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Matjaz Vidmar, S53 M V

NOAA HRPT Receiver

The reception of wea ther sa tellite
images 1I1Wlll S at t racts lots of interest
lImong ra d io ama teurs. or ClI Uf"'>('.
a rtcr lh (' initi al c \.pu imcilb one a l­
" .a,,-§ " lIn h If) impnlH' the m ulls,
Ir')'lng, 10 ohtain even beuer pict ures
with less noise, bett er cont ra st a nd
bet ter geomet rlca t resolu tion. Th e
cur rent reecb er l ec hnol~ auows us
10 qu ick ly reach llle lim its impos ed h)'
(he sal t"l lile sen'iOl"S and pictu re trans­
mission standa rd s.

I.
RECEPTION OF NOAA
IIRI'T IMAGES

Almost everyone starts by receiving the
simple APTfWEFAX analogue picture
transmissions. After perfecting the APT!
WEFAX receiver. the next log ical step
is to switch to d igital transmissions.
Most weather satellites offer an im­
proved signal-to-noise ratio and an im-
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proved geometrical resolution on their
digita l picture transmic..ions.

The main draw back o f the d igital picture
transmissions is that they are much less
standard ised than the simple APTlWE­
FAX transm issions. Almost every satel­
lite is using a different image data
format, that requires differe nt hardware
fur reception. In addition, the digira:
transmis.sions usually require a larger
antenna operating on higher Ircq ucncles,
makin g the ground station much more
expen sive .

The most popular digital image format
is certa inly the NOAA UK!' T format.
which has bee n used since the launch of
the TIROS-N sate llite in 1978. The
NOAA HRPT formal otfc rs an im­
proved geo metrical resolution of Ikm
and an excellent signal- to-noise ratio
[ Hl-bit quant ization) when compared to
the analogue APT format with 4km
resolution originating from the same
satellites of the NOAA series ( I), (2 ),
(3). The same data transmission stand­
ard is st ill used today by many weather
sate llites (5), (6) .
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At the beginning, NOAA HRPT recep­
tion was a rathe r difficult technology for
radio amateurs. The first amateur experi­
ments (4) required hand-steering of the
antenna and immediate conversion of
the digita l data into an easier-to-handle
analogue APT-like format. There were
no suitable computers ava ilable and
microwave semiconductors were very
expensive (the first GaAsFETs like the
famous Cry I I were priced over £XO
each).

Today the situation is completely differ­
ent. inexpensive com puters can be used
both for antenna tracking and for image
storage and display. Parabo lic dishes o f
various sizes and AZiEl antenna posl­
tioncrs arc easily available too. Micro­
wave componen ts became inexpensive
as well and lop performance low-noise
preamplifiers can be readily built (7).

The only missing part is a suitable
receiver to process the NOAA ll RPT
RF signal and output the data in a
suitable format to a computer. Such a
receiver will be described in th is article.
based on a des ign that has been operat­
ing for more than five years in the
author' s receiving station and has been
successfu lly duplicated by many other
radio amateurs as \....e ll.

2.
NOAA HRPT RECEIVER
BLOCK DIAGRAM

The general block diagram of the
NOAA HRPT receiver is shown on
figure L Using a state-of-the-art LNA
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(7), a lm diameter dish antenna with a
RTlC P feed will provide an error-free
reception at elevations above 10 de­
grees. or course, the antenna needs to
be installed on a computer-controlled
AZiEL rotator to track the quickly­
moving polar-orbiting NOAA satellites.

A similar antenna/feed/LNA combine­
ticn for the reception of amateur satel­
lites in the 2.4GHz hand has been
descr ibed in (8). The latter can he easily
scaled to the lower frequency band of
I.7GllL. Since the helical teed described
and the LNA arc both wideband, even
the original 2.4(; Hz version actually
operates in an excellent way at 1.7GIlz
as well. making it possib le to use one
antenna and one LNA for both weather
satellites at 1.7GHz and amateur radio
satellites at 2.4( ;Hz,

To rece ive NOAA HRl'T transmissions.
most amateurs usually use different
downconverters and IF strips. Such
designs tend to be unnecessarily com­
plex and the overall receiver perform­
ance is poor due to the unsuitable
hardware. Therefore it was decided to

deve lop a completely new design to
avoid such problems.

The circuit shown in Fig. I is a single
conversion receiver with an IF of 36
MHz. The latter is a convenient choice
since widely-available television re­
ceiver SAW filters have just the appro­
priate bandwidth for the NOAA HRPT
signals as well. Since 36 MHz is a
relatively low value when compared to
the input frequency in the 1.7 GHz
range, the downconverter needs to be
designed carefully. On the other hand
such a design is still simpler than a
double or even multiple conversion
receiver.
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Res ides the cho ice of the IF frequen cy
one also has to consi der the req uired
demodulator(s). The demodulation o f a
NOAA IIRPT signal can be split into
three diffe rent steps.

In the first step, a digita l 's ignal is
ob tained from the modu lated RF carrier
in a PSK demod ulator. The seco nd step
involv es hit-rate synchronisation and bit
conditioning . Finally, the third step is
the frame synchronisat ion . All three
demodulation steps are included in the
descr ibed receiver that pro vides a serial
data stream, a bit clock and frame pulses
as its output. These signa ls are usuall y
required by the com puter interfaces
used. However, if a comp uter interface
already includes the fram e synchron isa­
tion or even the hit-rate synchronisati on.
the corre spo nding circu its can simp ly be
omitted.

A matching IlRPT interface to the "OSP
computer" was presented in ( I I) . Of
course, there are many different inter­
faces available for the " IBM PC com­
patible" computer family. f inally , one
can also feed the digital data to a O/A
converter and convert the signal to a
2400 Hz amp litud e-modulated subcar-

rier, but in this way both the signal­
to-noise ratio and the geometrical rcso­
lution of the images are degraded.

3.
NOAA IlRPT
IJOWNCONVERTER

The circu it diagram of the NOAA
HRI'T downconvcrtcr is shown in figure
2. Since the down convcrtc r is included
in the indoor receiver. it is supposed
that an externa l LNA with a gain of
25-30dR is used all of the times.
Therefore the dowuconvurtcr is not
opt imised for the best noise figure. At
1.7 G Hz one has to cons ider the cable
loss between the LNA and the indoo r
receiver. At a typical dista nce of about
25m it is easy to keep the cable loss
below 10dB, for instance by using the
low-loss coax cab les developed for
satellite TV IF. Of course the circuit of
tile downcon vcrtcr includes the supply
network for the LNA that provides
-'- 12Vde on the RF input connector.
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The two outer resonators (for example
[,J and L6 ill the first filter) operate
as abso rption traps to r the image fre­
quency. 72 MHz above the desired
reception frequency.

of four microstrip resonators. The two
inner microstrip resonators (for example
L4 and L5 in the first filter) operate as a
rather wide band-pass filter with the
bandwidth in the range of 20n MHz. Of
course L4 and L5 alone arc not able to
provide any significant ancnuation of
the image frequency.

(~ - - - - - - - - - - - --"-"'-== = ""-"= =
The downcon....erter includes two RF
amplifier stages (two MRF57 1!» and a
harmon ic mixer with two BA·HI I
Schottky diodes. Due to the low IF of
(lilly 36 MHz, filtering the image Ire­
qucncy. j ust 72 MHz above the desired
frequency, is not easy. Since high-Q
resonators can not be built in micrustrip
technology, the downconvertcr b using
band-reject fi lters to attenuate the un­
wanted image response.

The do wnconvcrte r incl udes three
almost identica l filters, each consisting

Fig.3:
NOAA II RPT
RCCl.~iH r Downcon­
verter, uppe r side
(to p ,·iew)
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Fig5: NOAA IIR~T Receiver Local Osci llator

The overall co'mhination is a hand­
pass/hand-rejec t ti ller. Three such rlncrs
provide more than 40dB attenuation of
the unwanted image frequency. lhc
main purpose of the .two RF amplifier
stages is 10 compensate for the loss in
these tillers.

The mixer uses two antiparallcl Schottky
diodes (8/\48 1) and requires a local
oscillator s ignal at half the conversion
frequency (around 870 MHz). The main
drawback of this simple circuit is a
higher noise figure, usually around
15dn .

The downconverter is built as a micros­
trip circuit on a double-sided FR4
glassfibre-epoxy printed-circuit hoard
with the dimensions of 80mm x 125mm .
The upper side is shown in figure 3. the
lower side is not etched. The component
location is shown in figure 4. The
construction of similar microstrip cir­
cuits has been widely discussed in (9)
and (10 ).

An adjustable-frequency signal source is
required for the correct alignment of the
image frequency traps. In practice. 1.3.
L6, 1.8. L1 1, 1.13 and L16 usually need
to be shortened by about lmm during
the alignment procedure.

Other mlcrostrlp resonators hardly need
any adjustments. Ll7 may he made
slighlly longer for the best mixer noise
figure. Since the mixer includes two
antiparallel diodes. no be voltage is
generated during operation.

The local oscillator chain is therefore
adjusted by connecting an ohmmeter to
the IF output and tuning the multiplier
stages for the minimum resistance. The
maximum 1.0 drive may not correspond
to the best noise figure, but in this case
it is better to have some safety margin
on the LO signal level.
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NOAA IIRPT RECF.I\' F.R
LOCAL OSCI LLATOR
MULTII'LIER

Other satellites may transmit on dine r­
ent frequencies. For example, the Chi­
nese FENG-YUN satellites were trans­
mitting fully NOAA HRPT compatible
images 011 1695.500 MHz and 1704.500
Ml lz. Although this receiver is not
suitable for the d igital transmissions
originating from geostationary weather
satellites, due to the d ifferent data rates
and modu lation techniques, it is never­
theless useful to have the reception

NOAA IIlW]' transmissions arc usually
enco untered on two different frequen­
cies: 1/)98.000 Mllz and 1707.000
M"...~ The 1698.000 MHz channel is
usually assigned to the morn ing/evening
satellites while the afternoon/midn ight
satell ites transmit on 1707.000 Mll z. All
NOAA satellites carry onboa rd three 1.7
(iH z tmnsmluc rs and in addition may
transmit IIRPT signa ls on 1702.500
MHz in the case of failure of both
primary transmitters.

However. the transmitter on 1702.500
Mil l is connected to a l.HCl' antenna
and requires a polarisat ion switching
capability <I I the ground station. Maybe
th is is the main reason why the
1702.500 1\1Hz transmitter has never
been used for I IRPT transmissions al­
though it has been used for othe r data
transmissions. A NOA A HRPT receiv­
ing station therefo re only requires two
channels, 1698.000 MHz and 1707.0IJO
MI L,.. both with RileI' antenna polarisa­
tion.
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cap ability or at least the ma in WEFAX
channel at 1691.000 MHz. The recep­
tion o r the latter is con venie nt for
antenna rotator calibration and LNA/RF
front-e nd checkout.

second harmonic at around 54 MHz.
This frequency is then multipli ed by
four to abo ut 2 17 MHz, then doubled
to 435 MHz and finally dou bled to
870 t\1Hz.

Since a );'OA'-\ HRPT rece iver only
needs to be tuned to three or four
different frequencies, the local oscillator
can be crystal-contro lled, fo llowed by a
multiplier chain.

The crystal-controlled local osc illator is
shown in figure 5. Each crystal has its
own oscillator and channel selection is
performe d by tu rning on The desired
oscill ator. The fo llowing multi plier
cha in is shown in figure 6. The overal l
multiplic ation
factor is 64,
hut the last
fr e qu e n c y
do nblin g IS

perfor med by
the harmo nic
mixer itsel f.

The oscillator
transistors are
a lrea dy able
to prov ide the

The NO AA HRPT receiver local oscil­
lator mult iplier is built on a single-s ided
printed-circuit board with the dimen­
sions of xomm x l Otjmm. as shown in
figure 7, The corresponding component
location is shown in figure 8. L I. L2, L3
and 1.4 have an inductance of about
1.2uH and their main purpose is to Iorcc
the crystals to oscillate on the desired
th ird overtone al 27 MH/.. In addition
these adj usta ble co ils allow some tine

Fi:.:.7:
l"OAA IIRPT
Receiver Local
Oscillat or Mu ltiplier,
bot tom view.

Fig .S:
NOAAHRPT
Receiver Local

eu: Oscillator M ultiplier
Component Overlay
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l«il.\.9: NOAA I1RPT Receiver IF Amplilier

frequency tuning (0 compensa te for the
crystal tolerances. 1,5 and 1.6 have about
O.3uH each. In practice LL L2. L3 and
L4 have 10 turns each on a miniature
TV IF trans former core while L5 and L6
have 5 turns each on the same type of
core.

