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Wolfgang Schneider, DJSES and Frank-Peter Richter, DLSHAT

High Precision Frequency
Standard for 10 MHz

Part II: Frequency Control Via GPS

A high-stability frequency standard
for 10 MHz can be created using only
three system components. Short-term
and long-term stability values can be
obtained, by simple means, which far
exceed the requirements for practical
amateur radio operations.

1.
Introduction

The most commonly used method for
precision time comparisons nowadays
makes use of the satellites of the Global
Positioning System (GPS). The GPS
satellites (there are currently 26 of them)
carry atomic clocks of the highest
accuracy, the operation of which is
carcfully monitored by the ground sta-
tions. As in all relatively large institutes
all over the world, the GPS is also used
by the PTB for the international com-
parison of atomic clocks.

A stable quartz oscillator is regulated so
well, with the aid of the GPS, that its
maximum frequency deviation always
remains better than 1 x 10-!1. This is a
precision of 0.0001 Hz in 10 MHz! Or
for the GHz amateur: 1 Hz in 100 GHz.

2

The frequency control via GPS shown in
the block diagram (Fig. 1) can offer an
accuracy of approximately 4 x 10- or,
in other words., 4 Hz in 10 GHz. This
value results from the imprecision of the
counting process built into the system.
In frequency counters and this is nothing
different the last bit should always be
taken with a pinch of salt. Depending on
the phase position of the gate time to the
counting signal, an error occurs here of
=1 bit (phase error £100 ns). For a gate
time of 1s. that would be | Hz for the
mcgsuring frequency 10 MHz (=1 x
10-7).

The first practical measurements were
based on a gate time of 8 seconds,
which corresponds to a resolution of
0.125 Hz. Together with the phase jitter
of the GPS signal (ls cycle), there
should have been uniform distribution
and thus a levelling off of the reading
over a relatively long period of time
(max. 64 measurements). However, this
turned out to be wishful thinking. From
the measurement technology point of
view, the situation with this gate time
was that the oscillator frequency varied
very slowly. or perhaps we should say it
circled around the rated value of 10
MHz. The absolute frequency here was
10.0 MHz =0.0305 Hz.

If the gate time is increased to 128
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Fig 1: Block Diagram of Frequency Control via GPS

seconds, in theory the reading improves
to at least +0.0078125 Hz (+7.8125
mHz). However, the influence of the
GPS phase jitter is now reduced. This
results in an effective usable precision
for the 10 MHz-Signals of approxi-
mately 4 x 1019 or, as already stated
above, a frequency counter controlled
on such a quartz time basis has a display
accuracy of 4 Hz at 10 GHz.

2.

The control assembly circuit

In principle, the control stage (Fig. 2)
operates like a frequency counter with
an additional numerical comparator. The
oscillator frequency - 10 MHz of the HP
oscillator HP10544A is counted out
here. The gate time of the counter is
generated from the Ipps signal of the
GPS receiver with a 74LS393. For
control operation, it amounts to 128
seconds and 8 seconds in the compari-
son mode for the OCXO.

The 74HC590 counter module is an
8-bit counter. It can be used, with a gate
time of 8 seconds, to measure the input
frequency 10 MHz 16 Hz. The mini-
mum resolution here is 0.125 Hz. In

control operation (gate time 128 sec-
onds), this is improved by a factor of
16. This results in the system-deter-
mined precision of 0.78 x 10, based on
the 10 MHz frequency oscillator.

The HP oscillator frequency can be
finely adjusted using a tuning voltage of
5 V. This is done by the digital-
analogue converter {AD 1851). It offers
a resolution of 16 bits for a control
voltage range of 3 V. This gives a
setting range for the OCXO of approxi-
mately 0.5 Hz

The AT89CS2 micro-controller controls
all the functions described above within
the control assembly. The essential ele-
ments controlled which we should men-
tion here arc the meter module, the D/A
converter and the status in the LC
display.

3
Software description for
controller

The software in the micro-controller
AT89C52 performs two tasks. Firstly, it
should cnable a rough comparison op-
eration to be carried out, and secondly it

3
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will continuously carry out the final fine
adjustment with the GPS signal.

If pin 4 of K13 is open. then when the
voltage is applied to the control circuit
board the LC display shows Warming
Up. If the GPS second cycle is acti-
vated, the first value will be displaved
after approximately 15 minutes. In order
to climinate any artificial jitter in the
GPS second cyvcle. a mean value is
formed and displaved from 64 readings
from the 74HC590 meter.

A change in the oscillator frequency on
the mechanical potentiometer will thus
not display any effect for some time. So
after a change on the potentiometer we
must just wait for approximately 64 x 8
seconds until the next adjustment takes
place. If a value of 0.250 Hz is attained,
we can switch over to the basic control.

