer, it is 
still a considerable expense, and one that can be significant­
ly reduced by lowering the speed requirements of the vision 
system. Sophisticated systems, like the VS-110 or General 
Electric’s Optomation II, are designed to recognise up to 
900 parts/min on a fast moving conveyor belt. If these ob­
jects were on a stationary field, and if there were a smaller 
number of them, it would naturally be possible to use an 
optical scanning system and A/D converter components 
which operate at less than video speeds. If we rationalise 
the requirement for speed (in fact, a hard thing to do, since 
the robot’s speed and productivity are typically associated), 
we can substantially reduce the cost of automated visual 
inspections.

In many cases, a sensing system can use a laser or infra­
red light source to scan a visual field, and identify objects 
or patterns according to the way the light reflects onto a 
series of photodetectors. In some systems, a visual image or 
pattern can be generated by the ON/OFF sequencing of a 
photodiode array. In other systems, a single photodetector 
will register variations in light intensity. The resulting ana­
log voltages can then be digitised and fed to a micropro­
cessor to evaluate and identify patterns.
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Fig.5 Simplified optical scanning system for dollar bill changers

Dollar bill changers are far more commonplace than in­
dustrial robots, yet their function as intelligent visual in­
spection systems is pretty much the same. A dollar bill is 
flattened onto the surface of a wide-diameter roller, and as 
the roller turns, the dollar bill is pulled across the beam of a 
laser or infrared light source (see Fig.5). The dollar bill will 
cross the path of the light source at a rate approximating 
15 to 30 cm/s. While this rate is very similar to that of an 
industrial conveyor, it does not take a video-speed con­
verter to distinguish a counterfeit or detective dollar from 
the good bills inserted in the machine.

In mechanical terms, 15 cm/s may seem fast, but in elec­
tronic terms it is enough time for even some of the moder­
ately priced A/D converters to respond. Coupled with an 
NE5537 sample/hold amplifier on the analog front end, it 
is entirely possible to use something like Signetics’ NE- 
5034, which converts 8 bits in less than 17^is. If a high­
slew op amp and an 8048 low-cost microprocessor are 
added, the system will provide enough speed and resolution 
for the bill changer to recognise foreign currency as well as 
American dollars. While this type of system is not as versa­
tile as a camera-based system with videospeed converters, 
it costs considerably less, and — as illustrated with the 
dollar bill changers — still makes a very effective visual in­
spection system for robotics applications.

CONTROLLING ROTATIONAL MOVEMENT
While the technology for robotics visual systems is just 
beginning to develop, the technology for controlling the 
robot’s rotational movements — elbow joints and wrists — 
is coming into a recognisable maturity. One way of classi­
fying and rating industrial robots, in fact, is by their rota­
tional flexibility. For example, a six-axis machine is more 
flexible than a four-axis machine; a four-axis machine, more 
flexible than a three-axis machine, etc. Because rotational 

flexibility is a strong robot arm selling point, precise control 
of elbow and wrist joint rotation is a primary concern 
among robot designers.

At present, there seem to be three main techniques for 
controlling robot arm rotation. The most popular technique 
uses an optical-digital encoder in the front end of the con­
trol loop, with a D/A converter and pulse-width modulator 
(PWM) controlling a brushless d.c. motor on the tail end of 
the loop, A technique used for some of the high-end ma­
chines involves high-resolution synchro-to-digital and digi- 
tal-to-synchro converters. In some of the lower-cost 
($10000 or below) machines, a potentiometer within an 
elbow or wrist joint produces changes in voltage with 
changes in rotational position. The resulting voltages are, 
in turn, fed to a processor by a high-resolution A/D con­
verter.

While the 68000 16-bit microprocessor is mentioned 
more and more frequently in connection with robot con­
trollers, many systems use a distributed intelligence in 
which the entire ami is under the control of a 16-bit device, 
and the individual joints are under control of an 8-bit mi­
croprocessor. Among those robots using potentiometer 
control, 12-bits is still the A/D converter standard. Those 
robot joints relying on synchro-to-digital conversion, on the 
other hand, often work with 14- and 16-bit resolutions.