Srnm internal diameter. All three (oil s
should have the same orientation to
obtain the proper magnetic coupling.
LI2 is a self-suppor ting coil with three
turns of u.Smm copper enamelled wire,
closely wound Oil a 3mm internal diam­
eter.

1,7, L8 and L9 arc self-supporting coils
with three turns of Jmm cop per enam­
el led wire each. closely wound on a

Finally, LID, Ll l, Ll3 and J,14 arc
etched on the printed circuit board.

Fig. to:
NOAA HRI'T
Receiver II'
Amplifier,
bottom view,

\f OU11\1T

~'nl\ ... -=~'=l
to rso: clo_....lo1..

,
'"

Fig. lI : NOAA HRPT Receiver IF Amplifier Component Overlay

138



-'-'"'-""""""'''''''-''''''~''-----------(~
VHF COMMUNICATIONS 3/97

The oscillators should operate immedi­
atety without any alignment. The mult i­
plier chain however req uires alignment.
The latter should be perfor med stage by
stage by checking the corres ponding
signal level on the base of the: fo llow ing
multiplier transistor. In fact it is enough
to check tile DC voltages. since the DE
j unction operates as a rectifier. If the
operatio n of the last multiplier stage is
found unstab le, the wire leads of the
HFY90 transistor should he short ened. If
this docs nor suppress parasit ic cscilla ­
lions, the spac ing of the turns of Ll2
should he modified.

5.
,,"0'\'\ IIR I'!" IU;CEIVER IF
AMPLl FlEll

able 36 MHz SAW filters. The overall
bandwidth of NOAA HRPT transmis­
sions i.. around 3 M I I/~ so a PAL
television rece iver SAW filter with a
bandwidth of about 4·5 Mil /. is a very
convenient choice, SAW Illrcrs have a
nat passband and very steep edges, but
most important of all they have a flat
group delay SH that they do not d istort
fast digital signals.

The remaining circuit uf the IF amplifier
is also based 0 11 avai lable components
for television receivers. The first low­
no ise amplifier stage with the HFR90
transistor is fo llowed by yet another
amplifier stage (BI-' YlJO) to compensate
for the high insertion loss (I5-:~OdB) of
the SAW filter. The SAW filter is
followed by an integrated IF amplifier
I DA440. The tatter also includes an
AGe circuit .

TIIC NOAA 1n!. 1'1" receiver IF amplifier
is shown in figure 9 . The design of
the IF amplifier is based Oil the avail-

In addition 10 the SAW filter. some
selectivity is also provid ed by the tuned
circuit with 1.1 . On the tither hand, there
is a widchand transformer L2 on the
output of the ,]DA440.

T

-
,~--!>--_., -• Of 'f ••

~

• •- .
~ , •

• ... "' T

>-I
,,,

'0. ".m

':JJ .. m ~1't3

1' '''''1 ,
SG41'

"
Fig.l2 : NOAA IIRPT Receiver PSK demodulator
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T he video demodulator inside the
TDA440 is not used except for steer ing
the AGe. Ahhough the ~OAA HH I'T
PSI' signals can be lim ited , operat ing
the IF amplifier in the linear region
makes the bandwidth of the filters much
less critical.

Th e NOAA HR. I'T receiver IF amplifier
is built ( I ll II sing le-sided printed-circuit
bo ard with the dimension s of aunun x
IOUJIlIll, as shown in figure 10, The
corresponding com ponent loca tion is
shown ill figure I I .

LI has about O.3ull or 5 turns on a
miniature T V IF transformer core. L~ is
a wideban d trans former with the primary
induct ance o f ubout 2uH and the turns
ratio or 5: 1, in practice 10 turns and .2
turns on a miniature I(U MH /. IF
transformer core. Of course, I . ! needs
adjus tmen t while the core of 1.2 can
simply he adj usted for the maximum
ind uctance.

A ny 36 ,\ 11 11: SA w filter with a sing le
input and ou tput should be su itab le for
the IF amplifier. These filter s are avail­
able in two different packages: TO· 8
metal can and plastic sing le-in-line . The
printe d -circuit board has holes for both
ty pes o f pac kages. A slight offset of the
SAW filte r centre freq uenc y or local
oscillator crysta ls can always be cor­
rcctcd with L I.

The IOkohm trimmer sets the AGe
threshold or the output signa l leve l.
Warning! The circu it does not wor k
with some integ rated circuits, in part icu­
lar with the T0 A440S. The refore be
carefu l 10 obtain a TOA440 without any
suffix leiters!

- 140
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6.
NOAA IIIU'T RF.CF.IVER
I'SK IlDIOIlULATOR

The 665.4k bit/s NOAA Il RP l serial
data stream is first Manchester (split­
phase) cneedcd. The Manchester-en­
cod ed signa! then modu lates the phase
of the RF carrie r. The phas e modu lation
amounts to - /-67.5 degrees nomin ally.
The RF' spect rum of such a signa l
includes an unmodulatcd carrier at the
centre frequency and two symmetrica l
s idebands with the maximum offset
-/~655A kHz from the centre frequency.
The unmodulatcd carr ier level is about
Xd D weaker than the overal l signal
s t r~'llgt h . In other words. about O,7dB of
the transmitte r power is lost in the
res idual carrier and the remaining power
goes to the informat ion-carrying side­
bands.

In spite of the rather wide signal
spectrum and power loss in the residual
carrie r. such a transmiss ion standard was
probabl y se lected to keep both the
satellite transmitte rs and the ground
station demodu lators as simple as possi­
ble. A coherent demodulator on ly re­
quires filtering OUl the residual carrier.
phase-sh in ing it by 90 degrees and
mult iplying. the regenerated carrier by
the raw RF signal. All of these funct ions
can be perfor med by a single, simp le
phase-locked loop.

The phase-locked loop 1'OOAA HRPT
receiver PSI' demodulator is shown in
figu re 12. The VCO and m ultip lier are
included in the integ rated circuit SO-t:2 P.
The same mult iplier is used both as the
PLL phase detector and as the PSt\. data
de modulato r.
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Fig.! 3:
~OAA HRPT Receiver
PSI{ Demod ula tor,
bottom vlcw.

F i~ . IJ :

NO AA IIR IJT Receiver
PS K Demod ulator
Component Overlay

The PLL loop filter includes a 35& dual
Op-amp. while the output data is con­
verted to TTl. level by a 3 11 voltage
comparator.

The locking range of the PLL should
allow for VCO drift and for the Doppler
shift. which amoun ts to about IOOkllz
for a polar-orbiting NOAA satellite at
1.7 (j Ib . From this point of view. the
choice of 36 \ l H7 as an imcrm..'djatc
frequency is a fortunate coincidence.
Finally, the described PLL PSK de­
modulator is abo an efficient FM de­
modulator that can be used to receive
the analogue \\T FAX transmissions
from geostationary weather satellites.

The audio-frequency mon itor 15 however
mainly intended to check the proper
operation of the receiver and detect any
interference. The I'Ll. demodulator also
includes a fine tuning control. When the
latter is set correctly and the demodula­
tor locks on a valid ~OAA HRPT

signal. the audio frequency noise simply
disappears.

The NOAA HRPf receiver PSK de­
modulator is built on a single-sided
printed-circuit board with the dirnen­
!iions of (,OmmX60mm.. as ~hown in
figure 13. The corresponding component
location is shown on figure 14. LI has
an inductance of about O.3ull or 5 turns
on a miniature TV IF transformer core.

Fig.IS: NOAA IIRPT Receiver
:\lonilor AF Ampl ifier
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The al ignment o r the PSK demodulator
consists in tuning the yeO to the
desired freque ncy. In practice this means
setting the inductance of LI so that
locking occ urs in the midd le o f the
fine-tune control. The fine tune porcml­
ometer should supply a voltage tip 10
about l)V and this power supply should
be well fi ltered and stabilised. O n the
other hand . a sing le-turn potent iometer
( 100" 011111 lin) is sufficient for the
tine-tunc function.

7.
I\"OAA IIRPT RECEIVER
~IONITO I{ AF A~IPLIF I E R

Fig.16: l'\OAA HIU' T Receiver
:\I on itor Ar Amp lifier.
bonum ~ lew ,

Fi:.:.I7: :\O.-\A IIRPT Hft' l.'in 'r
Monito r AF Amplifier
Co mponent On-day

A simple audio-freq uency ampl ifie r is
required as an A1' mon itor in a NOAA
HKPT recei ver. The cir cuit diagr am is
shown in figure J5. The TAMi 11 may
be an obsolete type, but it has a low
power dra in and doc s not gene rate much
interference to ti ll: othe r c ircuits .

The single-sided printed-circuit hoard
measures -mmm x (jOmm and is lihllwn
in figure 16. The correspondi ng cam po­
ncnt location is shown in figur e 17. A
practical value for the volume potenti­
ometer is 100kohm log.

8.
NOAA IIRI'T RECEIVER
lilT-RATE SYI\"CIIROi'i ISER

The PSK demodulato r supplies a Man­
chester-encoded ser ial dat a stre am III
665.4kbiv's. The main function of the

bit-rate syncbro niscr is bit-d ock recov ­
cry. In addition , the bit-rate synchront ser
also remov es the Manchester encoding
and supplies the original NRZ data
stream.

A Manche ster-encoded signal always
includes a signal-level transition in the
midd le o f a data bit. Additional signal­
level transitions may be present at the
beginning and/or end of nne hit period.
All o r these transitions may he used for
bit-clock recovery.

H e circuit diagram of the NOAA
IIKPT receiver bit- rate syucbronlser is
shown in figure 18. the bit clock
recovery includes a trans ition dete ctor
with a delay line (74 LS 164 shift regis ­
ter) and an E XOR gate. T he output of
the transition detector is fed to a PLL
with the VC XO operating at 16 times
the bit rate ( IO.64 64l'vl Hl). The PLL
include s two phase detectors. imple ­
mented with EXOR gates. The in-phase
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detec tor is used to indicate the lock
condition wh ile the quadrature detector
Iced, the feedbac k amplifier. The polar­
ity o f the ob tained 665.4 kHL clock is
still ambiguous, since the PLL may lock
on the begin ning/end transitions or on
the middle-bi t trensftfons. An add itional
circuit is therefore req uired to resol ve
the correct d ock phase.

Th e Ma nchester decod ing. is performed
by a simple EXO R operation between
the encoded data and the synchronised.
sq uare-wave clock. Since there are two
possible clock phases . two identical
bit- conditioning circu its lire required.
the latter use one 74 l.S 16 1 synchronous

counter each as an integrator. Both
tmcgnuors count for 15 e LK*16 periods
and J ump the result to a buffer in the
16th CI.K*16 period . In add ition. the
result o f the first integrator Is inten tion­
ally del ayed by one -hal f bit per iod with
an addit ional butler to be availa ble at
the same time as the result n Ol11 till'
sec ond integrator.

Tile final decision is simple: a count
between 0 an 7 indicates a logical zero.
while a count between 8 and 15 indi­
cates a logical one. In add ition. one can
assume that a count between (J and J
and between 12 and 15 ind icates a
"good" bit, wh ile a count between 4 and
I I ind icates a corrupted bit. i\ corrupted
bit Illay be generated hy noise. but it
may also indicate a wroug clock phase .

Cor rupted bits from both bit condition­
ers are integrated the corresponding RC
networks and then ted 10 the decision
ci rcu it with the 339 comparators . The
final decis ion is stored in the RS
flip-flop w ith the two 741.502 gate s. The
o utput o f this flip-flop drives the
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Fig.19 : 1\0/\ /\ HIH ' T Receiver
Hit-Rat e S~ nch runiser
up per side

Fi~.2() : NOA A HI~ I )T Recei ver

Bit-Rate xync h ro niser
lower side

7-I I.S157 to select the the bit conditioner
driven by the correc t clock phase.

The 74 LS I57 a lso dr ives three LEO s.
The green LED indicates the bit-rate
lock. The ye llow I.ED indicate s the
missing transitions at the beginning/end
of single bits and therefore signals the
Manchester mid-h it transitions. Finally.
the red LED indicates the missi ng
mid-bit transitions and is an early
ind ication o f poor signal quality or
increasing bit-error rate.
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Fig.21 :
NOA AHRPT
Rece iver
Bit-Rate
Sy nchro niser
C UII1JlIJllcnl

U verfay

Witho ut a valid input signal or when
just no ise is presen t at the receiver
input, the green LED is off and both red
and yellow LEDs are all. When a signal
is app lied, the green LED will go on . As
the signal strength increases and the
signal-to-noise rat io improves, the red
L1-m will slowly go off. The yellow
LED shou ld stay on all of the times. If
the yellow LED goes off or starts
flashing, there is something wrong with
the sate llite transmiss ion like long se­
quences or log ical ones or zeroes ,
Dur ing normal HRPT rec eption the
yellow LE D makes just perceptible
intensity variations, synchronised to the
6Hz HRPT frame period.

