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Matjaz Vidmar, S53MV

NOAA HRPT Receiver

The reception of weather satellite
images always attracts lots of interest
among radio amateurs. Of course,
after the initial experiments one al-
ways wants to improve the results,
trying to obtain even beller pictures
with less noise, better contrast and
better geometrical resolution. The
current receiver technology allows us
to quickly reach the limits imposed by
the satellite sensors and picture trans-
mission standards.

1.
RECEPTION OF NOAA
HRPT IMAGES

Almost everyone starts by receiving the
simple APT/WEFAX analogue picture
transmissions. After perfecting the APT/
WEFAX receiver, the next logical step
is to switch to digital transmissions.
Most weather satellites offer an im-
proved signal-to-noise ratio and an im-
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proved geometrical resolution on their
digital picture transmissions.

The main drawback of the digital picture
transmissions is that they are much less
standardised than the simple APT/WE-
FAX transmissions. Almost every satel-
lite is using a different image data
format, that requires different hardware
for reception. In addition, the digital
transmissions usually require a larger
antenna operating on higher frequencies,
making the ground station much more
expensive.

The most popular digital image format
is certainly the NOAA HRPT format,
which has been used since the launch of
the TIROS-N satellite in 1978. The
NOAA HRPT format offers an im-
proved geometrical resolution of lkm
and an excellent signal-to-noise ratio
(10-bit quantization) when compared to
the analogue APT format with 4km
resolution originating from the same
satellites of the NOAA series (1), (2),
(3). The same data transmission stand-
ard is still used today by many weather
satellites (5), (6).
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At the beginning, NOAA HRPT recep-
tion was a rather difficult technology for
radio amateurs. The first amateur experi-
ments (4) required hand-steering of the
antenna and immediate conversion of
the digital data into an easier-to-handle
analogue APT-like format. There were
no suitable computers available and
microwave semiconductors were very
expensive (the first GaAsFETs like the
famous CFYLl were priced over £80
each).

Today the situation is completely ditfer-
ent. Inexpensive computers can be used
both for antenna tracking and for image
storage and display. Parabotic dishes of
various sizes and AZ/EL anlenna posi-
tioners are casily available too. Micro-
wave components became inexpensive
as well and top performance low-noise
preamplifiers can be readily built (7).

The only missing part is a suitable
receiver to process the NOAA HRPT
RF signal and output the data in a
suitable format to a computer. Such a
receiver will be described in this article,
based on a design that has been operat-
ing for more than five years in the
author’s receiving station and has been
successfully duplicated by many other
radio amateurs as well.

2.
NOAA HRPT RECEIVER
BLOCK DIAGRAM

The general block diagram of the
NOAA HRPT receiver is shown on
figure 1. Using a state-of-the-art LNA
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{7), a 1m diameter dish antenna with a
RHCP feed will provide an error-free
reception at clevations above 10 de-
grees. Of course, the antenna needs to
be installed on a computer-controlled
AZ/EL rotator o track the quickly-
moving polar-orbiting NOAA satellites.

A similar antenna/feed/LNA combina-
tion for the reception of amateur satel-
lites in the 2.4GHz band has been
described in (8). The latter can be easily
scaled to the lower frequency band of
1.7GHz. Since the helical feed described
and the LNA arc both wideband, even
the original 2.4GHz version actually
operates in an excellent way at 1.7GHz
as well. making it possible to use one
antenna and one LNA for both weather
satellites at 1.7GHz and amateur radio
satellites at 2.4GHz.

To receive NOAA HRPT transmissions,
most amateurs usuvally 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
develop a completely new design to
avoid such problems.

The circuit shown in Fig. 1 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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Besides the choice of the IF frequency
one also has to consider the required
demodulator(s). The demodulation of a
NOAA HRPT signal can be split into
three different steps.

In the first step, a digital \signal is
obtained from the modulated RF carrier
in a PSK demodulator. The second step
involves bit-rate synchronisation and bit
conditioning. Finally, the third step is
the frame synchronisation. All three
demodulation steps are included in the
described receiver that provides a serial
data stream, a bit clock and frame pulses
as its output. These signals are usually
required by the computer interfaces
used. However, if a computer interface
already includes the frame synchronisa-
tion or even the bit-rate synchronisation,
the corresponding circuits can simply be
omitted.

A matching HRPT interface to the “DSP

computer”™ was presented in (11), Of

course, there are many different inter-
faces available for the “IBM PC com-
patible” computer family. Finally, one
can also feed the digital data to a D/A
converter and convert the signal to a
2400 Hz amplitude-modulated subcar-

NOAA HRPT Receiver Downconverter

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

3
NOAA HRPT
DOWNCONVERTER

The circuit diagram of the NOAA
HRPT downconverter is shown in figure
2. Since the downconverter is included
in the indoor receiver, it is supposed
that an external LNA with a gain of
25-30dB is used all of the times.
Therefore the downconverter is not
optimised for the best noise figure. At
1.7 GHz one has to consider the cable
loss between the LNA and the indoor
receiver. At a fypical distance of about
25m it is easy to keep the cable loss
below 10dB, for instance by using the
low-loss coax cables developed for
satellite TV IF. Of course the circuit of
the downconverier includes the supply
network for the LNA that provides
+12Vdc on the RF input connector.
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The downconverter includes two RF
amplifier stages (two MRF571s) and a
harmonic mixer with two BA481

Schottky diodes. Due to the low IF of

only 36 MHz, filtering the image fre-
quency. just 72 MHz above the desired
frequency, is not easy. Since high-Q
resonators can not be built in microstrip
technology, the downconverter is using
band-reject filters to attenuate the un-
wanted image response.

three

The downconverter includes

almost identical filters, each consisting

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 200 MHz. Of
course L4 and L5 alone are not able to
provide any significant attenuation of
the image frequency.

The two outer resonators (for example
[.3 and L6 in the first filter) operate
as absorption traps for the image fre-
quency, 72 MHz above the desired
reception frequency.

Fig.3:

NOAA HRPT
Receiver Downcon-
- verter, upper side

(top view)
BA4Ey LD
— INPUT
(i 290MHs
RF
INPUT
A6t Ly

Y

Fig.4: NOAA HRPT Receiver Downconverter, Component Overlay
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Fig.5: NOAA HRPT Receiver Local Oscillator

The overall combination is a band-
pass/band-reject filter. Three such filters

provide more than 40dB attenuation of

the unwanted image frequency. The
main purpose of the -two RF amplifier
stages is to compensate for the loss in
these filters,

The mixer uses two antiparallel Schottky
diodes (BA481) and requires a local
oscillator signal at half the conversion
frequency (around 870 MHz). The main
drawback of this simple circuit is a
higher noise figure, usually around
15dB.

The downconverter is built as a micros-
trip circuit on a double-sided FR4
glassfibre-epoxy printed-circuit board
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, L3,
L6, L8, L11, 1.13 and L16 usually need
to be shortened by about Imm during
the alignment procedure.

Other microstrip resonators hardly need
any adjustments. LI7 may be made
slightly longer for the best mixer noise
figure. Since the mixer includes two
antiparallel diodes, no DC 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 LO 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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4.

NOAA HRPT RECEIVER
LOCAL OSCILLATOR
MULTIPLIER

.l.
AV
0 OUTPUT

e L
] | 3%0NH,

1

MHz. The 1698.000 MHz channel is
usually assigned to the morning/evening
satellites while the afternoon/midnight
satellites transmit on 1707.000 MHz. All
NOAA satellites carry onboard three 1.7
GHz transmitters and in addition may
transmit HRPT signals on 1702.500
MHz in the case of failure of both
primary transmitters.

! ¥
3= -~
NOAA HRPT transmissions are usually §
encountered on two different frequen- b 4=
cies: 1698.000 MHz and 1707.000 g = g =
—1_}—¢
8
=]

However, the transmitter on 1702.500
MHz is connected to a LHCP antenna
and requires a polarisation switching
capability at the ground station. Maybe
this is the main reason why the
1702.500 MHz transmitter has never
been used for HRPT transmissions al-
though it has been used for other data
transmissions. A NOAA HRPT receiv-
ing station therefore only requires two
channels, 1698.000 MHz and 1707.000
MHz, both with RHCP antenna polarisa-
tion.

Other satellites may transmit on differ-
ent frequencies. For example, the Chi-

nese FENG-YUN satellites were trans- {l-_- r?_.{l_—l -
mitting fully NOAA HRPT compatible =T " A o
images on 1695.500 MHz and 1704.500 < . z
MHz. Although this receiver is not }g“" | &
suitable for the digital transmissions & L. e
originating from geostationary weather ¥

and modulation techniques, it is never-
theless useful to have the reception

BIAs
Fig.6: NOAA HRPT Receiver Multiplier

satellites, due to the different data rates l
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capability of at least the main WEFAX
channel at 1691.000 MHz. The recep-
tion of the latter is convenient for
antenna rotator calibration and LNA/RF
front-end checkout.

Since a NOAA HRPT receiver only
needs to be tuned to three or four
different frequencies, the local oscillator
can be crystal-controlled. followed by a
multiplier chain.

The crystal-controlled local oscillator is
shown in figure 5. Each crystal has its
own oscillator and channcl selection is
performed by turning on the desired
oscillator. The following multiplier
chain is shown in figure 6. The overall
multiplication
factor is 64,
but the last
frequency
doubling 13
performed by
the harmonic
mixer itself.

The oscillator
transistors are
already able
to provide the

second harmonic at around 54 MHz.
This frequency is then multiplied by
four to about 217 MHz, then doubled
to 435 MHz and finally doubled to
870 MHz.

The NOAA HRPT receiver local oscil-
lator multiplier is built on a single-sided
printed-circuit board with the dimen-
sions of 80mm x 100mm, as shown in
figure 7. The corresponding component
location is shown in figure 8. L1, L2. L3
and L4 have an inductance of about
1.2uH and their main purpose is to force
the crystals to oscillate on the desired
third overtone at 27 MHz In addition
these adjustable coils allow some fine

Fig.7:

NOAA HRPT
Receiver Local
Oscillator Multiplier,
bottom view.

CH4
CHL

Fig.8:
NOAA HRPT
Receiver Local

Oscillator Multiplier
Component Overlay
137
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Fig.9: NOAA HRPT Receiver IF Amplifier

frequency tuning to compensate for the
crystal tolerances. 1.5 and L6 have about
0.3uH each. In practice .1, L2, L3 and
L4 have 10 turns each on a miniature
TV IF transformer core while L5 and L6
have 5 turns each on the same type of
core.

.7, L.8 and L9 are self~supporting coils
with three tumns of Imm copper enam-
elled wire each, closely wound on a

S5mm internal diameter. All three coils
should have the same orientation to
obtain the proper magnetic coupling.
L12 is a sell~supporting coil with three
turns of 0.5mm copper enamelled wire,
closely wound on a 3mm internal diam-
cter,

Finally, L10, L11, L13 and L14 are
etched on the printed circuit board.

