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Wo(fKanK Sch neider, DJ8£') and Franc-Peter Richter. DL5H.·a

High Precision Frequency
Standard for 10 MHz

Part II: Frequency Control Via GPS

A high -stability frequency standa rd
fo r III MHz can be created using 011 1)'
three system components. Sho rt- te rm
and lo ng-term stability values ('11I1 b l'

obtain ed. by simple mean s, which far
exceed th e requirem ents for pracuca t
arnateee- rad w uf't'rd lions.

I.
Introduction

The most commonl v used method for
prec ision time com par isons nowadays
makes usc o f the satellites of the Global
Positioning System (GPS). The (i PS
sa tel lites (there are current ly 26 o f them ]
cam' atomic clocks o f the h ighest
accu racy, the operation of which is
care fully mo nitore d by the ground sta
tions. As in a ll relatively large institutes
all over the wo rld, the GPS is also used
by the PTA for the international com
parison of atomic docks .

A stable quartz oscillator is regulated so
well, with the aid of the GPS, that its
maximum freq uency deviation always
remains better than 1 x 10-11 , Th is is a
prec ision o f 0.000 1 Hz in 10 Mllz! Or
for the Gil L amateur: I Hz in 100 GH7~

The frequency control via (i PS shown in
the block diagram Wig. I ) can offer an
accuracy of approx imately 4 x 10-10 or,
in other words. 4 III. in 10 Gllz. This
value results from the imprecision of the
counting process built into the svsrern.
In frequency counters and this is nothing
d ifferent the last bit should always be
taken with a pinch of salt. Dependin g on
the phase position of the gate time to the
cou nt ing -sfgnal. an error occurs here of
~I bi t (phase error -1: 100 ns). For a gate
time of Is. that wou ld be I Hz for the
measuring frequency III f\tH 1. (~ l x
10-7).

The first practica l meas urements were
based o n a care time o f 8 seconds,
which corresponds 10 a resolution of
0.125 liz. Together with the phase j itter
of the GPS signal ( Is cycle), there
sho uld have been uniform distribution
and thus a levell ing off of the reading
over a re latively long period of time
(max. 64 measurements). However, this
turned out to be wishful thinking. f rom
the measurement technology point of
view, t he situation with th is gate time
was that the oscill ator freque ncy varied
very slowly, or perhaps we should say it
circled aroun d the rated value of 10
MHz. The absolute freq uency here was
10.0 Ml-iz ~0.0305 HI..

If the gate time is increased to 128
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f'ig I : Hinck Diagram of F req uency Cont rol via CO PS

second s. in theory the read ing improves
10 at least ±O.OO78 125 H7 (±7.8 125
rull z]. However, the influence of the
GPS phase j itter is now reduced. This
result s in an effective usable precision
for the 10 MHz-Signa ls of approxi
mately <1 x 10-\0 or , as already stated
above. II frequency counte r con trolled
on such a quartz time basis has a display
accuracy of 4 HI. <it 10 GIIz.

2.

The control assembly circuit

In pr inciple, the control stage (Fig. 2)
operates like a frequency cou nter with
an additional nume rica l comparator. The
oscillator frequen cy - 10 Mllz of the HI'
osci llat or HP10544A is counted out
here . T he gate time of the counter is
generated from the I pps signal of the
GI'S rec eiver with a 74L53 93 . For
co ntro l operation . it amo unts to 128
seconds and g seconds in the compari
son mode for the OC XO.

The 74 HC590 counter modu le i.. an
x-bi t counter. It can be used, with a gat e
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 tim e 128 sec
onds), this is improved hy a factor o f
16. Thi s resul ts in the system-deter
mined precision o f 0.78 x 10,1), based on
the 10 MHz freq uency oscil lato r.

The HI' oscil lator frequency can be
finely adjnsted using a tuning vo ltage of
5 V. Thi s is done by the dig ital
analogue converter (AD 1851 ). It offers
a reso lution of I (j hits for a control
volta ge range of 3 v. This gives a
se lling range for the OCXO of approxi
mately 05 HL

The AT89C52 micro-controll er controls
all the functions described above within
the co ntrol assembly. T ile essen tia l ele
ments controlled which we should men
{ion he re arc the meter module, tile 011\
converter and the statu s in the LC
display.

3.
Software descriptio." for
controller

The software in the micro-controlle r
AT8 9C52 performs rwo tasks. fi rstly , it
should enable a rough comparison op
eration to be carri ed out, and second ly it

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

If pin 4 of KI3 is o pen. then when the
voltage is applied to the contro l circu it
board the LC display shows warming
Up. If the GPS second cyc le is acti
vated. the first value will be displayed
attcr approximately 15 minutes. In order
to elimi nate any art ificial jitter in the
GPS second cvcle. a mean value is
Iorrncd and d isplayed from 64 reedin gs
from the 7-1HC590 meter .

A change in the osc illator frequency on
the mec hanical potentiometer will thus
not d isp lay any effect for some lime. So
alt er a change on the potent iometer we
must just wail for approximately 64 x S
seconds until the next adjustment take s
place. If a value of 0.250 II, is attained.
we can switch over 10 the bask contro l.

If the software in the contro ller is to
recogn ise that the automatic control now
has to be carried out. Pin 4 of K 13 must
be earthed.

The art ificial j itter or the GPS s igna l
and the W I) slight deviation fo llowing
the rough compar ison req uire there to be

. -i;.: 3: PC'R La)out
for UL5HAT 001
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Ix ~IC

!xA[)C

l x TTL·Ie

Ix TTL- Ie

l x TTI.- Ie

2x Tran sistor

2 x LED

l x crystal

Ix spindle pot

Ix socket strip

Ix plug strip

Ix stud strip

Ix j umper

Ix PCA

4.1. Contrul asse mbly parts Jist

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

The frequency controller circuit is put
together on a single sided epoxy circuit
boa rd. with dimensions of 100 'mm x
100 nun (Fig. 3). Once the hok~ have
been drilled in the c ircuit board, a ll the
components can be fitted, in any order.
The components drawing (fig. 4) can be
of assistance here.

The micro-contro ller (I e I) should have

4.
Assembly inst ructions for
control assembly

(~--- ----------''''''-'''''''''''''''''''"'-'''''''-=
4xlo- lO Hz (i.e . 4 liz in 10 Gl tzl) is
over after 4.5 hours. However, it has
been-demonstrated in practise that this
va lue has already been reached after
approximately two hours. It is important
in this con nection that the frequency
deviation is not determined by the
system alone but a lso depends on the
number of GPS satellites which arc
currently being received, and the signals
from which are availa ble-for evaluation .
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Fig 4: Component
Layout fur PCB
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Rcsisturs

2x 1.8k

-tx 10 k

Cera mic capa cno rs

5:-:. O. I!!F

2x 2:!pF

l x IOnF

Ta ntalum Capacitors

Ix 4.7!!Ff.!5\'

l x IO~Ff25V

5.
Inter-ennnect lnu all assem blies

The contro l assembly (DJ8ES 050)
initia lly needs the sy nchronisatio n signal
(I pps) In generate the gale time for the
frequency counter. This signal is gener
ated in the specimen apparatus by means
of a GPS receiver manufactured by
GA I{M IN (GPS 25·I.\,S rec eiver
boa rd ). The external aerial required is
coupled through an SMA connectio n.

The frequency mea surement input (10
MHz, T TL level) is connected in paral
lcl to the correspond ing BNC socket.

The control assembly output supplies
the contro l voltage for the li P oscillator.

The luning \"Olta~c. 5V, w.u:a be sc pa
rarely generated m the frequency con
trolle r power supply. "{he following
concept would be ideal lin the power
supply in the frequency standard for l O
MHz:

lbe 111' 10544 /\ crysta l frequency oscil
later powm the DJ8ES 049 buffer
stage. Th is makes available ou tputs fo r
ITL leve ls (I. 5 and 10 \-1l1z) and 3
separate 10 Mllz sine signals on the
output side. All connec tions are made to
B~C sockets on the rronr plate of me
apparatus.

.t.24V

+5V

+5V

5V

HP oscillator

G PS receiver

control assem bly

control voltage
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Fig 6: Completed
High P recision
Frequency

~ Sta J)da rd

The three keys on the front panel of the
ao peraros are intended to make it possi
ble to show the status in the I.e display.
They arc not taken into accou nt in the
present soft ware version.

6.
Operational experience

actually a decidedly simple method. ami
with min imal expenditure on hardware.
This means that a reference frequency is
now ava ilable in your own home at any
time for frequency meters or frequency
synchro nisation, or for other applica
tio ns. The accuracy of 4 Hz at 10 Gll z
(and eventually 0.4 Hzf is certainly
more than adequate for amateur appli ca
tions.

Long-term observat ions of the IO-MHz
frequency standard oyer app roxim ately 4
weeks confirmed the assumptions made
in the introduct ion. Since it is not easy
to me,LS UTCthe frequency directly in this
Wi;lY with the necessary prec ision, the
analysi s must be carried nul thro ugh the
luning voltage of the OCXO . TIle
oscillator frequency varies with a time
constant of several hours around the
value of 4xl O- IO Hz. The control soft
ware is being optimised again at the
moment. Thc a im is to improve the
deviat ion by a factor of 10.

To sum up, it must be adm itted that a
high-qua lity frequency standar d for 10
Hz has been created using what is

7.
Literature references
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frequency meas uremen t but how ?
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MHz frequ ency standard using UPS :
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[3] Hewlett Packard (HP): 10544A 10
MHz crystal oscillator: Technical Data
May 74

8



VHF COMM UNICATIONS 112001

Prof Glsbert Glasmachers

GMSK

The Modulation Used For Mobile

Communications

:\lodef n communications tech nology
must be mat ched h\ modern elect s-en
ics. So t hat the p; « ious re source of
freq uency ~pace Is not wasted, new
types of modu lation a rc being tested
a nd brouaht into use; t he article
bctow introduces t he G MSK type of
modulation cur rent lv ill use fo r GSM
mobile tele phones. ~

I.
In trod uction

In many branches of technology. a
change from analogue to digita l tech
nlqucs is taking place. Current examples
of this are video technology and te
lephony. Modern equ ipment transmit s
and stores what were originally analogue
signals in diguiscd form. To this can be
added co ntinuously increasing transmis
sion via wireless paths.

Radio technology must r m vide facilities
for the transmission 0 digital signa ls.
One e lementary problem here is the
restr iction of the bandwidth. Ana logue
signals. rather like human speech. en
counter a natural band width restriction
at appro ximately 10 kl lz. Consequently,
the medium wave radio transmitters,
with ana logue amplitude modulation,

require precisely th is bandw idth. Digital
signals. due 10 their last rise times.
require a much higher bandwidth. If
then (to stay with the example of human
speech). we diguisc at a high reso lution,
e.g. 12 bits, the bandwidth requ ired for
a transmission could casily be increased
to several MHz. It is clear that technol
ogy is trying everythin g in order 10
reduce this unbearable dra in on precious
frequency space. The main aim of this
article is to introduce OMSK, the pre
ferred type of modulation for rad io
transmission. To this end, the state of
the art is de scribed. toget her with the
options for the radio amateur wishing to
become fa miliar with th is technology
using simple resources.

2.
Type of modu lation

The type of modulation is usually
determined by the efficiency, secur ity
and costs of the transmission pat h. A
basic distinction is made between ampli
tude modulation and phase modulation.
Amplitude modulation in the field of
long wave and medium wave rad io has
been known since the nineteen-twenties.
Its suscep tibility to interference makes it
largely unsuitable for modem commun i.

9
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Fig 1: Digita l
signa l Shou in2
the Effect on
Frequency and
Phase
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cations systems.

Phase modulation affects the frequency
and phase or a carrier. With d igital
frequency modulation, the frequency
must be switched over in sympathy with
the data signal. see Fig. 1.

There is a direct relationship between
the frequency and the phase. If the
freq uency goes up. the phase rises
linear ly. II is clear that a big frequency
change, AI: is easier to detect in the
rece iver than a small one. But unfortu
nately the spectrum width of a radio
signal is directly propo rtional to the size
or the frequency change. 1\ reasonable
compromise must therefore be found
between the frequency shifl. Af, and
consideration of the rest ricted width of
the radio channel. At a low received
field strength, the channel width plays
an impo rtant part, yet the noise output
increases linearly with the bandwidth.
For this reason it is a lso desirab le that
the channel width shou ld he as sma ll as
possible.

Examples of the effect s of the type of
mod ulation on the spec trum arc shown
in Fig. 2. TIle frequency a xis is divided
up into 4 transmission channels. The
idea l spectrum would be a uniform

10

d istributio n of the output over the
channel width. In addit ion. propagation
into the adjacent channe l would be
prevented completely. Such ideal cond i
tions call nOI be provided in practice.
Two rea l spectra arc a lso S}lOW I1. GM SK
in channel 3 which call still be descr ibed
as good : M SK in channel 2. by contrast.
is not good. The frequency shift keyi ng
shown in Fig. I corresponds 10 ,\ ISK.

From the spectrum point of view. the
bandwidth ofan M SK signa l is unneces
sarily large. we can attempt to reduce it
using suitable filtration. Filtration after
modulation wou ld be possible. so that
we could simply cut off the edges HI' the

1' . '

Fi~ 2: El.amph.·j, of Frequency
Spect r um
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spectr um using <J band pass Jilter. This
would also mean that the information
itself was also rut off. II seems more
sensible to filler the d igita l signa l before
modulation. which leads d irectly 10 the
GM SK spectrum. The concept is known
as Gauss Minimum Shift Keying. lt
includ es filtration using a Gauss filter.
rh e results are shown in r ig. J .

The corners ill the phase grad ient widen
the spec trum. If they are rounded off
the spectrum becomes narrower. We can
vary how distinctly the round ing off is
made, this is characterised by the 50

call ed I3T product, where

n = Bandwidth of Gauss filter
l =- TBIl. the bit t ime.

For MSK. HT approaches infinity. Fre
quently used values for H l' arc I, 0.5
and 0.3. lt should be pointed c ut that the
European mobile radio systems (GSM)
are operated using GMSK modu lation
with O"!' = 0.3.