If the software in the controller is to
recognise that the automatic control now
has to be carried out, Pin 4 of K13 must
be carthed.

l'he artificial jitter of the GPS signal
and the very slight deviation following
the rough comparison require there to be

DLSHAT

001

F
™
a relatively long gate time of 128
seconds. This is obtained by means of a
bridge between pins 15 and 16 at K14,

Here too. the first message on the
display is Warming Up. If the GPS
second cycle is activated, the first value
is displayed after approximately 15
minutes; though here it is not the
deviation in Hz but the value which is
written in the AD 1851digital-analogue
converter. This value can reach a maxi-
mum of 32767, which means approxi-
mately 3V.

The software assesses the condition of
the meter and, depending on the polarity
sign, calculates the value for the AD
1851 digital-analogue converter. Irom
the present condition of the meter and
the mean of the last 64 meter results, the
figure is determined which is to be
added to or subtracted from the current
digital-analogue converter value, which
can be seen on the display.

According to pure theory, with the given
gate time of <128 seconds and with a
mean value formed over 64 readings,
the time to reach the finally precision of

Fig 3: PCB Layout
for DLSHAT 001
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4x10-'0 Hz (i.e. 4 Hz in 10 GHz!) is
over after 4.5 hours, However, it has
been’ demonstrated in practise that this
value has already been reached after
approximately two hours. It is important
in this connection that the frequency
deviation is not determined by the
system alone but also depends on the
number of GPS satellites which are
currently being received, and the signals
from which are available-for evaluation.

4.
Assembly instructions for
control assembly

The frequency controller circuit is put
together on a single sided epoxy circuit
board, with dimensions of 100 'mm x
100 mm (Fig. 3). Once the holes have
been drilled in the circuit board, all the
components can be fitted, in any order.
The components drawing (Fig. 4) can be
of assistance here.

The micro-controller (1C 1) should have

a plug-in socket. Thus if the software is
updated later, the processor can be
easily replaced.

4.1. Control assembly parts list

Ix pC ATRICS2

1x ADC ADI1851

Ix TTL-IC 74.874

Ix TTL-IC 741.8393

Ix TTL-IC 74HCS590

2x Transistor ~ BC848B

2x LED green, low current
1x crystal 24 Mlz

Ix spindle pot 10k

Ix socket strip 10-pin

Ix plug strip 10-pin

1x stud strip 14-pin

1x jumper

Ix PCB DLSHAT 001

6688 68 ff Fig 4: Component
CLEREELL) ﬁé 151 éb él Layout for PCB
: : . l ----- -E_.
i [ bim g - 1Eg‘]
& | : . dm
On g, - 8y : 5
lael o g"
K2 : - T :
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0 : B
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Resistors
2x 1.8k
4x 10k
Ceramic capacitors
5x 0.1pF
2x 22pF
Ix 10nF
Tantalum Capacitors
1x 4.7uF25V
Ix 10uF25V

S.
Inter-connecting all assemblies

The HP 10544A crystal frequency oscil-
lator powers the DIS8ES 049 buffer
stage. This makes available outputs for
TTL levels (1. 5 and 10 MHz) and 3
separate 10 MHz sine signals on the
output side. All connections are made to
BNC sockets on the front plate of the
apparatus.

Fig 5: Completed
PCB

The control
initially needs the synchronisation signal
(1 pps) to generate the gate time for the
frequency counter. This signal is gener-
ated in the specimen apparatus by means
of a GPS receiver manufactured by

assembly (DIJBES 050)

GARMIN (GPS 25-LVS receiver
board). The external aerial required is
coupled through an SMA connection.

The frequency measurement input (10
MHz, TTL level) is connected in paral-
lel to the corresponding BNC socket.

The control assembly output supplies
the control voltage for the HP oscillator.

The tuning voltage, 5V, must be sepa-
rately generated in the frequency con-
troller power supply. The following
concept would be ideal for the power
supply in the frequency standard forl0
MHz:

24V HP oscillator
+5V GPS receiver
+5V control assembly
5V control voltage
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The three keys on the front panel of the
apparatus are intended to make it possi-
ble to show the status in the LC display.
They are not taken into account in the
present software version.

6.
Operational experience

Long-term observations of the 10-MHz
frequency standard over approximately 4
weeks confirmed the assumptions made
in the introduction. Since it is not easy
to measure the frequency directly in this
way with the necessary precision, the
analysis must be carried out through the
tuning voltage of the OCXO. The
oscillator frequency varies with a time
constant of several hours around the
value of 4x10-10 Hz The control soft-
ware is being optimised again at the
moment. The aim is to improve the
deviation by a factor of 10.

To sum up, it must be admitted that a
high-quality frequency standard for 10
Hz has been created using what is

8

A,

. Fig 6: Completed
 High Precision
<[ . Frequency

. Standard

&

®

actually a decidedly simple method, and
with minimal expenditure on hardware.
This means that a reference frequency is
now available in your own home at any
time for frequency meters or frequency
synchronisation, or [or other applica-
tions. The accuracy of 4 Hz at 10 GHz
(and eventually 0.4 Hel} is certainly
more than adequate for amateur applica-
tions.

