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Noise and Its Amateur Implications

Noise in its broadest terms is someth ing H 'C are all fa miliar with. Noise from m echanical
devices, electrical devices, and .111 sorts of th ings all add up to make noise a part of our every
day /if e. Noise from the dog at 3 a.m., noise even from our grendchi ldret: at play C.1n really
m.1ke you wish you coul d turn down their amp l ltiet: and have some p eace and quiet. While
turning down the noise source is a good idea. it 's not possible in the modern world (electront
cally speaking) th.lt we live in. Unton utuuely, we must confron t head-on the contributions of
noise produced by all the technology that we have become accusromed to using.

T he rcul fluht for surv iva l is inside our
equi pment and Inthe design of devices

to counter this noise problem. Whi le I don' t
want 10 go into noise blunkers and other
recei ver noise circuits, I do want to take a
slightly different tack and go into identify
ing the noi se sensitivity of recei ving sy...
terns and preamps in ge neral. What is
inte resting to note is that a ll recei vers con
tribute noise to the receiving sys tem. with
some bcuer (less noi se ) than others. Thi s
internal noise product is what we arc exam
ining in rece iving sys tems. he it a preamp
or receiver, We want III identify just wha t
inherent noise each component amplifie r
part is capable of supponing. Eliminating
noise complete ly is not possible, as a ll de
vices make or generate noise as a func tion
of current flow. While other devi ces try to
selectively SOIl through this noise and pull
out rea l signals. adjusting first stage ampli
fiers for minimum noise figure produces the
best res ults.

That's the real topic for radio amateurs
- pu lli ng very weak s ignals out of the
gobbledygoo k we all refer to as "noise:' I
am sure if we listen 10 noise long enough
we ' an even make a con tact with SOIllC rare
cullsig n. Humor aside. we all have listened
for long times to lind weak signa ls. both real
and imaginary. trying 10 fl sh a coma..-t out
of the noise whi le searching up and down
the band adjusting our antenna and peaking
our receiver for bes t performance.

Noise is what we hear when we unsquclch
our handhelds or listen to a high frequency
recei ver - it's a ll noise. at least until a rea l
signal hopefully comes roa ri ng throu gh . We
can take a signal generator and examine
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almost any rece iver to lind out its minimum
sensitivity in microvolts and how much gain
it gives. hut this docs not give a true picture
of the system perfor mance. What is needed
is a measu rement of noise figure .

Noise figu re is a ratio used to rate each
system or component ampJilier ofa system.
The lower the noise figure number you can
obtain, the bette r your system will be abl e
to pick a very weak signal out of the ex ter
nal noise . There is. however. a requirement
that the weak signal you expect to lind is
higher in level than the ambient or externa l
noise. In ot her words , if the signal you ....'an t
is on eve n par with elevators, generators,
and automobile ignition sys tems (to men
tion a few contri buting noise sources ). there
i" not much that will allow you 10 recei ve a
workable s ignal. Even the neig hbor's
Mixmaster can wipe you out with noise and
make your receiver unworkable , a t least
until the cake mix is finished.

Rem embering back to my HF days as a
Novice , I was always adding on to my HF
recei vers' adj unc ts to improve sensitivity
and performance without having test eq uip
ment to evaluate just what improvements my
system was capable of de tecting. In those
early days I did not rea lize that the II F re
ceivers, hot as they were, did not need much
improvement as far as noise figure was con
ce rned. as the ex ternal noise was so great
there was little that could be done 10 im
prove the rece iver to overcome it. To be able
to copy signals that arc below this th resh
o ld ("s ig na ls below the exte rnal noi se
1100r"). other special techniques are required.