3.
Generation of GMSK signa ls

Basically. any phase modulation and this
includes UM SK can be obtained by
chang ing the phase or frequency, A

simple method of generating frequency
modu lated signals consists of using a
voltage-controlled oscillator (VeO). The
frequency is chan ged using a con tro l
voltage fed in from outside the co ntro l
loo p. This produces on ly an approxi
mate adj ustment of the frequency shin .

A preci se adj ustment. as requ ired for
MSK and UM SK. requ ires the phase to
undergo . a modulatio n instead of the
frequency. For this. we generally usc
quad rature mod ulators. the functional
principle is shown in Fig. 4.

The funct ion of this modulator is to
genera te a earl ier with any phase d is
place ment desired at constant amplit ude.
For this purpose. the car rier is d ivided
into two signa ls, one with zero degrees
phase (sin) and one with 90 degrees
phase (cos). These two signals arc
generated by producing a carrie r at
twice the frequency. followed by a 2: I
frequency divider and tin inverter . The
two signa ls can he set to any ampli tude
between t I and I by means of a
multip lier {mixer). Fina lly. the two sig
nals arc brought back togeth er. The
multipliers are contro lled by the digital
data which is divided into two signals (I
and Q) and shaped through digital
fillers. This produces a phase transitions
of 90 deg rees. as shown in Fig. 5.

In pract ice quadrature modulators are on

11
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Umw4dlng
Dattt, filml.<ll: c:.
r>.B::s '

Filt 4: n1ud. I>ial.: rllm of a Qu ad rature l\1nd ubltnr

Freq. - v erdoppter "" Frequ ency Doubler

Frcq. - Tt'ilt'r " Frequency Di\ idt"r

lJn" a ud lulI2 IJatl'nfor ma l ill DiRib (IQ ) - Conve r t d liia tu I Q formal

sale 35 complete circuits, e.g. from
!I ARRIS. MAXIM. TEM IC and many
ochers. Splining the digital signal up
into I and Q com ponents and fi ltering it
is usually left up to the electronics
manufacturer. This can be achieved bv
u~ing a micro-controller. foe example

one from the \ lICR(X'1H1' (>IC ranee.
which reads off the ncccssarc I and-Q
components from a table. The filtration
required for G\ 1SK can also be incorpo
rated into the table... '" ithout any prob
k in. For this pu~ at least one up to
a maximum of three past and future hils

QJ~ "B:'b"'''''cos " mit

l' kcnstanter

I Arnphtuul:

"'il! !Ii : Cumbina tion of sine a nd rosine components

Bi l u be~an2 mit knnvtan ter a mptlt ube e Bit tran lii it ion with co nstant a mplit ude

b iherl au f - Time period
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JL
Fig (): Effect of Ga uss F ilter on a
" Ollt.' Bil "

around tile current bit must he exam
ined: set:' Fig. 6.

The filtered hit extends into the adjacent
bits, th is is referred to as symbolic
inte rference if adjacent hits interfere
with one another. The lower the limiting
frequency of the filter. the wider (and
flatter] the hit beco mes. This means thaL
the phase rotati on. which ...hould be
precisely 90 degrees per bit. changes
depend ing on the hits immediately in
fron t and behind. The exact phase
rotation can be calc ulated mathemati
cally. If wc takeas an approximation that
the cha nge extends to only a single bit,
we obtain S var iants in al l. which arc
show n in Fig. 7.

4.
Demodulation

There arc var ious demodulat ion tech
niques. We can distingu ish belween:

I) Frequency demod ulation
2) Quadrature demodulation

• Cohe rent
• Non-coherent

In all cases, an uncorrupted bit now
must he available at the demod ulator

Fig 7: P hase
C ha nge by Filter
For a Singh' Bit
i\ pp ro-dmat ion
Ci\ ill2 8 Va r ia nts .

£) = I)al a Hit

v == Previous Da ta
n i l

~ = :'in l Da tu Hit

13
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further d iffi cult y. with the low-pass fitter
having a considerable influence on the
frequency response. G\lSK. with its
smoother frequency transitions, docs not
make such hlzh demands on the frc
q uency response of the discriminator.
yet it is more difficult to retrieve data
securely using this type of modulation.

rig 8: 1'1.1. as an F:\l Demodulator

4.2. Cohe re nt quadra ture demod ula
tion

output. Because the lhnct icning is sim
pler, frequency demodulat ion ..wil l be
d iscussed first.

.J. I. Freq uency demodulation

As can be seen from Fig. I. tor MSK
the freque ncy gives a direc t reflection of
the hit flew. Thus an elementary F,\ 1
demod ulator is sufficient. with either a
tUII"d circuit or a PLL Ill. Iechnical
prob lem... arise from the freq uency shift.
w hich in so me circ umstances is small.
this leads to relatively low voltages at
the d iscr iminator. Attempting 10 increase
the sensitivity of the discriminator re
su lts in a narrower frequency range.
Th is causes the negative effects of drill
and component age ing 10 become no
ticeable. Similar findings apply for the
I'LL. with the tuned circuit o f tile veo
operat ing as a discriminator . A basic
c ircuit d iagram for the functioning of a
I'LL as all FM demodulator is shown in
Fig. l!.

Both circuits basically operate using
osc illat ion circuits, which cause transient
effects when the frequency changes
suddenly. as happens with MSK. This
gives a problem find ing out the optima l
damping while ma inta ining a sufficiently
high limiting frequency. With the PLI. ,
its structure as a control circuit adds a

The princ iple o f quadrature mixture can
a lso be used lor the reverse rransforma
tion of the modulated signal into the
base hand . The output signa l in this case
is a rotating voltage vector, the d irection
of rotat ion cont ains the d igita l infonua
lion; see rig. 9.

In order for the demodulation to prc
ciscly reprod uce the base band, the local
oscillator must be twice the frequency o f
the transm ission signal, due to the
subsequent halving of the frequency,
and coherent with the input signal. In
order to achieve this. it must be der ived
from the input signal in some Wily.
Various processes for achieving this are
known, which arc known as carr ier
recovery.

One is taken from television enginee r
ing: the urunodulated carrier frequency.

1. 1 ....,,,,

Fig 9: Q uad rature Demodu lator
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the so-called synchronisation burst, IS

transmitted for a specific time. The local
osc illator is synchronised to this tre
quency and retains it in the subsequent
phase, in which modulated signa ls are
transmitted. Thus the carrier and the
datu signals alternate in the transmission
signal (Fig. 10). A disadvantage here is
the lime lost for the svnchrontsarlon: the
effective hit rate lalls. There are com
plete circuits available for this demodu
lation process, such as the above
me nt ioned C},IX 589. The greater the
time interval between the synchronisa
tion buns, the more the freque ncy will
be displaced from the coherent condition
in the subsequent data phase.

Anot her option for generating a coherent
car rier consists in the obtain ing of a
phase- locked signal from the phase
modulated signal. For hard phase shift
key ing e.g. QI'SK - the carrier can he
obta ined by means of double squaring or
the phase-modulated signal 12 1. I'his
pro cedure does not work with soli phase
shill key ing such as I\ISK and G\·lSK.
Here sp'ecial control circu its are needed
(Costas loop), but beca use of thei r time
constants these react slowly [3 J. Conse
quently. the effect ive bit rate is reduce d
for these systems as well.

-t.3. Non -coherent quadra ture
demodu lation

If the local oscillator osci llates freely , a
precise conv ersion will not occur. Even
i f precis e quartz osci llators arc used
either 011 the transm itter side or in the
local oscillator (If the rece iver , a re
sidua l error remains,

In thi s case. we spea k of non-cohere nt
demod ulation. We can on ly try to keep
this error as small as possible . The 1 and

An f\t\!\ f\ !\ 1\ 1\ 1\ 0 1\ I\I"l
V\I v V V\J VV V\J v vv i

Fig 10: Synchro nisation or file LOl'lli
Osci llator

Taj!;e r = Ca r r ier, Daten = nata,
Ereq ue nz ha lren = Freq uency Held

Q outputs of tile demodu lator produce
an output , even when no mod ulation is
present on the input signal. But such a
syste m can be used as a se rviccahlc
(lernodu lator. Various cases are possib le
here:

I) The resu lting outp ut (modu lat ion plus
frequenc y error) rotates in varying direc 
tions, dependin g on the value of the data
bit. This cond ition occurs if

4 .
4f <OJ 4f fJil = r- IS!

Iil l

At high b it rates, or tor high-prec ision
osci llators, this condition is easy to
maintain. The value of a bit can the n be
recogni sed d irectly from the direct ion of
rotation of the outp ut.

2) The resulting output rotates in on ly
one d irection. The speed of rotat ion 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 recogn ition must
measure the actual speeds or rotation
and read out the data from their differ
ence. More recent developments take u p
this idea and attempt demo dulation

15
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5.1. Alllll)sis of directi on of rot at ion

of phuve

bt, "" -..A

t-, ,
i Q- ,

l" i E. I ",, 't,-Q Q,-r-

incd . The phase transition for a logic
one corresponds (for MSKj to a rotat ion
throu gh +90 degrees: sec rig. I La bove.

Even in coherent demodulation, the
phase of the local oscillator. as against
the phase of the reception signal. is no t
defined. the angu lar gradie nt of a bit can
lie anywhere on the circle with radius I.
r ig. 11 shows two possillie cases for
this.

Fig 11 : Examples of phase changes

A = Star t of Bit. E = End uf Hit

dir ectly on the intermediate frequency.
using v( ry rapid analogue.d igita l con
veners and correspondingly H.s' proces
sors. This avoids frequency conversion
into the hast' hand with 11K' assoc iated
addi tional circuitry.

T(I slim up, it C<H1 be slated tha t
non-coherent demodulation gives the
best cffictc ncv with regard 10 the cffcc
live bit rate. i\ burst is-not ncccs sarv for
svnchrontsanon. Moreove r. link ' cir
cuit ry is needcd. lhcrc life no luning:
pmcl'sscS, such as arc almost unavo id
able with tuned circuits.

5.
Decoding

The I and Q voltage s prod uced by the
demod ulator arc sti ll purely analogue
signals. They must be reconver ted into
d igital signals. Th is task (data rccon
struction) is undertaken bv the decoder.
First, the I and Q signals produced by
coherent demodu lation must be exam-

In order 10 analvsc the d irection of
rotation o f the phase without using
extensive tccbnotogv.a sampling rate
which corresponds precisely to the hit
frequency is sufficient in princip le. This
means that the I and () components arc
measured at the output of the demodu la
tor at the beginning (A ill ri g. I I ) and
at the end ( E) of the bit. lite second
measu reme nt (E) is then simultaneous ly
the initial measurement for the nex t hit
The d irect ion o f rota tion is particularly
easy 10 recognise if the output unarn
biguonsly changes the quadrant: see Fig.
l i on right. The associated direct ion of
rotation is determined from the d iffer
ence between two successive measure
1l1eJ1 h . as can be seen fro m Table I (see
Pig. I I on len and right ).

Table I can casilv be exte nded to cover
the entire phase circu it and both d irec
tions of rotation. In svsrems created in
practise. more than t ~\\l measurements
must take place, because il is not so
cas} to determine exactly when a bit
begins. Jlaving several measurement
po ints also creates the ad vantage that the
noise call be suppressed a little by
forming a mean value. The comparison
operations listed in the tab le can be
carried out using simple micro-contro l
lers. These can also rege nerate the
cycle; sec below.

The analysis of the direction of rotat ion

16
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\' (S
~!A

""One

I I llUl.I () (Itfl or n 11)

I J(A»O,. Q(A) .0.
Hill 0, Q(RI>O _
'101 defined

Check
Lli,ect ioll
lIil

A

~lll ('h Jn!!(s

Tahle J: Determini ng Dlrecttcn (If Rota tion

described abov e leads to satisfactory
res ults for the coherent de modulation of
MSK s ignals. ln or de r to arr ive at the
case or tile demodu lation of G MS K with
a non -coherent local osc illator, the pro
cedure can he extended as follow s:

- Esta blishment of d ifferential Ire
t.jUClU:y

- Rc-transform.nion from Grvl SK 10
MSK

The different ial frequency can be meas
ured accuratclv on tv if thl'rc i... no
modulat ion. or · till' a "known bi, samp le.
Otherwis e. il is subjected to drill, which
is mainl y cond itioned by temperature.
Add ition al problems arise from the
phase noi se ofthe oscillators. If we look
at it from this viewpoint. we can
recomm end data transmission in blocks
using a prefixed synchronising burst.

Out this is not essentia l: prov ided that
the freq uency crmr is sma ll in relation
to the bit rate, we ca n dispen se COITI

plerc ly whh <Iny correction of the fre
quency error. Tak ing the frequency error
into account requires the calculat ion of
the absolut e phast' ang le 101' each meas
ure men t. This is mathematically possi
ble, with some effort . but ir can be do ne
fas ter us ing tables (a lthough un fortu
natcly u lot of mem ory space is needed).
But if the derer mlnauon of the di rect ion
of ro tation has to be corrected again,
with the help o f the frequency offset,
simple mic ro-cont rollers rap idly become
overload ed here. All that can be done

then is to use programmab le logic
ci rcuits (I.'I'O As). Th is increases the
price and the amount of programming
cons iderably .

For GMSK sig na ls, the phase angle
chan ge per bit is o fte n cons iderably less
than 90 degrees; see r igs, :; and 7. It is
obvious that this makes sausfar torv
recoemtion o f the d irection o f rutalioil
mol'; difficult. Since the GMSK slaual
on the transmitter side has emerecd
from an MSK signa l via Gau ss ti ltrat ion.
the filtration call be reversed aga in by
ca rrying ou t the Inverse o pera tion on the
rece iver ..ide T he more ..atuplcs per bit
are captured . the bette r th is succeeds.
lhe d ig ital filter req uired lor th is call be
programmed in a suffic iently rap id pruc
cssor.

The simple recog nition of the d irec tion
of rotat ion re ferred to abo ve req uire s
only low expenditure. It functions with a
low b it error rate right down to In =
0.3. A pre-condition is that there mus t
a lway" be a stab le loca l oscillator with
Inw phase noise. For the radio amateur
interested in practicable solutions. there
are thus seve ra l va riants open:

- FM demodulation at Im~cst po ssib le
inter m...-dia tc frequency;

- Coherent demodu lation with inte
grated c ircuits, using a 'synchronous
burst;

- DIY non -coh erent demodulation .