Since the NOAA HRPT modulation
format includes a residual carrier, the
polarity of the demodulated data stream
is not ambiguous. However, if the RF
signal is converted to a different fre­
quency, the polarity of the phase modu­
lation will be reversed if the signal
spec trum is reversed in the frequenc y­
conve rsion process. The bit-rat e syn­
chroniser therefore includes a polar ity
switch right at the input of the circuit.
This polarity switch is only needed if
the downconversion scheme is changed.

If the bit-rate synchroniscr is only used
in the descr ibed receiver, tho: abov e
mentioned polarity switch should be len
ope n all of the time!

The NOAA HRPT receiver bi t-rate
synchronis cr is built on a double-sided
printed- circuit board with the dime n­
sions o r 80rnm x 100mrn. The upper
side is shown in figure 19 while the
lower side is shown in figure 20 . The
correspond ing component location is
shown in figure 2 1.

The alignment of the bit-rate synchro­
niser shou ld start by bringing the VCXO
to the desired frequency range with a
frequency counter. The VCXO is using
a crystal with a higher nominal fre­
quency of about 10.68 Mllz. so that the
pulling range with the BB I09 varicap
diode may be made wider with the aid
of Ll . The exact value of Ll depends
on the crysta l used and may be as large
as 30ull (40 turns on a 10.7 MHz IF
tran sformer core) to pull the crystal
down to 10.4646 MIlz.

The function of 1.2 (1.2uH or 10 turns
on a TV IF trans former core) is to

prevent the oscillator to jump on the
overtone crystal resonances.
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Without any inpu t signal one shou ld
first obta in 2.5V 011 the var icap diode by
the corresponding lOkohm tr immer and
then tune L1 for 10.4646 \11Hz. The
bit -ra te lock threshold trimm er
(lOkohm ) should he sci So that the green
LED just goo:s off Whe n a valid NOAA
HRI'T signa l is app lied and the green
LE D goes on, one should finally check
that the voltage on the varicap diode is
d ose to 2.5V and eventually COITcct the
setting of L I .

9.
\ OA A II RPT RECEIVER
AUX FRAME
SY:,-/CIIRO:,-/ ISER

The IIRPT transmissi on includes the
data originating from all of the sensors

./

Fig.23:
NOAA H I{ PT
rccctvcr, Aux Frame
Syncbrontscr
upper side

F ig.23 :
NOAA HRPT
receiver, Aux F ra me
Synchroniser
lower side
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t·i~.25: NOAA IIRI'" K«,ci\'l;,r Aln Frame Synchw niscr Co mponent O\ erla)'

l-rnrne synchronisation is achiev ed by

detecti ng, known patterns in the frame
structure. ln the NOAA I IRPT frames
there are two such patterns: a (j words
(6() hits) long frame sync at the begin­
ning or a frame and a 100 words ( 1000
bits ) long auxiliary frame syne the end
o f a frame . Both patterns Me not
arbitrary . hut are generated by math­
emat ica l algor ithms, known as binary
po lynom ial div ision. Besides interesting
mathemat ical prope rties, these patterns
arc also easy to generate with shift
registers and EXOR gates.

However, in real receiving conditions.
so me hits may get corrupted due to a
poor signal-to-noise ratio Th is is espe­
cially true in an amateur rece iving
station with a small antenna . Of course,
bit sync and frame sync sho uld not be
lost with mode rate bit-error ra tes. T here­
fore the frame sync circuit should not
just be able to detect the sync pattern
but should also tolerate a certain amount
of erro rs in the sync pattern. Simply
speaking, the frame synchroni ser should
lock on a signal even if just an arb itrary
part o f the sync pattern is received
correc tly.

TIIC circuit presented in figure 22 is
designed to look for the auxiliary sync

' 48

pattern in a NOAA IIR Pl transmission.
The auxiliary sync pattern is generated
by a 10th degree polynomial (10 stage
shift register)

X'+* IO' X'+*S+X**2+Xt I.

The frame synchroniser includes an
ident ica l shill register with all identica l
EXOR network . T he incoming data is
fed to the shi ll register and compared
with the loca lly computed result at the
same time. If the two results match, the
incoming sequence correspo nds to the
given polynomial.

If a mateh is found for 64 consec utive
bits. the '152(J counter will signal that
frame sync has been achieved. However,
the exact position of the detected sync
sequence inside the 1000 sync bfts is not
known yet. Therefore the 40 11 gates
switch the EXOR network back to the
shift register input and the circuit is
clocked 011 until the shift register
reaches the all-ones slate.

The all-ones event is detected by AND
gates and is finally signalled out a valid
frame-sync pulse. The frame pulse also
triggers a timer (4017 and 4020) that
inhib its the aux frame-sync circuits unt il
the next expected aux frame-sync pat­
tern. T he timer output also drives the
frame-sync LED.
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Fig.26;
NOA A-II HRPT
Image (VIS2) of
Slovenia anti
Ncigh bou n ng
Countries (15/0M/94 )

The auxiliary sync pattern detector de­
scribed is also sensitive to a long
sequence of zeroes. Since the latter do
not rep resent a valid sync signal, the
circuit is inhi bited by the 4029 counter
as soon as 12 consecutive zeroes are
detected. In a vali d aux sync pattern
there are at most 9 consecutive zeroes.
since the l O-stagc shift register pattern
generator never goes through the all­
zeroes state.

Th e frame synchroniscr descri bed
checks 64 consecutive bits. Since the
shift register needs to be filled with 10

valid sync bits first. a correct recept ion
of 74 sync bits is required to trigger the
described frame synchroniscr.

These 74 h its may occur anywhere in
the available 1000 aux sync bits. There­
fore the descri bed frame synchroniser
will lock reliably even at bit-error rates
as poor as 10**-2.
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TIle NOAA IIRPT rcceiver aux frame
synchronise r is buill 0 11 a double-sided
printed-circuit board with the dimen­
sions of 60mm x [::!Oml11 . The upper
side is Sh O"",l1 in figure 23 while the
lower side is shown in figure 2,t The
corresponding COm p \I IK' n l location i!'>

shown ill figure 25.

Being a completely digital circuit. the
described aux frame synchroniscr should
nor require any alignment. It j.. however
Ilo..'CCSSill)' 10 understand its princip le or
operation in the case when troubleshoot­
ing is required.

Warning! Ihe circuit includes a "diffi­
cull " component: the 4fl6X ANlliNAND
gales. These devices should he supplied
by the compan ies RCA or S(j S . The
4068 devices from other manufacturers
are only NAND gates with the output 011

pin-H . while pin- t is net connected. [I'

the Inlier are used, IWO additional
CMOS inverters arc r equired to perform
the AND function on pin- I. 74HC40oH
devices were not tested yet. so these
may be AND/NAN D devices.

signal levels runge from the no ise floor
up to TTL levels. 1"0 avoid harmful
interaction it is recommended that the
downconverter. local osci llator multi­
plier and [ I-' amplifier are located in one
shielded container. The PSK dcmodula­
lor, bit synchroniscr and frame synchro­
nlscr may be located in a separated
shie lded container, maybe together with
the computer interface. More informa­
t ion about the installation and shielding
of microstrip and other RF c ircuits can
be I()~nd in (9), ( 10).

Before building the descr ibed circuits
O IlC should first check what kind of
signals arc required by the computer
interface. If the latter requires the
frame-sync pulse, some variable delay
may be required using shill registers
and/or counters. The polarity of the bit
clock may also be rever sed. Even if the
receiver is not used with the "OSP
computer" . it ls recommended tu check
( 11) to understand the operation of
:-;OAA IIRI'I' computer interfaces in
general.

or course it is hoped that everyone is
able to reprod uce high-quality pictures
like the one shown in figure 26.

10.
]'(0,\,\ HRI'T RECEIVf,R
CO NSTR UCTION NOTES

II.
REFERENCf,S

In the abo ve descr iption, the operation
and co nstruction of the various parts of
the NOAA HRPT receiver was dis­
cussed.

When assembling the complete receiver,
one should however notice that the
o verall gain is ruther large and the

(1) John R. Schneider: "Guide For
Designing RF Ground Receiving
Stations For Tiros-N",NOAA
Technical Report NESS 75,
Washington. D.C..
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Woljganx Schne ider, DJ8ES

VHF, UHF and SHF Measuring
Methods Using a PC
Part- 4: High-Frequency Test Rig for
up to 1.4 GHz

Following t he intmduction to the
subject of VHF, l JHF a nd SHF mcas­
urinl2; using a PC. we now come to the
real foca l point of this series of
articles - the development of a hig h.
frequency test rig for up to 1.4 GH7,.

Specifically, th is means a frequency
synt hesiscr, au mW meter, a wobbler
and a spectrum ana lyser, comhined
into a measuring apparatus.

The result of all this is no miracle
ma chine, but with minimal usc of
hardware a high-freq uency test rig

for up to 1.4 GUt: can be created
which makes interesting additional
measuring options available for us
radio amateurs.

I.
COI"CEI'T

The PC takes over contro l of the
individual assemblies (Fig.l ) and of
plotting the test results on the screen. 1\

"486", such as is common nowadays, or

Imw~·~'1

DJ8ES

Fig.I:
The PC Controls all
Functional Units
Steurung = Control, Kabel
= Cable, Messung =

Measurement
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"'jg.2: Auto mated Lo~ic Diagram or High-Frequ ency Test Rig up 10 1.4 G ill

Und - And, Df'teltJ"r " - Detector, Mi'S{:her = Miur. Tic/pa ss = "Ba nd
pass, Regler = Co nlm ller, 1.111:. Detektor = Loga rilhmic detecto r.
A UJgang = Outpul

even a "386" with a hard disk and a
colour monitor, can meet the require­
mcnts.

The interface berween the PC and the
hardware is provided by a Centronics
printer interface (e.g. LPT I), wh ich
many people will have already.

The automated logic diagram (Fig.2)
shows the individual assemblies and
their inter-connections.

The complete hardware consists of the
following units:

- veo with PLL (700 • 1,400 MHz)

- Mixer with LO (10 - 700 MHz)

- PIN diode controller

- Diode detector

- Analogue I digital convener

- Mixer with logarithmic intermediate-
frequency amplifier

The measuring apparatus referred to at
the start can be created through a
suitable combination of these assem­
blies:

- mW meter; Diode detector and A I D
converter

- Synthesiser: veo and PLL, mixer
and LO, PIN diode controller

- Wobbler: veo and PLL, mixer and
LO. PIN diode controller. diode
detector and A I D converter
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Fi~.3:

Th e High­
Fre quency Te..t
Rig in Evpcrl ­
menta l For m

- Spectrum analyse r: veo and I'Ll..
mixer and LO, PIN diode controller,
mixer and logarithmic intermediate­
frequency amplifier and A I 0 con­
verter

The only additional information to be
given at this point is the pin occupancy
layouts (not completely identical) of the
25-pin and 36-pin plug connections on
the lines which are relevant for U~ .

These relationships and rho circuits will
he dealt with more specifically in the
appropriate section. Thus, for example.
the inter-action of the diode detector and
the A / [) converter in the mW Old er
will be described separately.

2.
PC INTERFACE

The standard equipment for the Centron­
ics printer interface includes an 8-bit
data output, a 5-b it input capacity and
also 4 output lines. A comprehensive
description expla ining the functioning
and, abo ve all. the contro l of this
interface can be found in Part I of this
series of articles [I ].

Con nectio n Pin (2-1) Pin(J6)

Data I 2 2
Data 2 3 3
Data 3 4 4
Data -I 5 5
Data 6 5 5
Data 7 8 8
Data R 9 9

Strobe 1 1
Auro Feed (FF) 14 14
Reset 31 16
Sel in 36 17
PE 12 12

2.1. Circuit Descr iptio n

Controlling all the test rig hardware
requires more lines than are avai lable in
the Centronics interface . This appl ies
both to the control of the individual
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DJ8ES
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Fig.4: Interface Card for Connection to Centronics Interface

natenbus = nata bus, Regter = Controller, Steurung = Control

assembl ies, e.g. the A I D converter, and
to the lines connecting the units 10 each
other.

onto the individual JC pins on the
unde rside of the board.