7
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Prof. Gisbert Glasmachers

GMSK

The Modulation Used For Mobile

Communications

Modern communications technology
must be matched by modern electron-
ics. So that the precious resource of
frequency space is not wasted, new
tvpes of modulation are being tested
and brought into use; the article
below introduces the GMSK tvpe of
modulation currently in use for GSM
mobile telephones.

1.
Introduction

In many branches of technology, a
change from analogue to digital tech-
niques is taking place. Current examples
of this are video technology and te-
lephony. Modern equipment transmits
and stores what were originally analogue
signals in digitised form. To this can be
added continuously increasing transmis-
sion via wireless paths.

Radio technology must provide facilitics
for the transmission of digital signals.
One elementary problem here is the
restriction of the bandwidth. Analogue
signals, rather like human speech. en-
counter a natural band width restriction
at approximately 10 kHz. Consequently,
the medium wave radio transmitters,
with analogue amplitude modulation,

require precisely this bandwidth. Digital
signals, due to their fast rise times.
require @ much higher bandwidth. If
then (to stay with the example of human
speech), we digitise at a high resolution,
e.g. 12 bils, the bandwidth required for
a transmission could easily be increased
to several MHz. It is clear that technol-
ogy is trying everything in order to
reduce this unbearable drain on precious
frequency space. The main aim of this
article is to introduce GMSK, the pre-
ferred type of modulation for radio
transmission. To this end, the state of
the art is described, together with the
options for the radio amateur wishing (o
become familiar with this technology
using simple resources.

2.
Type of modulation

The type of modulation is ‘Tusually
determined by the efficiency, security
and costs of the transmission path. A
basic distinction is made between ampli-
tude modulation and phase modulation.
Amplitude modulation in the field of
long wave and medium wave radio has
been known since the nineteen-twenties.
Its susceptibility to interference makes it
largely unsuitable for modern communi-

9
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Phase modulation affects the frequency
and phase of a carrier. With digital
frequency modulation, the frequency
must be swilched over in sympathy with
the data signal, see Fig. 1.

There is a direct relationship between
the frequency and the phase. If the
frequency goes up, the phase rises
linearly. It is clear that a big frequency
change, Al, is easier to detect in the
receiver than a small one. But unfortu-
nately the spectrum width of a radio
signal is directly proportional to the size
of the frequency change. A reasonable
compromise must therefore be found
between the frequency shift, Af, and
consideration of the restricted width of
the radio channel. At a low received
field strength, the channel width plays
an important part, yet the noise output
increases lincarly with the bandwidth.
For this reason it is also desirable that
the channel width should be as small as
possible.

Examples of the effects of the type of
modulation on the spectrum are shown
in Fig. 2. The frequency axis is divided
up into 4 transmission channels. The
ideal spectrum would be a uniform

10

distribution of the output over the
channel width. In addition. propagation
into the adjacent channel would be
prevented completely. Such ideal condi-
tions can not be provided in practice.
Two real spectra are also shown, GMSK
in channel 3 which can still be described
as good: MSK in channel 2. by contrast,
is not good. The frequency shift keyving
shown in Fig. 1 corresponds to MSK.

From the spectrum point of view. the
bandwidth of an MSK signal is unneces-
sarily large, we can attempt to reduce it
using suitable filtration. Filtration after
modulation would be possible, so that
we could simply cut off the edges of the

ideales

Spelorurn

T T
Henal | Kanral 2 Kenal 3

Fig 2: Examples of Frequency
Spectrum
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spectrum using a band pass [ilter. This
would also mean that the information
itself was also cut off. It seems more
sensible to filter the digital signal before
modulation, which leads directly to the
GMSK spectrum. The concept is known
as Gauss Minimum Shift Keying. It
includes filtration using a Gauss filter.
The results are shown in IFig. 3.

The corners in the phase gradient widen
the spectrum. If they are rounded off,
the spectrum becomes narrower. We can
vary how distinctly the rounding off is
made, this is characterised by the so-
called BT product, where

B = Bandwidth of Gauss lilter
T = TBIT. the bit time.

For MSK, BT approaches infinity. Fre-
quently used values for BT are 1, 0.5
and 0.3. It should be pointed out that the
European mobile radio systems (GSM)
are operated using GMSK modulation
with BT = 0.3.

3.
Generation of GMSK signals

Basically, any phase modulation and this
includes GMSK can be obtained by
changing the phase or frequency. A

simple method of generating frequency-
modulated signals consists of using a
voltage-controlled oscillator {(VCO). The
frequency is changed using a control
voltage fed in from outside the control
loop. This produces only an approxi-
mate adjustment of the frequency shifi.