Of the available converter elements for rotational posi­
tion sensing, synchro/resolver and hybrid electronic com­
binations are most immune to the effects of temperature, 
humidity, vibration, shock, and power supply variations. 
Synchro rotational sensors are essentially motor windings 
— both stator and rotor coils — which measure the phase 
angle differences between the a.c. voltage reference input 
(applied to the stator winding) and the a.c. voltage output 
(both sine and cosine waves at rotor windings). The dif­
ference in phase angle will be a function of the rotational 
position of the rotor shaft (see Fig.6).

ELECTRONIC COMPONENTS AND APPLICATIONS, VOL.5 NO. 3, JUNE 1983 185



DATA CONVERTERS FOR ROBOTICS

Bit resolution in terms 
of angular rotation 

degreesbits 
MSB 1

2 
3
4 
5
6 
7
8 
9

10 
11
12
13

LSB 14

180
90
45
22.5
11.25
5.625
2.813
1.406
0.7031
0.3516
0.1758
0.08799
0.04395
0.02197

By themselves, synchro/resolvers can provide resolution 
down to several arc-seconds, and because their voltage am­
plitude levels are fixed, they can be readily interfaced with­
out amplification circuitry to converters or counters which 
generate the high-resolution microprocessor codes. Rather 
than the large resistor ladders used in conventional D/A and 
A/D converters, synchro-to-digital converters are essentially 
logic gates and counting mechanisms. Each a.c. signal can 
be gated (switched on) precisely at the zero crossing to gen­
erate a series of pulses. A counter-tinier unit can easily digi­
tise the rotor phase angle by indexing the timing interval 
between gated pulses. A shift register, in turn, can be used 
to provide binary notation.

Resolution from hybrid or modular synchro-to-digital 
converters is of the order of 14-bits (see table above). 
ILC Data Device is one of the leaders in this technology.

POPULAR ROTATIONAL CONTROL
The most widely used rotational control elements are the 
optical digital shaft encoders. These devices are popular 
because they provide a very high degree of resolution, with 
a minimum of interface components. A simplified disc/en- 
coding scheme is shown in Fig.7. The sample disc shown, in 
combination with the optical sensors, will produce a 4-bit 
digital code. All 16 code combinations, in fact, are printed 
right on the disc, and each code combination corresponds 
to a different rotational position. Encoders with more than 
16-bits resolution can be obtained. The only limitation is 

the number of digital code combinations which can be sen­
sibly imprinted on the disc.

It is the control loop of this system, however, which will 
typically require data converter components. To find a 
specific rotational position, the joint-control processor will 
issue an instruction code to a D/A converter whose analog 
voltage output regulates the duty cycle of a pulse-width 
modulator. The PWM, in turn, controls the driving circuitry 
for a brushless d.c. motor.

A complete sample circuit of this type is shown in Fig.8. 
Because it includes a data latch, voltage reference, and op 
amp all on one chip, the NE5018 18-bit D/A converter 
shown simplifies the job of changing a processor code into 
the voltage needed to regulate the NE5560 PWM. In the cir­
cuit shown, a 50% PWM duty cycle (equivalent to a 3.5 V 
reference level on pin 5 of the 5560) will lock, the motor in 
a stationary position. As the duty cycle of the PWM drops 
to 22% (a 2.4 V level on pin 5), the motor will reach max­
imum clockwise speed. Similarly, if the duty cycle comes 
up to 80% (4.65 V), the motor will reach maximum 
counterclockwise speed.

The precision of this particular loop will be in the pre­
cision of the digital-encoding feedback loop, rather than in 
the resolution or accuracy of the D/A converter. Since the 
basic functions of this control loop’s operation are ‘on- 
clockwise’, ‘stop’, ‘on-counterclockwise’, and ‘stop’, the en­
tire locomotion system can be controlled with the equiva­
lent of a 4-bit code and very simple microprocessor soft­
ware routines.
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Fig.7 A typical configuration of an opti­
cal digital encoder. Bit resolution- is 
limited only by fineness of the optical 
pattern; a 4-bit disc is shown

PIERCED CODED DISC

PHOTO -. 