Fig.10:
NOAA HRPT
Receiver IF
Amplifier,
bottom view.
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Fig.11: NOAA HRPT Receiver IF Amplifier Component Overlay
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The oscillators should operate immedi-
ately without any alignment. The multi-
plier chain however requires alignment.
The latter should be performed stage by
stage by checking the corresponding
signal level on the base of the following
multiplier transistor. In fact it is enough
to check the DC voltages, since the BE
junction operates as a rectifier, If the
operation of the last multiplier stage is
found unstable, the wire lcads of the
BFY90 transistor should be shortened. If
this does not suppress parasitic oscilla-
tions, the spacing of the turns of LI12
should be modified.

S.
NOAA HRPT RECEIVER IF
AMPLIFIER

The NOAA HRPT receiver 1IF amplifier
is shown in figure 9. The design of
the IF amplifier is based on the avail-

Aks
Il -

@
able 36 MlHz SAW filters. The overall
bandwidth of NOAA HRPT transmis-
sions is around 3 MHz so a PAL
television receiver SAW filter with a
bandwidth of about 4-5 MHz is a very
convenient choice. SAW filters have a
flat passband and very steep edges, but
most important of all they have a flat
group delay so that they do not distort
fast digital signals.

The remaining circuit of the II" amplifier
is also based on available components
for television receivers. The first low-
noise amplifier stage with the BFR90
transistor is followed by vyet another
amplifier stage (BFY90) to compensate
for the high insertion loss (15-20dB) of
the SAW filter. The SAW filter is
followed by an integrated IF amplifier
TDA440. The latter also includes an
AGC circuit.

In addition to the SAW filter, some
selectivity is also provided by the tuned
circuit with 1.1. On the other hand, there
is a wideband transformer 1.2 on the
output of the TDA440.
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Fig.12: NOAA HRPT Receiver PSK demodulator
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The video demodulator inside the
TDA440 is not used except for steering
the AGC. Although the NOAA HRPT
PSK signals can be limited. operating
the 1" amplifier in the linear region
makes the bandwidth of the filters much
less critical.

The NOAA HRPT receiver IF amplifier
is built on a single-sided printed-circuit
board with the dimensions of 40mm x
100mm, as shown in figure 10. The
corresponding component location is
shown in figure 11.

1.1 has about 0.3uH or 5 turns on a
miniature TV IF transformer core. L2 is
a wideband transformer with the primary
inductance of about 2uH and the turns
ratio of 5:1, in practice 10 turns and 2
turns on a miniature 10.7 MHz IF
translormer core. Of course, L1 needs
adjustment while the core of 1.2 can
simply be adjusted for the maximum
inductance.

Any 36 MHz SAW filter with a single
input and output should be suitable for
the [T amplifier. These filters are avail-
able in two different packages: TO-8
metal can and plastic single-in-line. The
printed-circuit board has holes for both
types of packages. A slight offset of the
SAW filter centre frequency or local
oscillator crystals can alwayvs be cor-
rected with L1.

The 10kohm trimmer sets the AGC
threshold or the output signal level.
Warning! The circuit does not work
with some integrated circuits, in particu-
lar with the TDA440S. Therefore be
careful to obtain a TDA440 without any
suffix letters!
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6.
NOAA HRPT RECEIVER
PSK DEMODULATOR

The 665.4kbit's NOAA HRPT serial
data stream is first Manchester (split-
phase) encoded. The Manchester-en-
coded signal then modulates the phase
of the RF carrier. The phase modulation
amounts to ~/-67.5 degrees nominally.
The RF* spectrum of such a signal
includes an unmodulated carrier at the
centre [requency and two symmetrical
sidebands with the offset
+/-655.4 kHz from the centre frequency.
The unmodulated carrier level is about
8dB weaker than the overall signal
strength. In other words, about 0.7dB of
the transmitter power is lost in the
residual carrier and the remaining power
goes to the information-carrying side-
bands.

maximum

In spite of the rather wide signal
spectrum and power loss in the residual
carrier, such a transmission standard was
probably selected to keep both the
satellite transmitters and the ground
station demodulators as simple as possi-
ble. A coherent demodulator only re-
quires filtering out the residual carrier.
phase-shifting it by 90 degrees and
multiplying the regenerated carrier by
the raw RF signal. All of these functions
can be performed by a single, simple
phase-locked loop.

The phase-locked loop NOAA HRPT
receiver PSK demodulator is shown in
figure 12. The VCO and multiplier are
included in the integrated circuit S042P.
The same multiplier is used both as the
PLL phase detector and as the PSK data
demodulator.
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The PLL loop filter includes a 358 dual
Op-amp, while the output data is con-
verted to TTL level by a 311 voltage
comparator.

The locking range of the PLL should
allow for VCO drift and for the Doppler
shift, which amounts to about 100kHz
for a polar-orbiting NOAA satellite at
1.7 GHz. From this point of view, the
choice of 36 MHz as an intermediate
frequency is a fortunate coincidence.
Finally, the described PLL PSK de-
modulator is also an efficient FM de-
modulator that can be used to receive
the analogue WEFAX (ransmissions
from geostationary weather satellites.

The audio-frequency monitor is however
mainly intended to check the proper
operation of the receiver and detect any
interference. The PLL demodulator also
includes a fine tuning control. When the
latter is set correctly and the demodula-
tor locks on a valid NOAA HRPT

S

x JL .__-GII'BV
T[:.]N :_-.::Eml AF QUTPUT

Fig.13:

NOAA HRPT Receiver
PSK Demodulator,
bottom view.

a# ovrruT (TTL)

=1 FiNg TUME

Fig.14:

NOAA HRPT Recciver
PSK Demodulator
Component Overlay

signal, the audio frequency noise simply
disappears.

The NOAA HRPT receiver PSK de-
modulator is built on a single-sided
printed-circuit board with the dimen-
sions of 60mmX60mm, as shown in
figure 13. The corresponding component
location is shown on figure 14. L1 has
an inductance of about 0.3ull or 5 turns
on a miniature TV IF transformer core.

Fig.15: NOAA HRPT Receiver
Monitor AF Amplifier
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The alignment of the PSK demodulator
consists in tuning the VCO to the
desired frequency. In practice this means
setting the inductance of L1 so that
locking occurs in the middle of the
fine-tune control. The fine tune potenti-
ometer should supply a voltage up to
about 9V and this power supply should
be well filtered and stabilised. On the

other hand, a single-turn potentiometer

(100kohm lin) is sufficient for the
fine-tune function.

7.
NOAA HRPT RECEIVER
MONITOR AF AMPLIFIER

A simple audio-frequency amplifier is
required as an AF monitor in a NOAA
HRPT recciver. The circuit diagram is
shown in figure 15. The TAA611 may
be an obsolete type. but it has a low
power drain and does not generate much
interference to the other circuits.

The single-sided printed-circuit board
measures 40mm x 60mm and is shown
in figure 16. The corresponding compo-
nent location is shown in figure 17. A
practical value for the volume potenti-
ometer is 100kohm log.

8.
NOAA HRPT RECEIVER
BIT-RATE SYNCHRONISER

The PSK demodulator supplies a Man-
chester-encoded serial data stream at
665.4kbit’'s, The main function of the
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Fig.16: NOAA HRPT Recciver
Monitor AF Amplificr,
bottom view,

Adm
'_"" | 290k

= . ha
M - ."ﬂ?’. ﬁ?.:::_—-:::mr
D ¢

A,
Aty ™ ol Ak
46,

S—
AT E——

N

Fig.17: NOAA HRPT Receiver
Monitor AF Amplifier
Component Overlay

bit-rate synchroniser is bit-clock recov-
ery. In addition, the bit-rate synchroniser
also removes the Manchester encoding
and supplics the original NRZ data
stream.

A Manchester-encoded signal always
includes a signal-level transition in the
middle of a data bit. Additional signal-
level transitions may be present at the
beginning andfor end of one bit period.
All of these transitions may be used for
bit-clock recovery,

The circuit diagram of the NOAA
HRPT receiver bit-rate synchroniser is
shown in figure 18. The bit clock
recovery includes a transition detector
with a delay line (74LS164 shift regis-
ter) and an EXOR gate. The output of
the transition detector is fed to a PLL
with the VCXO operating at 16 times
the bit rate (10.6464MHz). The PLL
includes two phase detectors, imple-
mented with EXOR gates. The in-phase
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detector is used to indicate the lock
condition while the quadrature detector
feeds the feedback amplifier. The polar-
ity of the obtained 665.4 kHz clock is
still ambiguous, since the PLL may lock
on the beginningfend (ransitions or on
the middle-bit transitions. An additional
circuil is therefore required to resolve
the correct clock phase.

The Manchester decoding is performed
by a simple EXOR operation between
the encoded data and the synchronised,
square-wave clock. Since there are two
possible clock phases, two identical
bit-conditioning circuits are required.
The latter use one 741.5161 synchronous
counter each as an integrator, Both
integrators count for 15 CLK*16 periods
and dump the result to a buffer in the
16th CLK*16 period. In addition, the
result of the first integrator is intention-
ally delayed by one-half bit period with
an additional buffer to be available at
the same time as the result from the
second integrator.

The 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 addition, one can
assume that a count between 0 and 3
and between 12 and 15 indicates a
“good” bit, while a count between 4 and
11 indicates a corrupted bit. A corrupted
bit may be generated by noise, but it
may also indicate a wrong clock phase.

Corrupted bits from both bit condition-
ers are integrated the corresponding RC
networks and then fed to the decision
circuit with the 339 comparators. The
final decision is stored in the RS
flip-tflop with the two 74LS02 gates. The
output of this flip-flop drives the

144

(7

Fig.19: NOAA HRPT Receiver
Bit-Rate Synchroniser
upper side

Fig.20: NOAA HRPT Receiver
Bit-Rate Synchroniser
lower side

741.S157 to select the the bit conditioner
driven by the correct clock phase.

The 74LS157 also drives three LEDs.
The green LED indicates the bit-rate
lock. The wyellow LED indicates the
missing transitions at the beginning/end
of single bits and therefore signals the
Manchester mid-bit transitions. Finally.
the red LED indicates the missing
mid-bit transitions and is an early
indication ol poor signal quality or
increasing bit-error rate.
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Without a valid imput signal or when
just noise is presenl at the receiver
input, the green LED is off and both red
and yellow LEDs are on. When a signal
is applied, the green LED will go on. As
the signal strength increases and the
signal-to-noise ratio improves, the red
LED will slowly go off. The yellow
LED should stay on all of the times. If
the yellow LED goes off or starts
flashing, there is something wrong with
the satellite transmission like long se-
quences ol logical ones ZEroes,
During normal HRPT reception the
yellow LED 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 RE
signal is converted to a different fre-
quency, the polarity of the phase modu-
lation will be reversed if the signal
spectrum is reversed in the frequency-
conversion process. The bit-rate syn-
chroniser therefore includes a polarity
switch right at the input of the circuit.
This polarity switch is only needed if
the downconversion scheme is changed.

or

If the bit-rate synchroniser is only used
in the described receiver, the above
mentioned polarity switch should be lefi
open all of the time!