4 type 74HC573 data latches distribute
the daLa ( Fig.a} The control data from
the I'C arc deposited in the associated
latch by means of a tra nsfer pulse. An
additional Ie 74HC573 acts as a bus
dr ive. The b locking -off capacitors (100
IIF) for the 5-V ope rating voltage arc in
SMD form at and arc soldered directly

2.2. Assembly Instructions

TIle double -sided interface card hoards
(DJSES 029) have only a Centron ics
socket, 5 74IIC573 data latches and the
associated rod str ips for the internal
wiring or the rig (Fig.S). The data bus is
through-hole plated with short pieces of
wire.

'''_!''''i1i!1,,"='''.+:i!-+iilU'0%.'1:~#t$Y'''''''''.'''''''!8~
Fig.5: Component Overlay for Interface Card; Buchse = Socket, Pol = Pin
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of stab ility and secondly to guarantee a
good earth connection.

Fig.6: Prototy pe Inter face Card

It is also important that the Centronics
socket is connected to the board by M3
x 10 screws (Fig.6), firstly for reasons

2.3. Parts List

5 x 7411C573 5 x 100 nF (SMD,
model 1206) 1 x Centronics socket
(print model) 4 x rod strips (8-pin) 2 x
\1 3 screws (10 mm. long) with nuts 3
x solder posts (1.3 mm.) c/w plug I x
DJSES-029 board

3.
FREQUEl'iCY SYl'iTIlES ISER

As has already been seen in the auto­
mated logic diagram (Fig .2), the COlD­

plc tc frequency synthcsiscr consists of
three assemblies ; yeO with PLL, mixer
and PIN diode controller. When these
are inter-connected. the combination
covers the frequency range From 10
MHz to 1,400 YlHz. The output level
here can be adjusted between 10 mw ( +

10 dBm) and 10 W (-20 dBm).

-r
='n ='n

+ 12V o>- · - - ---~ •

._...., 1

1
1 ! [lj - - -tCl Out lUI

~a~ : _ T Mischef

{}
• I - ----i:li}-I -'" " ,~..F I H~ ' .~--1pn-~ Ow

- ... -1 - --J1.J I _

~
-I ._ , 1 I

... u ... I ... '":I: -, :t ir 1" ::= T '" 0------- - -00 + 5V
l k 2211 :l I " " ,-;-,

-- - ~III =:J-~ "cr-CJ-.-II- I' PLL .- - ~ SCl
i~· "l ". 220<1 SOA.3302... " l:l _ \ _ ----:' - --- - " ' !----------;0 SDA

' 3<lV'>- - --I~ -e '[¥.--,"= - C.:;;;. 22DJ8ES

Fig.7:
Wi ri ng Diagram of
700 MHz · 1,400
MHzVCO
FOr Mis ener = For
mixer
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Fig.S: VCO Prototype with PLL

3.1. VCO with PLL

3.1.1. Circuit Description

The veo, with a MSA 088 5. spans the
frequency range from 700 Mllz to 1,400
MHz. Th e combinatio n o f three
BB621 ' s and the inducti ve resistor, L, is
used for tuning. The signal then passes
throu gh the ampl ifier stage (equipped
with an MSA 048 5) and achieves a
good 20 mW of output power (Fig.7).

The veo has a special output of app. •
10 dBm, which avo ids saturating the
mixer and th us creat ing unnecess ary
inter-modulation products.

The SDA 3302 comp onent, fam iliar
trum TV engineering, acts as a cont rol
circuit (I'LL). Th is makes tun ing steps
of 62.5 kHz po ssible in the above­
mentioned frequency range.

The frequency data requ ired arc serially
trans ferred to the PLL modu le from the
PC through an 12C bus (SDA = data,
SCL = clock ).

Fig.9: Magllilicd View

3.1.2. Assembly Instru ctions

lh e complete circuit is assembled on a
two-sided coated epoxy board, with
dimensions of 54 mm. x 72 mm.. It thus
fits into a standard tinplate housing,
dimensions 55.5 mm. x 74 nm. x 30
mm. (rig.S).

Drill-holes should be cut out on the
earth side with a 2.5 mm. drill. On ly the
earth contacts are to rema in!

The assemb ly of the VCO and the
subsequent broad-band amplifier has
been descr ibed in deta il by DF 9 IC in
L2J. The frequency is essentially deter­
mined by the length of the inductive
resistor. L, and fine calibration is als o
possible, through a slight bending of the
wire strap .

The BB 621 tuning diodes are flush
with the surface of the board (Fig.9) !
All additi onal details can be taken from
the components diagrams (Fig's. I0, 11).

As always with relatively high frequen ­
cies, spec ial attention should be paid to
an assembly suitable for high frequency
- short connectio n wires arc an absolute
must! Th is can not be said too often.
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Fig.! 0: Components un Foil S ide of veo

Fig. l1 : Co mponents on Ea rt h Side of veo
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Fig.12:
Prototype Mixer I LO
Assembly

3.1.3. Parts List

I x S[)A 33 0:2 (Siemens)
I x MSA Ot;t;5 (Avantek}
1 x MSA 04X'i {Avantek}
3 x HB 62 1 capacitance diodes
J x HC 549C (Va lvo)
1 x 4 M Hz crystal HC IX U/HC25 lJ
I x 22~p F foil trimmer

(Va lvo , green)

1 x

1 x

I x

I x

I x

47-IlF MKT capacitor
7.5 mm. basic gr id
O.I -flF MKT capacitor
7.5 mrn. basic grid
O.22-,LlF MKT capac itor
10 mm. basic grid
120D. ! 1 W, carbon film
resistor in 12.5 mm . basic gri d
1500 ! I W, car bon film
resis tor in 12.5 mill. basic grid

T _ T I<, nn -
U310 r1I \.l ="' - " r>
_ . I II II ":' la BfR9Oa -I

I J -.-T- II . --1 ' TB.FR9Oa'''= Op'01 1 ,_ \ ".l __

I " I: '"I ~ I 1- I ''" ." .111 ':;; ,, - ' - '
,§ 10 1 1'1 I ~ ,

, "-'" I
~ 1 - -b1 -~-r.;;;j- , "'"
: '''' I''''''' I'" 1 10 I '" _ '0 l" r T

f" L - jav

'co '.E-~c '" {T t '" [- s,
o - --I I ,,>-_n-"!~ 1 -':' _ .:. - 1 11 / - U -c) Out
;lj / _ I""· I'P2 _10 _1lP' r~P9 / _ l

MSA0104 - - MSAl104
lAGHz DJ8ES

Fig.13: Circuit Diag ra m of 10 MHz - 700 MHz Mixer
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"'ig.l 4: Mixer Components Diagram

yi
~..

Fig.15: Components on Foil Side Mixer

510hm
I pF
I nF

x tinplate housing
55 x 74 x 30 mill.
wire strap, 15 mm. long
CuAg e I mm. (sec text)
SMA flanged bushes (4-hole)
Teflon bushings
018ES-030 board

Ceramic Capac itors 2.5mm Grid
6 x l nf

and in SMD format (model 0805 or
1206)

2 x
I x
3 x

1/8 Watt resistors, 10 nun. basic grid
2 x 1 k
2 x 22 k

160



VHF COMMUNICATIONS 3/97

3.1.4. Putting into Action

The YCO needs an operating voltage of
+ 12V i 115mA and + 5V / 35mA,
together with a tuning voltage of +30Y.

First the tuning range of the VCO
should he tested. For this purpose, the
control circu it is disconnected (collector
Be 549C). With a tuning voltage be­
tween 0 Y and 30 Y. the osc illator must
cover the frequency range 700 t>.1Hz to
1,400 Mllz and more. The output power
is an almost cons tant 20 m \V over the
entire frequency range.

3.2. ,\1 h:er / 1.0

So that the lower frequency range can
also be used, a mixer / LO modu le is
wired up subsequent to the VCO
(Fig.12 l. This prov ides function al access
to the range between 10 Ml lz and 700
MilL.

3.2.1. Circ uit Descr ipt ion

The local oscillator requ ired (117 Mllz)
is created with the oscillator circuit
wh ich is normal in amateur radio circ les,
using a lJ3 10. The subsequent twelve­
fold circuit with 3 x HFR 90 A (Fig.13)
gives an output power of app . 20 mW at
1,404 MHz.

An S\1D-C3 serves as a mixer module,
fo llowed by an MM IC MSA 0 104, the
9-pin deep-pass filter, and an MSA 1104
as an addit ional amplifier. A level of
max. 50 mW can be expected at the
outp ut to contro l the PIN diode contro l­
ler over the range from 10 MHz to 700
MHz.

3.2.2. Asse mbly Instruct ion s

The mixer with the LO is also created
on a double-sided coated epoxy board ­
the dimensions arc 54 mm. x 108 mm..
The circu it thus fits into a standa rd
tinp late housi ng with the dimensions
55.5 nIDI . x 111 mrn. x 30 mrn..

The thro ugh-p latings on the ring mixer
(SMD C3) are of 1.5 mm. CuAg wire,
while 3 mm. long hollow rivets have
been used fo r the other plat ings.

Otherwise, the type and manner of
assembly are the same as those for the
YCO assemb ly. The position of th e
assembly elements can be taken from
the components d iagrams (Fig.l 4 and
F ig.l 5) ro r the foil side of the DJ8ES
03 1 board .

l'hc SMD-C3 mixer shou ld bc soldered
on only followin g the complete cali bra­
tion of the frequency multiplier stage s.
The assemb ly can thus be put into
operation faster and more easi ly.

3.2.3. Pa r ts List

I x MSA 0 104 {Avantc k)
I x MSA 0304 (Avantek)
I x 78L09, voltage contro ller
1 x U310 (Siliccn ix}
3 x BFR 90A (Valvo)
I x SMD C3, mixer
I x 117 MHz crystal, series

resonance. HC l 3-D or HC25-U
1 x nv 5061, Neosid, O.IIJ.H

blue / brown
3 x 5 p F Sky-Trimmers (green)
2 x 6 pF foil trimmers (grey)
2 x 22 pF foil trimmers (green)
7 x 1 nF trapezoid capacitors
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.: +12V

,~~- Out
1
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} 1 " I •, .-
I =..-

DJ8ES -

~)

C' +5V

I ii !-· ----..,3 + 12V

: [f.:~:>.)' '-'._f-~[';' .jI -...-I;, ••• LW324;'-

"' - 11I f" ! / ' ·

+ 12V ;L : •• r-C-'j r"' 11-.
Fi J;!;.16: I"in ninde Controller

r ig.17:
Pin Iliode Controller
Prototype
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I x I!1F / 20 V
tantalum electrolytic capacito r

Ix 10 )lF ! 20V
tantalum electrolytic capacitor

1 x tinplate housing
55 x 111 x 30 mm.

2 x SM A flanged bushes (4- ho1c)
16 x hollow rivets, length 3 mm.
I x Teflon bushing
1 x DJSES-031 board

liS Watt resistors , 10 mm. basis grid
4 x 47 Ohm
2 x 68 Ohm
I x 100 Ohm
2 x 120 Ohm
I x 220 Ohm
2 x Uk
I x 10 k
2 x 15 k

Ceramic cap acitors, 2.5 nun. basic grid
I x 10 pF
I x 82pF
7 x 1 nF
l x JOOnF

All SMD capa citors (model 0805)
l x 2.7 pl-
2 x 3.9 pl-
2 x 8.2 pF
1 x 10 pF
3 x I nF

3.2 .4. Putting into Operation

With an ope rating voltage of t 12 V.
the assembly pick s up about 160 rnA of
current. Only 50% of this is alloca ted to
the two amplifiers MSA 0 101 and MSA
J 104.

Fig.I8: Pin Diode C ont roller Components Diagram
Relais = Relay
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Fig.19: Foil Side Co mponents

Arter the oscillator (l J31O with a
HV506 ] coil) has been made to oscillate
at 117 MHz, the frequency multiplier is
calibrated step by step. With the veo
connected up. the mixer achieves an
output power of max. 50 mW in the
range between 10 MHz and 700 Mllz.

3.3. Pin Diode Co ntro ller

3.3.1. Circ uit Descr iption

A circuit which was previously standard
in televis ion eng ineering is used as the
pin diode controller (Fig.16). Three
SMD diodes (SA 595) thus control the
output power of the synthesiser at the
desired value.

The contro l circuit is voltage-controlled
and is controlled by the PC by means of
a 0 I A converter (ZN 426E). Th us with

IS bits, about 256 steps are generated in
all in the 0 to 2.5 V range for every 10
mY.

Because of the circuit, a control value of
"0 dez" corresponds to maximum output
power. The maximum possible damping
is obtained with "225 dez" . Depending
on the frequency, it is at max. 70 dB in
the short-wave range and is still 30 d u
at the upper frequency limit of 1,400
MHz (Fig.17).