17
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t Bit
>---<
r-, r-l Burst

L!J_LL_.!l__J~0 I

........
bis zum
Optimtun

I

Fig 12: Ilurst uf .4 Uits Wilh 5
Sa m ples.

Ta l l VCnichil'bunj,! ", Cycle
disptaccmenr. !lis zum optim um = to
the optimum

5.2. Ohta ining, th e C lock

Serial bit flow s generally require a
dock, the edges or which should. if
possible. lie in-the centre of the bit. Ir is
the task uf the decode r 10 generate this
clock. A pre-condition is a bit rate
which is maintained quartz-accurately on
the transrnlner side and which is known
on the receiver side. It is also rcc om
mend ed that the sign al should be
scanned on the receiver side using a
who le-number mult iple of the bit rate,
for example with 5 or I0 samples p.:r
bit. In this way. there are always several
measurement po ints in a bit. If, using
len-fold sampling, we nov.' generate the
clock edge with the filth sample, then

the edge will be pos itioned correctly in
the centre of the bit time. Th e only
question sti ll to be answered is how to
recognise the beginning o f a bit. The
fo llowing altema tivcs arc a .....·ailable here:

- The beginning of a bit is recognised
by the change in the d irection of
rotation

- The beginning or each bit is defined
by synchronisat ion with the help of a
synchronous burst.

The change in the dire ction of rotation
tak es p lace each lime ther e is a change
from zero to one or vice versa. [I' we
acqu ire this mom ent, we call synchro
nise the eve le to it. Hut at the actual
stan of tIle data transm ission no rea l
change is present. The very first cycle is
thus not so ca..\ to rccoe nise. In
additi on. with Gr.....iSK specifically. this
change is a lso sharpened: see Fig. 3.

A synchro nous burst at the beginning of
the block transmission is avai lable as a
remedy. Th is consists of a precise ly
defin ed one-zero-one- ...etc. sequence.
The smo othing should be deact ivated
du ring the burst. The clock is generated
by a q uartz oscillator, the frequency of
which is precisely matched to the data
frequency . However, its phase shift
relative to the data bits is undefine d.
With a suitab le de lay, the phase can be
brought into the optima l position . i.e. in
the centre of the bit. The decoder must
generate this delay. The synchronous
hurst at the beg inning o f a transmission
block serves. among other things, to
pick Oll! the opt imal delay time. ·1his is
then retained. unchanged by the subse
quent data transmission, sec Fig 12.

The clock is nOI used unt il the first
actual data bit is encountered. Since it is
acnerared with quartz accuracv. it will
be accu rate tor the subsequent bits. In
this way. severa l hundred. or ..cveral
thousand. bits can be transmitted wit h
o ut post syncbronisa uon.

18



VISA
MIC

AMEX

VHF COM MUNICATIONS 1f2001

6.
Summary

The rransrmssron of digita l signals
through radio channels using OMSK
modulation will ach ieve greater and
greater penetration over wide areas.
Even progressive ly orientated radio
amateurs can hecomc involv ed in this
field. The prese nt report is intended to
provide some background knowledge,
together with a certa in amount of or ien
tation to assist in practical implementa
tion.

Amateur Television
Quarterly

Great articles on : ~-,

ATV
BALLOONING
PROJ ECTS
SSTV
ATV ACTIVITIES

7.
Literature

[ I ] Best, Roland; Theory and applica
tion of phase-locked loop, AT-Verlag,
Stuttgart

[21 Glasmachers, Gisbert; Digital phase
modulation; VHF Reports 2/1999

l3J Mausl, Rudolf; Digital modulation
procedures; lltithig-Verlag, Heidelberg

OSCAR Satellite
Report

A great NEWSLETTER pub
lished twice a month to keep
you up to date on what is hap
pen ing. Sent FIRST CLASS
MAIL!

19



LJipl.-lng. Hermann L. Aichele

Shielding Technology Using
Metallised Non-Wovens

Exa mples o f ill\ t:l llalioll a nti plallnill~ of coppe r nOIl-",O\('1I sh ield ing

Met alliscd nUIH \'OVeIlS a nd fabrics
are bein g used ilion ' a nd more in the
tec h nical wnrhl, ;IIUJ by th e pu blic,
smce the shieldill j! secto r cl tols mno
va tio n a nd Iltn l'liy . Although it Mas
first introd uced o n the America n
market , t his techn ology ha s also been
esta blished for ove r 6 vears ill ( ;e r
1II1m y for the field or lower-value
shk ld atte nuation requir emen ts, ' l'hc
on l~ new point i<, tha t thi s slwt"ial
shield ing, tl'ch nu loJt.,· is {·OlltiIlUlllly
hl'i ll~ re-d iscove red as a n a llt' rn a ti,c
tc the wel l-known classic steel plate
shield ing.

Th e special advantages of th is ty pe of
sh ield ing te chnology a re demon 
strated. using specimen appncarfons
from practice. a nd spcculc qeection,
to show th at users could find it 10 be
a n a lte r nativ e to the well-known
s hield ing lee llno lng)" usi ng met a l
plates,

I.
Introduction

Due to the rising demand in pract ice for
advantageously priced and easy-to -use
shield ing, which is also encouraged by
the know-how and the production ea-

20

pacitie s in the ti eIds o r metattis ing
p lastics and fibres. numerous metallised
non-wov ens, fabrics or kulncds have
now penetrated the market in the most
varied areas o f lISC.

In con trast to non-wovens. fabric s and
knittcds consist o r a weave pattern or
knitting pattern of very thin and long
polyester fibres or other synthe tic base
material s. The woven or knitted material
natu rally has far better strength proper
ties. in comparison to the non-wove n.
For this reason, this mater ial is used
predominantly where high strength is
important (e.g. with regard 1(1 tea ring) or
else where elastic ity is required and
varying contin ual stresses can arise (e.g.
cloth ing, moving machine components,
seals. cable sheaths. erc.j. Since fabrics
and kniucd s have no practical sign ifi
cance in the shield ing o f mom s, they
need not be examined any further in this
art id e.

On ly basic non-woven materia l is cer
tainly relevant lor shielding technology
primar ily rUT reasons relating to costs
and handl ing. I\. non-woven is likewise a
synthetic material. consisting o f an ir
regular arrangement o r mil lions of short,
thin (polyester) threads (see rig. 1). For
shield ing, non-wove ns <I re manufact ured
in pressed fo rm <IS a kind of wallpaper
on reels IA m wide and approximate ly
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microscope

0.3 - 0.5 mm thick. Non-wovens can be
handled by specially trained personnel
or by craftspeople such as painters and
decorators or floor-tilers, erc., and often
using.s imple tools.

lhe fo llowing article first gives mrorma
tion Oil the material properties and then
on some typical installation procedures,
and selected examples from practice <Ire
discussed.

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

2.2. Iusrallat ton procedure

2.
Metalliscd non-wovens

2.1. Ma terial properties

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

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

The installation of the copper non
woven begins with the preparat ion of
the surfaces onto which the non-woven
is to be p laced. These must be free from
dirt and grease , smooth and without
sharp proj ecting components. The cor
ners and edges should be formed first
(Fig. 2), followed by tho 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 each 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 Co 'e r Nicke1iCo " Co Niekel/Coppcr Co , s aceerco ,
Type ofsllbstance Nun·wuven Non-woven Fabr ic Fa bric Ta ffeta Ta ffum

Rib>1D Rib>tD
wi--Weigh! in app. gim' app . 50 - app . 61 - 102 app . 68 - 92 app.78 -1 12 app. 61 _ app. 61

" 102

Thicknes! in M e< a " , " , 0.2 , 0.2 a 0.5 a . 0.5

Metal fta eti<m in app app . lO - app . 20 - 41 app. 14 - 24 app . 24 _ 44 app. 20 - app.20 "I;,;,~l " "Spec ilic resistance in < 0. 1 < 0 .1 <: 0.1 < 0 .1 < 0,1 < 0,1

Ohms! Ias ASTM F3YO

AttenuaUOli 1 - 100 so "' eo " ro "ill app . dB M111
a, Iv!1L SId. 0.5 - 10 80 00 eo eo '" "ass GHz
R",; , lailce tDtearing in U U 10,1 10,1 "' ".9
a pp. k"iCIll
as ASTM lJ50J5

Li near eXp:lm ioll in aPl'. , ,
" " " "~'; as ASTM J)'i035

Speci.! feaTure, ftexibl e flexible, n ~." i~lc, flex i ~le, drapllbk, ftcxibl e. llexible,
w rrm ion- drapable, kar-re,i,t';llt an d adap l,,!)1 "d "Vlalllc and
",,<i, lanl k.r- cutru" on· , w rro:sion-

re, i, ta nt Le;; i~1ant = 1,,1"" 1._ ...-

Ta ble I: List of technical and mechanical identifying characterist ics of
non-wovens and fab rics

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

All components coming into contact
with the shielding 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
shielded connection should he 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 to be done 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. Other

important criteria which may be im
posed 011 such a door include supple
mentary access monitoring, easy open
ing and closing, and entry into the room
without a threshold.

Air feed and air extraction apertures are
needed fix 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 lor the con
nection, e.g. to a no-draught air distribu
tion system. All electrical lines must be
led in through radio interference sup
pression filters, which are mounted on a
filter mounting plate, together with the
earthing point, and are let into the
shielding. Med ia or RF ducts arc 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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Fig. 2: Expert cor ner form atio n using
non-w ov ens

is needed. In areas with above-average
atmospheric humidity. or where there i...
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 aml-corro
sia n protection.

Depending on the intended subseque nt
usc or on special requ irement.., the
interior can he completed in the follow
ing possible ways, among others:

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

- Paperi ng ( e. g. flbreg lass wallpaper
and, if applicable, additional coating)
directly onto the shielding

- Incorporating a timber or meta l sub
str ucture to strengthen the internal
structures see Fig. 3 (e.g . sandwich
type plasterboard wall with intenne
diatc layer)

- Lining with absorbers and use as
ebsosber room for electro-magnetic
com patibility or aeria l app lication.

There are likewise many
possible in the floor area :

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

- Fitt ing of an elevated false nom (see
Fig. 3)

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

2.3. Typ ical applica tion

Two shield ing chambe rs made from
copper non-WOven , which have not been
in opera tion lo r all thai long. can be
used to show how numerous the uses of
this type of shielding techno logy are,
and which points must be taken into
acco unt.

In one case, a col lege wanted to create
an aer ial measuring room with addi
non ul shield ing. but had on ly a limited
budget avai lable for this. Instead of
burying their heads in the sand because
the financial resources we re not ava il
ab le for a large 8 x 4 x 4 III chamber
made from high-quality steel modules,
they took an alternative route. The
carcass of the chamher which was
subsequently shielded was erected as a
structure of wooden bars, planked with
plywood panels, and financed fro m the
construction budget of the co llege. The
costs to r the pure shield ing measures
with the copper non-woven and the
built-in com pone nts could thus be kept
comparatively low. Naturally, there were
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also reservatio ns in relation to the
shielding characteristics. However, the
guaranteed values of > 60 dlj from 30
MHz to 100 MHz and > 70 dB from
100 MHz to 10 GHz were exceeded bv
10 dB on average. .

The most important factor at the plan
ning stage of this construction proje ct
was close agreement with the user and
the construction office. Interfaces had to
be defined, tasks and details of execu
tion discussed and agreed, and some
times clarified with the help of draw
ings. The acceptance criteria were laid
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down, in particular the type and extent
of the shielding attenuation measure
ment. And naturally, when questions or
derail were examined a litt le more
closely, the intended use after comple
tion namely the applica tion as an aerial
measurement chamber fro m 450 MHz
lip to far beyond 40 GIIz was not to be
lost sight of.

A completely different application de
veloped from an enquiry by a customer
regarding the possibility of dividing an
existing area with complicated geometri
cal fittings into two smaller shielding
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rooms with a joint dividing wall and
doors. Parallel measurements were to be
taken here in the mobile frequency
range in both parts of the area. Because
flexible copper non-woven is outstand
ingly suitable tor the covering and
binding-in of complicated geometr ies. is
advantageously priced and in addition
has attenuation characteristics of > 70 
75 dB at 1 GHz, it was particularly
attractive for the user. And the photo in
Fig. 4 or the room we have j ust
described demonstrates that copper non
woven shielding can look good, even

Fig. 4: Copper
non-woven area
shielding of a
double cabin with
details of shleld lng
doo rs and the
integration of
existing ven t ila tion
clements

without any additional internal lining.

2.4. Users introdnction

The follo-....ing introduction is intended
as a kind of check list to provide
support for the increasingly broad spec
trum of those whose task it is to find an
efficient and price-conscious overall so
lution for future measurement tasks, or
to extend and/or modernise existing
equipment. These will predominantly be
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g, Filters (network filters, d igital/ana
logue data filters, control Filters, te l
ephone filters erc. , U, 1, f number of
circuits, adaptation etc.)

h. Eleetr ics and Lightin~ (p lugs and
sockets, l ph., 3ph., luminous intensity,
eme rgency cui-out, ctc .}

i. Mountin~ plates a nd RF ducts (size,
number , N, BNe, LWL, air erc.)

l- Floo rs (wooden floors, false floors.
overlays conduct ing, anti-static. ground
plane etc.)

k. Accepta nce er ttcn a.measurement
(shielding attenuation measurement as
per MIL Std. 285 , NSA 65-6, EN 50 147
Part I and abso rber roo m grade as per
IEC 1000-4-3 or EN 61000-4-3, ANSI
C 63.4 or EN 50147 Part 2 and so on)

I. Ahsorher des lan (layout and perform
ance selected by manufacturer in ac
ccrdancc with technical requirement o f
user)

Ill. Speci al equipment and accessories
(e.g. internal lining, acoustic cove ring,
intercom, lacquer ing , elec tro-magnetic
co mpatib ility, turntable, clc.)

Sh ielding made from mctalliscd non
wove ns and fabrics can be a favourably
priced alternative in comparison to the
standard shield ing techniq ues using
plates. However. the decision to use this
technique must be taken after tak ing the
traditional technologies into considera
tion as well, together with any prelimi
nary work of your own likewise in
connection with costs.