The NOAA HRPT receiver bit-rale
synchroniser is built on a double-sided
printed-circuit board with the dimen-
sions of 80mm x 100mm. The upper
side is shown in figure 19 while the
lower side is shown in figure 20. The
corresponding component location  is
shown in figure 21.

The alignment of the bit-rate synchro-
niser should 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 MHz, so that the
pulling range with the BBL09 varicap
diode may be made wider with the aid
of L1. The exact value of L1 depends
on the crystal used and may be as large
as 30uH (40 turns on a 10.7 MHz 1F
transformer core) to pull the crystal
down to 10.4646 MHz,

The function of L2 (1.2uH or 10 turns
on a TV IF transformer core) is to
prevent the oscillator to jump on the
overtone crystal resonances.
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Without any input signal one should
first obtain 2.5V on the varicap diode by
the corresponding [0kohm trimmer and
then tune L1 for 10.4646 MHz The
bit-rate lock threshold trimmer
(10kohm) should be set so that the green
LED just goes off. When a valid NOAA
HRPT signal is applied and the green
LLED> goes on, one should finally check
that the voltage on the varicap diode is
close to 2.5V and eventually correct the
setting ol L1.

92,

NOAA HRPT RECEIVER
AUX FRAME
SYNCHRONISER

The HRPT transmission includes the

data originating from all of the sensors

@
onboard a NOAA satellite (2), (3). The
serial data is organised into words and
frames. Words are 10 bits long and the
MSB is transmitted first. One frame

_includes 11090 words or 110900 bits so

that exactly 6 frames are transmitted in
one second at a speed of 665 .4kbit/s.

The frame rate is also synchronised to
the main radiometer (AVHRR) mirror
rotation, so that one frame contains the
data of one AVHRR scan line. The
AVIIRR image data takes most of the
frame and consists of 10240 words,
starting with word 751 and ending with
word 10990. The first five words of the
AVHRR data correspond to the first
pixel data in five spectral channels. The
following five words correspond lo the
second pixel. Finally, the last five words
off AVHRR data correspond to the last,
2048th pixel.

Fig.23:

NOAA HRPT
receiver, Aux Frame
Synchroniser

upper side

Fig.23:

NOAA HRPT
receiver, Aux Frame
Synchroniser

il lower side
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Fig.25: NOAA HRPT Receiver Aux Frame Synchroniser Component Overlay

Frame synchronisation is achicved by
detecting known patterns in the frame
structure. In the NOAA HRPT [rames
there are two such patterns: a 6 words
(60 bits) long frame sync at the begin-
ning of a frame and a 100 words (1000
bits) long auxiliary frame sync the end
of a frame. Both patlerns are not
arbitrary, but are generated by math-
ematical algorithms, known as binary
polynomial division. Besides interesting
mathematical properties, these patterns
arc also easy to generate with shift
registers and EXOR gates.

However, in real receiving conditions,
some bits may get corrupted due to a
poor signal-to-noise ratio. This is espe-
cially true in an amateur receiving

station with a small antenna. Of course,

bit sync and frame sync should not be
lost with moderate bit-error rates. There-
fore the frame sync circuit should not
just be able to detect the sync pattern
but should also tolerate a certain amount
of errors in the sync pattern. Simply
speaking, the frame synchroniser should
lock on a signal even if just an arbitrary
part of the sync pattern is received
correctly.

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

148

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

XFF10+X X520+ X +],

The frame synchroniser includes an
identical shifl register with an identical
EXOR network. The incoming data is
fed to the shift register and compared
with the locally computed result at the
same time. 1f the two results match, the
incoming sequence corresponds to the
given polynomial.

If a match is found for 64 consecutive
bits, the 4520 counter will signal that
frame sync has been achieved. However,
the exact position of the detected sync
sequence inside the 1000 sync bits is not
known yet. Therefore the 4011 gates
switch the EXOR network back to the
shift register input and the circuit is
clocked on until the shift register
reaches the all-ones state.

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
inhibits the aux frame-sync circuits until
the next expected aux frame-sync pat-
tern. The timer output also drives the
frame-sync LED.
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The auxiliary sync pattern detector de-
scribed is also sensitive to a long
sequence of zeroes. Since the latter do
not represent a valid sync signal, the
circuit is inhibited by the 4029 counter
as soon as |2 consecutive zeroes are
detected. In a valid aux sync pattern
there are at most 9 consecutive zeroes,
since the 10-stage shift register pattern
generator never goes through the all-
zeroes state.

@

Fig.26;

NOAA-11 HRPT
Image (VIS2) of
Slovenia and
Neighbouring
Countries (15/08/94)

The frame synchroniser described
checks 64 consecutive bits. Since the
shift register needs to be filled with 10
valid sync bits first, a correct reception
of 74 syne bits is required to trigger the
described frame synchroniser,

These 74 bits may occur anywhere in
the available 1000 aux sync bits. There-
fore the described frame synchroniser
will lock reliably even at bit-error rates
as poor as 10%%-2,
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The NOAA HRPT receiver aux frame
synchroniser is built on a double-sided
printed-circuit board with the dimen-
sions of 60mm x 120mm. The upper
side is shown in figure 23 while the
lower side is shown in figure 24. The
corresponding  component  location s
shown in figure 25,

Being a completely digital circuit, the
described aux frame synchroniser should
not require any alignment. It is however
necessary to understand its principle of
operation in the case when troubleshoot-
ing is required.

Warning! The circuit includes a “dilfi-
cult” component: the 4068 AND/NAND
gates. These devices should be supplied
by the companics RCA or SGS. The
4068 devices trom other manufacturers
are only NAND gates with the output on
pin-13, while pin-1 is not connected. If
the latter are used, two additional
CMOS inverters arc required to perform
the AND function on pin-1. 74HC4068
devices were nol tested yet, so these
may be AND/NAND devices.

10.
NOAA HRPT RECEIVER
CONSTRUCTION NOTES

signal levels range from the noise floor
up to ITL levels. To avoid harmful
interaction it is recommended that the
downconverter, local oscillator multi-
plier and IF amplifier are located in one
shielded container. The PSK demodula-
tor, bit synchroniser and frame synchro-
niser may be localed in a separated
shielded container, maybe together with
the computer interface. More informa-
tion about the installation and shielding
of microstrip and other RF circuils can
be found in (9), (10).

Before building the described circuits
one should first check what kind of
signals are required by the computer
interface. If the latter requires the
frame-sync pulse, some variable delay
may be required using shifl registers
and/or counters. The polarity of the bit
clock may also be reversed. Lven if the
receiver is not used with the “DSP
computer”. it is recommended to check
(11)y to understand the operation of
NOAA HRPT computer interfaces in
general.

Of course it is hoped that everyone is
able to reproduce high-quality pictures
like the onc shown in figure 26.

In the above description, the operation
and construction of the various parts of
the NOAA HRPT rcceiver was dis-
cussed.

When assembling the complete receiver,
one should however notice that the
overall gain is rather large and the
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Wolfeang Schneider, DJSES

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

up to 1.4 GHz

Following the introduction to the
subject of VHF, UHF and SHF meas-
uring using a PC, we now come to the
real focal point of this series of
articles - the development of a high-
frequency test rig for up to 1.4 GHz.

Specifically, this means a frequency
synthesiser, an mW meter, a wobbler
and a spectrum analyser, combined
into a measuring apparatus.

The result of all this is no miracle
machine, but with minimal use of
hardware a high-frequency test rig

mW-Mater, Steuerung| -| - CeNtronicy
Synthe-
sixrer
Wobbler
Il;l'v“l’
— .. . DJBES

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

1
CONCEPT

The PC takes over control of the
individual assemblies (Fig.1) and of
plotting the test results on the screen. A
“486", such as is common nowadays, or

| Fig.1:

—====%  The PC Controls all
Functional Units
2 Steurung = Control, Kabe!
= Cable, Messung =
Measurement
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Fig.2: Automated Logic Diagram of High-Frequency Test Rig up to 1.4 GHz
Und = And, Detektor” = Detector, Mischer = Mixer, Tiefpass = “Band
pass, Regler = Controller, Log. Detektor = Logarithmic detector,

Ausgang = Output

even a “386” with a hard disk and a
colour monitor, can meet the require-
ments.

The interface between the PC and the
hardware is provided by a Centronics
printer interface (e.g. LPT 1), which
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:

— VCO with PLL (700 - 1,400 MHz)
— Mixer with LO (10 - 700 MHz)
— PIN diode controller

— Diode detector

— Analogue / digital converter

— 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 / D
converter

— Synthesiser: VCO and PLL, mixer
and LO, PIN diode controller

— Wobbler: VCO and PLL, mixer and
LO, PIN diode controller, diode
detector and A / D converter
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- Spectrum analyser: VCO and PLL,
mixer and LO, PIN diode controller,
mixer and logarithmic intermediate-
frequency amplifier and A / D con-
verter

These relationships and the circuits will
be dealt with more specifically in the
appropriate section. Thus, for example,
the inter-action of the diode detector and
the A / D converter in the mW meter
will be described separately.

2.
PC INTERFACE

The standard equipment for the Centron-
ics printer interface includes an 8-bit
data output, a 5-bit input capacity and
also 4 output lines. A comprehensive
description explaining the functioning
and, above all, the control of this
interface can be found in Part 1 of this
series of articles [1].
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Fig.3:

The High-
Frequency Test
Rig in Experi-
mental Form

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 us.

Connection Pin (24) Pin(36)
Data | £ 2
Data 2 3 3
Data 3 4 4
Data 4 5 5
Data 6 5 5
Data 7 8 8
Data 8 9 9
Strobe 1 1
Auro Feed (FF) 14 14
Reset 31 16
Sel In 36 17
PE 12 12

2.1.  Circuit Description

Controlling all the test rig hardware
requires more lines than are available in
the Centronics interface. This applies
both to the control of the individual
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Fig.4: Interface Card for Connection to Centronics Interface
Datenbus = Data bus, Regler = Controller, Stenrung = Control

assemblies, e.g. the A / D converter, and  onto the individual IC pins on the
to the lines connecting the units to each  underside of the board.
other.

4 type 74HCS73 data latches distribute
the data (Fig.4). The control data from
the PC are deposited in the associated  The double-sided interface card boards
latch by means of a transfer pulse. An  (DJSES 029) have only a Centronics
additional IC 74HC573 acts as a bus  socket, 5 74HC573 data latches and the
drive. The blocking-off capacitors (100  associated rod strips for the internal
nF) for the 5-V operating voltage are in ~ wiring of the rig (Fig.5). The data bus is
SMD format and are soldered directly  through-hole plated with short pieces of
wire.