A precise adjustment, as required for
MSK and GMSK, requires the phase (o
undergo . a modulation instead of the
frequency. For this, we generally usc
quadrature modulators, the functional
principle is shown in Fig. 4.

The function of this modulator is to
generate a carrier with any phase dis-
placement desired at constant amplitude,
For this purpose, the carrier is divided
info two signals, one with zero degrees
phase (sin) and one with 90 degrees
phase ({cos). These two signals are
generated by producing a carrier at
twice the frequency, (ollowed by a 2:1
frequency divider and an inverter. The
two signals can be set to any amplitude
between +1 and 1 by means of a
multiplier {(mixer). Finally, the two sig-
nals are brought back together. The
multipliers are controlled by the digital
data which is divided into two signals (I
and Q) and shaped through digital
filters. This produces a phase transitions
ol 90 degrees, as shown in Fig. 3.

In practice quadrature modulators are on

11
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Fig 4:Block Diagram of a Quadrature Modulator

Freq. - Verdoppler = Frequency Doubler

Freq. - Teiler = Frequency Divider

Unwandlung Datenformat in DiBits (1Q) = Convert data to I Q format

sale as complete circuits, e.g. from
HARRIS, MAXIM. TEMIC and many
others. Splitting the digital signal up
into 1 and Q components and filtering it
is usually left up to the electronics
manufacturer. This can be achieved by
using a micro-controller, for example

-~

I
£n

cos ?(x) + sin (§)= 1

[ Bitithergang

N o I
T konstanter

one from the MICROCHIP PIC range,
which reads off the necessarv | and Q
components from a table. The filtration
required for GMSK can also be incorpo-
rated into the tables without any prob-
lem. For this purpose at least one up to
a maximum of three past and future bits

Zetverlauf

Amplitude 0 =

Fig 5 : Combination of sine and cosine components
Bitubergang mit konstanter amplitube = Bit transition with constant amplitude

Zeitvertauf = Time period

12
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Fig 6: Effect of Gauss Filter on a
"One Bit"

around the current bit must be exam-
ined; see Fig. 6.

The filtered bit extends into the adjacent
bits, this is referred to as symbolic
interference if adjacent bits interfere
with one another. The lower the limiting
frequency of the filter, the wider (and
flatter) the bit becomes. This means that
the phase rotation, which should be
precisely 90 degrees per bit, changes
depending on the bits immediately in
front and behind. The exact phase
rotation can be calculated mathemati-
cally. I we takeas an approximation that
the change extends to only a single bit,
we obtain 8 variants in all, which are
shown in Fig. 7.

If the consideration extends over plus/
minus two bits, this gives a total of 32
different phase gradients. These must
each be calculated for the I and Q
components in four possible quadrants
(from 0 to 360 degrees). At least 10
measurements must be provided per bit,
this would require the preparation of
2360 storage locations. This number can
be considerably reduced by skilful use
of symmetries. The phase jumps arising
from the quantisation can be sufficiently
dampened through simple RC filters.
Integrated circuits for the conversion
from digital signals to the 1-Q signals,
c.g. the CMX 3589 arc available from the
British manufacturer CML..

4,
Demodulation

There are various demodulation tech-
niques. We can distinguish between:

1) Frequency demodulation
2) Quadrature demodulation
- Coherent
- Non-coherent

In all cases, an uncorrupted bit fow
must be available at the demodulator

Fig 7: Phase
Change by Filter
For a Single Bit
Approximation
Giving 8 Variants.

D = Data Bit

30°

i

~ V = Previous Data
Bit

N = Next Data Bit

13
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Fig 8: PLL as an FM Demodulator

output. Because the functioning is sim-
pler, frequency demodulation will be
discussed first.

4.1. Frequency demodulation

As can be seen from Fig. 1. for MSK

the frequency gives a direct reflection of

the bit flow. Thus an elementary FM
demodulator is sufficient, with either a
tuned circuit or a PLL [1]. Technical
problems arise from the frequency shift,
which in some circumstances is small,
this leads to relatively low voltages at
the discriminator. Attempting to increase
the sensitivity of the discriminator re-
sults in a narrower [requency range.
This causes the negative effects of drift
and component ageing to become no-
ticeable. Similar findings apply for the
PLL, with the tuned circuit of the VCO
operating as a discriminator. A basic
circuit diagram for the functioning of a
PLL as an F'M demedulator is shown in
Fig. 8.

Both circuits basically operate using
oscillation circuits, which cause transient
effects when the frequency changes
suddenly. as happens with MSK. This
gives a problem finding out the optimal
damping while maintaining a sufficiently
high limiting frequency. With the PLL.,
its structure as a control circuit adds a

14

further difficulty, with the low-pass filter
having a considerable influence on the
frequency response. GMSK. with its
smoother frequency transitions, does not
make such high demands on the fre-
quency response of the discriminator.
yet it is more difficult to retrieve data
securely using this type of modulation.