3.3.2. Assembly Inst ru ct ions

The pin diode controller is created on a
double-s ided coated epoxy board. The
d imensions are 54 x 72 mm.. The ci rcuit
thus fits into a standard tinplate ho using
which has dimensions of 55.5 mm. x
74 nun. x 74 nun . x 30 mm..

164



VHF COMMUNICATIONS 3/97

The posit ion of the assembly elements
can be seen in Fig.LS for the compo­
nents side, and in Fig.19 for the fo il
side, of the DJ8ES 032 board . In other
respects . the same assembly instruct ions
apply here as !(jr the assembl ies already
described.

3.3.3, Pa rts List

I x ZN 426E-8, D / A converter
1 x \1SA 1104 (Avantek)
J x LM 324
J x 781.09, vo ltage controller
I x BC549C
I x BC848 C (S.'\'1O)
1 x 1;-':4 148 (SMD)
3 x BA595 (SMD)

1 x 2 kn , trimmer
(vert ical, 2.5 rnm. basic grid)

Ix 120 Q/ I W
12.5 mm. basic grid

I x I IlF / 35 Vtantalum
I x 10 IlF / 20 Vtantalum
1 x RK 1-l2V, relay (Matsushita )
3 x srviA flanged bushes (4-hole)
I x post strip (8-pin)
3 x Tetlan bushings
5 x hollow rivets (3 mm. long)
I x tinplate housing

55 x 74 x 30 mm.
1 x DJSES-032 board

l i S Watt resistors, 10 mm. basic grid
2 x I k
I x 4.7 k
2 x 10 k

Ceramic capacitors, 2 .5 mm. basic gr id
1 x I nF
3 x 4.7 nF
2 x 10 nF

and in SMD format:

3 x 10 !1H chok es
1 x 4.7 IlF / 25 V tantalum

SMD resistors and capacitors
(model 1206 or 0805)
I x 680 Ohm

I x 1.5 k
4 x 10 k
7 x 4.7 nF

3.3.4. Pu tting into Operation

The PIN diode controller needs two
operating voltages: + 12 V I 65 rnA for
the ana logue section and + 5 V I lO rnA
to operate the ZN426E 0 / A converter.

For calibrat ion, the spindle trimmer
must merely be set in such a way that a
high-frequenc y signa l can be fed in and
given maximum amplificat ion. For this
purpose, the data connections DO to 0 7
must be connected to earth, which
corresponds to a D / A convener o utput
voltage 01'0 V.

The entire assembly has a transit ampli­
fic ation of app. + 3 dB.

The output level can later be reduced to
the desired value using the program.
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Gunthard Kraus. DG8GS

Design and Realisation of
Microwave Circuits

Part-3

6.2.7. Huard Lay out for bot h
v e rsion s of th e Ci rcuit

ror a projec t on a board. we also need
the width and the length of the striplines
used . Hut for this purpose we also need
10 carT)' out a few more simulat ions:

Pull' in fact also sup plies us with the
behaviour of the circuit for " non-idea l
striplln es", ill which the losses thro ugh
the hoard and the skin effect are ta ken
into acco unt. together with the di sper­
sion (.,.- scattering. i.c., for examp le. the
emergence of Jines of electric flu x at the

edges ofthe srriplinc and the conseque nt

impedance level changes. crc.) .

Here. experience shows that the more
accura te the material data arc ihc more
preci sel y the simulat ion will reflect
reality. and the d iscrepancies can be
reduced to less than I%!

For this purpose. the Puff tile for the
amplifier circuit to be processed has
first to be loaded into the word proces­
sor and the board mate rial dat a have to
be entere d. For the FR4 material with a
thickness or t .Srnm. and 2 x 35!1 m.

\bIO. 'd j, ,, ,. ,
III 50 .000 Ohm l
til u~, GMI
. r 4,'00
h 1.500 mm
I l ~O. OO O mm
c 0.100 mm
r 0.010 mm
I 0.000 mm
mt 0.035 mm
I ' 2.000 Um
" t .5E.ooo2
Cd $.Ie;. OOO7
P $,000
m ' 000,

(.pul fi!. for PUFF. __ 201

(d.s pler : 0 VGA or PUFF cl>ooI es. , EGA, 2 eGA.3 0ne--<:0l0rJ
ll rtworl< ou!l><Jl for1ollt 0 doI-ml lnll, 1 11_JII. 2 HPGL file)
{lr~: 0 for microstn p. , lor w 'phnl. 2 lor Ml nh. ttln}
{norml lizingim~ence O<Zdj
{d esjgn Iretl uency. 0<1<11
(die lectric conlt,nt , e roo<ll
{dielect ric \h ieimelS , h ~Of
{cifc urt.bo ard , idll""glh. I~O}
{connector .el"r.~ on . c>&Q}
{clrcurt re-solution, roo<l. UII Um for micromel."lj
(l rlWOI'k width cone<:tion)
(melel tI1 icl<ness. use um fQrmiclometerl ,)
(mela lsurfaoe IOUgn"..•• us. Um for mictomelers )
(dielectric 1051 tl r>;&r't.)
(conductivity of melll in ml>otlrnltlr j
(phO'.ographic reduction ratio , P<a203~)

{m nering Ir1ocbo n, Ou rn< 11

Tllble I
167



VHF COMMUNICATIONS 3/97,t- ----'=..o"""=""'-'-""""~

" ' "' is ~
. ; ,( -

,.. ..~ .... .--. .----..-, ······1··· ..···!..•..···! ···..··· ~· -····

-.;-,..'- .~,.L..L...L .. -',----;_.

F1 LAYWT

l il a

IS '
"

FZ ; PLaT
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S.It.h rAdl~. 0 .20

t 1.1>948 Qh
CS2 1 15.0Eldll - &0.3 ·
x S22 - 24 .25dB 178 .0·

F4 : BOAIID
u; 50 .000 II
td 1 .693 GH.,.
ar 4 .300
h 1.500 _

• 150 .000_
e 0. 000 _

Tab .. Icrorlrlp

I ,,- 24 .' .~.
F3 ; PAIITS

• I i7,ii
b I IS ,,"
e tl l .....t 71.830 91.Z·
01 tUn.. ! 141.50 91.Za

e oIeylce cf~30 .GeY

t tl lne! 141.5Q 34.4·
9" U ln"t 141.50 £.....
h tlln.. ! SO.50 '31·
I

F i~. 13 ; " Puff ' Screen Prin t-Out: Ideal Amplifier with C'- V 30

copper plating, it should loo k like this
for 1.693 GHz - the important entries
are marked out in bold and the rest of
the lite, with the Scparametcrs. etc. is
lell out (Tahle I).

When the file has been stored. Puff is
called up again and the amplifier circuit
to be processed is loaded. In field F3,
for each strtpttnc, an exclamation mark,
''t", is now placed directly after the
entry "t l" or "tline". This switches to
"advanced modeling", the most accurate
reflection of reality.

But now there is more work to do. If the
cursor is moved to each of the indi­
vidual striplines in turn and the equals
sign, "=", is keyed in, then the actual
current characteristics of the line being
scanned are displayed in dialogue field

10' 1. It should come as no surprise if
there are divergences, sometimes con­
siderable, from the (ideal) value entered.
But keep correcting the impedance level
and the electrical length of the line in
field F3 until the values in rJ or the
frequency responses correspond to the
ideal when plotted once more (call-up
into field F2 with letter p)!

If this has been tackled correctly (and
don't forget, the new circuit in field 1-'2
has to he stored under a suitable name,
using the command " CTRL s'') . then we
obtain a PutT screen in accordance with
Fig.13.

The mechanical dimensions of the strip­
lines corrected in this way, which are in
fact needed for the board project, are
obtained as follows:
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Fig.14 : Pri nted C ircuit Hoard Layout
for Circu it with Dtrcctty
Earthed Source Pin and
Ncgntive Ga te Bias Voltage

Move the cursor hack to the line In

question in field 1'3, de lete the exclama­
tion mark after "t l" or "tline" - for
example, hy pressing the space bar - and
re-enter the equa ls sign. The length, I,
and the width, w, of the selected
microsrrip appear immediately in dia­
logue field FI. Make a note of these
readings and do not forget to re-enter

Component Description Z in n

c Microstr ip 7 1.83
d 14 1.50
f 141.50
g 14 1.50
h 50.50

Table 2

F'ig.16: Lay out of Circuit wit h Source
Resistance and Capacitive
Source Earthing

the de leted exclamation mark in field F3
afterwards. Repeat the process for all
lines to obta in the fo llowing list Crable
2).

Now we can move on to the actual
project board. For this purpose, of
course , we require a modem layout
CAD system of some kind.

EI. Mechanical Length Width
Length mm mm

91.20 Grad 25.301 1.504
91.20 Grad 26.597 0.221
91.20 Grad 10.032 0.221
20.04 Grad 6.000 0.221
9 1.00 Grad 24.614 2.874
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Fig. 15:
Co mpleted Pr ototype of
Low-xotsc Amp lifier
Dire ct Earthing

I am making no recommendations here,
as there is a vcry wide cho ice . I myse lf
still enjoy working with ( ieddy-CAD,
which is frequently to be found on
electronic CD 's . on diskettes or in
mailboxes Once you have cleared the
initial hurdles, it is extreme ly suitable
till' the direct drafting of Puff layouts.
(Contact the publishers for more details
0 11 Gcrld)' CAD.)

Fig .14 shows the finishe d layout. The
board and the compon en ts for th e circuit
version with a direct ly eart hed source
pill and an Ie 7(j60 fill' ge nerat ing the
negative gate bias voltage are depicted
in Fig. 15. '

Fig. 16 shows the layout of the cir cuit
version with the gate earthed by me ans
of a quarter- wa ve transmission line and
a shorted-out source res istance . Fig . l ?

shows th e prototypes.

To produce the hoards, I usc a some­
what unconventiona l hut thoro ughl y
pract ica l met hod. The layouts ar c

pri nte d out onto tra nsparent paper
(grcascproof pa per ) hy the laser printer
on a 1:I scale , and arc used for d irect
exposure of the photo-coated 1' 1{4 ma te­
rial. Cond uctor widths going do wn to
0.2 nun. can be handled withou t pro b­
lems. For higher precision requ ire men ts
- for examp le. stripli ne filters or (s mall)

"F ig. t 7:
Fully.. Fitie d-Out Prototype
of LI'\A Capacttlvely
Earthed Source Pin
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series product ion - the dra fts are magni­
lied be fore printing until they just till a
DIN 114 sheet. They em: then printed out
onto pure white paper with as smooth a
surfac e as possible, and then this i .~

filmed, with the film, again, showing the
board 0 11 a I :1 sca le. III this way,
printing, errors d uring. scaling down arc
greatly reduced, and we can get down as
far as a 0.1 mm. track width.

The layouts themselves, of course, arc
the product of any amount of experience
and likewise of many mistakes and
discarded habits So there follow s ,I

series of clarifications, which can also
he consulted during the drafting o f
additiona l converter circuits:

a ) Earth surfaces should he se lec ted to
be as large as possible . Th e mini­
mum distance between them and the
strtpftncs should be 1 to :2 x the
thickness of the hoard. Thus, firstly,
the impedance level of the line is not
too strongly inllocnccd. and secondly
the leakage fields of the lines can
now no longer wander around so
much in the region and cause the
circuit to oscillate.

b) The earth surfaces o f the input
section ( = gale area ), the source area
and the output sect ion (= drain area)
must he separated from one another,
as othe rwise there will he rnore and
more of a tendency to osci llate due
ttl cou plings o f one kind or another.

These individual surfaces should 110 W

be connected to the contin uo us earth
surface on the underside of the bo ard
in as low-impedance and tow-indue­
rive a manner as poss ible. In practice
(c .g. with SAT-LNC' s), this is done

through many lillie holes which are
then through-plated. I don ' t have this
opt ion, and found a solution in a
Philips applica tion circuit with silver­
plated hol low rivets of I).X mill.
d iamete r.

c) The source conn ect ion is particularly
critical for the layout, since every
effective or blind resistance has an
immediate negat ive feedback effect
here. The consequences can never be
forecast precisely, but can he esti­
mated using a PuO' simulation:

lhc amplification often falls more
rapid ly than expected in the upper
frequency range, but just as a llen the
input nr output reflection exceeds I
and the circuit oscilla tes!

, The manufacturer there fore alsu con­
nects this electro de d iagonally to two
pins of tile housing; firstly as a
scree n between the gate and drain,
secondly to halve the impedance to
eart h, as now both pins arc wired in
paralle l.

Consequently, each source pill has its
own earth surface, which must be
earthed using at least 5 rivets, start­
ing as close a" possible to tile pin!