My first noise meter was a simple diode
noise source se rial #2 , a prototype found at

a local surplus store . It was used to cvalu
ate military rece ive rs from I to 400 MHz.
Or rather, instead of testing them. it was
supposed 10 be used first when the rece iver
was new to make a noi se reference meter
read ing and reco rd it for mainten ance
checks. It was then used to test a ll recei vers
of a specific type. and at a specific frequency
have a meier reading of. say. 5-7 on the ref
erence scale. If it went to a larger number,
the rece iver was ge tting numb and needed
se rv ice. What a neat device for a quick
evaluation confidence check of a sys tem
receiver, as it did not require extensive cali
brarlon. (This was for AM. CW, and SSB
receivers onlv. It will not wo rk for F:\1.)•

Later on, the pursu it for better noi se fig
ure (wi thout the capabi lity of measuring it)
was hot underway. Operation on :! meters
and above was all the rage. First came thc
Gonser Communicator (a tube radio) and its
RF am p. a 6BQ7 with a NF of7 dB or so at
2 meters . Ne w improvements came on. as
the Nuvlsror touted then as so rt of a so lid
Slate miniature tube (the 6CW4 ) with a KF
of about 3 to 4 dB. To really ge t the best
noise figu re a t this ti me, th e ultimate
at 2 meters was the historic western Elec 
tric 4 16B gold-pla ted lighthouse tunc. Noise
figures in the I dB range were at hand. hut
at a price - Ihat being a supply of pressur
ized air 10 prcvcnr rhe glass seals from crack
ing from tube heat. Not to ment ion a high
voltage DC power supply for the ~ 16B and
its $50 price lag.

Then entered the solid state tran... lstors
from Texas Instruments ca lled the TIXM05
and its family of devices tha t equaled the
4 16 's I dB NF and was solid state and about



Fig. I. A ittech 75 f.1. lI(1i.H ' fig ure meter connected to noise head. Noise head p roduces RF
1I0 i ,\'(' to input vf "n UT" (Device Under Test] preamplifier and is converted with an ex
temal siXl/a! generator andmicrowave mixer to JOMH~. tht' IF [requencv of Ihe 75 1.J
noise fig ure meter. A small f() to 20 dB wlIl'''fia is required /(I OI'ercoml' the loss due to
mixing conversion lou. 30 AJH:. preamp ca ll be constructed with 2 stages of "'(l ,ft lIll)"

MMJC lIIlIplifier.

d iode noise source that is calibra ted to a spe
cific power in d B (rated in d B or called Er-."R.
excess noise)overa specific frequency range .

These specifications are usually labeled o n
ind ividual noi se heads. Its power is c alled
No ise Source Excess Noise. One commer
c ia l no ise head I have came wuh a Sanders
5-1ooB no ise fi gure meter (military surplus).
Thi s no ise head is rated at 25 .5 dB (ENR)
excess noi se from I M l l z 10 18 GHz and
n u t 10 within ± .75 d B. That 's a lo t of noise
outp ut power, and if yo u co nnected the full
unancnuatcd power o f this noise head into
a somewhat numb 10 GHz or less frequency
recei ver. if wou ld j ump and take notice.The
reactio n would be the same as putting 100
microvol ts from a sig na l generator into a
receiver that is sensitive to 5 microvolts
that's an S-9+++ signal capable of turning
any recei ver upside down .

To rea lly find OUI what b goi ng on, w'e
ha ve to attenuate the noise head power 10

le sser and lesse r le ve ls o f noise powe r and
sec what the receiver 's reac tion is. and then
calc ula te the di fference between the noise
head' s noise and no noise at the output o f

the receiver. T he o utp ut o f the IF amplifie r
o r aud io output is coupled ro the noise fig 
ure meie r to make thi s me asureme nt. \Vh:H

IS going o n is that the r\F meter is pu lsi ng
DC power at a I hertz on/off rare 10 the di
ode noise head . T his produces a signal o f
noise pulses a lternating between no ise on
and noise o ff. T he detector ci rcuit in the

noise me ie r measures the d iffe rence be
tween no ise on and no ise o ff 10 produce a
readi ng in dB that is expressed as liaise fig 
urc. In the noise off stale , the ambient noise
o f the sys tem is measured. and this base line
value is compared to the no ise O il reading.
T his comparison expresses the true noise
figure of the device or converte r in d B. T he
lo wer the n umber the better the system
am plifie r. Adj us tments to the amplifie r
can be made at thi s tirnc to improve the
noise fig ure readings.