4.2. Coherent quadrature demodula-
tion

The principle of quadrature mixture can
also be used for the reverse transforma-
tion of the modulated signal into the
base band. The output signal in this case
is a rotating voltage vector, the direction
of rotation contains the digital informa-
tion: see Fig. 9.

In order for the demodulation to pre-
cisely reproduce the base band, the local
oscillator must be twice the frequency of
the transmission signal, due to the
subsequent halving of the frequency,
and coherent with the input signal. In
order to achieve this, it must be derived
from the input signal in somc way.
Various processes for achieving this are
known, which are known as carrier
recovery.

One is taken from television engineer-
ing: the unmodulated carrier frequency,

2xf camer
Jumnm
’!-::r.;-'.'c-.‘mr | |?:-::-T?'.'tf ]

(cos)

Qut Cat 1)

Fig 9: Quadrature Demodulator
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the so-called synchronisation burst, is
transmitted for a specific time. The local
oscillator is synchronised to this fre-
quency and retains it in the subsequent
phase, in which modulated signals are
transmitted. Thus the carrier and the
data signals alternate in the transmission
signal (Fig. 10). A disadvantage here is
the time lost for the synchronisation; the
effective bit rate falls. There are com-
plete circuits available for this demodu-
lation process, such as the above-
mentioned CMX 589. The greater the
time interval between the synchronisa-
tion burts, the more the frequency will
be displaced from the coherent condition
in the subsequent data phase.

Another option for generating a coherent
carrier consists in the obtaining of a
phase-locked signal from the phase-
modulated signal. For hard phase shift
keying e.g. QPSK - the carrier can be

obtained b\ means of double squaring of

the phase-modulated signal |2]. This
procedure does not work with soft phase
shift keying such as MSK and GMSK.
Here special control circuits are needed
(Costas loop). but because of their time
constants these react slowly [3]. Conse-
quently. the effective bit rate is reduced
for these systems as well.

4.3. Non-coherent quadrature
demodulation

If the local oscillator oscillates freely, a
precise conversion will not occur. Even
if precise quartz oscillators are used
cither on the transmitter side or in the
local oscillator of the receiver, a re-
sidual error remains,

Af st 4 fLu AT

In this case, we speak of non-coherent
demodulation. We can only try to keep
this error as small as possible. The I and

iy fa

Trager ‘ Diaten | Tager ‘
AAALAAAAAAAAA—
Synch Frequens hals=n Synch

Fig 10 : Synchronisation of the Local
Oscillator

Tager = Carrier, Daten = Data,
Frequenz halten = Frequency Held

Q outputs of the demodulator produce
an output, even when no modulation is
present on the input signal. But such a
system can be used as a serviceable
demodulator, Various cases are possible
here:

1) The resulting output (modulation plus
frequency error) rotates in varying direc-
tions, depending on the value of the data
bit. This condition occurs if

4 .
—— 151
it

A a4 fy, =

At high bit rates, or for high-precision
oscillators, this condition is easy to
maintain. The value of a bit can then be
recognised directly from the direction of
rotation of the output.

2) The resulting output rotates in only
one direction. The speed of rotation is
merely reduced or increased by the
value of the bit. It then becomes more
difficult to recognise the bit. The proc-
essor employed for recognition must
measure the actual speeds of rotation
and read out the data from their differ-
ence. More recent developments take up
this idea and attempt demodulation

15
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Fig 11: Examples of phase changes
A = Start of Bit, E = End of Bit

directly on the intermediate frequency.
using very rapid analogue/digital con-
verters and correspondingly fast proces-
sors. This avoids frequency conversion
into the base band with the associated
additional circuitry.

To sum up, it can be stated that
non-coherent  demodulation gives the
best efliciency with regard to the effec-
tive bit rate. A burst is not necessary for
synchronisation. Moreover, little cir-
cuitry is nceded. There are no tuning
processes, such as are almost unavoid-
able with tuned circuits.

5.
Decoding

The T and Q voltages produced by the
demodulator are still purely analogue
signals. They must be reconverted into
digital signals. This task (data recon-
struction) is undertaken by the decoder.
First. the | and Q signals produced by
coherent demodulation must be exam-
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ined. The phase transition for a logic
one corresponds (for MSK) to a rotation
through +90 degrees: sce Fig. 11 above.

LEven in coherent demodulation, the
phase of the local oscillator, as against
the phase of the reception signal, is not
defined, the angular gradient of a bit can
lic anywhere on the circle with radius 1.
Fig. 11 shows two possible cases for
this.