It is particularly important to obta in a
basic agreement in good time between
the future user. the planner and, if
app licab le, any planners interposed be
tween them. It must be clear for the user
what can be achieved from the copper

3.
Summary and outlook

(~------------''''''-'''''''''''''''='-''''''''-~
in the field of aer ial, communica tions
and electro-magnetic compatib ility me
trology, as well as in the data security
and medica l techno logy areas a so lution
involving shielding technology, with the
associated (absorber) internal structure
and final cert ification. The following
questions should be answered as com
pletely as possible in the pre liminary
stage s:

a. C lar ification of tech nical require
ments for shielding. i.e. what shielding
s uc nuation should/must be attained,
what upper and lower limit ing frequen
cies arc impor tant, where might it be
possible 10 reduce the level of the
req uirements?

b. What construction meas ures are
necessary lo r the application of the
copper non-woven '!

Who is to he responsible for this, and
for what subsequent use should/must the
planning already be laid down?

c. Is th ere a compulso ry requirement
for 3 ne\ ihle structu ral method such
as. for example. execution as movable
mod ular screw-on pane ls'!

d. Usc of area and importance (If
lIH.'3SU reI11Cnt ta sks i.e. use of monitor
ing technology, data security, medical
technology , communications technology,
aerial technology, electro-magnetic com
patibility, etc. What is the precise
measurement task. How prec isely or in
conformity with the standard" would I
like to I must I measure (only measure
ments o f a certain quality, or keeping up
with developments or correct 10 a
standard). What are the primary meas
urement tasks. with the associated Ire
que m:y ranges. meas urement intervals,
options, meas urement gu idelines for
prod ucts. test piece dimensions, weights.

e. Doors (slzc, number, locking, specia l
features as regards fittings and mod el,
etc.)

f. Ventilati on (ai r conditioning equ ip
ment. ventilators . power loss, etc.)
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non-woven using (he shie ld ing technol
ogy, where the limits lie and what
alternatives 'there are, It is j ust as
important fo r a standard ised, homog
enous room concept to be developed.
This service can be provided only by a
company which has shield ing technol
ogy as one of its core activit ies, hut
which is also well versed in the classic
techno logies of modular steel construc
tion and absorber technology for high
freq uency applications.

I'hc trend in relat ion 10 the con struction
of new aerial measurement chamhers
and security-related rooms (but also 10
the retroactive shield ing or ex isting
premises) is clea rly going in the dircc
non of an efficient, and thus favourably
pr iced . shield ing using copper non
wovens,

(~
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The UK Six Metre Group
,- ( r/l lz-, I rj)J , . -r-'

http://www.uksmg.org

With nvee- HHW members world-wide, the UK Six Metre Group
is thc world'x lar~est orguntsutton devoted to 50l\HIl. The
ambition of the group, through the medium of its 60-(la~c

quarterly newsletter ' Six News' and through it's weh .~ i tc

www.uksmg.org. is to provide the best information available on
all aspects of the hand: including DX news and reports. beacon
news, propagation ,,~ techn ica l articles, six-metre equipmcnt
reviews, DXpcdition news and technical articles.

why not join the UKSMG and gin us a try? For more
information. contact thc secreta ry lain Philipps GORJ> I, 24
Acres End. Amers ham, Huckinghamshirc IIP7 91>Z, UK OJ' yisit
the web site.
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Gunthard Kraus, DGflGB

Internet Treasure Trove

Ansoft Irfan View32

1\ change is becoming apparent in the
sales philosophy of producers ofi lF and
microwave CAD software. Up unt il
now, free test versions have been on
offer which either opera ted for only a
limited time (usua lly 10 In 30 days) or
restricted performan ce to such an extent
that even testing the product was j ust no
fun at all. Bul now there has been a
sudden increase in the number of sru
dent vers ions. which arc certa inly still
restr icted with regard 10 their powe r bur
now make it possible to handle more
dema nding projects. Anson have also
changed their views and have put a free
student version of Ensemble on the
Internet. This name concea ls the well
known microwave simu lation program
Harmonica and the system-planning pro
gram Explorer. One exce llent feature is
that before dow nload ing you arc given a
precise list of the extent of the rcstric
tiuns introduced and of their locat ions
and you can sti ll dovvnload 75 mega
bytes .

Address: http.z/www.ansoft.cum

What PC IN : r hasnr come across the
problem of a graphics file which the
systems un his / her computer cant
open? This loophole has nov. been
closed by IrfanVicw32. wlrh this new
freeware you can now open and convert
any and I really mean any graphic s ill
even the craziest formats. One further
detai l is that vou can also usc it to set
up a slide show. So we should all haw
this usclui software handy on our pe s.

Address:
http ://ne\\ Ii fc -wino x.se rver 10 I .corn/ir
fanvicw info.hun

Mau ry

A well-known name. famous as manu
facturers of high-quality and expensive
microwa ve lest ries. Its alwavs worth
visiting this homepage for. in additi\lll to
data sheets for all their equipment. you
can also find some very carefully written
application notes . They not only de
scribe the prec ise app lications for the
equipment in connection with the most
frequent measurement tasks. but they
a lso layout the theo retical princip les
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invo lved once more and present them
clearly something users can always
pro fit from. We can part icular ly recom
mend the two introductory brochures
coveting the measurement o f Intermodu
lation and noise.

Ad dress : http ://v.'Ww.maurym w.com

JFW

Anyon e looking for a manufacturer of
aucnuarors and switches o f all sizes for
the micro wave range sho uld download
the entire catalogue of this company
(o ver 150 pages) from the ir homcpegc
in pdf format . In addition to bas ic
introductorv information. there is an
enormous "range of products availab le
there. and voull undo ubted ly find som e
th ing to solve your problem.
Add ress: hup ://"ww.jl\\ industries.com

Test & Measurement World

the homepagc of this technical rev iew
has an inrerestina Art icle Archive. which
vou can access th roueh the searc h
function in the usual way": There arc also
some publications on IIF and microwave
Technology in htrnl or pdf format ready
for downloading. This service is free
and its always worth going back from
time to ti me to sec " hats new.

Address :
hn p:/fww w.tm\\orld.com..indcx.htm

dB

Everyone knows this measurement unit
and so its no surprise that a company
sho uld have chosen it as its name. Here
you can find microwave amplifiers and
oscillators for sale and , as is so often the
case. the re is also some good technical
info nnatio n available on the homepage.

Address: http://www.microwavedB.com

EZ:-IEC

The mist is slowly clearing away with
regard to short -wave and VHF aerial
simu lation. and it has now become very
clear whats worth buy ing or testing.
Anyone go ing into aer ial sim ulation
programs in mo re depth will know that
all sophist icated software uses the code s
from NEC2 and I or N£C3 as the core
for the sim ulation . NEC4 is exp ensive
perfectio n. which can be used even for
simulation in the ncar field and close til
the gro und . BUI it is vefY e xpensive and
moreover it is still an American military
secre t.

In the amateur sector, the EZNLC
program from Roy Lewallen. W7 EL.
has recentl y bee n ea rning a very good
name for itself. Fo r US $ 80 it certainlv
offers the best compromise curr ent ly
avai lab le between price and accuracy
(which aga in is dependent on the
number of indivi dual elements with
which the ae rial structure can be mod 
el led) . An easil y comprehensib le opera
lor surface. all update serv ice on the
Inter net and so mething completely new!
a manu al ill Word format which can be
print ed out hav e p ut this program out in
front fer the moment.

Anvone who met Rov and talked to him
at 'HAM -R. adio :WOO (he had a little
stand of his ow n there) will know how
enthusiastic he is and how committed 10
this sec tor. Natura lly. you can also
download a de mo version Ir(.'C fo r
testing from the homepage be fore you
spend any money .

Address: http ://.....ww.eznec.com
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6B Engineering
GH Quat! sol id state linear amplifier
1.24 • 1.3 GHz 2 - 4W input, up to 72W output

F,J I kit H S{)
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!'.M.J.:l
\l iui-~ il 0 4
1)'<.'CiL'l bo~ 0';0

'I <,~" ."''CIOnl wiLh
l1Vlllg kId. 0 00

l'AI I- I M
.\l ", i-k ~ IHM
~"u ll kit £1:'4
Full kn Wllh d.... l" x~
nl'>C £132
Buill & tested £2 1 .~

PA2.3-1 - 1W 2.3GHz BU7Jplifier - available soo n

WNW.ghengineering.co.uk
email :- sales@ghengineering.co.uk
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PUFF version 2.1
Microwave CAD Software

• Complete with full English handbook

• Software supplied ou J.5 inch Iloppy disc

Pi-ice {2:\50 + shipping

Shipping - UK £1.50 , Surface mail £J.OO, Air mail £5.00

As used in many articles published in VIII" Communieutions

VHF Communications Back Issues
and Binders

• Available from K 1\1 Publications

• Order via the web site , fax or post

• Single hack issues Irum 1972 to 1999 £1.00 each + 1'6..P\:P

• Sin:.:,le issues Irum 2000 vulume £~.70 each + P&P

• Complete 2000 volume £18.50 + P6..~I·

• Back issue set 1972 to 1999 (J3 magazines] £50.00 + P&P

• Back issue set 1972 to 20UO (67 magazines] 65.00 + P..~P

• Sec web site for list of aval luble magazines

• Hlue Hinders, hold 12 issues, £6.50 + P&P

K ,'\-1 Puhttcarfons, 63 Ringwood Rnad, Luton , Beds, U ;2 7UG, UK

Tel l Fax H -I 1582 581051 Web sil t" hup:II"" w.vnrcomm.co.uk
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Carsten Vieland. lJJJ(;C

Tracking Generator From 1
MHz to 13 GHz for Spectrum
Analysers

Expand ing a n e\ i~ t i llg spect rum a na
lyser, many nf which hav e very high 
precision ampli tude a nti rrequcn cy,
into a netwo rk analyser using a
tracking generator is o ne of th e
day drea ms of many high-frequency
technicia ns. T his a r ticle is intend ed to
"ho " how such a cemmcre ta! objcct
ca n IK'CO IIU' i l IllY project for a
mod est uutlay,

1.

Project Description

The analyser equipment in quest ion
consists o f four ind ividual components,
so me of which are more expensive than
othe rs.

l. Tracking generator for the basic
frequency range of the analyser,
which here is 10 M/fT. to 1.8 Gllz;

2.Tracking generator for microwave
ranges: here, 1.7 Gllz to 13 GHz ;

L Resistivc rctlectomcter meas uring
bridges for the microwave ranges;

4.Transverter fo r expanding the net
work analyser info the low-frequency
range, here 100 Hz to 50 MIIz

2.
Netwo rk Analysis with
Tracking Generator

RF tech nicians regard spectrum analys
ers r ather as doctors do x -mv machines.
The)" make it poss ible to obtain qualitn
tivc and quantitat ive infor mation on
frequencies, am plitud es. subsid iary sig
nals. mod ulation sidebands, no ise frac
lions. harmonic frac tions , spurious oscil
lations, and many other aspects of active
signa l sources.

A spectrum analyser is really a highly
selective receiver with extremely wide
frequency lun ing. The result of a fre
quency scan is nOI made audible in the
loudspeaker, but is doc umented as an
amplitud e log on the screen. Modem
units have digital image process ing with
the o ption of printing out a hard copy .

l .arge amounts of equipment, most of
which is fairly old e.g. fro m Hewlett
Packard, Tektronix, Adv ante st, A lltck,
Marco ni, etc. have rcccntlv come into
the hands of commiucd rad io amateurs..
Even if you once needed a mo rtgage to
buy some high-e nd creations, you can
now, in certain circumstances. get them
on the second-hand market tor the price
of a good tran sce iver. However. we
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Otoemogungsmessung (S21)

"' s~","m . 1i2SJTracking- Tetitobjekt
Geoorator J: ,oon J: A.... !ysaIQr

I
LO T

S rq (S11)R ' k!c ~uc . urnes u
1{iJ:;kla,p

S;>e<1'~m- lDZJ.i, N>alySalOl

Tradl ing- -f. Riehl· I-- - eslobjek:
Gen!!fatOi k0l'pl", ,OU')

I
LO r,

F'i~. I : Principle of network a na ly..is for t ra nsmission (S2 1) lind reflect ion (S I 1)

(U he- r tn ll!:unl!:smess u ng '" Tra nsmtsvton mea surement. Tcstobjckt = Test object,
Sllc 5. l r ll lll-A li ld~' satur = Spect r um lIna l)ser. IHicklau(mcssnn j! = Refjccticn
mCMUrClII l'lIt . Riic5.hlllr = l{cnc(' tilln . l{icht koppler = I>i r('('l ion a l co upler)

must qualify this by pointing o ut that the
spect rum analyser itself can still investi
gale only externa l signals.

i\ further dimension in IU · measurement
techno logy can be ope ned up through
the (rile-king genera tor equi pme nt.
namely measuremen ts on compo nents
which are not themselves osc illating h UI
which arc frequency-dependent . For ex
ample. the transmission behav iour of
fihcrs. sclcctive matching measures, at
tenuatjon valucs. amplifiers. power sp lit
ters, repeaters, line resonators. stubs and
milch else besides can he shown in
du-lhtcer seale on the screen at the
same time as the frequency response
log, and can be printed out.

Moreover, an additional direct ional cou
pler makes it possib le to obtain infon na
tion on the marching and l or return loss
o r such components within a 50-0hm
system.

3.

Pri nciple of True..king
Generator

The generator presented here corre
sponds to the expand...d IIPR569A or B
Hewlett-Packard analyse r. lhe fre
q uency and signal lcvcls arc ta ilore d for
this eq uipment but must. in principle. be
able 10 \\01"1.; together with a ll spect rum
analyscrs which have an LO output.

The frequency coverage of the measure
rnent system covers the amateur radio
bands over a rangc extending from 10
MHz to 13 G1l7. from shortwave trans
missions all the way 10 the X band. The
foer ovcrtapptng frequency ranges corre
spond to those of the spect rum analyser
and . at least on the li P 8569, are also
switched centra lly from then... The entire
freq uency range is availab le at only one
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Fig. 3: Layout (100 mm. x SO mm.) 00 R'r-Durold. Ult ra lam or the like

(Schcthcn-Ko ndensarorcn = Disc capacitors. lI ohlniele na eh Masse = Fu ll
tubula r rivets to earth]

N-sllckct ofthe generator. In princ iple , a
separa te control system for this equip
ment is therefore not necessary.