Usi ng a no ise head with 25 .5 EN R means
that no ise fig ure o f better than 20 d B can he
measured . By modern standards this is qui ll"
numh for systems up to 24 GHI. What is
done to make lower readings of noise fig 
ure possible is to attenuate the noise head
power to a le sser va lue in dB with a 10 o r
20 dB attcnuator. For a 10 dB auenuator 10
10 20 d B NF can be measured: this mig ht
be a sla rting poinl fo r first cut a lignment.
Ho we ver. fo r se rious measurements an at

ten ualo r o f 20 d B is used 10 make a reading
o f less Ihan a 10 d B KF. Whi le Ihe Sanders
5-100B is an ea rly surpl us NF mCler. it is
nOI capa hle of stable sub-2 dB measure
me nts . This is still nol 10 scoff at, as it slill
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or adj usting by me after sawing the uni t our

o f a much larger component. Compare that
10 my efforts qui te a few years ago with

lubes and the fi rst tran....lsrors. and )"ou can see
that we have come a long way as amateurs.

and in electronics in gene ral.
W hat. then . arc the noise improvements

that need 10 he made to a preamp o r circu its
10 make them bet te r and allo w weake r sig

nals to be received using the sa llie de vice
and circuit such as my amp described for

10 GHz? T he: proced ures are the same for
any frequency. be il l GHz or IO GH7. Only
consuucucn and circui t size gel.... smaller
and smaller as frequencies increase, mak

ing them mo re difficult to cope with a.... cir
c ul t size di m ini she s . Tool s shi ft from
longnosc pliers a nd wire cuuers 10 tweezers
and Xacto knives . Also. it is necessary to

e mploy a no ise fi gure meter to p rope rly
e va luate the circuit for best adj ustment fo r

lowest noise fig ure . The noise fig ure tes t
eq uipme nt m ust he ut ili zed 10 m ake thi s

adjustment. While the preamplifier under
test in this example exhibit.... good gain . mi 

nor readj ustment.... in device drain c urrent
and bias voltage. wi th small ci rcuit pa ram
eter c hanges in capacitance and indut tance ,

c a n tu rn a funcli o n ing preamp in lo an
e xceIlenl-low·no ise- fig ure prcampli lier.

WelL whal doc s thi s magical de vice, the

no ise fig ure meter. have that is so special?
Fi rs t. i l mu s l ha ve a so u rce o f no is e . a

I<FOUT
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1120 o f the tube 's weight. Be lieve it o r nor .
while looking through the junk box that I

build from . I located several Tlxbfu dcvices
st ill in their original package. What a fi nd

- I had forgo tten all about them lyi ng in
the j unk box from the late ·6(h. (I should
start a rad io sideshow o f o ld and interesting

dcviccs.j
Si nce in tho se days sc ience in genera l

explod ed. with I dB no ise fi g ure at 2 meters
came improvements ho lding the KF to he

low I d B b ut at inc reasing frequencies with
bipolar devices and then GaAsFET devices.

Not to just I GH7 but into the w ry m icro
wave region that I love 10 play in today.

Obtaining a I dB NF preamp at IO GHz h
nothing today wit h modem FETs . What is

left afte r constructi ng such a preamplifier
or sys tem is the adjusting and measu ring

that is required to obtain best adjustme nt
and lowest noi se figu re (NF) . What a com
pariso n to the e arly 2 me te r strug gl ing for

a modest noise fi g ure with tubes before
transi sto rs and FET s .

