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Front-end

| would like to take this opportunity to wish al members of the UkuG avery Happy
New Year in thisfirs year of the New Millennium.

Since my last Foreword in Scatterpoint two very significant events have happened.
Firg, we had the firss AGM of the UKUG. Thistook place at the Adastral Park
Microwave Roundtable event in November. The existing committee was returned
unchanged, thanks to the timely proposa of WAS5VJB, who suggested an en-masse
vote to save time and debate. The turn out for the AGM was excellent, duein part to
the good attendance at the Roundtable but aso to the enthusiasm of our members.
Thanks folks!.

The second event of significance for the UKuG was the successful launch of P3D
(now AO-40). Our condtitution says that we will promote dl forms of microwave
activity, and AO-40 fdlswell within this category due to the full range of microwave
receivers and tranamitters thet it carries.

AO-40 has not been without problems. With the loss of the VHF (145MHz)
engineering beacon downlink in mid December it looked like the satdllite had a
serious fallure. In spite of very optimigtic gatements from AMSAT over the next few
weeks, deadlines for automeatic restoration came and went with no sign of the beacon
re-appearing. However, just after Christmas, we received the good news that the
2401MHz S2 beacon had been re-activated and signa's were again being received
from AO-40. Attemptsto activate the 145MHz beacon had been unsuccessful. |
believe it can only be good news for microwave enthusiasts thet the satdllite builders
and controllers are now so willing to accept the use of the higher bands for
communications with amateur satdllites.

| think we can look forward to an interesting New Y ear, operating on AO-40 aswell
as pushing our cgpabilitiesin terrestrid operation.

Thisissue of Scatterpoint carries severa articles on satellite microwave in the
optimigtic hope thet we will have afully functioning satellite with which to use our
microwave equipment.

All the very best for 2001

73 de Sam Jewdl, GADDK
Chairman, UKuG
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The DC Bands - 1.3 and 2.3GHz News

John Quarmby G3XDY

Conditions—what Conditions?

Last time out | was looking forward to some autumn tropo liftsto give the bands a
boost, but this past year looks like breaking records in terms of high rainfall and poor
tropo conditions. Unless you have abig system terrestrid DX is most easly achieved
using ducting, and it is very disheartening to find the bands dead for weeks on end.
The wesather gppeared to have locked itsdlf into a continuous cycle of deep Atlantic
depressions, with no interludes of high pressure in between. Perhagpsitisal a
consequence of globa warming and could become more prevadent in future.

Participation in this years cumulatives seemed lower than in the recent past, possibly
as aresult of the poor westher and conditions. GBOHM/P braved the wegther to
operate from 1082QL and put out a very good signd on 1.3GHz. GDAGNH was
around to provide aDX contact for the Sations in the south, often providing the only
sgnd audible from the Northwest. GOHNW/P and G3PHO/P were aso out on local
high spots for some of the events. On the fixed sation side G3MEH, G4BRK,
G7LRQ and MOGHZ (ex GBNEY) were al trying hard to tir up activity, and GAFRE
gppeared on the band having brought his 1.3GHz gear over from the USA. On
2.3GHz the conditions meant that many contacts were a struggle with wesk sgnds
and QSB, with aircraft scatter providing just enough enhancement to complete the
exchange.

1.3GHzin VHF NFD

As| noted in my last column, participation on 1.3GHz in VHF NFD waswe| down
this year (only 18 stations submitted logs compared with 38 last year). As predicted,
many stations took the “easy” option of 50MHz instead, killing activity on the
microwave front. Aswe go to pressthe rules for VHF NFD 2001 have ill to be
published, so whether the VHFCC will change anything to rectify the Stuation
remains to be seen.

Phase 3D/ AO40

The Phase 3D satdllite was successfully launched in November to become AO40 and
telemetry has been heard on severa bands. However contact with the satellite was lost
for atime the day after aburn of the on board engine to place the satellite into an
dlipticd orbit, and so commissioning is being undertaken cautioudy. Once the
sadliteisfully operationd there will be severad modes of interest to the keen
microwaver. There are anumber of beacons on 2.4GHz, and the prospect of
trangponders from 1255MHz to other bands. These should provide good results for
gations with fairly modest antennas. | hope that we might hear some better news on
the hedlth of the satdllite shortly. The latest issue of Dubus (4/00) has an article by
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Simon GM4PLM which highlights the opportunities the new satelite should provide
using the 1.3GHz and 2.4GHz transponders.