5.1. Analysis of direction of rotation
of phase

In order to amalyse the direction of
rotation of the phase without using
extensive technologv,a sampling rate
which corresponds precisely to the bit
frequency is sufficient in principle. This
means that the 1 and Q components are
measured at the output of the demodula-
tor at the beginning (A in Fig. 11) and
at the end (E) of the bit. The second
measurement (E) is then simultancously
the initial measurement for the next bit.
The direction of rotation is particularly
easy lo recognise if the oulput unam-
biguously changes the quadrant: see Fig.
[l on right. The associated direction of
rotation is determined from the differ-
ence between two successive measure-
ments. as can be seen from Table 1 (see
Fig. 11 on left and right).

Table | can casily be extended to cover
the entire phase circuit and both direc-
tions of rotation. In systems created in
practise, more than two measurements
must take place, because it is not so
easy to determine exactly when a bit
begins. Having several measurement
points also creates the advantage that the
noise can be suppressed a little by
forming a mean value. The comparison
operations listed in the table can be
carried out using simple micro-control-
lers. These can also regenerate the
cycle; see below.

The analysis of the direction of rotation
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Message 1and Q (leftof fig 1) | Iand Q (right of fig 11) |
A LAY >0, Q(A) =0 [(A) = 0, Q(A) > 0
B I(B)=0, (B> 0 I(B) <0, Q(B) >0

Quadrant Changes | Not defined | Yes

Check 1(B) <1(A). (B} > Q(A) | N/A
Direction B Leli Lett o
Bit One One

Table 1: Determining Direction of Rotation

described above leads to satisfactory
results for the coherent demodulation of
MSK signals. In order to arrive at the
case of the demodulation of GMSK with
a non-coherent local oscillator, the pro-
cedure can be extended as follows:

— Establishment of differential fre-

quency
GMSK 1o

— Re-transformation  from

MSK

The differential requency can be meas-
ured accurately only il there is no
modulation, or for a known bit sample.
Otherwise, it is subjected to drifl. which
is mainly conditioned by temperature.
Additional problems arise from the
phase noise ol the oscillators. 1f we look
at it from this viewpoint, we can
recommend data transmission in blocks
using a prefixed synchronising burst.

But this is not essential: provided that
the frequency error is small in relation
to the bit rate, we can dispense com-
pletely with any correction of the fre-

quency error, Taking the frequency error -

into account requires the calculation of
the absolute phase angle for cach meas-
urement. This is mathematically possi-
ble, with some effort, but it can be done
faster using tables (although unfortu-
nately a lot of memory space is needed).
But if the determination of the direction
of rotation has to be corrected again,
with the help of the frequency offset,
simple micro-controllers rapidly become
overloaded here. All that can be done

then is to wuse programmable logic
circuits (I'PGAs). This increases the
price and the amount of programming
considerably.

For GMSK signals. the phase angle
change per bit is ofien considerably less
than 90 degrees; see Figs. 3 and 7. It is
obvious that this makes satisfactory
recognition of the direction of rotation
more difficult. Since the GMSK signal
on the ftransmitter side has emerged
from an MSK signal via Gauss filtration,
the filtration can be reversed again by
carrying out the inverse operation on the
receiver side The more samples per bit
are captured, the better this succeeds.
The digital filter required for this can be
programmed in a sufficiently rapid proc-
e850T.

The simple recognition of the direction
of rotation referred to above requires
only fow expenditure, It [unctions with a
low bit error rate right down to BT =
0.3. A pre-condition is that there must
always be a stable local oscillator with

Jlow phase noise. For the radio amateur

- . ] .
interested in practicable solutions. there
are thus several variants open:

— FM demodulation at lowest possible
intermediate frequency;

— Coherent demodulation  with  inte-
grated circuits, using a ‘synchronous
burst;

— DIY non-coherent demodulation.

17
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5.2. Obtaining the Clock

Serial bit flows generally require a
clock, the edges of which should, if
possible, lie in the centre of the bit. 1t is
the task of the decoder to generate this
clock. A pre-condition is a bit rate
which is maintained quartz-accurately on
the transmitter side and which is known
on the receiver side. It is also recom-
mended that the signal should be
scanned on the receiver side using a
whole-number multiple of the bit rate,
for example with 5 or 10 samples per
bit. In this way. there are always several
measurement points in a bit. If. using
ten-fold sampling, we now generate the
clock edge with the fifth sample, then

18

the edge will be positioned correctly in
the centre of the bit time. The only
question still to be answered is how to
recognise the beginning of a bit. The
following alternatives are available here:

— The beginning of a bit is recognised
by the change in the direction of
rotation

— The beginning of each bit is defined
by synchronisation with the help of a
synchronous burst.

The change in the direction of rotation
takes place each time there is a change
from zero to one or vice versa. If we
acquire this moment, we can synchro-
nise the cycle to it. But at the actual
start of the data transmission no real
change is present. The very first cycle is
thus not so ecasy (o recognise. In
addition, with GMSK specifically, this
change is also sharpened: see Fig. 3.