In every tracking generator (Fig. 2), a
quart z-stabilised oscillator, which corre
sponds precisely 10 the first intermediate
frequency of the analyser used. is added

to the frequency-determining osci llator
signal (LO) of the spectrum analyser.
The sums or. in general, the differe nces
of the IwO osc illations then give the
ana lysis and I or tracking frequency
precisely.

However. a high degree of iso lation,
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Fig. 4: Genera tor printed circuit hoard wit h PIN contruncr. The metalt ugs
se rve to opti mise the freq uency response.

approximately 90 to 100 dB, must be
created between this auxiliary frequency
oscillator in the tracking generator and
the input of the inrermcdiatc-Ircqucncy
amplifier in the spectrum analyser. Such
high degrees of de-coupling arc difficult
to obtain, because the two mixers in the
separate units arc (lowered from the
same frequency-determining 1,0 source.
The degrees of de-coupling of the ring
mixers involved (1.0 intermediate Ire
qucncy] are nowhere ncar adequate here,
If the isolation values are poor. any
residual signals appear Oil the analyser
display, and reduce its dynamic range
and sensitivity.

In order to prevent even this intcrmcdi
ate-frequency oscillator signal of the
tracking generator from creeping over
the La circuit into the spectrum ana
lyser, a so-called isolation amplifier is
interposed.

Instead of the expensive broad-band
circulators and ' or one-way circuits
which were previously standard, each
with approximately 20 dB return loss,
here two advantageously-priced modu-

Jar broad-band amplifiers (ERA 1) arc
wired up with two aucnuators. The
forward amplification is suffic iently high
at approximately 0 dB over the entire
range (approximately 2 to 4 Gl Iz). At
the same time, the-isolation (attenuation
in return direction) sti ll attains 60 dH.
Thus, when the tracking generator is
connected , the basic noise on the ana
lyser display remains unchanged.

4.

Basic Frequency Range Prom
III M liz to 1.8 GHz

The measurement system presented con
sists in practice or two individual units
independent of one another, with some
individual components (such as, for
example, housings, power supply, DC
section of level regulator, together with
output-side step attenuator] being oper
ated in common.

The part of the equipment presented
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Fig. 5: Internal view of the completed unit

hen: operates from approximately 1
MH/., but the entire measu rement system
docs not attain high qual ity until the
basic frequency processing range of this
spectrum analyser. i.c. from 10 MIIz to
I.S CiH :t.. Thanks to modern, advanta
geously priced broad band components,
this tracking generator can be C0 11 

structcd with amazingly little material
and soldering (Figs. 3 and 4). The
frequency coverage is suitable for most
situations spec ific to amateur radio.

The frequency determi ning LO signal of
2.05 G jIz to 3.85 Gllz supplied to the
rear panel or the analyser is mixed with
a crystal-stabilised oscillator of 2.05
Gl lz. This signal injection lies precisely
at the first intermediate frequency of the
spectrum analyser, and can be adjusted
somewhat to balance out a slight fre
quency drift (VCXO), t he difference
frequency at the output of the mixer
then again lies at the input frequency of
the frequency analyser. Th is combina
tion frequency is amplified again after
the ring mixer (here: MD 169 from
Anzac), passes through a three-phase
low-pass filter with a limiting frequency

of 1.8 Gl lz, and is then amplified once
more. At the output of the final stage, a
low-barrier Schottky diode (here a BAT
15) detects the level value and reeds it
to the level amplifier. This DC voltage
amplifi er should keep the high-fre
qucncy level constant, with the aid of a
PIN diode aucnuator this corresponds to
an interna l resistance of ZERO (I). To
match the impedance to the circuit
system, a chip resistance of appmxi
marefv 50 Ohms is series wired to the
fina l amp lifier. This thus also means the
output socket has 10 have an impedance
of 50 Ohms. Even if this resistance uses
up a lot of ti l l.' prec ious ourpur, it is
ncccssarv for matchin g lor correct meas
urements. Nevertheless. a maximum of ,
+ [0 dBm is available for spec ific '
measurements with high levels over .thc
ent ire frequency range.

An elcctronicallv controllable variable
atteuuaror. consisting of three PIN di
odes in an SMD housing (BAR 61)
ensures an automatically levelled output
level.

The fixed frequency oscillator at 2.05
GHz is a commercial product. This is a

40



-'-"'--'==="""""--'~-'--------------\~VHF COMMUNICATIONS 1/2001

Fig. li : Secrfun with essential components for basic frequency range up to 1.8
GILt:. Tilt" long, round, coaxial low-pass filter is ill the middle of the picture. TIlt'
thick, round metal body contains the switchablc arrcnuator. The coax relay,
together with the SMA directional coupler and the detector, forms part of tilt"
SHF section.

universal osci llator processing (XLO)
[l ] from SSB-Elektflmiks transvcrtcr
series. This circuit, which can he ad
juste d for output frequencies between
1.5 and 2.5 Gl lz, stands out through a
high degree of spectral purity. The
numerous publications concerning simi
lar circuits make it superfluous to go
over it again at this point. An additional
capacity diode in the oscillator circuit or
the upper harmonic oscillator creates a
pull-in range or several kilohertz. Thus
measurements can be better synchro
nised, with narrow analysis band widths,
!.e. low residual noise and high dynam
lCS .

Thanks to modern , advantageously
priced broad band modules, the entire
high-frequency processing system (with
out an XLO) fits into a small tinplate

housing measuring 53 mill. x 100 mm.
(rig. 4). In principle, the !evel amplifier
and its four les could also be fitted in
using SMD technology. Some improve
ment in the measurement dynamic (a
few dB) can be obtained by externa lly
fitting a coaxial 1.S-GHz low pass Filter
with a very high cut off gradient (Fig.
6). Thus the harmful injection s ignal on
the first intermediate frequency (2 .05
GHz) at below 90 dRc in the output
spectrum is no longer displayable.

Thermally measured, the amplitude of
the tracking signal varies by a maximum
of only ± 0.5 dB around the set value.
This amplitude ripple is thus less than
the actual frequency response of the
spectrum analyser. However, the HP
8569, like most of todays equipment,
has digital image conver sion, through
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the useful specia l function of standardi
sation, which enab les the reference level
(0 dRe) to be mad e into a straight line
in the centre of the screen. In this way,
al l the units inherent ripple is elimi
natcd. Although this is only a dig ital
image conversion, the interpretability of
the print-out is rccognisably improved,
especially in the microwave mngcs.
Amplifica tions appear above the screen
centre and attenuations be low.

The l iP 8569 is equipped with an
HP-IB interface. Even if this operates in
a slightly leisurely fashion by present
day standard s, splend id hard copies can
be created with the help of an liP
7470A plotter . The documentation ap
pended was pUI on paper in this way.
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Fig. 7: Scala r
network a na lysis
of It t a-cm. fing er
filter with liP
8569(A ) spect r um
analyser, IIIV
t racking generator
and liP 7470 A
plotter

5.
I)ctails of Signal Precessing

The four MD 169 (Anzac) ring mixers
used here are certainly relat ively cxpcn
sivc. but they and all their data are
within the freque ncy range of this
measurement system. It was obv iously
developed for simi lar appli cations.
Other mixers such as, for example, TFM
42 from Mini-Circuits, certain ly display
a slightly higher amplitude ripple at the
output , together with a rather higher LO
disruptive breakd own, but apart from
this they arc also suitable.

The resistive anenuaror at the LO input
of this printed circuit board is ca lculated
in such a way that the mixer approxi-



,
.12 V

2 1

~
3 4

Tn'"'"

," llk

H \8k lk
«; BC1~B ~3k '8k
I. .sv f,-;-1 b11 ,

H r -,
4,10 I I 1

roor I 10. 01 OJI
3 r 1

" L_TDA 10S3- J'" BAR 61---

=-==='-'==..c=-'---- (~,

Fig. 8: Circu it of
PIN diode
controller for
adding fre quency
of 2,050 MHz. The
peripheral circuit
wi th a t ra nsistor
developed by ITT
is suitable for all
types of PIN
diodes

VHF COMMUNICATIONS 112001

mately attains its rated level of + 7
dlsrn. lhe mixer output level at the
intermediate f requency port is apprux i
matcly 30 dBm. Thi s wry low ampli
tude is a favourable compromise be
tween the dynamics of the signal (useful
signal to basic noise) and the lack of
dis torti on. It is well known that the
distortion spectrum of ring mixers,
which grows rapidly with relatively high
output signals, generates so-called am
plified spurious signals (non-harmonic
ghost signals), which can no longer be
removed by filtration measures.

The PIN diode regulator used here
(OAR 61 from Siemens) provides an
infinitely variable attenuation of up to
20 dB. The design parameter of this
newly developed SMD module is above
30 dB at 2.05 Ghz. It is thus consider
ably better than the old TDA 1065, UTI'"
025, or 3 BA 379 units, which were
designed for the UHF television ranges,
these .still display approximately 10 dB
of control coverage at this frequency,
but with pOOT matching. This is naturally
not sufficient for exclusive levelling at a
constant output level.

In a departure from normal practice, it is
not the fixed-frequency, but the variable

1.0 signal from the spectrum analyser
which is high-gain and drives the mixer.

Since ring mixers react very tolerantly
to level inputs at the 1,0 port. relative ly
small levels break through to the inter
mediate-frequency output.

At this point, the useful signal is
subjected to a ripple of maximum 2 dB
over the entire range. The 3 dH attenua
tor at {he mixer output represents a kind
of circuit hygiene. It certainly feeds on
the useful signal but. on the other hand,
it ensures a certain level of matching
between the mixer and the amplifier.

The three-stage low-pass fitter is de
signed for the highest output frequency
of the generator. At the limiting fre
quency of 1.8 GlIz, the input and output
capacitors have a value of 1.8 pF. The
two central capacitors have double this
value 3.6 pl". Suitable disc capacitors
available also small-format chip capaci
tors are also suitable. The capacitors can
be mounted on the board surface but the
disadvantage is that their height has a
tendency to cause surface resonances.
The three inductances can each be
calculated to be 4.4 nH, they consist of
0.5 mm. thick silver-plated wire, which
is bent in an S-curve with a length of
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Fi~. 9: Control a mplifier for cont ro lling PIN diode controller with two inputs
a nd window compa rator for level monitoring

(I'cgcl Sotlwert = Rated level val ue, Bi.s = T o)

approximately 8 nun. (see Fig. 4) .

1'0 redu ce the ripple levels in the
tran smission band . the inductanc es arc
s lightly adjusted by being slightly bent ,
and the capacitances with the help of
metal Iligs .

Natu rally, a computer-optimised, self
contained filter could also be used. A
low-pass filter is necessary because the
other signa ls at this po int, such as image
frequencie s Of the LO affect the auto
matic level con tro l and would lead to
considerable control errors.

To terminate this low-pass, the final
stage must display a cont inuously good
input matching. This demanding task is
undertaken by the monolithic ERA 5
broad band amplifi er from Mini-Circuits
which gives a guaranteed +10 dRm
output with a 50 ohm input impedance.
Thus even ring mixers can be measured
with this equipment.

For pract ical measurement operation a
level of approximately 10 dRm is
advantageous. In these circumstances,

the tracking genera tor generates 0 dllm
with low distort ion. To improve the
broad band output matching. 10 dB
attenuation is used from the step aucnu
ator. lhc pO\\Tr then remaining, of 100
micro Walts (- 10 dltru} will admitte dlv
not make any DX connections possible.
but is a siena ! at the limit of the
spectrum analyser rece iver. Depend ing
o n the level set, and on the analysis
bandw idth, a measurement dynamic of
at least 70 dB is available on the
disp lay. With skilled use of the measure
ment level. with the help of the two
stage reducers, dynamic differences of
markedly more than 100 dB can be
measured.

The wobb le measurements which were
previ ously used , with broad-band diode
receivers, g ive quite considerably lower
dynamic values. For very broad-band
measurements, the detector diodes also
generated harmonic distortions, which
prod uced false readings.
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Tracking-Generator Mischer im Test Spektrum-Analysator

10,7 MHz
-10 dBm

Gene rator
mit 10,7 MHz
Offset , +7 dBm LO vom Spektrum-Analysator

Fig. HI: Measurement of conv ersion loss readi n~s (gain va lues) Irum Freq uency
mixers

(M ischer illl T~I = Minr in 1~1. Spekt rum-A lla l~isatlJr = S ,)CClr lllll an ajyser,
Mil :: With. vem Spe krru m-Anatysa tor = from spect rum a na lyser. Mnsung
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Fig. II : Meas urement on 3n I.e two-circuit filte r for 145 Mi lL:

a ) S21 t ran srntssscn behaviour from 0
500 MHz

Top cline: re fere nce level 0 due

Bottom CUrve: filter curve (atten uation
in app. I 1m t ransmission hand )

b) S I I rerteenon beha viou r

Top cu rve: re ffection loss of
two-circuit filler (app. 211 d B)

uou om curve: sharpness of
directivity of measu rement system
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lim i t i [J~ frequency o[(iOO MH z. Up to
ROO Mlb.., the attenu ation increases by
50 dR.

6.

Contr ol Amplifier

The circuit or the PIN diode controlle r,
developed back in the seventies for
television purposes, requ ires DC control
of between approximately I and 4 Volts

(Fig. 8). Its design is equally suitable for
all low-signal PIN diodes. The rectified
voltage at the diode port of the genera
tor printed circuit board is measured and
kept constant, as far as possible, due to
the automatic control. Approximately
100 mV rectified voltage can be ex
pected for an output level of I mW (0
dum).

A three-stage a ll amplifier processes the
control voltage. Although in pr inciple
this is a DC vohagc, level differences
during rapid wobb ling must be control 
led within a few micro-seconds. On the
one hand, such contro l paths must be
rapid, hUI on the other hand they must
not bring dynam ic errors due to over
shoo ts. Thc RC frequency response
compensation on both Oils prevents
both sorts of anoma lies.