How much gain do you need in your preamp?

Some recent tests | ran on my 2.3GHz system highlighted the need to have enough
gain in the preamp to well exceed cable losses. My preamp is based on the OEOPMJ
design in the Microwave Handbook Volume 3, P15.9, but with an NE64535 bipolar
trangstor second stage in place of a GaAsFET, and an MGF1402 in the first stage.
This has worked well for many years, but earlier this year the NE64535 died, and not
having a replacement to hand | bypassed it with ashort length of semi-rigid coax,
retuned the first stage and put it &l back into service. | suspected it was rather desf, as
disconnecting the RX feeder a the transverter made little difference to the noise level.

| was recently able to use an automatic NF meter to check the system in Situ, and
discovered that the overdl system noise figure was 4dB measured at the antenna
connector. This explained why | was having difficulty hearing stations! | decided to
add a new second stage, thistime using the MAR6 MMIC. After retuning the preamp
| now have an overal system NF of 1dB. The improvement this providesin Sgnd to
Noise ratio depends on what assumptions are made about the antenna noise
temperature. With an antenna noise temperature of 290K, the SNR improvement is
equd to the difference between the NF vaues, i.e. about 3dB. However, the actud
noise temperature of an efficient antenna beaming at the horizon should be lower than
this, as half the lobes point at cold sky (lessthan 10°K at this frequency) and haf at
warm ground (say 290°K), so the average noise temperature contributed by the
antennais about 150°K. An NF of 4dB is equivalent to a noise temperature of 440°K,
whereas 1dB equatesto 77°K. Inthefirst case the total receiver noise temperature is
590%K, in the second it is 227°K, aratio of just over 4dB. So improving the NF by
3dB can actudly provide 4dB of SNR improvement, and even bigger gains can be
achieved by getting the RX NF lower ill.

The result isthat afairly modest second stage device (3.5dB NF, 12dB gain) can
provide a quite dramatic improvement in performance. A theoretical analyss of the
receiver chain as shown below backs this up. Asyou can see | have alot of feedline
loss, which includes the effects of  two triplexers which dlow the same W103 cable to
be used for 144 and 432MHz TX aswell as 2320MHz RX. On the lower bands
excessve recelve gain can cause intermodul ation and blocking problemsin the
presence of strong signas, but on microwaves lower activity and highly directive
antennas make this less of a congderation. It istherefore preferable to err on the side
of gain and noise figure rather than dynamic range, by adding extra gain stages to be
sure that the front end dominates the overall equation. The MGF1402 is not state of
the art these days, devices such asthe NE32584, MGF4919 and FHX34 will achieve
less than 0.5dB if carefully constructed. G3WDG has a kit for a preamp based on the
DJ9BV design that can aso include aMARG second stage, and there are a o ready
built units available from other suppliers. In generd 2 stage preamps should fit the bill
for mogt stations, but EME gtations looking for every last fraction of adB may benefit
from going to 3 stages.

Page 3



Forthcoming contests

The French are running a number of short 432/1296/2320MHz contests again in 2001,
these take place from 0500 to 1100 GMT on 14" January and the 4 of February, and
further events are scheduled for 20" May, 17" June and 21% October. These are a
good opportunity to work some DX if conditions are reasonable.

In Germany thereis aVVHF Field day on the 3 February, with activity on 1.3GHz
from 0900 — 1100 and on 2.3GHz and up from 1100 —1300.

The Scandinavian activity contests run as usud in 2001, with 1.3GHz on the 3
Tuesday of the month, from 1700-2100UTC.

Thefirst weekend in March is a 144/432MHz event in the UK, but includes the
microwave bands el sewhere in Europe, so again there is an opportunity to see what
you can raise. Contest stations such as PAGNL are workable over quite large areas of
the UK on 1.3GHz and would appreciate afew extra points.

Finally there is the European EME contest which includes 1.3GHz on 10/11™" March,
and 2.3GHz on the 31% Marchv1¥ April.

Sign off

Can | take this opportunity to wish you al a happy and successful new year, with
plenty of activity onthe“DC Bands'. If you have any input for this column, please
let me know your news and views. | can be contacted as below.