A synchronous burst at the beginning of
the block transmission is available as a
remedy. This consists of a precisely
defined one-zero-one- ..etc. sequence.
The smoothing should be deactivated
during the burst. The clock is generated
by a quartz oscillator, the frequency of
which is precisely matched to the data
frequency. However, its phase shift
relative to the data bits is undefined.
With a suitable delay, the phase can be
brought into the optimal position, i.e. in
the centre of the bit. The decoder must
generate this delay. The synchronous
burst at the beginning of a transmission
block serves, among other things, to
pick out the optimal delay time. This is
then retained, unchanged by the subse-
quent data transmission, see Iig 12.

The clock is not used until the first
actual data bit is encountered. Since it is
generated with quartz accuracy. it will
be accurate for the subsequent bits. In
this way, several hundred, or several
thousand, bits can be transmitted with-
out post synchronisation.,
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6.
Summary

7.
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Dipl.~ing. Hermann L. Aichele

Shielding Technology Using
Metallised Non-Wovens

Examples of installation and planning of copper non-woven shielding

Metallised non-wovens and fabries
are being used more and more in the
technical world, and by the public,
since the shiclding sector extols inno-
vation and novelty. Although it was
first introduced on the Amecrican
market, this technology has also been
established for over 6 vears in Ger-
many for the field of lower-value
shicld attenuation requirements. The
only new point is that this special
shielding technology is continually
being re-discovered as an alternative
to the well-known classic steel plate
shiclding.

The special advantages of this type of
shielding technology are demon-
strated, using specimen applications
from practice, and specific question,
to show that users could find it to be
an alternative to the well-known

shielding technology using metal
plates.

1.

Introduction

Due to the rising demand in practice for
advantageously priced and easy-to-use
shielding, which is also encouraged by
the know-how and the production ca-
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pacities in the fields of metallising
plastics and (ibres, numerous metallised
non-wovens, fabrics or knitteds have
now penetrated the market in the most
varied areas of use.

In contrast to non-wovens, fabrics and
knitteds consist of a weave pallern or
knitting pattern of very thin and long
polyester fibres or other synthetic base
materials. The woven or knitled material
naturally has far better strength proper-
ties. in comparison to the non-woven.
For this reason, this material is used
predominantly where high strength is
important (e.g. with regard to tearing) or
else where elasticity is required and
varying continual stresses can arise (e.g.
clothing, moving machine components,
seals, cable sheaths. etc.). Since fabrics
and knitteds have no practical signifi-
cance in the shielding of rooms, they
need not be examined any further in this
article.

Only basic non-woven material is cer-
tainly relevant for shielding technology
primarily for reasons relating to costs
and handling. A non-woven is likewise a
synthetic material, consisting of an ir-
regular arrangement of millions of short,
thin (polyester) threads {see Fig. 1). For
shiclding, non-wovens are manufactured
in pressed form as a kind of wallpaper
on reels 1.4 m wide and approximately
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0.3 - 0.5 mm thick. Non-wovens can be
handled by specially trained personnel
or by crattspeople such as painters and
decorators or floor-tilers, etc., and often
using:simple tools.

The following article first gives informa-
tion on the material properties and then
on some typical installation procedurcs,
and selected examples from practice are
discussed.

2
Metallised non-wovens

2.1. Material properties

The technical and mechanical properties
of various non-wovens and fabrics are
compared in Table 1.

It is thus particularly surprising that the
shiglding attenuation values in the table
arc still sometimes significantly ex-
ceeded in practice. Metallised copper

@
Fig, 1: Structure of
copper non-woven
under the
microscope

non-wovens are the main substances to
have won through as shielding materials.
on grounds of cost and handling. Be-
cause of the possible health hazard, the
handling of material mixed with nickel
calls for supplementary health and safety
at work measures.

2.2. Installation procedure

The installation of the copper non-
woven begins with the preparation of
the surfaces onto which the non-woven
is to be placed. These must be free from
dirt and grease, smooth and without
sharp projecting components. The cor-
ners and edges should be formed first
(Fig. 2). followed by the ceiling and
wall surfaces. Ducts, outlets and electri-
cal fittings require specialised subject
knowledge. The floor is covered last.