A summ ing ampl ifier at the input proc
esses the detector level of both the VHF
I UHF section and the SHF genera tor,
without switch ing. The 4.7 k-Ohm trim
ming potentiome ter at the detector out
put of the genera tor printed circuit board
described here makes it possib le for the
level to be matched to the SHF section.

An externally operated potentiomete r
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Fig. 13a: Highly-selective 2-m.
pre-amplifier with qu artz reso nato r
wide select ion between 100 a nd 200
MH,
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fig. 13b: Same amplifier a t high
freq uency resolution. Th e main
resonance of the qua rtz is only 3 kHz
wide.
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This tracking generator has an interest
ing add itional option. The fixed-fre
quency oscillator required for mixing at
the first intermed iate frequency of the
spectrum analyser used can be switched
lip to 10.7 MHz upwards, i.c. from
2,050 Mllz to 2.060.7 MHz. This task is
undertaken by a second XLO [ I ]. Thi s
makes it possible to investigate the
attenuat ion and freq uency res po nse of
frequency converting four pole networks
such as ring mixers. The two osci llators
are brou ght together into a small coaxial
hous ing through two 50-Ohm resistances
onto a summation line (Fig. 6). A
crvstat-srab itiscd 10.7 Mllz osc illator
WIth a calibrated level of 10 dBm is
incorporated into the eq uipment a." an
auxiliary signa l. It is automatically acti
vated when the frequency shift is
switched on.

Naturally, only mixers. or else comple te
converter systems. with intermed iate

Meas urements on Frequency
Mixers

Fig. 15: Con vers iulIl llsS or a SOO-MHz
r ing mlaer in range bet ween 0 a nd
1,000 Mllz. T he top cu rv e indica tes
t he reference leve l of 0 d n c.

pre-sets a freely adjustable DC reference
value with which the rectified voltage.
already amp lified. can be ba lanced.
Since no freq uency dependen cy of any
kind has to be taken into account at th is
point. the potentiometer can be directly
calibrated in RF output levels (- 10 dBm
to + 10 dBm). With only vcry slight
dev iations. this scaling also app lies to
the microwave ranges lo r which this DC
controller is also used .

A window com parator (TeA 9( 5) moni
tors that the pre-selected output is being
maintained. All that this requires is fo r
the DC voltage led to the PIN diode
controlle r to be monitored to ensure that
the limiting values arc maintained. Volt
age values of between I V and 4 V
mean that the PIN diode co ntroller is
being controlled within its rated range;
this is indicated by a green LED. Above
approximately 4 Volts. the LED goes
out and a lerts the user to a malfunction.
The same thing happens if the voltage
fall below approximately I Volt.
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F i~ . 14: Trausnusslcn behaviour of a
commercia l d lrw tlonal couple r in
transmlsalon a nti non-conducting
d irecti ons rro m 1 to 1.8 G Uz. T hc
optim al ope ra ting frequ ency is 1.6
G ilL
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9.

The convers ion 1000s ca n eas ily be read
off on the disp lay or on the hard copy,
wi th high precision . as the diff erentia l
be twee n the current and re ference lines
fro m the memory. The high selectivity
of the analyser prevents faulty measure
ment prod ucts invo lving other mixed
produ cts.

(f..~=-::::::-=-;::-::~:::-::::::-;:::-:==='=======ports which can ta ke 10.7 MH 7. can be
measured. The maximum trac king out
put level of + 10 d Am is sufficient for
mos t ring mixers as a direct oscillator
signal. The cosr or a second XLO is
considerable. of course: moreover, it is
needed only for mixed systems. Ilow
ever. this measu rement option, which is
met with nowhere else except in high
end network analysers . prov ides valu
able insights into the field of RF.
technology when required.

In Fig. 15, the mixed attenuation curve
for the MlB ring mixer (Wa tkins &
Johnso n) is doc umented. as all example,
over a range of 0 ttl 1,000 Mll z, The
mea surement procedu re is as fo llows:

First, a reference line is stored in the
screen memory of the spectrum analyser
with the tracking generator over the
entire frequency range for a leve l of 10
dR m

Using the second quartz oscillator mixed
togethe r with the variab le LO signal in
the tracking generator. the output signal
is shifted upwards by 10.7 MHz. T he
analyser no longer reacts 10 this new
trac king frequency, since it always dis
plays 10.7 Mil ; freq uency offset to the
rece ption frequency in question. Ilow
ever, a crystal-stabilised 10 dBm signal
so urce is availab le for precisely th is
d ifference frequen cy. which is fed into
(he Irucrmcduuc-Ircqucucy port (If the
mixer to he investigated .

The diffe renc e frequency of both the
mixing produ cts generated in this way
ralls precisely on the ind ividual ana lysis
frequency and is represented as a co n
tinuous line on the screen.
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Gunthard Kraus. DOSGR

Modern patch antenna design
Part 1

I.
Introduction

The development of modern communi
cations technology is lcadinu to smaller
and smaller equl pmcnr just -rook at the
newest generat ions of mob ile phones
and GPS receivers! The antennas used
arc also correspondingly inconspicuo us;
from I Gl iz upwards. patch antennas
have thus markedly improved their mar
ket position in recent times. Since. due
to modem design programs and present
day circuit b oard technology. they can
be made rclarivc lv easllv and accurarc fv.
even by the professional RF DIY cmhu
stast. This article is intended 10 point
out the road 10 success, the intention is
that the deve lopers imagination should
be stimulated.

Because the tracks of Patch Antennas
arc sometimes vcrv delicate thcv arc not
well suited 10 h rgh~po\\ered iransrnis
ston. but it can easily stand a rransrnis
slon power of a few w atts. And
complete antenna groups can be assem
bled with low-noise amplifiers into very
interesting act ive reception antennas we
can certa inly expect some developments
here in future.

2.
Principles

A new project a lways begins with the
acqu isition uf the necessary information.
The obligatory read ing for the first step
is the art icle on Microsr rip antennas by
Friedrich Krug from PI (Unfortunately,
some of the fraction bars in the formulae
were missed out ill the original articl e
please make the necessary changesO

The standard work, Antennas by John
O. Kraus [21 is also very helpful. as is
the book Millimeter-wave Microstrip
and Printed Circuit Antennas P l.
First. the theoretica l princ iples behind
the patch an tennas for the microstrip
model described in this art icle will be
investigated. We should carry out an
intellectual investigation of the first
resonance, which is important for our
purposes. I lere we shall be work ing with
a few simplifications. but they make it
much easier to understand and carry out
the design for tllis ope rationa l ca se.
However. anyone planning an applica 
tion at frequencies exceedin g 10 (1Hz.
will have 10 spend Hither more money
and go for the modem, more expensive
30 -[ \-1 simulations programs (Sonnet,
Micr owave-Office, XFD TD....). Such
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Microstrip -Feed

I
Urr~"eila ,," 'orr,.-"M<t
Mmse ['bcce

Coaxial Feed

F i~ l a: Mtcros rrtp Feed, nne pa rch
with matching: st rtpunc

Fi~ I b: Coaxia l Feed one pat ch with
feed pom r defining impedan ce

program s (usually free in the LIGHT
versiont) are used as a check simulation
of the design worked out and for
comp arisons with the measurements .
You can expec t various solutions \0 be
worked out during the project using
different software, it will certainly be
interesting!

In the simplest form, the patch antenna
is a circuit board, coaled on both sides,
with the unders ide limning a continuous
earth ing surface. Only a small rectangle
(patch) is k it on the top side during
etching, and there is usua lly a micros rrip
feed connect ing with the middle of one
edge of this patch.

If the connection point is moved from
the edge of the patch in the direct ion of
its centre, we can only use a coaxial
cable for the power feed. This would
emerges vertically from below with its
braid so ldered to the lower earthing
surface, whilst the internal conductor
goes through a suitable ho le, and is
connected to the patch (coaxial feed).
The input resis tance can be altered by
moving the connection point a long the
centre line of the patch. In Fig. 1.both
versions are sketched, and the following
additiona l details arc given:

a) With microstrip feed, the length, L, of
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the patch is a lways to be thought of and
measured as being para llel to the feeder.
It determines the frequency orresonance
of the antenna and the relat ionship must
he L = ;'j2. For coaxial feed . it is that
edge which runs para llel to the centre
line from the middle of the external
edge to the centre of the patch.

b) The polarisation of the antenna
(equiva lent to the direction of the
electrical field Iines for the radiated
wave) is para llel to this length, 1., o f the
patch, and thLLS a lso to the feed line for
microstrip feed and I or the centre line
for coaxial feed.

c) The width, W, determines the radia
t ion resistance of the antenna, but in
contras t lias only a slight influence on
the frequency of resonance.

But now to what is probably the most
interesting question: how docs a little
meta l plate like this suddenly become an
antenna? If we look at Fig. 2 and view
the patch as a microstrip which has an
electrical length. L = i2,then the phase
difference between the voltages at the
left-hand and right-hand end is precisely
180 degrees . "Now we must a lso remem
ber that the associated electrical field
lines do not end precisely at the end of
the line, but are, to some extent, like the
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Fig 2: Sketc h of a pa tch antenna, a t
resona nce it acts like two slot
a ntennas

ha irs of a shaving brush , standing up
venicatlv over and above it, and reach
ing into- the air above the patch edge.
This effec t has already been described
as open-end-extension or Fringing in
[I ]. We must therefore design the
mechanical line lengths to he shor ter
than required in the layout des ign for the
str ips.

Now, astonishingly enough, we must
consider these bristles on the field lines!
If we examine the d irect ion of these
fie ld Iincs for a specific instant , using
arrows, we suddenly realise that these
field lines, and thus the antenna currents
are in phase, although the associated
voltages on the two patch edges arc in
antiphase!

If we also know that the substrate
thickness (t), is always selected to be
very small with respect to the wave
length (the usua l maximum is I to 2%),
then both the left-hand and the right.
hand patch edges suddenly behave like
two slot antennas powered in phase. So
that there shall not be any unpleasant
surprises and I or dev iations, the dimen
sions of the earth ing surface shou ld be
at least one wavelengt h or more,

One important characteris tic of this
lavout can be easily guessed: as soon as
w~ de viate from the frequency of reso
nance, the condition of 180 degree
phase diff erence between the voltages
on the rwo edges will very quickly
change and the radiation falls. A patch
antenna is thus a verv narrow-band, like
all circu its operated in resonance.

When dcsiun is done with a modern
program, the desired hand width can be
entered directl y. or it can be calculated.
However, it ; hould be taken into ac
count that the circuit board data, such as
thickness, dielec tric constant, etc" have
an influence.

For a 510t antenna, things are very
different from a dipo le. The Ii-ficld and
the l-l-field are transpos ed as regards
their direction in relation to the dipole,
the E~po1a r i sa tion fo rms a circle (or in
our case a semi-circle, due to the rear
face earthing surface ], and there fo re in
the ll -field we suddenly ubtain the
well-known figure eight (and with the
rear face earthing surface only a full
circle as half this figu re eight ). The
current d istribution is no longer sinusoi
dal. as for a d ipo le, but is cons tant.
Literature reference [21, in particular,
gives slot antennas a vcry comprehen
sive chap ter of their OW Il , and refers
explicitly, in the patch antennas chapter,
to these characteristics of the slots.

The equivalent electr ical circu it d iagram
for the area aro und the frequency or
resonance (this is needed later fo r
investigations using purr ) is relat ively
simple: with the mtcrosrrtp feed it is a
micmstrtp with an electrical length of
180 degrees and with the radiation
resistance of the slot at each end. With
the coax ial feed, there are two circu it
sections, which are connecte d in the
middle and at the two outer ends,
terminated by the radiation resistan ce of
the slot antenna, The ir electrical lengths
corresponding to the selected feed point
are unequal, but must once again add up
to 180 degrees (sec Fig. 3). The width,
w, of the circuit is in practice often
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Microstrlp -Feed

ccoxot -Feed
Auneu-vdIM J"otc '"- in '} Vk;.oodp s

180" - u

. 'i\.: 3a : Equivalent
ci rcuit fur th e
mi(T O\ l r ip feed 10

be u.....lI h~ I' L ..T

Fig 3h :
[q ui\lth.-nt clreult
fur th e ('mn ia l
feed In m- used h~

l' IJr F

greater than the length. I.. which reduces
ils wave resistance at frequencies of up
t il 10 GHJ', to values be low 10 w 150.

It ShOlIId also he reco gnised that the
radiatio n resistance uf each individual
slot in a square pat ch usually lies
somewhere between ,lOon and (loon . If
the patch is made wider than it is long.
we call ~o down below 400n . Since
both resistances appear connected in
parallel at the teed edge, Ihis becomes a
12 circuit with a dummy load at its
input. Ir the feed gues into the midd le of
an external edge. we always gl'! a total
input resistance or at least 2000 , This
value must then be adjusted again III
50n .
The choice nf circuit board material
should be made taking into account
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performance rather than price, The tried
and trusted FR 4 fibreglass epoxy
material can he used up 10 2 Gi ll and
more. However its dielectric constant
falls off from I G Hz upwards Ie.g . from
4.8 at I Gll z to 43 at 1.7 GH/ ) and the
losses increase: the loss factor at 1.7
GilL is appro\ inmtc1) 0.02. as against
0.015 at I Gttz. Because of the dccid
cdlv high radiation resistance levels 01'
the'slots , these circuit board losses SO\)I)

become noticeab le. FR 4 can be used
for a economy antennas, bur it might not
necessarilv be a uood idea \(1 use it in
conjunction with i n cxrremelv low-noise
amplifier. EH'!)' tent h o r" a dB or
add itional attenuation at the input of a
rece iver is known til increase the noise
numbe r of the system by exactly the
same amount



3.1. Req uired character!..t ic..

The new RO range of mater ials from the
well-known RT-Duro id man ufacturers
Roge rs are ideal here . They d isp lay
insignificantly poorer electrica l dam than
l'eflon boards LIp to over 10 (iH7, but
have the good mechan ical properties of
fibrcglaxs material. and can be drilled,
screwed, r iveted, stamped, sawn and
simply etched or through-hole p lated .
Te non material, in com rasr. is as llcx
iblc as chewing gum and is less suitable
for such an antenna. Moreover. RoO
materials arc bett er value than Te flon
also comprehensive information can he
ob tained from the German importer 141.
The information above should be suffi
c ient as an introduction. Further infor
mer ton can be obtained in (I J. where the
various app licat ions and structural forms
tc.g. horizontal. vertical and circu lar
polarisation, circ ular patches, antenna
groups, etc.) are really bea utifu lly de
scribed.