2.2.  Assembly Instructions

74HC573

FLTIYT

[1od-gg) esyong-souoyus

: : ; S e
Fig.5: Component Overlay for Interface Card; Buchse = Socket, Pol = Pin
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Fig.6:

Prototype Interface Card

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

of stability and secondly to guarantee a
good earth connection.

2.3. Parts List

5 x 74HCS73 5 x 100 nF (SMD,
model 1206) 1 x  Centronics socket
(print model) 4 x rod strips (8-pin) 2 x
M3 screws (10 mm. long) with nuts 3
x solder posts (1.3 mm.) c¢/w plug | x
DIBES-029 board

3.
FREQUENCY SYNTHESISER

wo— 51

As has already been seen in the auto-
mated logic diagram (Fig.2), the com-
plete frequency synthesiser consists of
three assemblies; VCO with PLL, mixer
and PIN diode controller. When these
are inter-connected, the combination
covers the frequency range from 10
MHz to 1,400 MHz. The output level
here can be adjusted between 10 mW (-
10 dBm) and 10 W (-20 dBm).

.= Out far
J. Mischer

_ T Za Fig.7:
T Tt ¢ *%  Wiring Diagram of
0T = s s SCL 700 MHz - 1,400
- L SDA3302, . gpp MHz VCO
ﬁo-'} Fiir Mischer = For
—

mixer
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Fig.8: VCO Prototype with PLL

3.1. VCO with PLL
3.1.1. Circuit Description

The VCO, with a MSA 0883, spans the
frequency range from 700 MHz to 1,400
MHz.  The combination of three
BB621°s and the inductive resistor, L, is
used for tuning. The signal then passes
through the amplifier stage (equipped
with an MSA 0483) and achieves a
good 20 mW of output power (Fig.7).

The VCO has a special output of app. -
10 dBm, which avoids saturating the
mixer and thus creating unnecessary
inter-modulation products.

The SDA 3302 component, familiar
from TV engineering, acts as a control
circuit (PLL). This makes tuning steps
of 62.5 kHz possible in the above-
mentioned frequency range.

The frequency data required are serially
transferred to the PLL module from the
PC through an I2C bus (SDA = data,
SCL = clock).

3.1.2. Assembly Instructions

The complete circuit is assembled on a
two-sided coated epoxy board, with
dimensions of 54 mm. x 72 mm.. 1t thus
fits into a standard tinplate housing,
dimensions 55.5 mm. x 74 mm. x 30
mm. (Fig.8).

Drill-holes should be cut out on the
earth side with a 2.5 mm. drill. Only the
earth contacts are to remain!

The assembly of the VCO and the
subsequent broad-band amplifier has
been described in detail by DF 9 IC in
[2]. The frequency is essentially deter-
mined by the length of the inductive
resistor, L, and fine calibration is also
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 additional details can be taken from
the components diagrams (Fig's.10, 11).

As always with relatively high frequen-
cies, special attention should be paid to
an assembly suitable for high frequency
- short connection wires are an absolute
must! This can not be said too often.
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Fig.10: Components on Foil Side of VCO

Fig.11: Components on Earth Side of VCO
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Fig.12:
Prototype Mixer / LO
Assembly

3.1.3. Parts List 1 x 47-nF MKT capacitor
Ix  SDA 3302 (Siemens) LI BEGIC g
g MSA 0885 (Avantek) 1 x U.]:p_ll- MKI. cap.acnor
| x  MSA 0485 (Avantek) 0 i, basie gHid
: : I x 0.22-uF MKT capacitor
3x BB 621 capacitance diodes ’ il
- BC 549C (Valvo) 10 mm. basic grid
2, S L S T _ 5 / . i £
Pk dMHzeystal BCISUEcsy: ¥ 12071 Wocabon film
i 22-pF foil trimmer resistor in 12,5 mm. basic grid
: EVaIvu grc.cn) I x 150€2 / 1 W, carbon film
TE resistor in 12.5 mm. basic grid
U310 I| = o & I-:??p
30 M oo =
|—"-{.. . Ii. || ém BfRQUG.. I I
i} ._?!’I? T - ‘\ L
! E Iﬁ;unr f -- ) \ |-o HFHQ’UCI bu""al) 5|
[ |
g B
TR
:I_;“ 1 ! .L”IiI ﬁ ¥11,4GHz
in . ““ 1
:?_ 'I_]mr‘ l-l e = e : = _lL i{;al_;_\ RIS BT
I 5 N & h ek
Tra Im
T ¢ s
VCO (Br—— |F 3
Sl {T 2 ‘"_r- CRe B BE T %—“— <] out
a ——f .- - - T =Gy
& I:pv %3;‘12 =1 = I-Bp‘?. ,:_ i
o I MSAQ104 =" == MS5A1104
o Z

DJBES

Fig.13: Circuit Diagram of 10 MHz - 700 MHz Mixer
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Fig.15: Components on Foil Side  Mixer

1 x tinplate housing Ceramic Capacitors 2.5mm Grid
55 x 74 x 30 mm. 6 x | nF

R vpesmeg, T Iong and in SMD format (model 0805 or
CuAg @ 1 mm. (see text) 1206)

2x SMA flanged bushes (4-hole) 7% 510hm

Sx Teflon bushings 15% 1 pF

Ix DIJ8ES-030 board 1% 1 nF

1/8 Watt resistors, 10 mm. basic grid

2x 1k

2% 22k
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3.1.4. Putting into Action

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

First the tuning range of the VCO
should be tested. For this purpose, the
control circuit is disconnected (collector
BC 3549C). With a tuning voltage be-
tween 0 V and 30 V. the oscillator must
cover the frequency range 700 MHz to
1,400 MHz and more. The output power
is an almost constant 20 mW over the
entire frequency range.

3.2. Mixer/LO

So that the lower frequency range can
also be used, a mixer / LO module is
wired up subsequent to the VCO
(Fig.12). This provides functional access
to the range between 10 MHz and 700
MHz.

3.2.1. Circuit Description

The local oscillator required (117 MHz)
is created with the oscillator circuit
which is normal in amateur radio circles,
using a U310. The subsequent twelve-
fold circuit with 3 x BFR 90 A (Fig.13)
gives an output power of app. 20 mW at
1,404 MHz.

An SMD-C3 serves as a mixer module,
followed by an MMIC MSA 0104, the
9-pin deep-pass filter, and an MSA 1104
as an additional amplifier. A level of
max. 50 mW can be expected at the
output to control the PIN diode control-
ler over the range from 10 MHz to 700
MHz.

@
3.2.2. Assembly Instructions

The mixer with the LO is also created
on a double-sided coated epoxy board -
the dimensions are 54 mm. x 108 mm..
The circuit thus fits into a standard
tinplate housing with the dimensions
555 mm. x 111 mm. x 30 mm..

The through-platings on the ring mixer
(SMD C3) are of 1.5 mm. CuAg wire,

while 3 mm. long hollow rivets have
been used for the other platings,

Otherwise, the type and manner of
assembly are the same as those for the
VCO assembly. The position of the
assembly elements can be taken from
the components diagrams (Fig.14 and
Fig.15) for the foil side of the DISES
031 board.

The SMD-C3 mixer should be soldered
on only following the complete calibra-
tion of the frequency multiplier stages.
The assembly can thus be put into
operation faster and more easily.

3.2.3. Parts List

1x MSA 0104 (Avantek)

1 x MSA 0304 (Avantek)

Ix 78L09, voltage controller

1x U310 (Siliconix)

3x BFR 90A (Valvo)

1 x SMD C3, mixer

1 x 117 MHz crystal, series
resonance, HC18-U or HC25-U

1 x BV 5061, Neosid, 0.1 pH

blue / brown
3x 5 pF Sky-Trimmers (green)
2x 6 pF foil trimmers (grey)
2x 22 pF foil trimmers (green)
7 x 1 nF trapezoid capacitors
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Fig.16: Pin Diode Controller

Fig.17:
Pin Diode Controller
Prototype
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I x

1x

1x

2x
16 x
1 x
I1x

1pF/20V

tantalum electrolytic capacitor
10 pF /20 V

tantalum electrolytic capacitor
tinplate housing

55 x 111 x 30 mm.

SMA flanged bushes (4-hole)
hollow rivets, length 3 mm.
Teflon bushing

DJSES-031 board

1/8 Watl resistors, 10 mm. basis grid

4 x
2 x
1o

[ — D
E A A A

b —

47 Ohm
68 Ohm
100 Ohm
120 Ohm
220 Ohm
1.5k
10k

15 k

Ceramic capacitors, 2.5 mm. basic grid
1 x 10 pF

1 x 82 pF

7 x 1 nF

1 x 100 nF

All SMD capacitors (model 0805)
Yoy 2.7 pi :
2% 3.9 pF

2x 8.2 pF

1x 10 pF

Ix I nF

3.2.4. Putting into Operation

With an operating voltage of + 12 V,
the assembly picks up about 160 mA of
current. Only 50% of this is allocated to
the two amplifiers MSA 0104 and MSA
1104,

39CV NZ

(eeocoose:
drdedsdidsd,d o

Fig.18: Pin Diode Controller Components Diagram

Relais = Relay
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Fig.19: Foil Side Components

After the oscillator (U310 with a
BV5061 coil) has been made to oscillate
at 117 MHz, the frequency multiplier is
calibrated step by step. With the VCO
connected up, the mixer achieves an
output power of max. 50 mW in the
range between 10 MHz and 700 MHz.

3.3. Pin Diode Controller

3.3.1. Circuit Description

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

The control circuit is voltage-controlled
and is controlled by the PC by means of
a D/ A converter (ZN 426E). Thus with
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8 bits, about 256 steps are generated in
all in the 0 to 2.5 V range for every 10
mV.

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 dB
at the upper frequency limit of 1,400
MHz (Fig.17).

3.3.2. Assembly Instructions

The pin diode controller is created on a
double-sided coated epoxy board. The
dimensions are 54 x 72 mm.. The circuit
thus fits into a standard tinplate housing
which has dimensions of  55.5 mm. x
74 mm. x 74 mm. x 30 mm..
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The position of the assembly elements
can be seen in Fig.18 for the compo-
nents side, and in Fig.19 for the foil
side, of the DJ8ES 032 board. In other
respects, the same assembly instructions
apply here as for the assemblies already
described.