73
John, G3XDY
Emal: g3xdy@btinternet.com DXCluge: G3XDY @GB7DXM

Post: John Quarmby, 12 Chestnut Close, Rushmere St. Andrew, Ipswich, IPS 1ED
Phone: 01473 717830 (between 18.30-21.00 preferred)
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SINGLE STAGE PREAMP

Transverter
MGF1402

\V | Feeder
L

L1=11dB
N1=0.55dB (39°K) (x12)

G,=15dB (x32)

N2=5.5dB (739°K)

T1=290((10NV10 -12 T,=39%K
T,=290((101+*N2%0). 1) T,=12664%
T=Ti+To/Gy T= 435K

N=4.0dB

TWO STAGE PREAMP

MGF1402 Transverter
MARG Feeder
L

L1=11dB

N1=0.55dB (39°K) (x12)
G1=150B (x32)

N=3.508 (360°K) N5=5.508 (739°K)

G,=12dB (x16)

T1=290((10N19)-1) T,=39°K
T,=290((10"%19)-1) T,=360°K
T5=290((10(-1*N2/10)_1) T2=12664°K

T= T+ TG+ T3/(G1Gy) T= 39+11+25=75°K
N=1.0dB
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Tuned Audio Level Meter for RF Measurements

Roger Blackwell G4PMK

email: g4pmk@mar sport.demon.co.uk

At the recent Round Table meeting at Adastral Park, great interest was generated by
Kent Britain's (WA5VJB) tak on antenna gain measurements. Centrd to histheme
was the use of tuned audio level meters such as the HP415 for measuring signa

levels. | published a design for ahome-brew 1 kHz audio level meter some time ago
[1], which does the same job and can be used both for antenna range work and many
other microwave measurements. So hereis arevised and updated version. It'satuned
audio amplifier for use with 1 kHz modulated sources (both commercid signd
generators and home-brewed sources) and an externa diode detector. It hasadynamic
range of over 50 dB. I'll cover the companion modulator and some of the uses of the
meter in afuture article,

The design congsts of an input section, three amplifier-filter sections and a precison
rectifier and meter buffer. The input section includes provison of asmal amount of
forward bias of either polarity, which will improve the square-law response of most
common detectors. The audio driver transformer provides a suitable AC load for the
detector, dlowsinjection of this bias to the detector and provides a modest voltage
step-up. The 10 dB step atenuator is split across the sgna chain in the interests of
best dynamic range. The circuit runs from two akaine PP3 batteries which dlows
portability. Kent mentioned how useful an audio output was when making antenna
measurements, so this design has an audio output, intended for use with one of the
ubiquitous battery- powered PC/persona stereo active speakers. This output provides
about 100 mV pk-pk into a 5k load when the meter reads 100% FSD.

The ingrument should be congtructed in ametal case using good audio congtruction
techniques, including a single common connection for the case and circuit a the input
socket, which ought to be a BNC or smilar type. Y ou can build the circuit on matrix
board if you wish (aswas one of the prototypes), although a PCB artwork should be
avalable viathe Internet [2] by the time you read this. All connections to the input
circuit, step attenuator and set level control should use screened leads. Some of the
components require a bit of carein selection. The 10nF capacitorsin the filter stages

(2 per stage, atotal of 6) should be £5% or better tolerance types. Resistors should be
+ 2% or better, meta film or Smilar. The three presets are used to trim the filter

centre frequencies and can be small cermet types. The 10 dB step attenuation switch
should be atwo-wafer type S0 as to maximise the isolation between sections. The bias
switch isadngle pole centre-off type. The input transformer used in the prototypes
was the venerable LT44 trang stor inter-stage transformer, dill available from Maplin
(HX82D) as are other suitable transformers (PX79L or PX80B). The PCB layout and
prototypes used an LT44. It makes sense to get the best and largest meter you can find
for this project, snce you will be taking measurements directly off the meter scae.

The 4u7 eectrolytic across the meter terminas was added to damp out jitter due to
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noise; depending on your meter movement and persond preference you may find it
unnecessary.

The meter will need re-cdlibrating in dB according to the following table:

%FSD | dB %FSD | dB
100 0.0 25.1 -6.0
79.4 -1.0 20.0 -7.0
63.1 -2.0 15.9 -8.0
50.1 -3.0 12.6 -9.0
39.8 -4.0 10.0 -10.0
31.6 -5.0 1.0 -20.0

If you leave the origind scde in place, then any reading can be converted to dB with
the formula

2%FSD 2
dB ?10.log10 2" %
57100 %

which is easy enough with a cdculator.