A Puff simulation can be used at any
time to dem onst rate that even
changes of Inll in the gain slope
have a not iceable effect above 1 10
1.5 GHz!

d ) When soldering on SMD compo­
nents, you must ensure that these
through-platings or hollow rivets do
not become full of zinc. for any bore
which is full is ineffective 'or high­
frequency ....ork, because of the low
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penetration depth (= skin effectl] at
these high frequencies the current
path through this bore is blocked! In
this way, unfortunately, the total
inductance of the through-platings
then increases again somewhat, and
we give away the advantages we look
so much troub le to obtain .

e) Should the circuit not till the housing
with its str iplincs. we also need a
means or connection to the input and
output plugs . This is brought about.
naturally, through 50-Ohm striplincs
of appropriate lengt h. so the widths
of these lines are also in the list
above.

f) Once capac itors become necessary ltl

any high-frequency path, several
SM[) ch ip capac itors arc connected
in parallel , if poss ible. Th is again
reduces the total inductance of the
configuration, and the coupling or
earth ing becomes more broad -band .

control of the tendency of an am pli­
fier circuit 10 oscillate. in spite of
these measures, SAT-L:-.JC's tried
and trusted method using dam ping
material made of conducting foamed
material can be turned to on a trial
basis.

The se strips or panels of black foamed
material are used as packag ing material
for ClvlOS -1C ' s. As a trial. a su itable
piece is placed onto the circuit, and a
test is carr ied out o f how effecti ve it is
in damping. Subsequen tly, this material
is glued to the inside of the housing
cover (if g luing is necessary). Of course,
there arc very wide divergences in the
effects of the various materials in c ircu­
lation. For micro-wave engineering , the
versions with low surface resistance are
required, which can be recognised by
the fact that they have a resistan ce of
max. 10 to IOOkn . measured at a
distance o r 10mm.. Moreover, these arc
usually the ':hardcr" 'versions of tho
foamed material.

g) Should it not be possib le to gam
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6.2.lt Simulation Results a nd Test
Rt'lldi ngs of the Version with
Direc tly Earthed Sou rce Pin

When we assemble the project circuit
and measure its frequency response for
the first time, we will certainly be
greatly disappointed at the divergence
from the simulation results. If we can
gain control of the unintentional osc illa­
tion, that still does not mean the battle is
won. The behaviour at high frequencies
is not as desired, with the amplification
falling relatively faster there. The "artifi­
cial model" must therefore be consider­
ably expanded and refined to approach
the reality.

The following facts. in particular. should
be taken into consideration:

a) 1\1 all soldering points in the high­
frequency stage wh ich do Oll t form
part of a stripline. a capacity of app.
O. lpF must be provided for tile
"soldering scab" towards the under­
side of the board, i.e. the continuous
earth surface. A value of O.13pF
produced the best agreement bet.... een
theory and practice.

b) All chip earthing and coupling ca­
pacitors display a low inductance and
also a series resistance, due to losses
in the ceramic material. There is
usually a diagram somewhere in the
manufacturer's data books which
gives the impedance gradient up to
the maximum frequencies. The re­
placement values can be ca'culated
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from this, or from the self..resonant

frequency an d the rise in impeda nce
above the self- resonance.

For the chip capacitors used at !OrF.
madc of the material NPO , a series

circuit is thus obtained, <is a slim..
cicn t ap proximatiou. from lOpF t

In + 1.5nH .

c) The SMD coi l, with IOnH at the gale
of the FliT, has a quality grade of 50
at 1,700 Ml lz. Due 10 the unavoid-

abl e self-capacitance. its ind uct ance
has alrea dy risen 10 13 nil. Accord ­
ing to the data sheet.irs self..resonant
frequency lies at "2,300 MHz". 1
have measur ed values or be tween

2.500 and 2.(iOO \-lH z.

lts replacement wiring diagra m g ives
an ind uctance of 10nll in serie s with

a resistance of 311. " 0.37pF capac i­
tor is wired in paralle l with thi..
series circuit.
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() to 2 Wh:

d ) The SMD choke with 47n H ( in the
dra in circ uit). has a quality grade of
app. 30 to 40. In add ition, the
unavoidable self-capacitance. o f app.
O .2r~. should he taken into accou nt,
as this lim ns the basis for the
se lf..resonant frequency given in the
data sheet. Because of its size 12 10
SMD, the throttle also needs a
soldering scab abo ut twice as big.
and with double the capacity.

For this comp onent, a series circuit is
used, with values of 47nll and l 3Q,
para llel to which lies a capacitor,
with a total value of O.2pF + O.13pF
+ O. 13pF = 0.46pF.

e) /\ 1 the so urce con nec tion, the
through-platings (rom the two earth
scabs on the top face to the bottom
earth surface. in the fo rm o f two
inductances (each of apr. 1.5 nil )
between the source pin and toe earth
potential, arc to be taken into ac­
count in the simulation.

But in addition the following change is
nec essary:

The entry for the GaAsFET used , in the
F3 parts list must be amended from
" d e v ic e c fy30 .-dev" to "i nde f
cfy30.dev". That means a "d ipo le" is
suddenly converted into a "tri-polar
network" , and the source connection,
wh ich was previously not accessible, can
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a) As the frequency decreases , the
board material losses also d im ini..h.
bul calculations are carried out using
a constant loss factor of 0.0 15. which
then becomes too high

b) For coi ls and capacitors, Puff can
calc ulate only for a constant loss
resistance , but not for a co nstant
quality , as would be the case in

tion result.

Anyon e who is surprised. when the
simulat ion starts, to receive the message
"Danger - Circu it too big for Puff not

enough memory" need only make a
significant reduction in the numb er (If
p lot po ints. In certain circumstances. it
makes sense to reduce them ttl o nly 50.
Sometimes it is also necessary simply to
have the main memory organisation of
the PC re-optimised , using the DOS
service Program "Memmaker".

In addition. the readings obtained fur the
gain slope for the freque ncy range from
100 Mllz to 2 GH7 should be plotted
into the frequency response curve . The
approximation is a lready vel) close !

In the range between I and 1.5 <i ll /~

Puff prophesies thai amplification will
be too low. the reasons for which might
well be:

Finally , Fig.19 shows the new slmuta-

So we come 10 the Puff simulat ion
circuit as per Fig.I R. Anyone wh o now
starts to complain about the confusion
and the lack o f mom ....11\:" entering
numerou s com ponents in layout field n
may be interested in a tip:

Define a "resistance with O!!", i.e. a
shunt. You can now extend the " con­
necting legs" of the co mponents. I have.
of course, discovered that this works
correct ly only at low frequencies, and
that in broad-band simulat ions up to a
few Gllz - above all, as soon as
stripllnes come into the picture - signifl­
cant errors will be obscr....ed. as against
the "original circu it" , so be careful!

(;f<---------------'""'-'~=~~~

now be earthed thro ugh the two parallel­
wired co ils, each o f 1.5 nH.

f) On the teed for the negative gale bi:J ')
voltage. rather high cap acity values
were set lor the earthing using
"standard mater ia ls" at the end of the
quarter-wave transmission line. to
make the screening more broad-ba nd.
This natura lly leads to somewhat
higher losses and series inductances,
so a new component has 10 he
entered in the F3 list for this.

l si
dB

..... "....

...." .,; ..
PUFF

, OH.
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prac tice so the series resis tances for
blind component.. are [00 high at

relat ively low frequ enc ies

Finally. it was also of interest to know
up to what frequ ency the Puff ... imulat ion
supplies a result which can he used in
practice. So Fig.20 shows the calcula ted
and measured gain slopes III a joint
diagram, lip to a frequency of 10
GHz.

It can be seen from th is tha t up to about
5 GHz the simulation model drawn up
provi des results which arc con firm ed by
the measure men ts. For freque ncies
above this. a more acc urate rep lacement
circuit has to be worked (lUI first . and
tes rs also have to he done to de termine
whether wave guide effects are already
play ing a part in the closed housing.
Moreov er, the capacit ive couplings he­
tween the various areas of (he board
(with values marked ly below O.lpF) can
no longer be neg lected.

6,2,9, Theory a nd Practice in the
Circui t Version with Ca pact­
th ell Ea rthed Source Pin

In principle , the existing circu it is used
for the simulation. hut in the source area
it includes the replacement ci rcuit.. for
three parallel-wired ca pac itors . each of
IOOpF. and the source resistance with
n o (Fig.2 1). Pk asc remem ber that
even such a lillie Illite of an ·SMO
resis tance as a model OR05 has a
self-inducta nce. It was determined by
the measurement circuit as approvi­
mere ly 0.8nl l and has been immortalised
in the F3 parts list. If this is too much.
you must help yoursel f a bit by linking
two co mpo nents in a parallel circuit.

It would also be a rewarding task to
reduce the connection soldering scubx
for all SMD co mponents used in the
high -frequency branch (F E r' s, thrott les,
capacitors, resistances. etc.) in order to
red uce the inter fering capac ities toward..
the con tinuo us earth surface . bUI the
minimum size o f the so ldering scabs is
very firmly based on the so lderabi lity
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and posntonmg accuracy of the compo­
nents!

Th e rest is now almo st routine, and
leads to the results depicted in Fig.22
(frequency range 0 [0 2 Gllz] and
r ig.2J (frequency range 0 10 10 Gllz).
The measured values should again be
entered as well, so that they can be
compared with the simulation. ln the
range between 0 and 3 Gil l" the
response differs on ly insignificantly
from the version with a directly earthed
sourced pill. Above this, the ch ip ca­
pacitors begin to cause concern, and at
apr. 8 Gil l create a resonance peak
with 12dB amplification.

'1'0 sum IIp, it can be stated that :

layout, the selecti on of compon ents
and the mour ning, there is a se ries o f
rules, the infringement of wh ich is
immediately punished by unsa tis fac­
tory frequency responses. or ev en by
a tendency to oscillate.

d) As soon as you have some expert­
cncc in estimat ing all the effects
involved and the behaviour of the
components correctly, } OU can virtu­
ally have blind faith in pulr s prcdic­
lions - to such an extent that, after
initially try ing out a new circuit with
pu rr, you can draft more and more
complicated replac ement images, to
dete rmine where measurement d iver­
gences will ar ise.

a) Kight up to 3 G i lt: and above. the
two circuit versions not only display
almost identical frequency responses ,
but d isplay messages which very
precisely confirm the predictions
made' by Puff

b) [I' the source connect ion is earthed
through sev eral chip capacitors. then
above 3 GH7 divergences occur,
which have their or igin in the impcd­
ance cycle o f tile source earthing
component. The circuit with d irec t
earthing o f the source connec tion
displays a more uniform response
there, without the extreme resonance
step-up. For this reason. it should
probably he controlled rather more
str ictly and should d isplay less
broad-band noise. You shou ld just
test the use of the wickedly expen­
sive IO-GHz ATC chip capacitors,
whic h consist of a solid porcelain
chip .

c) For the housing co nstruct ion. the
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6.3. A Few More M l' lt ~tl rin~ Ttps

To conclude the chapter on amplifie rs, a
lew more hints on measurement tech­
nique and on plotting . frequency re­
sponse curves:

The ideal. and most modern. method. is
til usc a network analy ser. Fortu nately,
there are fellow radio amateurs who lise
this kind of equip ment at work, and can
occasio nally run something through.
Howeve r. in order ttl reach one 's glial
with one ' s own measuring equ ipment.
which is usually rather our-of-date , two
things are necessary:

a) Increased patience and time for
"m anual measurement", smce this
involves rotati ng, adjust ing, record­
ing and correcting. and:'

tI) Constructing a measurement appara­
tus which imitates the -self-calibra­
tion process" of modem equ ipment
( Fig,24). Here, you can si mp ly
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switch from "Calibrate" (=- signal
passlng through a sect ion of cable) 10

"M easure" (= signal passing through
the object of measurement). or vice
versa. with the help o f two S\ 'ID
coax ial relays. If: in the "Calib rate"
poshlon. we now tum the output
voltage up until the power meter
shows precisely end-scale deflection.
"Zero dl!", we then fi nally just hnvc
to switch over to "M easure" and
observe the rise or 1:111 in the
instrument reading.

The change in the d isplay then e xactly
matches the desired amplificatio n or
dam ping in dB.

Many inhere nt errors and many Ire­
lJuency responses from the measurem ent
equipment. cables and con nect ing plugs
in usc are eliminated in this way. as they
have the same effec t in the ca libration
channel and the measu rement channel.
and we (I re intereste d only in {he
differences.