J.
Firs t project

VHF COMMUNICATIONS 1/2001-"-",-,,,,,,,,=~,,,,,,-=e..- (~

- Feed through an SM A socket and a
500 microstr ip 10 (he transfor mation
circuit.

- Use o f c irc ui t bo ard material
R0400J with a relative permitivity
of £=3.38, boa rd thickne ss = 1.52
mm. circuit board size 100 x 160 mm
(Europa card).

To make things clearer. Fig. 4 shows the
layout of the prototype for a printed
circuit board coa ted 011 both sides,
manufactured in accordance with these
specifications.

Now, before the actual antenna design
begins. a summary of the most important
rules for success fu l patch ant enna design
can be cited from literature reference
l3J. page 40:

I. With coaxial Iced. a d isplacement of
the feed point on the centre line trom
the edge o r the patch infl uences only
the input impedance.

2 . Higher va lues for the dielect ric con 
slant o f the ci rcuit board materia l
give larger hand Widths.

3. lI igher values for the die lectric con-
slan t unfortunately also give a poorer
deg ree of effectiveness for rad iation,
and thus a poorer degree of antenna
efficie ncy.

In designing a new construction as
complex as th is, we should not inuucdi
nrcly go for a very expensive end
product. but rather initially create a
feel ing for ourse lves o f the accuracy o f
the design too ls and the manufacturing
options. For this reason. an individual
patc h was planned Ii I'S\, with the follow 
ing character istics:

- Resonance frequency: fr 1691
Ml lz (Meteosat recep tion) .

- Microstrip feed .

- Input resistance on patch edge - 0.5
x rad iat ion resistance of an individ ual
slot: 200n.

- Adjustment to 500: through a IJ4
microstrip transformation circ uit.

" ...-

fi2 4: La yout of th e prototype patch
antenna on RO ..HHJJ ma ter ial for use
with an SMA con nec tor.
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Input ftota

Enter t he ""ten lnng t h (cooj : '\ .625
Enter t he • • t ch wl . t h <Cit>: 4 .625
Entm:- t t.> .Ie l uc t r l e con. h ot : 3. :Jll
Ent er ~~b.tt-.t. th le~""n C"""l ; 11.1Sl
Ente r . .... t>e oI.lat • ..,.. f r _ rad. edge (c _ >: G

4 . The width, w, of the parch is directly
related to the radiation resistance and
thus the input impedance, but in
con tras t has scarce ly any influence
on the frequency of resonance.

5. A single patch antenna only has the
simple directional diagrams referred
to abo ve (semicircle I ha lf eigh t) if
the circuit hoard material selected is
vel)' thin.

A... a guide. the thickness of the
circuit board should be no more t han
I 10 2% of wavelength.

This is not a good directional an
tenna, because - of the large apex
angle associa ted wi th it. However. as
soon a~ the circuit board is se lected
10 be much thicker than recom
mended. zero poin ts suddenly appear
in the rad iation d iagram which 'Ire
caused by addit ional surface-wave
mode s.

Th e fol low ing ru le abo applies to the
circuit board thickness: a th inner
circuit hoard e lves a better antenna
quali ty and thus a sma ller antenna
hand width.

6. Th e antenna ga in of an ind ividual
patch is vel)' small the typ ical va lue
attainable is 6 to 6.5 dBL

7. The design and ca lculat ion methods
in this article (an d thus also the

programs init ially used ) an.' based all
an empirical model and arc thus not
universally va lid. For high er frcquen
cics and for ana lysing the antenna
behaviour over a broad frequency
range, me use ormodem EM simula 
tors is ind ispe nsable.

3.2. n etl'rminillg the pateh dimensions
required (micro stri(l feed)

Two progr ams aTC wel l suited to t his:
pcaad21 and patch16. they can be
download ed d irect from the Internet [51.

A) n t'sign uslng pcaad2 1

The operation is vcry user friendly. and
\'0 hen Ihe app ropria te men u has been
called up y llll are immed iately asked
about the patch length . You could enter
any length here as an ex perim ent and
see what happens. How ever. it is co nsid
erab ly more prom ising to work the
app roximate length value out lirs l ( half
electrical wavelengt h] f rom the follow
ing equation using a pocket ca lculator
and to wo rk with this va lue :
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Rectang ular PaIch
l ft.... t n..t~

( PI'o be Fed )
Eft t ~. t he I""t c h le""t" (c. ) : 4.62'ii
E" I.. .. 1" _ pUc" ." dt " (Cft): ~.6l5

EIlt .. . t ile dl .. lect .. k con~tut : 3 ,3 ll
Ellie.....be ...de t " id""s~ (c . ) : o .ISi:

_EX. .•" tog. Enh. p.obe d i s hoce f. "" . ad, "d~.. (c,,) : 0

r......~_
,~, 1.,.... 1 10."""...,<..

1 .118 , 'Ii .BI ." 10 Z .0 )
L = , Rl.Z 1 ." IZO.5 )

Select 1\cti0fl 1.7i1ll , IS 7 .11 ." U " . 7 )
1. 110 , 22 1 . 4 1 ." 11. 1 '

E........~a L~ , 15 1 .11 ." - 'I l. l),
Ho;-' Pi"~ "' ~

L~
,
~ . 4 1 . J , - '11 .5 )

1 . 7 /'11 , ~ " ." -''''.'''PnlP\o'l.. OIr~
,

" FP· oa . b~,.... i4th WSUR,Z) . t . z~

Fig 6: Pressing
[l'\T I-:R shows t he
Impeda nce
grad ient. At t he
frequency (If
resona nce t he
rad ia tion
resista nee is too
hig:h at 22 70

For the patch width, we simply lake the
same value of 46.25 mill and subse
qucntly examine the result. When the
diele ctric constant (c "'3.38 ) and the
circu it board thickness (0. 152 em) have
been entered. H ill arc asked about the
distance between the feed point and the
edge . w. Since we wish 10 usc micros
trip feed , select 0 as the ans wer and
press <ENTER>. Thus we obtain a
screen structure like- Fig. 5. from which
IV<: can read off the value 1.747 7 1 GHz
as the freq uency of resonance. We press
<-E~TER> again and the impedance
gradie nt will also be shown in the area
around the frequency of resonance. in
accordance with rig. 6.

It call be seen here that the rad iation

resistance. at 2270 for the calc ulated
frequency of resonance. is still \00 high:
the small reacti ve component o f j II can
be ignored with confidence . So the
procedu re is repeated when ENTER
DAT A has been act ivated in the left
hand menu. with a gre ater width. w, and
another length. L , until a radiation
resistance of appro ximately 200n has
been achieved for a frequ ency o f" rcso
nancc of 1691 MHz.

Fig. 7 sho ws the end res ult of our
efforts: the menu ite-m plot data gives us
the directional diagrams. The d irec tivity
can be d isplaye-d. if desired, at approxi
matel y 6.5 dB: it represents the rat io o f
the maximum power rad iated in a
speci fic direction to the mean value.

HeaanIlV·" - P al<:h --! '"",' .... ¥=-!I
{ :.J,Qoe F e d) , ,

i f:nto r u... ,..t.c~ I ~.,.t ~ ("" I: 4 .71
:&" , "" t looo ~.t..=S "i~ t~ (""J: " :3 4-

lif"- t lln d l" l."trb =-...."" . 3.:1>1
.tn'nr -_.,.,, ~ ~ thk........, { "",I : O . I!>:f

~~ &nt"" ....,'- ~I ~"' '''''' - ,~ ~..( .,.. 1: ,
..

II ,...~",..,.,.. ("f~ ) [ n,. , ~ !~ .-l. "".

, L. &1:.2 , ~.O .4 ) ' J ,
'I~ : /J,

G>
, 73. 11 ' J , LIl'J . i l:o..lect P.c'jon ! + '

H I . • ) ' J , tar. .91
' . .l>~ ' 2O~ . b ) . J , 11 . i l

,, "'",, - D• •:o J
, t H .9 ) 'J , - fR ,9 1

P1, t C."ema t . tc , ·t • .z) .J , ·1l[,. 9 1

C<rll;·...:e ()I-- .."", r , _
t. 7'" ,

. '. . 5 ) ' J , -~ . 7 1

n~p"" . .......... td.~h (nJR~1 " LU
DI.....,~I .. tw - &.5 9 ..

fig 7: Results,
from pra ad2 1
aft er flp fi llli sill~

for a Ireq ucncy of
resona nce at 161)1
MilL a nd a
ra dia tion
resist a nce of 20nn
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Fig 8: The fir st menu in pat ent s.
C huusc option l> tu enter d a ta

COITCt..-tl), expressed in scient ific tenus,
it is the ratio o f the maximum value to
the mean va lue using the Poynting
vector . It tallies with the norma] d Hi
gain specification. for with the spherica l
radiator as reference there is no pre
fcrrcd direct ion and thus it displays II

directivity or a guin of zero dB .

lt should be noted thaI the radi ator
lengt h of 47.7rnm shown in Fig. 7 is the
elec trical length. this shou ld be reduced
by the open end extens ion for micros
trip s. With such wide lines. this is about
half the circuit board thickn ess on each
side , which means that in tota l approxi-

....roo ""• . I .U "- ' '' ... ..
__ _._1 Q' P. ",.

......-- ' ...
""" , _,"" , "" ., lies'''''Col",, ' . <" ... .._~<;~~

p ,~ ""'01."." 'd""""L• • I_ t . ......1. 1 _ ,_

""it """•••

:~
•,,,
•

marely , 1.5 mm must be taken 011

B) Desfgn with pa lc h l6

Onc e the program has started . informa
tion can be calle d up for operation or
we can go straigh t 10 the first menu
t Fig. 8) and pre ss 0 to enter the patch
data. Unfort unately. the dat a must be
entered convened into inches. II must
a lso be noted that with th is program the
radiat or length will already be in the
open-end correcte d form which is how it
will also be used in the layout!

T he foltowine val ues can be taken ove r
from the previous des ign:
- Co rrected patch leng th. I. ~ (47.7 •

1.5)mrn '" 46.2 mm. corresponding to
1.819 inches.

Patch width. w = 53 mrn. corre
sponding to 2.0X66 inches.

Circuit hoard thickne ss, t ... 1.52 nun ,
corresponding to 0.06 inches.

Die lectric constant f: "" 3.3 8.
Probe d istance from rad iating edge
o.

- Loss tangent of R0 400] at 2 GHz .",
0.00 1.

O nce you have worked through the entry
procedure. yo u come back to the same
sc reen (Fig. 9) with the sketch of the
patch as at the beginning btl! this lime
with data entered as a che ck; these arc

£me r Pi...,.... I"" . o f P.tc h
"" to-De~, ~n ""~"
Mit '" ....... 1.... '" Pr l.t P,,~ lql\
C.le,d ..t... P.t c h Pr u.... d ; e .
r l t ..t. i .. . r.tt"ro..
I " ""u ,.t..1 1'ropc,.t1 eo.
Dol t r ....

lUM>Q .06O I n

•

~ cE-,
•

•.00'

ri~ 9: [) j<..pl lly
after da ta has
been ent ered. If
the re arc a n)
mistakl'S IbM)' ca n
be correct ed h~'

pressing E
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The R""on~rrt Frequ enC'! is 1 .706 GHS __
eo Is 60.5

The EMe """i~tiOTl " .. s ish""" I e 234 . 78 0},_
Zoo o f (Joa<'ter -waYe t ransformer i s 10 8 .3 o ,,",s
Appro" ... idth o f the l!udrter--..a e trans f o .... er i s 0 . 0 29 inc;"'''
Lengt h o f Qua r t ..r- ....... e transfo ~r I s 1.1&9 I"",""s at the Resonant Freq .

Input Res istance a t p r ob e locat i on i s 234.78 ohn" C
The 2 :1 VSUR Ba"dwtdth Is 1 .3 ;<
Upp"r F.... , .....""." Li .. it 1.717 GHs
Lower Fre'l\.lenc." Lillit = 1.694 GHz

Press 'E NrEft' to contir<.te : •

Fig 10: Results
after calculation.

rounded off in the display. but for
calculation they are stored in the correct
form. with all the digits after the
decimal point. If we now press C
(calculate patch properties), we can sec
all interesting data (Fig. 10).

So let us look at the results in somewhat
greater detaiI:

a) With the radiator length specified by
pcaad21 and open end corrected, we
obtain a frequency of resonance of
1,706 MHz in patchl6 instead of 1.6lJ I
MHz. Which program is actually right?

i\ comparison with the prototype created
shows that a radiator length specified
using patch16 is closer to the measured
value. because not only is the open end
correction automatically carried out here
but the modelling is also rather more
precise.

b) The radiation resistance amounts to
235n and is thus approximate ly 15%
higher than the value from pcaad2 1
200n . Here too, patch l6 gives a more
reliable prediction.

c) The data for the ),/4-matching trans
former required for son is shown.

d)We also obtain a quality of Q = 60.5,
plus the 2:1-SWR-band width with the
value 1.3%. outside of the relevant
lower and upper limiting frequencies
(1707 and 1694 MHz).

Due to the frequency deviation, we now

repeat the design again, varying the
length. 1., until it gives exactly J69 1
MHz as a frequency of resonance . Then
we change the patch width again until
we obtain HIe required radiation resist
ance of 200n. The exact dimensions
and design data, with all the digits after
the decimal point can be obtained as a
table by pressing E (edit) (Fig. I I ); the
electrical characteristics of the fin ished
patch are shown in Fig. 12.

Thus we go to the next step with a
length-of L ,." 1.835 inches == 46.6 mm
and a width of w = 2.31 inches = 58.67
mm. We call up the microwave CAD
program I'lWF, to design the necessary
matching circuit.