Setting up the meter is quite Smple. Inject alow-leve (few mV) 1 kHz tone into the
input, and adjust the attenuator and level set control for an on-scae reading. Idedly
do thiswith the 1 kHz modulating source you plan to use. Now peek each of the three
filtersin turn by adjusting the 500R presets. Check that with a short-circuited input
resdud circuit noise is about 20% FSD on the OdB attenuator range with the level
control set to about 50%. That'sdl thereistoit! The prototype sendtivity was such
that about 100 mV RMS gave 50% FSD on the -50 dB setting with the st level
control a mid range.

[1] Receiver Measurements, Ch 12, The VHF/UHF DX Book, edited by G3SEK,
RSGB.

[2] Look at http://www.marsport.demon.co.uk/projects.htm for details of the PCB
layout.
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Tuned Audio Level Meter Layout Drawings
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Component Layout
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2.5GHz TV converters for amateur satellite

reception
Sam Jewell, GADDK

Introduction

When this article was being written (early new year) AO-40 was till recovering from
it's pre- Christmas communications problem. The 2.4GHz middle beacon on
2401.318MHz was the only reliable downlink from the satellite and much effort was
being devoted to monitoring the beacon, andysing its characteristics and using the
information to try to determine what had gone wrong on board AO-40. The
importance of the S band beacon was clear. Againg this background it was felt that it
would be agood ideato try and persuade afew more membersto have ago at
receiving 24GHz sadlite Sgnals.

Figure 1. Drake 2880 converter together with replacement crystal for the PLL and the
ceramic 2.4GHz RF filter

Receive converters

Back in 1997 | published a congtruction article for a 2.3/2.4GHz receive converter for
satellite and terrestria use. The congtruction article was published in the Proceedings
of the Weinheimer Tagung 42. This converter was Smilar to the design published in

the RSGB Microwave Newdetter that same year by Dave Bowman, GOMRF, but |
elected to use a 144MHz IF rather than 435MHz. | fdlt that a 144MHz |F was more
appropriate for amode S satdllite receiver since it was my belief that 435MHz would
be amore popular uplink band than 1269MHz. Consequently using 435MHz asthe
receiver |F would require the use of two 435MHz-capable transceivers (or transceiver
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and one multi-mode receiver/scanner) in order to operate effectively. Time will tel if
this assumption is right. The current problem with the AO-40 435MHz link doesn't
look too promising.

Severa months after | published my converter design | was & Microwave Update '98
in Sandusky, Ohio, when Toshi, JATAAH and his friends appeared with severd boxes
of the Drake 2880 2.5GHz convertersfor sde at $25 each. Of course | had to have
one.

When | got home | modified mine in accordance with the ingtructions onthe IN1GKZ
Website. The PLL crysta was changed to 8.8125MHz to give alocal oscillator
injection frequency of 2256MHz. The IF filter modifications of removing the two
coils and capacitors was aso done.

| wasn't too impressed with the measured performance, but it was clear that with its
compact westherproof construction, it would be a very useful 2.4GHz converter when
P3D findly got aoft. | put the Drake converter safely away, asthe P3D launch was on
hold yet again and | didn't have any immediate need for another 2.4GHz converter.
My own one worked just fine.

Fig 2 The GADDK 2.4GHz receive converter

Together with Lehane, GBKMH, | was providing the microwave measurements at the
AMSAT-UK Satlite Colloquium at the University of Surrey in 1998. We were both
surprised at the large number of Drake converters that appeared courtesy of Richard,
G3RWL. Richard had dready converted severa units and Lehane and |, together with
Dave, GOMRF, were able to measure their noise figure and insertion gain using a
HP8970A noise figure meter and HP346A noise head.

| think it would be true to say that the results were also allittle disgppointing. We
measured converters both in unmodified form as well as those that had been modified
according to the IN1GKZ ingtructions. The general spread of results showed that
using the origina published modifications, you could expect a noise figure of around
6.5dB and an insertion gain of about 18dB. These are highly averaged figures.
Unmodified Drake's measured at 2.5GHz RF and 200MHz IF showed that the units
would comfortably meet their origina specification if used within the intended band.
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Dave and | did many measurements of |F and RF response using sweepers, detectors
and regular network analysers and concluded that the I F filter rolled off rgpidly below
200MHz, and it dso exhibited a marked dip around 145MHZ! The RF filter dso
rolled off rapidly below 2.5GHz. These measurements led Dave to try some suggested
modifications to the filtering which resulted in the noise figure of the tet unit faling

to around 3dB and the insertion gain climbing to a more comfortable 25dB. These
modifications were published on the 'World above 1000MHZ' web ste
www.g3pho.free-online.co.uk/microwaves of G3PHO. Essentidly, these
modifications involved lengthening the lines of the printed RF filter and adding one
extralF filter capacitor.