3.3.3. Parts List

ZN 426E-8, D / A converter
MSA 1104 (Avantek)

LM 324
78109, voltage controller
BC549C

BC848C (SMD)
IN4148 (SMD)
BAS595 (SMD)

) e e e e e
b S S

-

2 k€2, trimmer
(vertical, 2.5 mm. basic grid)
1 x 120Q/1W

12.5 mm. basic grid
1 x 1 uF /35 Vtantalum
1x 10 uF / 20 Vtantalum
L% RK 1-12V, relay (Matsushita)
3x SMA flanged bushes (4-hole)
1x post strip (8-pin)
3% Teflon bushings
5x hollow rivets (3 mm. long)
% tinplate housing

55 x 74 x 30 mm.
b DJBES-032 board

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

1 x 4.7k

2x 10k

Ceramic capacitors, 2.5 mm. basic grid
1x 1 nF

3x 4.7 nF

2x 10 nF

and in SMD format:

3x 10 uH chokes
1x 4,7 uF /25 V tantalum

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

1 x 1.5k
4 x 10 k
TikK 4.7 nF

3.3.4. Putting into Operation

The PIN diode controller needs two
operating voltages: + 12 V / 65 mA for
the analogue section and + 35 V/ 10 mA
to operate the ZN426E D / A converter,

For calibration, the spindle trimmer
must merely be set in such a way that a
high-frequency signal can be fed in and
given maximum amplification. For this
purpose, the data connections DO to D7
must be connected to ecarth, which
corresponds to a D / A converter output
voltage of 0 V.

The entire assembly has a transit ampli-
fication of app. + 3 dB.

The output level can later be reduced to
the desired value using the program.
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Please accept our apologies for an error which appeared in Fig.3 (page 3).

The

supplies at the bottom right-hand side of the diagram were incorrect. The corrected
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Gunthard Kraus, DGSGB

Design and Realisation of
Microwave Circuits

Part-3

6.2.7. Board Layout for both
Versions of the Circuit

For a project on a board, we also need
the width and the length of the striplines
used. But for this purpose we also need
to carry out a few more simulations:

Pufl’ in fact also supplies us with the
behaviour of the circuit for “non-ideal
striplines”, in which the losses through
the board and the skin effect are taken
into account, together with the disper-
sion (= scattering, i.c., for example, the
emergence of lines of electric flux at the

edges of the stripline and the consequent
impedance level changes, clc.).

Here, experience shows that the more
accurate the material data are the more
precisely the simulation will reflect
reality, and the discrepancies can be
reduced to less than %!

For this purpose, the Puff file for the
amplifier circuit to be processed has
first to be loaded into the word proces-
sor and the board material data have to
be entered. For the FR4 material with a
thickness of 1.5mm. and 2 x 35um.

\b{oard} .puf file for PUFF, version 2.0}

d {display- 0 VGA or PUFF chooses, 1 EGA, 2 CGA, 3 One-color}
o 1 {artwork cutput format: 0 dot-matrix, 1 LaserJet, 2 HPGL file}
t 0 {type: O for microstrip, 1 for stripline, 2 for Manhattan}

zd 50.000 Ohms (normalizing impedance. O<zd)

fd 1.693 GHz {design frequency. 0<id}

er 4.300 {dielectric constant, er>0)

h  1.500 mm {dielectric thickness. h>0}

s 150.000 mm {circuit-board side length. >0}

¢ 0100 mm {connector separation, ¢>=0}

r 0.010 mm {circuit resolution, r>0, use Um for micrometers}

a 0.000 mm {artwork width correction.}

mt  0.035 mm {metal thickness, use Um for micrometers.}

sr 2000 Um {metal surface roughness, use Um for micrometers.}

K 1.5E-0002 {dielectric loss tangent.)

cd S5.8E+0007 {conductivity of metal in mhos/meter.}

p 5.000 {photographic reduction ratio. p<=203.2mm/s}

m 0600 {mitering fraction. D<=m<1}

it

Table 1
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pr———== F2 : PLOT ==
Points 499
Smith radius 0.20

f  1.6948 GHz
0821 15.0848 -60.3°
X §22 -24,254B 178.0°

=== F1 ! LAYQUT =

Time 24.9 secs

a | 47vH
b 1 15nH
c tline? 71.83n 91.2°

d tlinet 141.50 91.2° 20
a device cfyl0.dev

f tlinet 141.50 34.4"
g tline?! 141.50Q Gmm
h tline? 50.50 91°

+20db

Isl
daB

copper plating, it should look like this
for 1.693 GHz - the important entries
are marked out in bold and the rest of
the file, with the S-parameters, etc. is
left out (Table 1),

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 stripline, an exclamation mark,
"1, is now placed directly after the
entry “tI” 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

168

YT
Fig.13: “Puff” Screen Print-Out: Ideal Amplifier with CFY 30

F1. 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 F1 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 F2
has to be stored under a suitable name,
using the command “CTRL s”), then we
obtain a Puff 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: Printed Circuit Board Layout
for Circuit with Directly
Earthed Source Pin and
Negative Gate Bias Voltage

Move thé¢ cursor back to the line in
question in field F3, delete the exclama-
tion mark after “tI” or “tline” - for
example, by pressing the space bar - and
re-enter the equals sign. The length, I,
‘and the width, w, of the selected
microstrip appear immediately in dia-
logue field F1. Make a note of these
readings and do not forget to re-enter

Component Description Z in Q
c Microstrip 71.83
d " 141.50
f " 141.50
g 4 141.50
h ! 50.50
Table 2

Fig.16: Layout of Circuit with Source
Resistance and Capacitive
Source Farthing

the deleted exclamation mark in field F3
afterwards. Repeat the process for all
lines to obtain the following list (Table
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.

El. 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
91.00 Grad 24.614 2.874

169



VHF COMMUNICATIONS 3/97

I am making no recommendations here,
as there is a very wide choice. | myself
still enjoy working with Geddy-CAD,
which is frequently to be found on
clectronic CID’s, on  diskettes or in
mailboxes. Once you have cleared the
initial hurdles, it is extremely suitable
for the direct drafting of Puff layouts.
{Contact the publishers for more details
on Geddy CAD.)

Fig.14 shows the finished layout. The
board and the components for the circuit
version with a directly earthed source
pin and an IC 7660 for generating the
negative gate bias voltage are depicted
in Fig.15. \
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Fig.15:

Completed Prototype of
Low-Noise Amplifier
Direct Earthing

Fig.16 shows the layout of the circuit
version with the gate earthed by means
of a quarter-wave transmission line and
a shorted-out source resistance. Fig.17
shows the prototypes.

To produce the boards, | use a some-
what unconventional but
practical method. The layouts are
printed out onto transparent paper
(greaseproof’ paper) by the laser printer
on a 1:1 scale, and are used for direct
exposure of the photo-coated FR4 mate-
rial. Conductor widths going down to
0.2 mm. can be handled without prob-
lems. For higher precision requirements
- for example, stripline filters or (small)

thoroughly

Fig.17:

Fully Fitted-Out Prototype
of LNA Capacitively
Earthed Source Pin
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series production - the drafts are magni-
fied before printing until they just fill a
DIN A4 sheet. They are then printed out
onto purc white paper with as smooth a
surface as possible, and then this is
filmed, with the film, again, showing the
board on a 1:1 scale. In this way,
printing errors during scaling down are
greatly reduced, and we can get down as
far as a 0.1 mm. track width.

The layvouts themselves, of course, are
the product of any amount of experience
and likewise of many mistakes and
discarded habits. So there [ollows a
series of clarifications, which can also

be consulted during the drafting of

additional converter circuits:

a) Earth surfaces should be selected to
be as large as possible. The mini-
mum distance between them and the
striplines  should be | to 2 x the
thickness of the board. Thus, firstly,
the impedance level of the line is not
too strongly influenced, 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 of the nput
section (— gate area), the source area
and the output section (= drain area)
must be separated [rom one another,
as otherwise there will be more and
more of a tendency to oscillate due
to couplings of one kind or another.

These individual surfaces should now
be connected to the continuous earth
surface on the underside of the board
in as low-impedance and low-induc-
tive a manner as possible. In practice
{e.g. with SAT-LNC’s), this is done

¢)

=TS

@
through many little holes which are
then through-plated. | don’t have this
option, and found a solution in a
Philips application circuit with silver-
plated hollow rivets of 0.8 mm.
diameter.

The source connection is particularly
critical for the layout, since every
effective or blind resistance has an
immediate negative feedback effect
here. The consequences can never be
forecast precisely. but can be esti-
mated using a Puff simulation;

The amplification often falls more
rapidly than cxpected in the upper
frequency range, but just as ofien the
input or output reflection exceeds |
and the circuit oscillates!

"The manufacturer therefore also con-

nects this electrode diagonally to two
pins of the housing; firstly as a
screen between the gate and drain,
secondly to halve the impedance to
carth, as now both pins are wired in
parallel. :

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

A Puff simulation can be used at any
time to demonstrate that even
changes of InH in the gain slope
have a noticeable effect above | to
1.5 GHz!

When soldering on SMD compo-
nents, you must ensure that these
through-platings or hollow rivets do
not become full of zine, for any bore
which is full is ineffective ‘or high-
frequency work, because of the low
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penetration depth (= skin eftect!) at
these high frequencies the current
path through this bore is blocked! In
this way, unfortunately, the ftotal
inductance of the through-platings
then increases again somewhat, and
we give away the advantages we took
so much trouble to obtain.

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

f) Once capacitors become necessary in
any high-frequency path, several
SMD chip capacitors are connected
in parallel, il possible. This again
reduces the total inductance of the
configuration, and the coupling or
earthing becomes more broad-band.

g) Should it not be possible to gain

Js inF + 3 Ohm + ZnH

I €I

—

tlinet 141, 5 Ohm
LBnge, 31,2 Qrad

t1lnet BD,5 Ohm 0,3%pF

LBngs, 3mm

10nH + 3 Obm

0.13pF

tltnel 71,83 Ohm I

L&nge: 91,2 Grad

control of the tendency of an ampli-
fier circuit to oscillate. in spite of
these measures, SAT-LNC’s tried
and trusted method using damping
material made of conducting foamed
material can be turned to on a trial
basis.

These strips or panels of black foamed
material are used as packaging material
for CMOS-IC’s. As a trial, a suitable
piece is placed onto the circuit, and a
test is carried out of how effective it is
in damping. Subsequently, this material
is glued to the inside of the housing
cover (if gluing is necessary). Of course,
there are very wide divergences in the
effects of the various materials in circu-
lation. For micro-wave engineering, the
versions with low surface resistance are
required, which can be recognised by
the fact that they have a resistance of
max. 10 to 100kQ, measured al a
distance of 10mm.. Moreover, these are
usually the “harder” versions of the
foamed material.