CLIGHT SOURCE m DETECTOR

"N" 
PHOTO 
DETECTORS

Optical Shaft Encoder
In this type cf encoder, the disc

ENCODER is pierced with a pattern analogous
to the disc shown.

+ 15V

A near-equivalent is ourTDA1060.

FUTURE DIRECTIONS
Because of the need for increased industrial productivity, it 
is likely that industry will evolve a much larger variety of 
robot machine types. For most industrial customers, a robot 
assembly arm is a large capital equipment investment. Design 
engineers will have to evolve lower-cost alternatives to the 
$50 000 machines. There will undoubtedly be a proliferation 
of microprocessor-based ‘productivity aids’. While not on the 
scale of fully-programmed robot assemblers, these inspec- 
tion/sorting devices and simplified robot arm assemblies will 
typically function like a much needed ‘third hand’ in the in­
dustrial environment — never fully replacing the worker, 
but inevitably increasing his output.
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MEA8000 VOICE SYNTHESISER TO BE DEMONSTRATED AT PHONETICS CONGRESS

Philips will demonstrate the MEA8000 voice synthesiser 
(EC&A, Vol.4 No.2) and its simplified editing system 
(EC&A, Vol.4 No.4) at the tenth International Congress of 
Phonetic Sciences to be held August 1st to August 6th this 
year at Utrecht.

The simplicity of the techniques involved will be de­
monstrated live by means of a modem link to the company’s 
VAX 11/70 computer at its Eindhoven headquarters. 
Visitors to the exhibition stand will be able to have their 
voices recorded onto the Philips Chatterbox II unit, which 
will then decode the analogue voice information and 
digitise it for transmission over a telephone line to the 
central VAX computer.

Once the decoded voice data has been down-loaded, an 
editing console on the stand will be used to access the in­
formation and display the resultant pitch, volume and 
formant codes. Using Philips’ own VAX 11 software, these 
may then be modified as required, either to improve the 
match between the digital code and the voice print or to 
make subtle changes in inflection or pitch to meet a user’s 
particular requirements.

Once satisfied with the results of the editing process, the 
operator can call up the codes to directly program an 
EPROM on a demonstration board that also contains an 
MEA8OO0, controlling circuitry, and an output loudspeaker 

to replay the synthesised speech. In this way visitors will be 
able to judge for themselves the quality results possible with 
the formant version of Linear Predictive Coding used in the 
MEA8000.

Despite all the publicity that has surrounded voice syn­
thesizers, few commercial applications have so far been 
realised, in part due to misconceptions about supposed 
complications of implementing such devices. With the 
demonstration at Utrecht, Philips hopes to dispel these 
misconceptions.

In Europe, Philips currently operates speech editing 
centres at Eindhoven, Mitcham, Hamburg and Paris; and in 
the United States at Sunnyvale (Signetics). Users wishing to 
conduct their own synthesizer programming can also pur­
chase a complete stand-alone coding and editing suite.

Product support extends from supplying the basic 
MEA8000 on its own, through complete coding and editing 
of a customer’s own transcripts and supplying the ready 
programmed PROMs and MEA8000, to complete printed 
circuits (including MEA8000, MAB8048 microprocessor 
and PROMs) in quantities up to several hundred, as well as 
sub-assembly modules with complete I/O facilities. In this 
way the company believes it can guide potential users 
through the formative and educational stages of imple­
menting voice synthesizer devices in a host of applications.
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VACUUM PHOTO-TRIODES FOR HIGH-ENERGY PHYSICS

A new series of 3-inch vacuum photo-triodes from Philips operates in magnetic fields as high as one tesla. These 1500XP series triodes can there­
fore be used in modern solenoid-enclosed particle detection systems in high-energy physics experiments, where the fields generated are tens of 
thousands of times stronger than the earth's.