3.3. Ma tch ing antenna at 50n

Before PUFF IS started up. the file

Len,,-lh ( L ) ~ 1 .lI:cb t nc:hC5
'M (W ~ • " .~

HduM (H) ~ r. .9'J9~~'JE---{)l Inc ""
» l eI"dri~ ('~,n~1.~ nt (D) ~ 3 .3 9
Lo= Tany p.m (Tl = _00 1
Fcoo}'O;nt Di ,. h nc c (F ) ~ 0 I "";",.,,

Fig t I: Exact dimensions for the patch
at 1691 MHz and 200n
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t l... "".........t . ' ........."'... , . I . t.'l.l GHz £.
Go i . Sl .Z ..

t he U~.. Ilo.l.tl ..... "". l"w,,,,,,, I s :.roo . 0_
Zoo o f u.... ..te.... .... _ UO",... ,_ i s 100 , 1 o,,", s
App..... ...U ti. or t lou _ .......• ...ve t .. . ...d o r_.. , ,, 0 .03<. I """","
~h o f lI..rt_ · ...."" l ran d ",..,., .. i s 1.113 ,,,,,he. a t tI... _ .... " 1 r ...... .

Fig 12: Electrica l
cha racter tsncs
thai correspo nd to
t he data sho\'ln in
Fig 11

rho, Z : 1 vsw~ "."",..I ~t h 1. I . ~"

" Pl. e .. rrc~" ""':<J l.t. t t 1 . 701 CIh
L""er r....,~"e'IC'J L I. tt . 1 . r," 0 Gllz

Fi~ 13 r t: FF slum ing the conditions
wit h width 58.76m m

form o f the length, L. and the width, w.
We now vary the wave resistance. Z.
until precise ly the required width otw -.
5X.b7 mm is obtained. Fig. 13 shows
this condit ion and the Z value current
for it. 01' ,1.957 For the correct length.
the process becomes rat her more d iffi
cu lt and ll W TC extens ive. We must
ac tua lly work with exact modelling and
here 1'1IFF has a cha racterist ic which is
mentioned on ly briefly in the manual -
and if we don't take it into account . we
are erecting noticeable errors for our
selves.

As SHOll it S we add a excla mation mark

sctup.puf is created using a text editor
and the following data are entered :
- ".AI 50.000 O hms (normalizi ng imped

a ncc.uczd j.

- fd 1.69 1 UI [z (design frequency.
O<fll),

- cr 3.JK(J (dielectr ic co nstant. er>{l l·

- h 1.520 mm (dielectric thickness.
h>O).

- s 200,400 111m (circuit-bo ard side
length. s)-O).

- c 19 .000 mm (co nnector sepa rat ion.
c> '-O).

- r 0.0 10 mm (c ircu it reso lution. r>O,
usc Urn for micro meters).

- a 0.000 linn (art work width correc
tion. ).

- mt 0 .035 mill (meta l thickness . use
Um for uucromcu..'I"S.).

- sr 2 .00(J Um (metal surface rough
ness. lise Um fo r mic rome rcrs.).

- It I.OE-()()(}.l (diel ectric loss rangcnt.)
cd 5.7E+()()()7 (conductivity of metal
in mhos/ructer.). -

Then r UFF is started up. and first it
specifies the mlcrostrlp equivalent data
for the patch. For this purpose, we place
a micro-trip in field F3 with Z ~ Ion
and an electrical leneth o f 180 decrees.
W ith the cursor is sili l in this entry line
o f F3 and the equal sign is be ing keyed ,
the associated mechanical d imensions
appe<Jr in the dialogue window. in the

' 2 : l'U>'
h . . .. '""
s.,,~ ...41• • I 00

" sll

n """'S• <I • .••,'" '"".00'
•o
•,
••,

tI ,. ;..,~.. . , .
ertorderlic her

ellenwiderstand
lsi I
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Fig 14: Puff displ ay after modetttng
for I, '" IHfl degrees at 1691 Mllz

behind the tl cnrrv in fie ld FJ. it means
that a precise ana lysis o f the c ircuit is
carried out. and also thai the depend
ence of the data on the Ircuuency is very
precisely model led. If we now enter tile
equal sign in 10'3 again, the n the actual
wave resistance and the actual electr ical
length appear in the dialogue field .

But:

These two details are valid onty f or DC.
and there is initially no command (or

... : PUlT
to;'" ....
So U . " " gO t ."", \ •• • 1.ll _

0", ' , 0 . • ' • • ' " • . • •

'"~'J I~ .+ ~..~ ,.~ .~.-

; realistisch M,., ellierung

even 11f unction key) which can be IIS(1d

10 make this value directly visible af the
required design frequency (here: 1691
,1,411=; -- which is important due to its
dependence on the frequency!t!

So we must help ourselves and quickly
draw up a layout in which this line is
shun-circuited at one end and is con
nected to port 1 at the othe r end. If we
nnw plot S 11 in a narrow range aroun d
the des ign frequency I(il)I MHz -- and
with the highest possible resolution or
500 or 1000 dot s - - • then we need (lilly
10 move the curve using the keys <Page
UP> and <Pazc DO WN> and obse rve
the phase of su precisely - as soon as it
j umps from - 180 degr ees to + 180
degrees. we have found the ser ies
resonance frequency, at which the elec
trical lengt h amount s to precisely half a
wavelength .Thus we need only expert
mcnt a link with the length input in the
corresponding 1'3 line and re-plo t until
th is jum p occurs at precisely 16l)J MHz.
Thus we finally have a micrc str lp befo re
us. correctly mode lled Wit11 all losses
and dependence on frequency. with L ""
11W dcgrees at 169 1 Ml lz ( Fig. I:t).

Anyone who now deletes the exclam a
tio n mark in the entry (II ! 4 .957
179.530 ) and enters the equa l sign will

·,
••,

r. : rnA."
~d ~ .ooo"
I i l.~~' GIh

~~ ~ ..-
• 1. ~1O _1""._ _
e " .\MJO) _
I d ..1~'~ I .. . SlrahlungsWidersland

r _ 1 .00

. ·ig 15: r UF F
simulat ion of a
Ios.,)' model with
the radiation
resis tance of till'
slot at txuh ends
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"" I~\• .".,
s..1t~ ..... :.~ D .D '

r 1 . ~~10 ....
D ~ 1l - 7'1 n. I - 15i .9·

f ig 16 : fina l
co nd it ions of
simulat ion
showing
d imensions o f th e
transform at ion
circuit

obtain the assoc iated mechanical d imcn
sious with w "" 5R.67 mm and a length
of I. ,.. 49.07 mrn.

If we remove the open end extension 0 1"
about one hoard thickness from L. then
there will still be a remaining patch
length of approximately -19 ,1 - U 
47.6 mm over to be realis ed in the
layout. But that is a considerable dcviu
lion as against the palch l6 simulat ion of
46.6 rnm (sec abov e) and one rends at
first to look round in bewilderment for
the source of the eTTOr.

On ly when we look 'at literatur e refer
ence f61 is there allY light ill this
darkness. The divergence between the
micros trip model and the rea l antenna is
physically determined ami is the price
we pay for making life so vcry casy with
such a simple model . So. j ust this once.
we art: not concerned here with the
PUI·T length speci fication. hut we sun
ply trans fer the pateh l6 value into the
layout.

Now we provide this real istic and lossy
model of our patch with the planned
radiation resistance of the individual slot
at both end" (400U ) and stan a new
plot. II turns out that a sma ll length
correction is requ ired first for correct

resona nce at 169 1 ;v1Hz. With the help
o f the tab kev. the Smi th chart should
first he swildied 10 Elec tric conduc tance
d isplay, so that the input impedance can
be displayed as a paralle l c ircuit. This
happe ns in that, in acc ord ance with the
plot in field F2. the cursor is set to S I I
and the equal sign is keyed in again . In
the dia logue field , we obtain the tota l
res istance of the patch, includ ing the
line and transformation loss es, at 170.-1
n and we must then usc our trans forma
tion circuit to brine this value to 50 U
(Fig. 15 ). The wa\1= resistance required
for this is :

L - ./5 00 · 170.40 ,." 92.3! l

Th ere we make lite some-what eas ier for
ourselves again and we initially provide
in f3 jU"1 such a circu it through the
lines .

tl ! 1,12 .30 90°

If we now switch this elemen t between
the patch and pon 1, then we should in
theory have per fect match ing: at 1691
\11 Hz and consequently land precisely in
the centre {If the Smith diagram. Since
initially this is not precisely the case (lor
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the data for this circuit arc themselves
also dependent on frequency...), we
simply change the trans fcn uarion circuit
lencth and its wave resistance ro und
untTI we have round the COITCC[ value.
Naturally. we also zoom in 011 (he area
around the ccntrcpoin t in the Sm ith
chart at high magnlfl catlcn and enter a
correspondingly smatl radius for it
(here: r - 0,0 1).

Fig. 16 then shows the final cond ition.

together with the mechanical dimensions
of the transform at ion circuit required for
it.

Now all we need is a son microstrip
with. for example; L = 40" as a
connection [0 the SMA socket. Because
or the abov e-me ntioned dependency of
the circuit data tin the fr equency, their
wave resistance diverges from 500
aga in at 1691 MHz even if we have
created a ' correct ~odel {using til"

Fig 18: Till' Ii nal
purr simnlutfun
showing that 11 0

further adjusnucrs
a re needed

,I'.'" ,,, ".'
r~ 1. 110

,-,..r.. : BOI>BD
.... '-'0."'" A
, . 1 ,"1 w..
"" 3 .399
b 1. !.lIl _
o , ... , 'lOO _
~ " .000 _
T.b . Icrao t r i .
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n : ......rs

• U , i .% '11l ""',9."..-.. ~

• II ' ,;I . ~"" .... ."IV.
• tI I SO . Of,~ 92 '
r

-•,

- rl '
~u l "," 'M'l
:.o , t ~ ....~; •• 1 .00

r 1. b~ 1" "It>.
l1~ l l ~3 , I~dU "'J _ ~'
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Fig 19 : Determi nin g the open end
cor rec tion from the diagram in the
'·lJt"..· 1lI11111la i

ex clamatiom mark in the corresponding
entry line ] and worked out this value in
DC. So we heir ourselves by mea ns of a
further addit ional s imulation:

We simply terminate such a son micro
strip section with a son res istance and
plot S 1 [ for ourselves in the range 1600
• 1800 Mllz . In the loss-free ideal casco
there wou ld always be a match, but
things don', slay that way, because Z
varies with the freq uency. Consequently.
\ \ 1.' now very carefully a lter the input
va lue lor the wave value in F3 until we
haw obtained at least one value for S 11
I'M son at 1691 MHz.

In Fig. 17. the resu lt of our effo rts can
be seen. And now its fu ll speed ahead
with the creation of our first antenna.
We add this son feed to port ! 10 our
prev ious circuit formed hy the pa tch and
the transformatio n line and Vie then start
what is hopefully the last sim ulation.
Fig. IS shows that no further correct ions
are needed and that everyt hing fils
togeth er.

As soon as we remove the call-up sign
aga in in the corres ponding lines o f F3
the good old equal s ign finally supplies
us with all lengths and I or widths for
the individua l microstrips. So first we
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Before we start the layo ut C AD pro 
gram. we should a lways pu t the final
dimen sions in a sim ple sketch ,IS pe r
Fig. 20. Errors can creep in on ly too
easily during printed c ircuit board de-

just print oil' this table for th e draft
layout:

Patch: width w = 58.67 mm / length L 
-16.6 mm (= pa tch16 valucl)
T ransformation line: width w = 1.066
mill / length L - 28.3 mm (u ncorrected)
sun k ed: width w = 3.5 18 m ill I lengt h
as requ ired ill layo ut.

O ur last actions no w concern the rc
quircd open-end co rrect ions on the cen
tre circuit, and for th is we shall once
again need the well-k nown diagram
fro m the PUFF manual (F ig. JIJ). For a
patch w ith Z - 4.9550 and I; = 3.38. we
call rend out an extension here o f about
0 .51 (5 1 % o f board thickness = 0.78
mm). Since the width o f the transforma
tion line, at appro xima te ly I mill.• is
e xtremely small, as ag ain'>" the patch
width of 58.67 mm . we must take this
0.78 mm fully into account and select
our jJ4 transformer to be correspo nd
ingly longer.

Things loo k rather different Oil the 500
co nnect ion side . For SOO and e -= 3.38.
Fig. 18 supplies us with an extension of
approximately 0 .44 ,.... 44% of board
th ickness = 0.67 mrn. How ever . s ince
the co nductor width s co m ing up against
each other no longer vary as much as
previously, the actual ex tension turns
out 10 he short er and can easily be
calc ulated in ac cordance with formula
(7.3), page 36 of the I~U F F man ua l:

Th us this side of the transformation line
require s only an extension of 0.47 mill
and no w the to tal length ca n be deter
mincd.:

I,,,,, = 2ltJIIllll +O.78m'" = O..l7mm= 29.5511lm

(
" ) ( I '()(O(' /7l/7l )L,_ .. t.. 1-- ~O, ()6 7m"" I I - - (1,47", ,,,
"'2 \ J.5 J ~mm

~< ; ·1
III

--:~ ----z,::.
------..:::"'--<:::::--..,::.

------ -..,-
~~....,

•
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46 .6

Fig 20: A sketch or
the a r twork to be
produced

1,C66
58 .67

29,55

sign and had circu it hoards can unfortu
nately only be thrown away (my own
experience....).

This article will continue in issue
2/2 001 with simulations u\ing Sonnet
Lite nnd Coaxial feeds

Literatu re references for Part 1

[ I J' Friedric h Krua . Microstr ip an ten
nas. VHF Reports i '/ 1985, Pages 113 
121

[2]: John D. Kraus: Antennas. Second
Ed ition 198 8. McGrawh i1l lntcrn atio nal

Editions, ISBN 0-07-1004 82-3.

Pl P. Barthia j K.V. S. Rao ! R. S.
Tom ar: Millimeter - w ave Microstrip
and Printed Circuit Antennas. Artcch
House Boston and Londo n. JSBN 0-890
Oo-.n3 ~8

[4]: Fa Mauritz Gmb H & Co" P.O . Box
10 43 06, D-20030 Hamburg, Te l.
040-24 1654

[51: lutp.swww.rfgfo batnet.com or via
search engine htlp:!iwww.!irchall.dc un
der <I ll languages. The n please search for
pcaad21 .zip bzw.patch l ri.zip .

[0]: John D. Kraus, Antenn as, Page 746
n.
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