47nH « 13 Ohm

t1Tnel 3141,5 Ohm
L&nge. Emm

103gF + 1 Ohm + 1,5nH
tllne? 50,5 Dhm

LBrge: 3mm
aur

tadef + 1 Ohm + 1,5nH

141,5 Chm
34,4 Orad

tiinel
LBnga:

D,13pF

-L 0,13pF
I

le 1,.5nH

Fig.18: Advanced Simulation Circuit using Puff

Léinge = Length
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Kig.19: Puff Screen Print-Out: Simulation Result for Circuit with Directly
Earthed Source Pin: Amplification 1 821 I from 0 to 2 GHz

6.2.8. Simulation Results and Test
Readings of the Version with
Directly Earthed Source 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 oscilla-
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) At all soldering points in the high-
frequency stage which do not form
part of a stripline, a capacity of app.
0.1pt" must be provided for the
“soldering scab”™ towards the under-
side of the board, i.e. the continuous
earth surface. A value of 0.13pF
produced the best agreement between
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 somewherz in the
manufacturer’s data books which
gives the impedance gradiert up to
the maximum frequencies. The re-
placement values can be calculated
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+10
20
.1\ Fig.20:
Sa1 Comparison of
A40ds Simulation Result
Iilll and Measured

Values for Circuit
with Directly
Earthed Source Pin
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Teelz ¢ 7T 9100 (to 10 GHz
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from this, or from the self-resonant able self-capacitance, its inductance
frequency and the rise in impedance has already risen to 13 nH. Accord-
above the self-resonance. ing to the data sheet.its self-resonant

frequency lies at 2,300 MHz". I
have measured values of between
2.500 and 2,600 MHz.

- For the chip capacitors used at 10pF.
made of the material NPO. a series
circuit is thus obtained, as a suffi-

cient approximation, from 10pF - Its replacement wiring diagram gives
€2 + 1.5nH. an inductance of 10nH in series with

a resistance of 3Q, A 0.37pF capaci-
tor is wired in parallel with this
series circuit.

¢) The SMD coil, with 10nH at the gate
of the FET, has a quality grade of 50
at 1,700 MHz. Due to the unavoid-

le 1nf + 3 Ohm & 2nH

I

47nH + 13 Ohm

tiinet 141,5 Onm
LAnge., Emm

tilnet %47,5 Ohm

Langs, 91,2 Grad 100sf « Y Dhm & 1,5nH

tiinal 1415 Che
34,4 Grad

tiine! 50,5 Ohw

' Lange: amm
our

=HH

100pF +« ' Onm + 1,5nH

I— a,13pfF

Lengs.

f1lnal 50,5 Ohm
Linge: 3mm

(N 27—

100pF + 1 Ohm

nH
% 0, 13afF

tiiney 71,83 Ohm

Lange:, 81,2 Graz

3 % Je 100pF « 1 Ohm + 1,504

Fig.21: Replacement Wiring Diagram for Circuit with Capacitively Earthed
Source Pin
Liinge = Length
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Fig.22: Puff Screen Print-Out: Gain Slope 1 S21 1 for Circuit with Capacitively
Earthed Source Pin in Simulation / Measured Values Comparison from

0 to 2 GHz

d) The SMD choke with 47nH (in the

drain circuit), has a quality grade of

app. 30 to 40. In addition, the
unavoidable self-capacitance, of app.
00.2pF, should be taken into account,
as this forms the basis for the
self-resonant frequency given in the
data sheet. Because of its size 1210
SMD, the throttle also needs a
soldering scab about twice as big,
and with double the capacity.

For this component, a series circuit is
used, with values of 47nH and 13€,
parallel to which lies a capacitor,
with a total value of 0.2pF + 0.13pF
+ 0.13pF = 0.46pF.

e) At the source connection, the
through-platings from the two earth
scabs on the top face to the bottom
carth surface, in the form of two
inductances (each of app. 1.5 nH)
between the source pin and the carth
potential, are to be taken into ac-
count in the simulation.

But in addition the following change is
necessary:

The entry for the GaAsFET used in the
F3 parts list must be amended from
“device c¢fy30.-dev® to “indef
cfy30.dev”. That means a “dipole” is
suddenly converted into a “tri-polar
network™, and the source connection,
which was previously not accessible, can

175



@

VHF COMMUNICATIONS 3/97

now be earthed through the two parallel-
wired coils, each of 1.5 nH.

f) On the feed for the negative gate bias
voltage, rather high capacity values
were set for the ecarthing using
“standard materials™ at the end of the
quarter-wave fransmission line, to
make the screening more broad-band.
This naturally leads to somewhat
higher losses and series inductances,
so a4 new component has to be
entered in the F3 list for this.

So we come to the Puff simulation
circuit as per Fig.18. Anyone who now
starts to complain about the confusion
and the lack of room when entering
numerous components in layout field F1
may be interested in a tip:

Define a “resistance with 0Q", ie. a
shunt. You can now extend the “con-
necting legs” of the components. T have,
of course. discovered that this works
correctly only at low frequencies, and
that in broad-band simulations up to a
few GHz - above all, as soon as
striplines come into the picture - signifi-
cant errors will be observed. as against
the “‘original circuit”, so be careful!

Finally, Fig.19 shows the new simula-

tion result.

Anyone who is surprised, when the
simulation starts, to receive the message
“Danger - Circuit too big for Puff, not
enough memory” need only make a
significant reduction in the number of
plot points. In certain circumstances, it
makes sense to reduce them to only 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 for the
gain slope for the frequency range from
100 MHz to 2 GHz should be plotted
into the frequency response curve. The
approximation is already very close!

In the range between 1 and 1.5 GHz,
Pufl’ prophesies that amplification will
be too low. the reasons for which might
well be:

a) As the frequency decreases, the
board material losses also diminish,
but calculations are carried out using
a constant loss factor of 0.015, which
then becomes too high

b) For coils and capacitors, Puff can
calculate only for a constant loss
resistance, but not for a constant
quality, as would be the case in

20
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Fig.23:

Expanded Simulation
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Fig.24: Basic Structure of a Calibration Device
HF-Signalquelle = High-frequency signal source, Koaxiales
Dimpfungsglied = Coaxial damping module, Koaxialrelais = Coaxial
relay, Semirigid-Kabel = Semirigid cable, Meflobjekt = Measurement

Object

practice: so the serics resistances for
blind components arc too high at
relativelv low frequencies

Finally. it was also of interest to know
up to what frequency the PufT simulation
supplies a result which can be used in
practice. So Fig.20 shows the calculated
and measured gain slopes in a joint
diagram, up to a [requency of 10
GHz.

It can be seen from this that up to about
5 GHz the simulation model drawn up
provides results which are confirmed by
the measurements, For frequencies
above this, a more accurate replacement
circuit has to be worked out first, and
tests also have to be done to determinc
whether wave guide effects are already
playing a part in the closed housing.
Morcover, the capacitive couplings be-
tween the wvarious areas of the board
(with values markedly below 0.1pF) can
no longer be neglected.

6.2.9. Theory and Practice in the
Circuit Version with Capaci-
tively Earthed Source Pin

In principle, the existing circuit is used
for the simulation, but in the source arca
it includes the replacement circuits for
three parallel-wired capacitors, each of
100pF, and the source resistance with
22Q  (Fig.21). Please remember that
even such a little mite of an SMD
resistance as a model 0805 has a
self-inductance. It was determined by
the measurement circuit as approxi-
mately 0.8nH and has been immortalised
in the F3 parts list. If this is too much,
you must help vourself a bit by linking
two components in a parallel circuit,

It would also be a rewarding task to
reduce the connection soldering scabs
for all SMD components used in the
high-frequency branch (FET’s, throttles,
capacitors, resistances. etc.) in order to
reduce the interfering capacities towards
the continuous earth surface. but the
minimum size of the soldering scabs is
very firmly based on the solderability
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and positioning accuracy of the compo-
nents!

The rest is now almost routine, and
leads to the results depicted in Fig.22
(frequency range 0 to 2 GHz) and
Fig.23 (frequency range 0 to 10 GHz).
The measured values should again be
entered as well, so that they can be

compared with the simulation. In the

range between 0 and 3 GHz, the
response  differs  only insignificantly
from the version with a directly carthed
sourced pin. Above this, the chip ca-
pacitors begin to cause concern, and at
app. 8 GHz create a resonance peak
with 12dB amplification.

To sum up, it can be stated that:

a) Right up to 3 Gllz and above, the
two circuit versions not only display
almost identical Irequency responses,
but display messages which very
precisely confirm the predictions
made by Puff. '

b) If the source connection is earthed
through several chip capacitors, then
above 3 GHz divergences occur,
which have their origin in the imped-
ance cycle of the source earthing
component. The circuit with direct
earthing of the source connection
displays a more uniform response
there, without the extreme resonance
step-up. For this reason, it should
probably be controlled rather more
strictly and should display less
broad-band noise. You should just
test the use of the wickedly expen-
sive 10-GHz ATC chip capacitors,
which consist of a solid porcelain
chip.

c) For the housing construction, the
178

layout, the selection of components
and the mounting, there is a series of
rules, the infringement of which is
immediately punished by unsatisfac-
tory frequency responses, or even by
a tendency to oscillate.

d) As soon as vou have some experi-
ence in estimating all the effects
involved and the behaviour of the
components correctly, you can virtu-
ally have blind faith in Puff’s predic-
tions - to such an extent that, after
initially trying out a new circuit with
Puff, you can draft more and more
complicated replacement images, to
determine where measurement diver-
gences will arise.

6.3. A Few More Measuring Tips

To conclude the chapter on amplifiers, a
few more hints on measurement tech-
nique and on plotting . frequency re-
Sponse curves:

The ideal, and most modern, method, is
to use a network analyser. Fortunately.
there are fellow radio amateurs who use
this kind of equipment at work, and can
occasionally run something through.
However, in order to reach one’s goal
with one’s own measuring equipment,
which is usually rather out-of-date, two
things are necessary:

a) Increased patience and time for
“manual measurement”, since this
involves rotating, adjusting, record-
ing and correcting, and:

b) Constructing a measurement appara-
tus which imitates the “self-calibra-
tion process” of modem equipment
(Fig.24). Here, you can simply
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switch from “Calibrate” (= signal
passing through a section of cable) to
“Measure” (= signal passing through
the object of measurement), or vice
versa. with the help of two SMD
coaxial relays. If, in the “Calibrate™
position, we now turn the output
voltage up until the power meter
shows precisely end-scale deflection.
“Zero dB”, we then finally just have
to switch over to “Measure™ and
observe the rise or fall in the
instrument reading.

The change in the display then exactly
matches the desired amplification or
damping in dB.

Many inherent errors and many fre-
quency responses from the measurement
equipment, cables and connecting plugs
in use are eliminated in this way, as they
have the same effect in the calibration
channel and the measurement channel,
and we are interested only in the
differences.

Of course, different transmission loss
readings from the two relays lead to an

@
incorrigible and permanent crror, so
only the finest kit must be uscd for this
(military  versions, gold-plated SMA
sockets with a frequency range up to
18 GHz, and crosstalk attenuation of
min, 60dB, reflection factors below
10%, etc.). In the same way, vou must
fake an ideal moving load to the test
transmitter by means of a subsequently
switched-in coaxial attenuation member,
to keep down the level of any additional
measurement errors caused by a poor
input reflection factor for the object of
measurement.

Since, in addition. the measurement
range of the power meler docs not
usually exceed 40dB, a reversible cali-
brating line. with 0 to 40dB and a
usable frequency range going up to over
10 GHz must be positioned after the
object of measurement if it is, for
example, an amplifier. In this way, the
rise in the level after an amplifier can be
damped down until it is again within the
range of measurement of the power
meler.