The low light levels which are produced by nuclear particles interacting with, for example, lead glass can be detected by these tubes. A triode 
gain of more than 10 lifts the signals out of the noise of the following preamplifier, and enables pulse height resolutions to be obtained which 
rival those of traditional photomultipliers.

The tubes have a high-sensitivity biaikaline photocathode and a unique mechanical design, which enables them to work in magnetic fields at 
angles up to 70° to their axis.
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Abstracts

CMOS gate arrays — the fast way to semi-custom logic
This article describes a new range of silicon-gate CMOS gate arrays. 
The range is backed by a comprehensive CAD package which allows 
logic system designers to retain control of the IC design. Details 
of the internal structure of the arrays are given together with a de­
scription of the CAD package and performance data.

Data communications
As the number of computers in use and the speed and volume of 
their output have increased, so has the need to transmit their out­
put to more places and over longer distances. Inherent to the data 
communication process arc various elements, devices, techniques 
and systems, as well as standards and procedures. Understanding of 
these can help users of computer services to take advantage of the 
communications systems that are now available.

The magnetoresistive sensor - a sensitive device for detecting mag­
netic-field variations
The magnetoresistive sensor (MRS) is a recent development for 
measuring magnetic-field variations, and provides an attractive 
alternative to more conventional Hall-effect sensors. The device 
comprises four permalloy strips arranged to form a Wheatstone 
bridge—the output of which provides a measure of the prevailing 
magnetic field. Since even quite small movements of actuating 
components in machinery can create measurable changes in mag­
netic field, the MRS can act as a sensitive position sensor in instru­
mentation and control equipment, and in electronic ignition systems.

Circulators and isolators for reducing transmitter intermodulation 
Circulators and isolators arc highly effective in reducing intermodul­
ation between transmitters operating on closely spaced frequencies. 
They are particularly useful when the intermodulation products 
fall in parts of the frequency spectrum removed by kilohertz rather 
than megahertz from the wanted frequencies. This article describes 
circular/isolator operation, discusses their use in transmitting sys­
tems and gives some operating recommendations.

A complete f.m. radio on a chip
This article describes a new superheterodyne f.m. reception system 
which is almost totally integrated and requires only one external 
coil and a few inexpensive ceramic capacitors. In-depth design in­
formation is given and several complete radios are presented to­
gether with a selection of suitable audio amplifiers.

Progress in SMPS magnetic components optimisation
The design of transformers and chokes for switched-mode power 
supplies is now well understood. Published design routines make for 
predictable performance and straightforward design optimisation. 
The understanding gained from the preparation of these routines 
has been applied to the design of the ferrite cores themselves. The 
result is a new range of hardware - cores, coil formers and mounting 
accessories - the ETD system.

Data converters for robotics
To the extent that they combine the functions of sensing, digital 
data processing, and locomotion, most industrial robots share funda­
mentally similar architecture. The important differences that affect 
cost arc speed, resolution, and versatility. Correctly specifying the 
sensing and locomotion functions in relation to the robot’s intended 
task has a decisive influence on the choice of A/D and D/A con­
verters and on the ultimate cost/performance ratio.

CMOS Gate Arrays —Der schnelle Weg zu digitalen Kunden­
schaltungen
Der Aufsatz beschreibt eine neue Reihe CMOS Gate Arrays in 
Silizium-Gate-Technologie. Ein umfangreiches CAD-Paket unter­
stützt diese Reihe und erlaubt dem Systemingenieur die Kontrolle 
des IC-Design. Einzelheiten der inneren Struktur der Arrays werden 
diskutiert, zusammen mit einer Beschreibung der CAD-Programme 
und der Eigenschaften.