Of cou rse, different transmiss ion los'>
read ings from the two rela ys lead to an

incorr igible and permanent error, so
only the fin est kit must be used for this
(m ilitary vers ions. gold-plated SMA
sockets with a frequency range up to
18 Gt tz, and crosstalk aucnuanon of
min. 60dl3. reflect ion factors beloc....
I O~,;" etc.). In the saint' way. you must
fake an ideal moving load to the test
transmitter hy means of :I subsequently
switched -in coaxi al attenuation member,
10 keep down the level of any add itional
measureme nt errors cau sed by a poo r
input refl ection factor for the object o f
measurement.

Since. in add ition. the measurement
range o f the power meter docs not
usually exceed ·'IOtiB. a reversible ca li­
bratin g line, with {) to 40dH and a
usable frequency range going lip to ove r
10 (1Hz must be posi tioned after the
object o f" measurement if it is, for
example, an ampl ifier. In this way, the
rise in the leve l after all amplifier CUll be
damped down until it is again within the
range o f measurement of the power
meter.

(To he continued )

The VHF Communications Complete
Index 1970 to 1996 is now available on

our www site. .Just follow the link on the
Home page:

http://www.vhfeomm.co.uk
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D.Eckurt Schmitzer, DJ4BG

Transistor Calculations using
Rules of Thumb

Tn many cases approximate values arc
sufficient for the rough dimensioning
of transistor circuits, and thus help to
save time in circuit design.

l.
INTROllllCTlON

When I had 10 dimension my first
transisto r circuit of my vcry own for a
piece of industrial equ ipment. more than
25 years ago, an "old hand" helped me
out with a few ru les of thumb. I was
surprised how simple it all really was!
In engineering faculties, calculations
using h-parameters and other highly
scientific but impractica l processes make
this field appear complicated and some­
what myst erious.

I would like to introduce these rules of
thumb, wh ich are founded on an ent irely
correct basis, and sho w how they can be
applied. They can frequently make life
eas ier for us. Whi ch mak es it all the
more amazing that they are so litt le
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known! True, at first glance these
formulae have little to do with high­
frequency technology, but these basic
princ iples can be useful here too . As il
is irrelevant for practical app licatio n, we
can dispense with their derivation. The
follo wing secti on explains how the othe r
formulae can be determined from the
basic formula, step by step, when ad di­
tional conditions are taken into consid­
eration. No doub t one or two people can
establis h parall els with tube techno logy!

2.
TIm BASIC FOR~IIILA

If we simplify the formula for the
relationship of current and voltage in a
semi-conductor diode as much as poss i­
ble , we arrive at the relationship:

S = 39 · Id (rnA-V ) ( 1)

For a current of for example, I rnA, the
curve has a grad ient or a steepness (S)
with the dimension of a conductance of
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Fig.l : Th e Basil: Ci rc uit with !'O r,~

39mAfV, at lOrnA it is 390mNV. and
so on.

It should be noted that only the charac­
teristics o f the semi-conductor itsel f arc
being considered here, but 1101. for
example, teed and contac t resistances!

But it can also he deduced from such a
curve thai a specific alteration in voltage
is required for a speci fic curren t change,
which can also be regarded as a dy­
namic resistance [ r - dU / dl).

Thus. the steeper the curve. the more
low-impedance the diode becomes. This
resistance can be obtained directly from
the rec iprocal value of the steepness :

3.
AI'I'LICATI ON TO rm:
TRANSISTOR

3.1. The Bas ic Circuit

lh e same formulae for the basic emitter
diode app ly to a transistor in a basic
circu it (Fig. I ).

The wiring. diagrams are shown in
simplifie d form and without the com po­
ncnts for setting the DC ope rating point.

The steepness o f a transistor can thus be
calculated from formula (I), and the
input resistance in the basic circuit (no w
referred to as reb) from formula 2.

But this also allows the voltage arnplifi­
cat ion (v) to be calc ulated:

v =S oR l p a)

But the steepn ess (S) can also be
expressed using fo rmula (I) and then
has:

v = 39 t lc o ){l. (3b)

But here (Ic.RL) is the voltage drop on
the load resistor , from which the (op en­
circuit) voltage arnplilicatinn call be
derived as follows :

Thus, we can already estimate the
maximum possible amplification of a
transistor ampli fier from a simple meas­
urement of the emitter current.

Since , with a sufficiently high current
amplification, the difference between the
emitter current and the collector current
is only vel)' small, this also applies to
the meas urement of the co llector cur­
rent . Th is is somewhat simpler, since the

rd = l iS also rd = I 1(39 • I) or

rd = 26 /I(Q = mV I mAl (2)

Thus, a current of ImA gives a res ist­
ance of 26n.

v =39 ·URL (30)
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URL

RL
RG

r-ee Rg

1
l<'ig .2: T he Emitter C irc u it

tuned by the internal resis tance of the
instrument.

If we take the rec iprocal value of the
steepness from formula (2 ), we obta in:

v =- R. I r~tl (Jd )

But this reveals to us another important
point. namely thai this amplifier would
have to be- controlled from a generator
with the resistance (RG - 0), since
otherwise a vo ltage d ivision wou ld take
place between the generator resistance
and the input resistance.

If we now a lso include the generator
resist ance (RG), we Finally obtain the
basic c ircuit vo ltage amplification:

generator res istance (RG). If, with a
sufficiently strong current , reb becom es
considerably smaller than RG, then.
within certain limits, steepness and am­
plification are practically independen t o f
the chara cteristics o f thc transistor .

3.2. The Emitte r Circuit

To beg in with, noth ing alters with the
trans istor in an emitter circuit (Fig.2).
However. it must be borne in mind that
an AC level which has been reduced by
the current amplification (B} is flo wing
in the bas e electrode. But this means
that we obtain the same control effect as
in the basic circu it. only with less
contro l current.

The input resistance has thus been
increased by the factor (Il):

rce = Bt rd' (6)

I f we think first of all of having the
em itter com pletely shunted to earth, no
negative feedba ck occurs, and the vo lt­
age amplification can again he deter­
mined Irorn the formulae (3a) to (3d ).

If there is negative feedback from an
add itional resistance in the emitter cir-

v = KL / (r~h I Ro) (4)

But the influence of the generator
resistance can also be regarded as a
reduction in the stee pness (negative
current feedbackt). if, as has already
been done above, we use the formula
(r ~ liS) and invert it:

S' = I I (r"b + R(') (5)

Here, S ' is the effective steepness when
there 1S negative feedback from the

Ie

RG

rek RE

1
Fig.3: The Collector Circuit
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cuit, the formulae (4) and (5) for
amplification or the effect ive gradie nt
apply again. In this connection, RG
should now be replac ed by the negati ve
feedback resistance (Rg), thus:

v = RL/(r~b + RG) (7)

and

(8)

We must extend formula (6) to take in
the negative feedback res istance:

ree "" 1.\ • (reb+ Ru) (9 )

The input resistance can thus be further
increased by the negative feedback re­
sistance.

In the emitter circuit too, formu la (Jc)
applies, with which the open-circuit
voltage amplification can be determined
through a DC voltage measurement,
provided no additio nal negat ive feed­
back occurs.

Maximum contrallabiliry or the circuit,
i.c. maximum possible output voltage, is
obta ined when half the transistor voltage
falls away from the load resistor. Th is is
the voltage which remains from the
emitter up to the high point of the load
resistor.

Ie T Ie
UHL

1 HL
HG

Hg Hg
red

.1 He

rigA: A Differential Amplifier

With no negative feed back, such a
circuit will again have an open-circuit
amplification in accordance with for­
mula (3c). This is only about half as big
as the maximum value for the maximum
possible load resis tor, hut with a very
much lower controlla bility.

3.3. The Collector Circuit

In the collector circuit, also known as
the emitter follower (Fig.S), formula (9)
can he applied by analogy, for the input
resistance is:

r~c = B · (re!> ! Rl) (10)

where in open circuit rl is equal to the
emitte r res istance, RE, and under load
equa l to the parallel circu it made from
the emitter resistance, ReE, and the load
resistor, RL thus:

R] = (R1: • R1) I lR1; ! R1)

The emitter follower has a low outp ut
resistance, but one at which the genera­
tor res istance can usually not be ne­
glected. Reduced hy the current amplifl­
catio n factor, (1.\ ), it breaks down as:

ri k "' re\l + ~r/ 13 (II)

The amplificat ion of such a stage as an
emitter follower is about v = 1. How­
ever, it is worth while to check this, for
there is, all the same, a voltage division
between the internal resistance and the
load resistance, so that we obtain:

v = RL I (RL + re!> +~ I 13) (12)

Only with a very big load resistor will
the amplification really come anywhere
near I !

3.4, The Differential Amplifier

The differential amplifier may perhaps
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The voltage am plification can he repre­
sented by:

This already gives proper importance to
the influence or the emitter follower. It
can be seen from equations (14) and
( 15) that, with a very low generator
resistance, the gradient and amplifica ­
tion arc just half as big as with the

be quoted here as a special case (Fig.a),
though it does represent a combination
of emitter follower and basic circuit.
The first stage has the input resistance
of the basic circui t as load resistor, i.e.
reb, so its input resistance is:

fed = fl· ( re b + r eb) = 13 • 2 • feb (13 )

With identical current levels in both
transistors, the input resistance is thus
twice as high as with one stage in the
emitter circuit. By contrast the second
stage sees the output res istance of the
emitter l( l I1 O\....er as the source resistance
(cf formula II), so that its gradient can
be rep resented as :

S= l / (rcb + rch + RG / 13) also

S = 1 I (Kg j Rg + ret:> j reh + RG I I~ )

and so

emitter circuit, but on the other hand (in
accordance with formula 131, the input
resistance is twice as high. In addit ion,
the feedback critical at higher frequen­
cies is markedly less.

The charac terist ic curve of the diff crcn­
rial amplifier displays another addit ional
special feature. It is now symmetrica l.
and thus very linear in the centra l
section, in complete contrast to the
single transistor stage . It will be under­
stood that here to ll. through negative
feedback (for reasons of symmetry , with
two Rg resistances in the emitter fee ds).
it is possible to obtain an increase in the
input resistance and a simultaneous
reduction in the gradient and the ampli­
fication, plus further lincarisation . This
then leads to a gradient of:

s = 1 / (2 · [Ki\ + rehJ + R(j / l3) (16)

which gives an amplification of:

v = RL i (2 · [Kg -j rebj + RG / 13) (17)

(15)

The British Amateur TV Club
The foremost association on the world, for anyone, an ywhere in the world,

who is interested in Amateur Television. CQ-TV t he quarterly journal of the
BATC is recognised as the most professiona lly produced amateur publication

of its kind.

Join the BATC and rec eive r 01JR copy of CQ-TV

Membership is onty£12.00 per year.

BATe , Grenehurst, Pinewood Road, High wycombe, HP 12 4DD
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AnJre James. F911X

A Broadband VHF-UHF-SHF
Amplifier

lhc usc (If \ 1MIC (Monolithic Micro­
wave Circu it) is now very common for
professional and amateur applications .
Numerous dclsgns have been done from
Hcwlcn- Packard and Mini-Circuits leaf­
lets. Well known \'SA and MAR arc
available 011 a vcry low COSI. Articles
published in the amateur magazines give
desc ription of amplifiers (I ) and even
frequency multip liers (2).

The frequency limit of those M\IIC
does not exceed our 1296 MHz band
but a new product is now available, the
Mini-Circuils family (3) w hich reaches
10 Gl tz. for a very low cos t too.

Shown here is an example of a vcry
simple. but meticulous des ign. The PCB
is made from glass -Pf f'E engraved by
add or with a cutter. input and output
capacitors should be lIigh-Q grade ones .
Other components arc SMA sodcts and
standa rd S\iD res istors and capacitors.

To make an amplifier which operates at
frequencies lower than H2 \1 H7. one
needs to increase input and output
capacitors up to 100 pF. wilh a j-ossibil­
it~ of damaging. the 10 GHz behaviour
owing to the paras itic ind uctance in­
crease. Rut I have not tried to do that.

Frequency
MilL

' ",-
1296

Gain Power at Id R Power at
Linear Compression Sat uration
ull d Rill d Rill

I I 10 13
12 10 13

Ta hlel : Test results or measur ements on the Prototy pe
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I
10pF

Ci rc uit Diagram

••• ·,......~~i

SMA

,1
Fig.1 :

+ 12V .....-C)--,.-it--f

(f'------ --------"''--'''= === =
This smell module can be used 10

help as a measurement amplifier
when the level is too low to he
used direct ly. It also can increase
the level of a low-power local
osc illator. Test measurements
made on a pro totype are shov..n in
Tabk I .