(To be 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.vhfcomm.co.uk
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D.Eckart Schmitzer, DJ4BG

Transistor Calculations using

Rules of Thumb

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

1.
INTRODUCTION

When 1 had to dimension my - first
transistor circuit of my very own for a
piece of industrial equipment, more than
25 years ago, an “old hand” helped me
out with a few rules of thumb. I was
surprised how simple it all really was!
~In engineering faculties, calculations
using h-parameters and other highly
scientific but impractical processes make
this field appear complicated and some-
what mysterious.

I would like to introduce these rules of
thumb, which are founded on an entirely
correct basis, and show how they can be
applied. They can frequently make life
easier for us. Which makes it all the
more amazing that they are so little
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known! True, at first glance these
formulae have little to do with high-
frequency technology, but these basic
principles can be useful here too. As it
is irrelevant for practical application, we
can dispense with their derivation. The
following section explains how the other
formulac can be determined from the
basic formula, step by step, when addi-
tional conditions are taken into consid-
eration. No doubt one or two people can
establish parallels with tube technology!

2.
THE BASIC FORMULA

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

S =39 ¢ I, (mA/V) (1)

For a current of, for example, | mA, the
curve has a gradient or a steepness (S)
with the dimension of a conductance of
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URL

reb

|

Fig.1: The Basic Circuit with NPN

39mASV, at 10mA it is 390mA/V, and
SO On.

It should be noted that only the charac-
teristics of the semi-conductor itself are
being considered here, but not, for
example, feed and contact resistances!

But it can also be deduced from such a
curve that a specific alteration in voltage
is required for a specific current 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 reciprocal value of the steepness:

rd=1/S also rd=1/(39 1) or
rd =26/ 1(Q =mV / mA) (2)

Thus, a current of IlmA gives a resist-
ance of 26Q.

@

3
APPLICATION TO THE
TRANSISTOR

3.1. The Basic Circuit

The same formulae for the basic emilter
diode apply to a transistor in a basic
circuit (Fig.1).

The wiring diagrams are shown in
simplified form and without the compo-
nents for setting the DC operating point.

The steepness of a transistor can thus be
calculated from formula (1), and the
input resistance in the basic circuit (now
referred to as reb) from formula 2.

But this also allows the voltage amplifi-
cation (v) to be calculated:

But the steepness (S) can also be
expressed using formula (1) and then
has:

v=39¢1.9R,  (3b)

But here (lc.RL) is the voltage drop on
the load resistor, from which the (open-
circuit) voltage amplification can be
derived as follows:

V=39 ¢ Up, (3c)

Thus, we can already estimate the
maximum possible amplification of a
transistor amplifier 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 very small, this also applies to
the measurement of the collector cur-
rent, This is somewhat simpler, since the
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Fig.2: The Emitter Circuit

- tuned by the internal resistance of the
instrument.

IT we take the reciprocal value of the
steepness from formula (2), we obtain:

(3d)

But this reveals to us another important
peint, namely that this amplifier would
have to be controlled from a gencrator
with the resistance (RG = 0), since
otherwise a voltage division would take
place between the generator resistance
and the input resistance.

M= R!_ ! Teh

If we now also include the generator
resistance (RG), we finally obtain the
basic circuit voltage amplification:

L RL / (ruh l R‘(r) {4)

But the influence of the generator
resistance can also be regarded as a
reduction in the steepness (negative
current feedback!), if, as has already
been done above, we use the formula
(r = 1/S) and invert it:

S'=1/(rg + Rg) (5)

Here, 5’ is the effective steepness when
there is negative feedback from the
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generator resistance (RG). If, with a
sufficiently strong current, reb becomes
considerably smaller than RG, then,
within certain limits, steepness and am-
plification are practically independent of
the characteristics of the transistor,

3.2. The Emitter Circuit

To begin with, nothing alters with the
transistor in an emitter circuit (Fig.2).
Howevet, it must be borne in mind that
an AC level which has been reduced by
the current amplification (B3} is flowing
in the base electrode. But this means
that we obtain the same control effect as
in the basic circuit, only with less
control current.

The input resistance has thus been
increased by the factor (B):
re. = Bivny (6)

If we think first of all of having the
emitter completely shunted to earth, no
negative feedback occurs, and the volt-
age amplification can again be deter-
mined from the formulae (3a) to (3d).

If there is negative feedback from an
additional resistance in the cmitter cir-

Ic

rek RE

it

Fig.3: The Collector Circuit
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cuit, the formulae (4) and (5) for
amplification or the effective gradient
apply again. In this connection, RG
should now be replaced by the negative
feedback resistance (Rg), thus:

v=R /(ry, T Rg) (7N
and
=1/t Rg) (8)

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

loe = 4 (re.b + R{J] (9)

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

In the emitier circuit too, formula (3c¢)
applies, with which the open-circuit
voltage amplification can be determined
through a DC voltage measurement,
provided no additional negative feed-
back occurs.

Maximum contrallability of the circuit,
i.e. maximum possible output voltage, is
obtained when half the transistor voltage
falls away from the load resistor. This is
the voltage which remains from the
emitter up to the high point of the load
resistor.

Ry
red
;L Re

Fig.4: A Differential Amplifier

@
With no mnegative feedback, such a
circuit will again have an open-circuit
amplification in accordance with for-
mula (3¢). This is only about half as big
as the maximum value for the maximum
possible load resistor, but with a very
much lower controllability.

3.3. The Collector Circuit

In the collector circuit, also known as
the emitter follower (Fig.3), formula (9)
can be applied by analogy, for the input
resistance is:

Fee ™ f3e (reh l R]) (IO)

where in open circuit rl is equal to the
emitter resistance, RE, and under load
equal to the parallel circuit made from
the emitter resistance, ReE, and the load
resistor, RL. thus:

Ry =(Rp * R) /(R + Ry)

The emitter follower has a low output
resistance, but one at which the genera-
tor resistance can usually not be ne-
glected. Reduced by the current ampliti-
cation factor, (), it breaks down as:

Lig = Lo 7 R(1 /B (l U
The amplification 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=Rp /(R +ry T Rg/B)  (12)
Only with a very big load resistor will

the amplification really come anywhere
near 1!

3.4. The Differential Amplifier
The differential amplifier may perhaps
183
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be quoted here as a special case (Fig.4),
though it does represent a combination
of emilter follower and basic circuit.
The first stage has the input resistance
of the basic circuit as load resistor, i.e
reb, so its input resistance is:

Tea = e (rch + rcb) =8 s Tapy “3)

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 sces the output resistance ol the
emitter follower as the source resistance
(cf. formula 11), so that its gradient can
be represented as:

S=1/(rg+rp+Rg/H) also
S5=1/ (-_), + Taly + R.G { ﬁ] (l4)

The voltage amplification can be repre-
sented by:

Vv=Ry /(2 ¢1g+Rg /B (15)

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

emitter circuit, but on the other hand (in
accordance with formula 13), the input
resistance is twice as high. In addition,
the feedback critical at higher frequen-
cies is markedly less.

The characieristic curve of the differen-
tial amplifier displays another additional
special feature. It is now symmetrical,
and thus wvery linear in the central
section, in complete contrast to the
single transistor stage. It will be under-
stood that here too. through negative
feedback (for reasons of symmetry, with
two Rg resistances in the emitter feeds),
it is possible to obtain an increase in the
input resistance and a simultaneous
reduction in the gradient and the ampli-
fication, plus further linearisation. This
then leads to a gradient of:

17/ (R + R, + 1+t + R £ B)
and so
S=1/@2+[Ry+rpl *Rs/B)  (16)
which gives an amplification of:

v=RL/(2+[Rg+reb] + RG/B) (17)

The British Amateur TV Club

The foremost association on the world, for anyone, anywhere in the world,
who is interested in Amateur Television. CQ-TV the quarterly journal of the
BATC is recognised as the most professionally produced amateur publication

of its kind.

Join the BATC and receive YOUR copy of CQ-TV
Membership is only £12.00 per year.
BATC, Grenehurst, Pinewood Road, High Wycombe, HP12 4DD
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André Jamet, FOHX

A Broadband VHF-UHF-SHF

Amplifier

The use of MMIC (Monolithic Micro-
wave Circuit) is now very common for
professional and amateur applications.
Numerous deisgns have been done from
Hewlett-Packard and Mini-Circuits leaf-
lets. Well known MSA and MAR are
available at a very low cost. Articles
published in the amateur magazines give
description of amplifiers (1) and even
frequency multipliers (2).

The frequency limit of those MMIC
does not exceed our 1296 MHz band
but a new product is now available, the
Mini-Circuits family (3) which reaches
10 GHz, for a very low cost too.

Frequency Gain
MHz Linear
dB
432
1296 12

Shown here is an example of a very
simple. but meticulous design. The PCB
is made from glass-PTFE engraved by
acid or with a cutter. input and output
capacitors should be High-Q grade ones.
Other components are SMA sockets and
standard SMD resistors and capacitors.

To make an amplifier which operates at
frequencies lower than 432 MHz, one
needs to increase input and output
capacitors up to 100 pF, with a possibil-
ity of damaging the 10 GHz behaviour
owing to the parasitic inductance in-
crease. But | have not tried to do that.

Power at 1dB Power at
Compression Saturation
dBm dBm
10 13
10 13

Tablel: Test results of measurements on the Prototype
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This small module can be used to
help as a measurement amplificr
when the level is too low to be
used directly. It also can increase
the level of a low-power local
oscillator. Test measurcments
made on a prototype are shown in
Table 1.

The circuit diagram of the unit is
shown in Fig.l. 'C' is made up
from a InF + 100nF + pcb pad.
'L' is a U-shaped inductor made
from 10mm of O.lmm diameter
silvered copper wire.

The PCB design is shown in
Fig.2. The actual size of the board
is 25mm x 17mm. It is manufac-
tured from 0.79mm thick Glass-
PTFE material. The line width is
2.5mm and the through-connect-
ing rivets are 1.2mm diameter.

A view of a completed unit is
shown in Fig.3.

15

+ 12V
SMA SMA
A

Fig.1: Circuit Diagram

[eeooee

Fig.2: The Printed Circuit Board

Fig.3: An Overall View

REFERENCES

(2) Frequency Multipliers Using
MMICs, WASLNC, The ARRL
UHF/Microwave Projects Manual

(1) VHF and Microwave Applications
of Monolithic Integrated Circuits,

WBSLUA, The ARRL UHF/

Microwave Experimenters Manual
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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 difficulty obtaining a
suitable display module, the Philips
[.LBN 244F-90 (with LED rear illumina-
tion) can be used.

In diagrams 26 and 28 (1/95) some
minor errors crept in and are corrected
in the diagrams overleaf,

In Fig.38 (2/95) the identification of L2
is missing on the 100uH inductor next
to IC CA3089.