Datenübertragung
Mit dem Wachstum der Anzahl eingesetzter Computer nahmen auch 
Geschwindigkeit und Umfang ihrer Ausgabedaten erheblich zu. Ent­
sprechend wuchs auch die Notwendigkeit, die Ausgabedaten an 
mehr Plätze sowie über grössere Entfernungen zu übertragen. Dieser 
Datenübertragungsprozess wird mit verschiedenen, speziell dafür 
ausgclegten Komponenten, Geräten, Technologien, aber auch Nor­
men und Vereinbahrungen realisiert. Das Verständniss dieser Grund­
lagen kann dem Kunden von Computerdiensten dabei helfen, die 
Möglichkeiten, die Ubertragungssysteme heute bieten, zu seinen 
Vorteil zu nutzen.

Der magnetoresistive Sensor — ein empfindliches Bauelement für 
Messung von Magnetfeldern
Der magnetoresistive Sensor (MRA) ist eine Neuentwicklung für 
Messung von Magnetfeldern, die eine interessante Alternative zu 
den konventionellen Hall-Elementen darstellt. Der Sensor enthält 
vier Permalloy-Strcifen, die so angeordnet sind, dass die eine Wheat- 
stone-Brücke bilden. Das Ausgangssignal dieser Brücke ist ein Mass 
für das herrschende Magnetfeld. Da auch sehr kleine Bewegungen 
von Maschinenbauteilen messbare Änderungen des Magnetfeldes 
hervorrufen können, lässt sich der magnetoresistive Sensor als 
empfindlicher Positionsfühler in Instrumenten, Steuergeräten und 
elektronischen Zündsystemen verwenden.

Zirkulatoren und Einwegleitungen zur Verminderung von Inter­
modulation bei Sendern.
Mit Hilfe von Zirkulatoren und Einwegleitungen lässt sich ausser­
ordentlich wirksam die Intermodulation zwischen Sendern mit eng 
benachbarten Frequenzen reduzieren. Zirkulatoren und Einweg­
leitungen erweisen sich in höherem Masse nützlich, wenn die Inter­
modulationsprodukte in einem Frequenzbereich, der nur einige 
kHz entfernt ist, anfallen, als wenn sie um MHz von den Betriebs­
frequenzen entfernt liegen würden. Der Artikel beschreibt den 
Betrieb von Zirkulatoren und Einwegleitungen, diskutiert ihre An­
wendung in Sendesystemen und gibt einige Betriebsempfehlungcn.

Ein vollständiges FM-Radio auf einem Chip
In diesem Artikel wird ein FM-Uberlagerungsempfänger beschrieben, 
der nach einem neuartigen Prinzip arbeitet, sich fast vollständig 
integrieren lässt und nur eine externe Spule sowie einige preiswerte 
keramische Kondensatoren benötigt. Weiterhin enthält der Artikel 
genaue Informationen für den Schaltungsentwurf. Schliesslich 
werden mehrere vollständige Empfänger zusammen mit einer Aus­
wahl geeigneter NF-Verstärker vorgestellt.

Fortschritte bei der Optimierung magnetischer Bauelemente für 
Schaltnetzteile
Der Entwurf von Transformatoren und Drosseln für Schaltnetzteile 
wird nunmehr gut beherrscht. Die angegebenen Entwurfsverfahren 
führen zu voraussagbarem Verhalten und zu einer unkomplizierten 
Optimierung des Entwurfs. Die bei der Ausarbeitung dieser Ver­
fahren gewonnenen Erkenntnisse sind beim Entwurf der Ferritkerne 
selbst verwendet worden, was zu einer neuen Reihe von Kernen, 
Spulenkörpern und Montage-Zubehör geführt hat - dem ETD-System.