A further modification was to change the front end GaAs FET for an Agilent MGA
86576 GaAs FET MMIC. Although less sraightforward than the filtering changes,
the resulting improvement in noise figure isworth having. It should be noted, the
length and quality of the grounding connection between the source leads of the
MGAB86576 and the ground plane on the reverse of the board must be short and clean
(no excess solder) or the device will sdf oscillate - guaranteed!

However, it was obvious that the noise figure could be further improved. At the 1999
Amsat- UK Colloguium Dave introduced the ceramic filter change. Thisinvolved
replacing the exigting, lossy, printed RF (image ) filter with asmdl ceramic didectric
filter meant for 2.4 - 2.45GHz LAN products. When this filter was incorporated the
noise figure of the converter fel to around 1.8dB, which is close to the claimed noise
figure for the MGA86576 device. The converter aso became more ‘docil€, possibly
indicating less radiation loss from the printed filter, with it's dways present potentia
for ingability.

With the modifications above the Drake 2880 is a very worthy converter for use with
AO-40. However, there are il severd pitfallsfor the unwary.

Dave Bowman, GOMRF has further details of the Drake conversons on hisweb ste
www.gOmrf.freeserve.co.uk/ and may aso have some of the conversion filters,
MMICsand crystdsfor sde

Bewarethe hdix antenna

The MGAB86576 is susceptible to input mismatch ingtability. One very popular UK
produced multi-turn helica antenna has been measured with avery low input return
loss of only afew dB. A Drake converter attached to one of these antennas will self-
oscillate. The use of severa feet of lossy coax between the antenna and the converter
will stop the oscillation, but is sdf defeating in so much asthe overal system noise
figure may then be unacceptable. The converter needs to be right &t the feedpoint for
optimum results.

The commonly accepted feed point impedance of the multi-turn helix of 140R isonly
obtained when the helix is centre fed: . The more popular method of feeding on the
periphery produces a much higher feed impedance requiring the use of a 1/4 turn
meatching section on the first 1/4 turn of the helix. This has to be very carefully tuned
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by bending the matching section towards or away from the reflector plate to obtain an
acceptable match. A carefully matched section will start close spaced to the reflector
and progressively further away & the other end.

A few further notes of caution must be mentioned when talking about hdlix antennas.
WAS5VJIB has made measurements on many of the popular G3RUH helix fed dishes
inthe USA. Very few of these have produced the expected resultsin terms of gain
and circularity (and match?). Whilst G3RUH went to greet trouble to get hisdesign
right for publication, it seems that many builders of these antennas don't follow the
indructions. If you are usng a helix fed dish and are not receiving the AO-40 S2
beacon very well when others are, it may be your dish feed! Also, the axid-mode
hdix isnot dways an axid mode! A long axid mode hdix can behave like a norma-
mode helix (rubber duck) at some much lower frequency and may inadvertently
recaive high levels of lower frequency signds, especidly since the axia mode helix is
probably beaming into the sky and then looks and works for dl the world like a
vertical rubber duck antennal A low loss, 2GHz high pass, filter between the hdlix and
the converter may be agood idea in areas where there are lots of commercid VHF
tranamitters. Thisis especidly trueif you use avery wideband preamplifier in front of
your 2.4GHz converter.

Converter supplies

It seems like the supply of Drake 2880 converters has, at least temporarily, dried up. |
undergtland an dternative device has been found in the USA. However, in Eire, there
isagmilar 25GHz MMDS sarviceto that in the USA. | have seen at least one design
of MMDS converter in Eire that looks like it could also convert to 2.4GHz. | don't
know if it has the same design PLL loca oscillator to thet in the Drake (many of these
desgns are Imilar) but maybe one of our Irish friends could investigate this possible
source of converters?

Close

Recaving and andysing signds from the 2.4GHz satdllites is both fascinating and
easy, but it can be full of pitfdlsfor the unwary. If you don't get the results you
expect, do check out what | have said above.