MRFSTA -0%

- IF OUTHT
A48 i

In Fig.42 (2/95) the identificaticn of the
diode HSCG 1001 is missing, it leads
away from pin-19 of the DTACK IC
T4HC245.

In Fig's.41 and 42 (2/95) and 46 and 47
(3/95) the logic gates are incorrectly
drawn. Corrected diagrams are shown
overleaf.

Also in Figd6 (3/95) the crystal is
shown as 10 MHz instead of 12 MHz.

Voo owTeuT PLL
ms.!neun.mmi

A483.340+
TA496, M2z

+ ALV

Fig.26 GLONASS RF Module
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_Fig.28:
GLONASS RF Module
Component Overlay

Below:
Fig's:41 and 42
GPS/GLONASS DSP
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Fig.46: CPU Board Circuit Diagram (part-1)
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Fig.47: CPU Board Circuit Diagram (part-2)
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X
COMPLETE KITS & PCB's

KIT DESCRIPTION ISSUE No. PRICE
DBONT-001 Measuring Amp up to 2.5 GHz 4/93 06382 £ 60.00
DBONT-002 Frequency Divider to 5.5. GHz 4/93 06383 £100.00
DCRUG-007 SW PA for 13cm 3/94 06938  £286.00
DISES-001 23cm FM ATV Converter 1/91 06347 £ 93.00
DISES-002 Digital Frequency Indicator 1/91 06352 £ 53.00
DIBLS-003 IF Amplifier 1/91 06355 £ 55.00
DJSLES-004 Demodulator 1/91 06362 £ 72.00
DISES-019 Transverter 144/28 Mllz 4/93 06385  £143.00
DJSES-019mod  Transverter 50/28 Mliz 2/95 06392 £143.00
DIBES-020 Hybrid Amplifier for 144 MHz 1794 06387  £179.00
DISLS-021 13cm FM ATV Exciter 2/94 06388 £ 67.00
DISES-022 28/432 Mllz Transverter Oscillator 2/95 06395 £ 59.00
DIBES-023 28/432 MHz Transverter Converter 2/95 06396 £114.00
HF-MESS PC Software for the DISES projects TBA wememeem £ 32,50
OE2TLZ 001 PreMixer for 23 and 13cm 197 e £115.00
YTIMV Low Noise . -Band Aerial Amplifier 2/92 06358 £ 29.80
rep DESCRIPTION ISSUE No. PRICE
DB6NT-001 Measuring Amp up to 2.3 GHz 4193 06379 £ 17.75
DBONT-002 Frequency Divider 1o 5.5 Gz 4193 06381 £ 17.75
DCBUG-PA SW PA for 13cm 3/94 06936 £ 1925
DCBUG-NT Power Supply lor the PA 3/94 06937 £ 775
DISES-001 23cm FM ATV Converter 1/91 06347 £ 10.75
DISES-002 Digital Frequency Indicator 1/91 06350 £ 965
DIRES-003 23cm IFM ATV IF Amplifier 1/91 06353 £ 795
DISES-004 23e¢m FM ATV Demodulator 1/91 06356 £ 1030
DIBES-019 Transverter 144/28 MHz 4/93 06384 £ 1775
DISES-020 Hybrid Amplifier 144 MHz 1/94 06386 £ 1725
DISES-021 13cm FM ATV Exciter 2/94 - £ 18.50
DISES-022 28/432 MHz Transverter Oscillator 2095 e £ 1650
DISES-023 28/432 M1z Transverter Converter 2/95 e £ 16,50
DISES-27 Milliwatt Meter for the PC 496 e - £ 1350
DJ8LS-28 0.9 - 1.5 GHz Synthesiser for the PC 1/97 £ 13.50
HE-MESS Software for the DISES PC projects TBA £ 3250
DFYPL-001 30 Volt PSU 1/93 £ 980
DFOPL-002 Pre-Stabiliser 1/93 £ 1020
DFYPL-003 Precision Stabiliser 1/93 £ 1120
FOIWE-001 DRO Oscillator - PTFE 2/92 £ 1620
FOIWE-002 Modulator and Stabiliser 2/92 £ 12.00
OE2TZ1L.-001 PreMixer for 23 and 13cm 197 e £ 15.00

Minimum Shipping charge £6.75 * Credit Card orders +5% * Address data al bottom of Contents page
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EASY-PC Professional XM

Schematic and PCB CAD

FrOm Super SChematiCS [« Runs on:- PC7 386/ 485 with
: VGA display
|

Links to PULSAR (logic),

ANALYSER Il {analogue)

& LAYAN (electromagnetic)

simulators.

Design:- Single sided,

A am Ha Double sided and

E (R = Multi-layer boards.
; Provides full Surface Mount
£L ’ - support.

Lo e . Standard output includes

’}%‘ o Dot Matrix | Laser /Ink-jet
Printer, Pen Plotter, Photo-

= I L plotter and N.C. Drill.

{ | | Optional, powerful, 32 bit

kme s Multi-pass, Shape based,

=
NI |

<
.

005Q000

d
L]

[o¥
b

i TS, AT P L T T

Shove Aside, Rip-up and

To Perfect PCB S | Re-try Autorouter. ]

Simulation can even include the parasitic

effects introduced by the Board Layout

LAYAN - Electro-magnetic Affordable Electronics CAD
SlfﬂUlatlon . ONLY £495 EASY-PC Prolessional: Schematic | From $246  £145

Capture and PCB CAD. Links directly to
ANALY&E:H IIl, LAY AN and F'UL",AH

MultiRouter: 32bit Multi- -pass s AutoroLter $476 E!S!

LAYAN: Electro- Maqnellc PCB Layout $950 496 |
| Simulator. Include the board parasitics in |
your Analogue simulations. Links with
and requues EASY-PC Professional XM
_and ANALYSER Il Professional
PULSAR: Digital Circuit Simulator From $176 £98

'ANALYSER III: Annlogu& Linear Circuit | From $175 | £98
Simulator
EFiLTECH: Active and Passive Fiter From 3215 £145
_D_esign pragram B |
STOCKIT: New comprehensive Stock | $25 €145
control program for the small or medium |

sized business o y

| s i ==| |EASY-PC: Enlry level PCB and $115 £76

|
ll‘
s
P
\ T— 12 ==| | Schematic CAD
| gy T

~=| |Z-MATCH : Windows based Smith-Chant_ From $245|  £145
pragram for RF Engineers |
We operate a no pena.lry upgrade policy.

USS prices include Post and Packing

Starling P.rlc_ei zcﬂg P&F and VAT

1

10 ?GHI’ P:lal\lll C‘nmlw Strpline Fifler

For full information and dema disk, pleass write, phone, fax or emall - + TECHNICAL SUPPORT FREE FOR LIFE
» PROGRAMS NOT COPY PROTECTED.,
Number One Systems « SPECIAL PRICES FOR EDUCATION.
UK/EEC: Ref VHFCOM, Harding Way. St.lves, Cambridgeshire , ENGLAND, PE17 4WR e-mail; sales@numberone com

Telephone UK. 01480 461778 (7 lines] Fax: 01480 494042 International +44 1480 461778

USA: Ref VHFCOM, 126 Smith Creek Drive. Los Galos, CA 95030
Telephone/Fax® (415) 968.9306 hitp:/fwww.numbercne.com |
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AFFORDABLE SOFTWARE FOR PRO AND AMATEUR

winLINE ==

Transmission line impedance calculations for all
sorts of lines: coaxial, stripline. microstrip, plus rec-
tangular lines, eccentric lines, trough lines, wire-
above-ground plane, and many others. Computes
impedance, loss, inductance, capacitance and other
parameters. Uses data from Microwave
Transmission Line Impedance Dafa. For Windows.
Order NP-11  $195.00

Microwave Transmission Line Impedance Data

by M.A.R. Gunston Order NP-10  $54.00
| winSMITH
E *# The best electronic Smith Chart around! *Build" a
S L ladder network of up to nine elements (L, C, R,

. . transmission line or transformer) and use the chart
e By {o tune values until the match is perfect. Written for
= % stand-alone operation, but makes a perfect addi-
i tion 1o the book Electronic Applications of the
Smith Chart. For Windows.
Order NP-5  $79.00

Electronic Applications of the Smith Chart

. by Philip Smith Order NP-4  $59.00

EEpal [To e

The “Electrical Engineer’s Pal” is loaded with useful data : BING  m
and utilities for the active designer. Includes units and EbpaiVidn s or, g
conversions, materials and component data, scientific e 199) 4y :

; ; : ! Righis Reserye,
calculator with higher math functions, pads, filters, i :mu
Serial Nym ™

matching, and more. Has a notepad and calendar, plus | SRR
a phone list with an autodialer. Al this is topped off with |/
a list 1800 EE suppliers! Runs in DOS or a DOS window. |

Order NP-20 $195.00 |

Order by telephone, fax, mail or our Web site!
We accept payment by VISA, MasterCard and American Express or check drawn on a U.S bank. Shipping
charges are — U.S.: $5.00 for the first item, $1.00 for each additional item; Canada: $10.00 first item,
$2.00 each additional item; Other countries (Air express): $32.00 first item, $10.00 each additonal item.

CRESTONE TECHNICAL BOOKS

Div. of Noble Publishing Corporation

2245 Dillard Street » Tucker, GA 30084 * USA

RESTONE Tel: (770) 908-2320 * Fax: (770) 939-0157
e WWW.nOblepub.com

C
TEC
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DENMARK Microwave Wattmeter

-\,‘\( Measures power easily, quickly and -’f( Dynamic range could be extended

precisely. using external attenuators or
_¢ Extremely broadbanded. \ directignal couplers.
¢ Dynamic range: 70 dB. Al 912 IVD c S“FF'!-?"' |
¢ Hypersensitive - L Pit [')ii.i*.l TYPE PRO-1SG 15
measures down to IHCLUDED.

minus 50 dBm -
(10 nanowatts). [

v
”~

Range: minus 50 dBm
> plus 20 dBm. (10
nanowatts to 100 milliwatts).

‘¢ Frequency range: 100 kHz to
18 GHz with standard probe
PRO-18G and up to 50 GHz
with optional probe.

-"r Applicable for most diode
probe types.

,‘( Several applications within
power measurements. *

¢ High accuracy: < = 1 dB with WS ; @ o
PRO-18G standard probe S
(minus 40 dBm > plus 20 UTPUT
dBm) [HP 333308, C, D or A4
E-type probes can be used - PR I
without retuning|. o o

"'( Output for sweep — -—
measurement (1 V/10 dB).

We ship worldwide.
We accept VISA-, MASTER and EUROCARD

Eberhard L. Smolka

' . P.O.Box 80 - D-91081 Baiersdorf
U KWBe rlchi‘e Phone: xx49 9133 7798-0

Talecammunicatiane Fax.. xx49 9133 7798-33
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