Signalkonverter für Roboter-Steuerungen
Im den Masse wie die Funktionen Messwertaufnahme, digitale 
Datenverarbeitung und Bewegung kombiniert werden, besitzen die 
meisten industriellen Roboter im Grunde eine ähnliche Architektur. 
Die wesenlichen Unterschiede, die den Preis beeinflussen, sind Ge­
schwindigkeit und Vielseitigkeit. Eine sorgfältige Spezifikation der 
Messwertaufnahme und Bewegungsfunktionen in Anpassung an die 
geplante Verwendung des Roboters ist notwendig. Sie beeinflusst 
entscheidend die Wahl der A/D- und D/A-Wandler und das end­
gültige Prcis/Leistungsverhältnis.
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ABSTRACTS

Réseaux de portes CMOS - une logique sur mesure à portée de la 
main
Cet article dcrit une nouvelle gamme de réseaux de porte CMOS au 
silicium. Cette gamme bénéficie d’un progiciel de CAO complet qui 
permet aux concepteurs de systèmes logiques de contrôler égale­
ment la conception du circuit intégré. Cet article donne également 
des détails sur la structure interne des réseaux ainsi qu’une descrip­
tion du progiciel de CAO et des caractéristiques de fonctionnement.

Transmission de données
Parallèlement à l’augmentation du nombre des ordinateurs en service 
ainsi que de leur vitesse et de leur volume de travail, il s’est avéré 
de plus en plus nécessaire de transmettre les données produites en 
des lieux plus nombreux et sur des distances plus longues. Divers 
éléments, dispositifs, techniques et systèmes ainsi que diverses 
normes et procédures, sont inhérents au processus de transmission 
des données. Leur bonne compréhension peut aider les utilisateurs 
de l’informatique à tirer pleinement parti des systèmes de trans­
mission actuellement disponibles.

Le détecteur magnétorésistif
Un petit dispositif permettant de détecter les variations d’un champ 
magnétique. Développement récent dans la mesure des variations de 
champs magnétiques, le détecteur magnétorésistif (MRS) est une 
alternative intéressante aux détecteurs plus classiques à effet Hall. 
Ce dispositif comprend quatre barrettes en permalloy disposées en 
pont de Wheatstone dont la sortie fournit une mesure du champ 
magnétique dominant. Etant donné que même d’infimes mouve­
ments de composants mobiles dans des machines peuvent engen­
drer des modifications mesurables du champ magnétique, le MRS 
peut être utilisé comme détecteur de position sensible dans des 
équipements d’instrumentation et de régulation et dans des sys­
tèmes d’allumage électronique.

Circulateurs et isolateurs pour la réduction de l'intermodulation 
dans les émetteurs
Les circulateurs et les isolateurs sont extrêmement efficaces pour 
réduire l’intermodulation entre des émetteurs utilisant des fré­
quences très proches. Ils sont particulièrement utiles lorsque les 
produits de l’intermodulation tombent dans des zones du spectre 
de fréquence éliminées par kilohertz et non pas par mégahertz 
des fréquences requises. Cet article décrit le fonctionnement des 
circulateurs/isolateurs, examine leurs applications dans les systèmes 
d’émission et propose certaines recommandations pratiques.

Une radio fan. complète sur une puce
Cet article décrit un nouveau système de réception f.m. super­
hétérodyne presque entièrement intégré qui n’exige qu’une bobine 
externe et quelques condensateurs céramiques peu coûteux. Outre 
des informations de conception approfondies, on trouvera une pré­
sentation de plusieurs récepteurs complets ainsi qu’une sélection 
d’amplificateurs audio adaptés.

Progrès dans l’optimisation des composants magnétiques SMPS
La conception des transformateurs et inductances pour les alimenta­
tions à découpage est désormais bien comprise. Les méthodes de 
conception publiées vont dans le sens de performances prévisibles et 
d’une optimisation nette de la conception. L’expérience acquise 
lors de l’élaboration de ces méthodes a été appliquée à la conception 
des noyaux en ferrite eux-mêmes. Le résultat est une nouvelle 
gamme de matériel - noyaux, mandrins et accessoires de montage - 
le système ETD.

Convertisseurs de données pour la robotique
Dans la mesure où ils réunissent les fonctions de détection, de 
traitement numérique des données et de locomotion, la plupart 
des robots industriels partagent une architecture similaire pour 
l’essentiel. Les différences majeures qui affectent le coût résident 
dans la vitesse, la résolution et la souplesse d’emploi. La spécifica­
tion des fonctions correctes de détection et de locomotion, par 
rapport à la tâche prévue du robot, a une influence déterminante 
sur le choix des convertisseurs A/N et N/A et sur le rapport coût/ 
performances final.