The circu it diagram of the unit is
shown ill Fig. l . 'C' is made up
from a I nF I 100nF + pcb pad.
'L' is a tf-shapcd inductor made
from IOmm of IUmm diam eter
silvered copper wire.

The PCB design is shown in
Fig.2. The actual size of the hoard
is 2:'imm x 17m»1. It is manufac­
lured from 1l .79rmn thick Glass­
PT FE materia l. The line width is
2 .5mm and the through-connect­
ing, rivets arc 1.2mm diameter.

A view of a completed unit is

shown in Fig .3. Fj~.2: Th e Printed Circuit Hoard

• • • • ••••
Fig.3: An Ov erall View

REF ERENC ES

(I ) VHF and Microwave Applications
of Mono lithic Integrated Circuits,
WB5LUA, The ARRL UHFI
Microwave Experimen ters Manual

(2) Frequency Multipliers Using
MM1Cs, WA8LNC. The ARRL
Ul lF/Microwavc Projects Manual

(3) ERA Amplifiers; ERA·97· 1,
Mini-Circu its
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Tips. Improvements and Corrections

DIY Construction of a Receiver
for GPS and GLONASS
Satellites by Matjaz Vidmar
S53MV; Issues 1/94 to 4/95

For those having d ifficulty obtain ing a
suitable display modu le, the Philips
LH~ 244F-90 (with LED rea r illumina­
tion) can be used.

In diagrams 20 and 28 (1/95) some
minor errors crept in and are corrected
in the d iagrams overleaf.

In Fig.38 (2/95) the identification of L2
is missing on the IOOJlII ind uctor next
to rc CA30IN .

In FigA2 (2/95) the identification o f the
diode HSCG l OO l is missing, it leads
tlway from pin- tv of the I>TACK Ie
74HC245 .

10 Fig's.a l and 42 (2/95) and 46 and 47
(3/95) the log ic gales are incorrectly
drawn. Corrected diagrams are shown
overleaf

Also in Fig,46 (3/95) the crystal is
shown as 10 MHz instead of 12 \i llz.

" .
~' 01. L.i
"~'4U""

I ~
..,.. e,

Flg .26 GLO:'llASS Rf Module

c.

Vt.CI O'Ir"" Pl~
~HI.,,,,-.«,..tu.,..~ _

"" ~­~ .a ~

T
,,~

,.
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-~~i;i~ Below :
Fig's:41 and 42 , )

'~~--,,- , ) , GLONASS nSf''''"iF- l!Jrv r Gl SI ts-l and 2
- ,,.;,. --"'--"-~ A~1fA.~~{"H~ Hardware par
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FigA6: CPU Roam Circuit () i:.lgrdm {pa r t-I)

..... ...., HU i 1JO,.
<...t.-.u..- -• • .. .... w .'.
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• •• • " .-. "•• III HD~~
, •

~ •'. n (lllli) ""• •• "~
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w' •

\10~
~" ""'-1.. 1 ' n N { "1m- !I,v ..r• m (nMAl~ ""'

Fi2.47: CPU Hoard Circuit Diagram (part-2)
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CO MPLETE KITS & PCB's
KIT DESCR IPT ION ISSl lE 1\0. PRIC E

onevr-cn Measuring I\U1P Ill' to 2,5 GI-L£ 4f9J 063&2 1: 60.00

DHf>NT-002 F" :<Illera-y [)i yid~'1 10 55. GUt 4/93 0631tJ £100 .00

[X:lltJ(i-007 5W I'A fOJ D en! 3/94 06938 £286,00

DJIlES..()OI 23cm FM AI V Convener 1191 06347 £ 93,00

DJ IIE~ -O O2 Digital Frequency Indicator 1191 1}6J51 £ 53,OIl

DJ8US·OIH IF Amplifier 1191 06355 £ 55 00

VJIIl3S-l)04 Demodulator IN l 06362 £ 720n

UJ8LS-OI 9 Tranwcnc r [44128 MHz 4M3 06385 £143 m
UJ8L:...-o19mod TransYLl1O:I S0I28 Ml lz 2!'1S 06392 I1 4 J 1)0

IlJ8L'i-0 20 Hybrid AmplJfio:r for 144 MH/. 1/94 06 387 £ 17'1(1(1

DJ8LS-OZI Belli I'M ATV e xciter 2m 06388 £ 6700

DJ8LS-l)22 2X/4.U MHz Transvertcr Osc illator 2/'15 06395 r WOO

DJ8ES·1l2] 28/432 Mll l Trunxvcrtcr Convener 2/95 063'16 £11400

IlF·Mt-: SS PC Soft ware for the DJ8[5 projects TnA £ 32,50

O~:2'r1 7. 00 I PreM ixer Ii" 23 lind t j cm vrr £ I I~ , OO

YT3M V Lo w Noise L-Band Ae rial Amp lifier 21'12 06358 £ 29 ,110

1'(' 11 DF.SCRII'IIO,\ ISSt lF. I'''' u. PRU -.:

VUhNT-l)OI MC il~lI r i ng Amp up tn 2~ CiH/, 41'l3 06379 [ 17.75

DHt> NT-00 2 frequency Div ider 10 5.5 Gill 4/93 06381 r 17.75

[X:llI J( ,-I'A ~W I'A for U CIll 3/94 06936 [ 19, 25

IX:llI J(I-NT Vower SUl'l' ly Ii" lhc FA 3194 1I69J1 I 7.75

I)JKES..()O[ 23cm I'M A rv Conven er 1191 06347 I 10 ,75

DJKES-002 Digital Frequ ency Ind icator 1191 (6)~O [ 9 ,M

D)I<I-:S ..(103 Bern I'M AfV [F Am pl ifier IN [ 063B I 1 9S

1>.IX HS-(I04 23cm FM A r v Demodulator 1191 06356 I [ (U O

D.lllHS-O19 'rransvcrrcr 144128 Mllz 4/93 06J ll4 I 17,75

D.lllES-020 Hybr id Amplifier 144 MHz 1/94 063 116 I 17.25

DJXES-0 21 t j cm FM ATV Exc iter 21'14 I I X.s O

DJXFS-022 2Xf432 Mill- Transverter O..c illalor 21'15 I 16 50

DJ8ES-023 2Xf432 Mill Tral1_w crtcr Con~<;J\cr 2"" f 16 .511

DJ8ES-l7 Milliwatt Meter for the PC 4/96 f 13.50

UJ8I.JS·211 0,9 · 1.5 (j ll ~ Syn thcsiscr for the PC 1m r 13.5 0

HF-MESS Software lor the DJ8ES PC projects l ilA £ J2.50

DF9PL-OOI 30 Volt PSI) 1/93 0637 8 [ 9 ,80

D1'9 1-'1.-(102 Pre-Stebrliscr 1m 06376 I 1020

Uf'9PI.-OO3 Prec i..ion Slah iliser 1m 06377 c 11.20

1'0 lWF-OOI ORO Oscillator - PTFE m 2 064" c 10 10

Ft>IWF-002 Modulator lind Stabil iser 2m 06486 [ 12,00

OF.2TlL-OOl PreMixcr f\1T 23 and l Jcru 1/97 £ IS,OO

M inimum Shipping charge £6 75 - Credit Card orde rs +5% - Address data at bottom of Contents palle
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EASY-PC Professional XM
Schematic and PCB CAD

From Super Schematics
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Li......J J.

To Perfect PCB's

• Ru ns o n :- P CI 3361 ' 85 wilh
VGA d. sp13~

• Links 10 PULSAR (Iogi t l.
ANALYSE R III (ana logu e)
& LAVAN {elect rom agnet ic)
si m ula t o rs .

• 0 ""; '1":_Single sided.
Double side d and
Multi .laye, boards.

• Prov llles fu ll S"rfau Mounl
s u p po rt .

• Sl.. nd ."d o ulp ul inc ludes
Oa t Mat n x I Lase r It nk i e l
P rinte r, Pen Plolte r, Ph oto·
p lolt " . and N.C. Dril .

o Optiona l, powerf ul, 32 bIt
MUlti -pass , Shal'e based,
S ho ve As ide, Rip _up and
R~~~ A U l o rout~r.

Simulation can even include the parasitic
effects introduced by the Board Layout

""""-,.. ~_ .._,- --'/
. :~':

Affordable Electronics CAD

~or M"'0""";0" oM dt mod,ok, pi.... writ. , pilon. , fu 0' Om""'· • T ECHNI CA L SUPPORT FREE FOR LIFE
• PROGRAMS NOT COPY PROTECTEO.

Number One Systems . SPECIAL PRICES FOR EOUCAn ON.
UK/EEC ReI v>+F COO,~~'ll Wo~ , St.".'.C_~.,,"" E NGl~ N [), PEI7 ~~ • .m,, : SC!!nu~e"'ne """

Ttl~ UK 0 1480<!6 1n $ (7 ......) F.. 01480 ~~Z ... . ""', , . .. 14S0 * 1'7e
US.. ReI VHFCOO. 12$ Sm.~ Creek DtiYe.lot GeIO• . C" iSOJO
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Transmission line impedance calculations lor all
sorts of tines:'coaxial. stripline. mcrostm plusrec­
tangular lines, eccentric lines. trough lines. wire­
above-ground plane. and many others. Computes
impedance. lass, inductance. capacitance and other
parameters. Uses data from Microwave
Transmission Line ImpedanceDa/a. For Windows.

Order NP-11 $195.00

Microwave Transmission line Impedance Oala
by MA.R, Gunstofl Order NP-1 0 554.00
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~ : "-.: The best electronic SmithChari around! .Build" a

ladder network of up to nine elements (l, C, R,
transmissionlineortransformer) anduse[he chart
totunevalues until the matchisperfect. Writtentor
stand-alone operation. but makes a perfect addi­
tion to the book Electronic Applications of the
Smith Chart. For Windows.
Order Np·5 579.00

Electronic Applicalions 01 the Smith Chart
by Philip Smith Order NP-4 SS9.00
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EEpal
The "Electrical Engineer's Par is loaded withuseful data
and utilities for the active designer. Includes units and
conversions. materials and component data, scientific
calculator with higher math functions, pads, fi ~ers .

matching. and more. Has a notepad and calendar. plus
a phone list with anautodialer. All this istopped offwith
a list 1800 EEsuppliers! Ru ns inDOS or aDOS window.

Order Np·20 5195.00

Order by telephone, fax, mail or our Web site!
Weaccept payment by VISA, MasterCa~d andAmerican Expressorcheckdrawnon aU.Sbank Shipping
cnarces are- U.S,: 55.00 for the first Item, S1.00 for each ad<1itional item; Canada $10.00 lirst item.
52.00 each aClditional item; Other coorares (Air express): $32.00 first item, 510.•00 each addil-onal nern.
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2245 Dillard Street· Tucker, GA 30084 • USA
Tel: 17701 908·2320 • Fax: 1770) 939·0157
www.noblepub.com



DENMARK

~©
§@@@
Microwave Wattmeter

-
~PUT

RF PROOE lOCI

~ I CROWAVE

WATT~ETER

ZERO

•

,.,.
<0 1 0 ~ · C

~ 11.-" , N'0,. ·x. ,. 'OT /

.~

, ~
\ _.\
'M' ,-

""
OUTPUT

' ~'( Dynamic range could he extended
u:..illJ.: external att enuators or
directional couplers.

~,,\r 9·12 vue !IoUllplJ.

. : "" [i )" ,' ' )"J U ii 'J·/ri·J 'I(') ,',( rh I J:J ~ ..l ~ 1 h . U ~.1 , )

I I ICL UJ)!W.

~cw 3000

pw r~, to,)

-

Te leco mmun'CO! lon,
k UKWBerichte

',>; Measures I}()\\:cr eas ily, quickl y and
Ilrl'l'i..;L'I)'.

, 'f Extremely hrondbandcd,

'>~( Dynamic rnnge : 70 dB.
, II ..', ( ypc rscnstttve -

measures dunn 10
minus 50 dftm
(10 nnnowatts).

-;r Ran ge: minus SOdBm
> plus 20 dUm. (HI

nanew att s 10 100 milliwalts) .

';r Frequency nUl~c: 100 kI II: to
It' GIll: with standard probe
IJH:O-ItI(; a nd III) to 50 GIll:
with optional probe.

'..,~( Applicable for must diode
probe ')'Ill'S.

',"f Several applications within
power IIIc....uremcuts.

'; r IIigh accura cy; < ± I dn with
PKO-IHG standard prohe
(minus au dBlII - ~ pfu s 20
dUm ) IIII' ~U330U. C. () or
l';-1"IJC pruhes ('~1II he used
~i1hollf retuning].

' ,.If Uutput for S\\CCI)
measurem ent ( I vnn dB).
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