73 de Sam

! The satellite experimenters handbook,, Martin Davidoff. Published by ARRL. Chapter 6, page 17.
Helix antennas.
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A Low Cost Noise Source for VHF through 10 Ghz Based on
Qualcomm Surplus Material

K. Banke N6lZW 12/18/00

During Our November 2000 San Diego Microwave Group meeting we held asession
on noise figure measurement. During problem solving activities in the following

weeks, it became obvious that othersin our group could make good use of a cdibrated
noise source. | began looking for an dternative to loaning out the noise source used
with my Sanders noise figure meter. | did a quick scan of articles on home brew noise
generators and studied in particular Paul Wade's article "Noise: Measurement and
Generation” which is available on hiswebste aswell asin the ARRL 2nd Microwave
Projects Manual.

In his excdlent article, Paul describes what he went through to build various
homebrew noise generators, which included dismantling acommercia unit. As soon
as| finished the article, an idea hit me that | felt might solve the problems of
obtaining high frequency diodes and high quality microwave circuit board materid as
described in the article. My thought was to use a smdll section cut from a 14.5 GHz
upconverter mixer circuit board used in the early Quacomm Omnitraks units. This
mixer isnot useful a 10 GHz and is not readily modified to do so but does contain
two very good microwave diodes (good through 24 Ghz) mounted on 15 mil Teflon
circuit board

5dB ENR Nd se Source Based on Surplus QC 14 5 GHz Mixer Board
E_ Banke N6TZW 12704700

Mlic rowwave Diode

+12 | 18K 50 Ohms 20dB 3dB I 5dB ENR
Atten Atten Molse output

1000 0.5
pF pF

L S

Figurel. Circuit Diagram

The ideawas to see how well this mixer diode would perform as a broadband noise
source when operated at the breskdown point with reverse bias,

| used Paul's circuit which has the anode of the diode connected directly to the 20dB
attenuator. The cathode is RF bypassed to ground and receives bias through a series
resstor. Following Paul's article | found that for the first unit 1.2 milliamps produced
the maximum output at 10 Ghz so a series resistor was selected (1.6K) to provide 1.2
mawith a12v power supply.
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Figure 4. The board after cutting

Probably the most critical aspect of congtruction is having as short of paths to ground
as possible for the RF bypassing and to the SMA output connector. The 0.5 pF
capacitor needs to be a good quality microwave type and is removed from another
part of the 14.5 GHz mixer board. | made the housing as smal as possible to prevent
unwanted resonances and aso aid in good grounding. The qudlity of the output
attenuator is dso abig factor in flatness of frequency response.

Half of the battle is building a good noise source & the other hdf is caibrating it. The
approach | decided to use for caibration over the 145 MHz -10 GHz Ham bands was
to use enough broad band amplification ahead of a spectrum analyser (set for 1
dB/div) to provide a Y-Factor of about 3 dB with a source ENR of 5dB (about a5 dB
NF). My setup consisted of two, three stage MMIC amps built by removing the FETs
from QC surplus "GOLD Board' LNAs and replacing them with HP MGA-86576
devices. | found that working with two broadband amps with considerable gain

creetes intermodulation products from noise when used without afilter between the
amplifiers. For 145 MHz 3456 MHz | was able to use one amplifier without afilter
and controlled the gain by varying the power supply voltage. The gain was increased
only as needed to get a Y-Factor in the order of at least 3dB. For 5.7 and 10 GHz, a
filter was inserted between the two amplifiers and the gain again adjusted to the
minimum cgpable of doing the job.
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Figure 5. A close-up view of the assembled unit.

A goal of 5dB ENR was set asthis should be useful for measurement of most preamps
inthe 1- 10 dB NF range. . It was found that atotal of 23 dB of attenuation matched
the output of the uncaibrated unit to the calibrated noise source a an arbitrary
frequency of 2304 MHz. Other values could certainly be used to match the
requirements of particular noise figure measuring units. My experience with the
Sanders unit isthat it is quite fussy about levels and such and may give erroneous
readings unless careful attention is gven to the measurement setup. For thisreason |
tend to use a spectrum anayser or power meter to measure the Y-Factor and calculate
the Noise figure. Thisis not very convenient though when trying to make adjusments
on thefly but allows measurement of most amplifiers and transverters.

| generated an Excel spreadsheet (available from Martyn Kinder GOCZD or
http:/Awww.hamradio.com/sbms/sd/nfcal c2.zip) to ad in cdibrating againg aknown
source. The Y-Factor was recorded for both a calibrated source (5 dB ENR) and the
uncaibrated unit at each frequency of interest. The Y-Factor vaues dong with the

ENR of the calibrated source were entered into the sheet which calculated the ENR of
the uncalibrated unit. Other approaches certainly could be used such asusing a
transverter with the noise sources and measuring the Y-factor at the IF or at the audio
output of the IF radio.