Redes de puertas CMOS - el camino más rápido hacia la lógica 
semi-custom
Este artículo describe una nueva familia de redes de puertas CMOS 
de silicio. Esta familia está soportada por una. colección de 
programas de fácil manejo para diseño ayudado por ordenador, 
que permite a los diseñadores de sistemas lógicos mantener un 
control del diseño del circuito integrado. Se dan detalles de la 
estructura interna de las redes junto con una descripción de la 
colección de programas y de los datos de funcionamiento.

Comunicación de datos
Con el aumento del número de ordenadores en uso y de la velocidad 
y volumen de sus salidas, ha aumentado la necesidad de transmitir 
sus salidas a más puntos y a mayores distancias. Inherente al proceso 
de comunicación de datos existen diversos elementos, dispositivos, 
técnicas y sistemas, así como estándares y procedimientos, cuya 
comprensión puede ayudar a los usuarios de los servicios de ordena­
dor a conocer los sistemas de comunicaciones disponibles actual­
mente.

El sensor magnetoresistivo - un dispositivo sensitivo para detectar 
variaciones de campo magnético
El sensor magnetoresistivo (MRS) es un desarrollo reciente que mide 
variaciones de campo magnético, y proporciona una atractiva alter­
nativa a los sensores convencionales de efecto Hall. El dispositivo 
contiene cuatro cintas permalloy dispuestas para formar un puente 
de Wheatstone - la salida del cual proporciona una medida del 
campo magnético. Ya que incluso un movimiento muy pequeño de 
los componentes que actúan en la maquinaria puede crear varia­
ciones medibles en el campo magnético, el sensor magnetoresistivo 
puede actuar como sensor de posición sensitivo en instrumentación 
y equipos de control y en sistemas electrónicos de ignición.

Circuladores y aisladores para reducir la intermodulación de trans­
misores
Los circuladores y aisladores son muy efectivos para reducir la inter­
modulación entre transmisores que trabajan en frecuencias muy 
cercanas. Son particularmente útiles cuando los productos de inter­
modulación caen en zonas del espectro de frecuencia a una distancia 
de las frecuencias deseadas del orden de los kilociclos mas que del 
orden de los megacidos. Este artículo describe el funcionamiento 
del circulador/aislador, se estudia su utilización en sistemas de 
transmisión y se dan algunas recomendaciones de operación.

Radio f.m. completa en un chip
Este artículo describe un nuevo sistema superheterodino de recep­
ción de f.m. que está casi totalmente integrado y sólo requiere una 
bobina externa y algunos condensadores cerámicos baratos. Se da 
la información detallada del diseño y se presentan algunas radios 
completas y una selección de los amplificadores de audio adecuados.

Progresos en la optimización de componentes magnéticos para 
fuentes de alimentación conmutadas
El diseño de transformadores y choques para fuentes de alimenta­
ción conmutadas es ya bien conocido. Las rutinas de diseño publica­
das se hacen para un funcionamiento predecible y para una optimi­
zación del diseño sin complicaciones. Los conocimientos obtenidos 
a partir de la preparación de estas rutinas han sido aplicados al 
diseño de los propios núcleos de ferrita. El resultado es una nueva 
gama de núcleos, formadores de bobina y accesorios de montaje - el 
sistema ETD.

Convertidores de datos para robótica
Por el hecho de que combinan las funciones de sensado, procesado 
digital de datos y locomoción, la mayoría de los robots industri­
ales tienen la arquitectura fundamentel similar. Las diferencias 
importantes que afectan al costo son: velocidad, resolución y 
versatilidad. La correcta especificación de las funciones de sensado 
y locomoción en relaciñon con la tarea para la que ha sido diseñado 
el robot, tiene una influencia decisiva en la selección de converti­
dores A/D y D/A y en la definitiva relación costo/prestacioncs.
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