In order to attain the specified shielding
attenuation in cach case, overlapping is
required. The non-woven, usually sin-
gle-ply, can also be installed double-ply
in a second stage of the installation. In

21
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Metal Copper Nickel/Copper | Copper Nickel/Copper Copper__| Nickel/Copper
Type of substance Non-woven | Non-woven | Fabric Fabric Taffeta | Taffetz
Ribstop Ribstop
Weight in app. g/m® app. 50 - |app. 61- 102 |app.68-92 [app. 78-112 app. 61 - | app. 61 - 102
75 102

Thickness in app. mm app. 0.5 app. 0.5 app. 0.2 app. 0.2 app. 0.5 |app. 0.5

Metal fraction in app. app. 18- |app. 20-47  |app. 14-24 |app. 24 - 44 app. 20 - | app. 20 - 47

gim® 24 47

Specific resistance in =1 =01 <01 =01 < (.1 <1

Ohms/ | as ASTM F390

Attenvation | 1- 100 &l 60 Al 70 H 70

inapp. d3 | MIz - .

as MIL Std. | 0.5- 10 B0 o0 60 60 70 70

285 oz 0 |

Resistance to tearing in 1.3 1.3 10.7 0.7 8.9 89

app. kgfem

as ASTM 15035

Linear expansion in app. {9 9 iid 27 34 27

| %5 as ASTM D035 s Sy

Special features flexible Nexible, flexible, fexible, drapable, | flexible, | flexible,
corrosion- drapable,  |tear-resistant and | adaptabl | adaptable and
resistant tear- COTFOSion- e corrasion-

_— _ | resistant Tesistant

Table 1: List of technical and mechanical identifying characteristics of

non-wovens and fabrics

this way, the shielding attenuation is
increased by an additional approxi-
mately 20 dB.

All components coming into contact
with the shiclding wallpaper must be
galvanically compatible, in order to
exclude corrosion, as far as possible.
When the surfaces have been prepared
(ceiling, walls and floor), the RF-
shiclded connection should be created to
the fittings such as doors, mounting
plates, filters, etc.. One of the most
important shielding elements is the door,
since it must be designed for mechanical
and shielding technology strength in
continuous operation. Fitting the door
therefore requires special knowledge
and has fo be dome with care. In
addition to this, depending on subse-
quent use or special requirements such
as, for example, the integration of the
shielding room within office buildings,
hospitals, doctors premises or elsewhere,
the doors must also fit into the overall
architectural planning, and may not be
considered as alien elements. Cther
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important criteria which may be im-
posed on such a door include supple-
mentary access moniforing, easy open-
ing and closing, and entry into the room
without a threshold.

Air feed and air extraction apertures are
needed for ventilation or air condition-
ing, and are built into the shielding as
so-called honeycomb chimneys. Provide
for connections outside, for example
with adapter connecting pieces for the
air conditioning equipment provided by
the customers, and inside for the con-
nection, ¢.g. to a no-draught air distribu-
tion system. All electrical lines must be
fed in through radie interference sup-
pression filters, which are mounted on a
filter mounting plate, together with the
garthing point, and are let into the
shielding. Media or RF ducts are built
into an additional, detachable mounting
plate provided for the purpose at defined
points in an RF-tight manner.

The completion of the interior can now
take place. For reasons of shielding
technology, no special surface protection
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1
Fig. 2: Expert corner formation using
non-wovens

is needed. In areas with above-average
atmospheric humidity, or where there is
a risk in connection with the formation
of heavy condensation or the penetration
of moisture, for example in pits - in
these rather rare cases it is recom-
mended that nickle-plated copper non-
wovens should be fitted as anti-corro-
sion protection.

Depending on the intended subsequent
use or on special requirements, the
interior can be completed in the follow-
ing possible ways, among others:

= Direct painting onto the metallised
non-woven using dispersion or latex
paints.

— Papering ( e. g. fibreglass wallpaper
and, il applicable, additional coating)
directly onto the shielding

- Incorporating a timber or metal sub-
structure to strengthen the internal
structures see Fig. 3 (e.g. sandwich-
type plasterboard wall with interme-
diate layer)

~ Lining with absorbers and use as
absorber room for electro-magnetic
compatibility or aerial application.

There are likewise many formats
possible in the floor area:

- Laying down of a wooden floor with
an overlay directly onto the non-
woven laid out on the floor. For
low-stress applications, the overlay
alone can even be glued directly onto
the non-woven,

— Fitting of an clevated false floor (see
Fig. 3)

— For very high loads and stresses (e.g.
shearing forces), you are recom-
mended to incorporate an industrially
produced coating as per RAL or a
concrete floor. If special guidelines
arc adhered to when the non-woven
is installed on the floor, it withstands
any kind of structural stress which is
found in industry.

2.3. Typical application

Two shielding chambers made from
copper non-woven, which have not been
in operation for all that long, can be
used to show how numerous the uses of
this type of shielding technology are,
and which points must be taken into
account.

In one case, a college wanted to create
an aerial measuring room with addi-
tional shielding, but had only a limited
budget available for this. Instead of
burying their heads in the sand because
the financial resources were not avail-
able for a large 8 x 4 x 4 m chamber
made from high-quality steel modules,
they took an alternative route. The
carcass of the chamber which was
subsequently shielded was erected as a
structure of wooden bars, planked with
plywood panels, and financed from the
construction budget of the college. The
costs for the pure shielding measures
with the copper non-woven and the
built-in components could thus be kept
comparatively low. Naturally, there were

23
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