The reaults of the firg units showed a variation of +/- 1.5 dB over the 50 MHz to 10
GHz range. | believe that with more work the output can be made even flatter across
the range.
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ENR2 3.5 ma 20 dB Pad 0.5pF 50 Ohms

Freq EMR2 9
S0 5129442

145 5737358

436 595036
1296 5802763
2304/ 5842822
3456 B.89793
5760| 8.371454
10365 5

s

L .. I =7

a 200 4000 &000 8000 10000

Condruction:

There are actudly two useable diodes on the mixer board. Only one is mounted as to
eadly accept a positive bias supply. The other can be used either with a negative
supply or can be carefully removed and re-soldered in the opposite direction. The
white dot (cathode) needs to be connected to the RF bypass/ bias network for a

positive supply.

Remove the Chip capacitors from the mixer board before cutting with a scissors. (See
Figure 3

The board dimensions of 0.4X0.67 inches are not too critical but should be followed
to keep the RF paths very short. After cutting the board, cut/remove the two traces
shown in the picture. Cut the centre pin off the output SMA connector so asto not
overlap onto the diode. Position & solder the centre pin onto the board trace and then
solder the outside of the connector to the bottom of the board. Use =" wide hobby
brasswhich is.01-. 025 thick to make a box around the board as shown. Position the
brass & then tack in place in a couple of locations until satisfied with the postioning.
Solder the brass to the bottom side of the board and aso the output

connector. Drill 20.065 diaholein about the position shown to mount the bias
connector. Smal coax could probably also be run directly out of the noise generator
for bias rather than usng a SMA connector.

Ingtal the capacitors and resistors as shown in Figure 5. Temporarily ingdl a 1K
resstor in place of the 1.6 K resistor until the required bias current is determined.
Connect a current meter in serieswith the 1-k resstor and a variable supply. Turn on
the supply and increase the voltage until the current reaches about 1 milliamp. |

Connect the noise generator output through about 25 dB of attenuation to the setup
which will be used to cdlibrate the ENR and adjust the supply voltage for maximum
noise output at the maximum frequency of interest (I used 10368 MHz). Replace the
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1k resistor with aresistor as required to operate the noise source at that current form
the desired bias supply (I used aregulated 12V).

Calibration

Connect the calibrated noise source (5dB ENR assumed at this point) to the test setup
and note the Y-factor. Connect the uncalibrated noise source and change the 25-dB
attenuator as required to match the Y-Factor of the calibrated source as close as
possible. | performed calibration at the following frequencies which were of particular
interest for me and for which | had equipment available: 50 MHz, 145 MHz, 436

MHz, 1296 MHz, 2304 MHz, 3456 MHz, 5760 MHz, 10368 MHz. Paul's article goes
into the precautions that must be taken when using broad band amplifiers with noise
sources to prevent erroneous readings. At each frequency of cdibration, the Y-Factor
is noted for both the calibrated and uncalibrated source and entered in to the
Spreadsheet to caculate the ENR for the uncaibrated unit.

The formulas used in the soreadsheet are given below:
Noise Figure Caculation

NF = ENR-10Log(Y-1)

NF = Noise Figurein dB

ENR = Excess noise source in dB

Y =ratio of levels with noise source on/off (not dB)
Equation used for Excel program to caculate NF:

NF = ENR-(10* Log(10"(Y dB/10)-1))

YdB istherdtio of levelswith noise source on/off in dB

Equation used for cdibrating an unknown ENR source againgt a cdibrated unit.
ENRucs=(ENRcs-10* (LOG(10"(Y dBcg/10)- 1))+

(10* (LOG(10(Y dBucy10)-1)))

ENRucsisthe cdculated ENR in dB of the uncaibrated source.

ENRcsisthe ENR in dB of the calibrated source.

YdBcsisthe Y-Factor (dB) produced by the cdibrated source.

Y dBucsisthe Y-Factor (dB) produced by the uncalibrated source.

Page 18