Just fo r fun and to demonstrate how good
mate rial is today. I bandsawcd a Qualcomm
12 GHz Low Noise Amplifier( LNA) out of

a major assembly. put isolation capacilors
and two coax connectors 0 11 Ihe preamp. and

lOok it to the NF measuremenl al fl. li cro·
wave Updale 1999 in Plano . Texa <,. II mea·

sureJ at 10 368 MHz 27 dB gain, and a 2 . 13
dB NF o ut the c hutc with no prior te:-.ti ng
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suh-I d B re ad ings , Ju st what the doctor
ordered ,

Thi s meter has o ne liahili ty. as it has o nly
an IF at 30 MH l as its input freq uency.Thai
means thai a converter for yo ur IF frequency
must be constructed to inrcrfuce to the !\F
meier. For a ll mv micro wave svstems. f use

• •
a 2 meter IF for transmit and receive with
all converte rs. so all I ne ed is a \ 960s con
verter for 2 meters 10 2S ~1H I and we arc
in husincss. J haven't tried the se tup yet. as

I' m still gathe ring part s to pUI ir a ll into
play. Us ing 2H ~1H /_ for un IF shou ld not
be a problem. a" the 30 MH I IF input is 5
MHz " ide . That means that I can use the 2
meter converte r in the j unk box transistor
ized and ncar ready-to -go . I have 10 add a
filte r at the IF (30 MHl ) and some gain to
interface wi th the IF inp ut circuits. hUI that
can be as simple as a co uple of ~nlIC am
plifiers.

There h ve rsion -09 fo r rho 75 14 NF
meter tha t o ffers se lectable IF freque ncies
for a great variety, hut 2 meters is nOI o ne
of them. J usl a simple mixe r local oscilla
tor at 116 M HI and IF preamp! ifl cr and f 1
ter fo r 30 f\. IHI is a ll that is requ ired .

Nothing 'peda l. a_' the prea mp or micro
wave convener to the l..g ~IH L freq uency

range is the main noise figure determining
e lement in the noise figure measurement.
The subseque nt stages contribute 10 the
overall N F readi ng but 10 a much lesser de
gree than the first stage de vice .

I am in the process o f bu ilding and modi
fying the convener fo r the NF meter and
willlet yo u "no w how it goes. Right now I
am collecting paris and putting together the
fu ll system fo r bench usc. Wc wi ll fi nish up
this topic next month. with g reat ex pecta
lio n.... of ha ving the fullnoise figure system
in operat ion .

Well. that's it for thi.. month. If there are
a ny questions. d rop me a no ll' at my E-mai l
address , Best 73. Chuck WBblGP, fa

m eas uremen ts to
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LO

28 MHz OUT

145 MHz

OUT "

IF IN

can he had at swap meets for $ 1 after they
are separated fromtheir cables and ml' INS.
It seems that most exte rnal de vices. probes
and such. see m to mi grate in surplus from
the de vices that they are used with. making
the m an orphan item possibly a vai lable in

unexpected places
- especially if you
can spot a ha rgai n.

Wh ile the Sand
e rs NF m eter is
qui ll,' ve rsu tile , It
accepts IF freq ue n
cies fro m 10 10 30{)
~1 H I. - or video
input from sources
such as the speake r
a ud io jack - 10 a
real widehand video
o u t p ut so u rce .
While it is versatile
i n the s e appti ca 
rton s. il falte rs in

the sub--2 dB noi se f------------ -----
f i gu re m easure -
ments. It' s kind of
like ha ving a l-ord or
Chevy while want 
ing a Ferrari. Well.
e nter the next leve l:
the Ail tech 75 10
th rou gh 7 5 1 ~ :'>IF
meters. I wa.. able 10

pick up an Aincch
75 1 ~ meter and !\F
head that allows RF
frequen ci e s 10 be
measured fmm I to
12.4 GHz. and NF

30 MHz

DEVICE UNDER TEST
"OUT"

10368 MHz
MICROWAV!
COIMI>!ER

-eev

~ew in this third edit ion book arc world fre
qucncy maps 10 help you tunc into a specific

country. anywhere in the world. The new quick

country guide will help you tune in almost a ny

time of the dav or niaht . $ 19.95. -

NOISE HEAD
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tI

A true cornucopia of technical information
fo r ha m radio. Not only will you fi nd the

theore tical aspects. you will fi nd real pract ic al
information presented in a no no nsense form ,

Equtpmcut & Log Sheets, Charts. Tables
••__ sho wing: wo rldw ide cullsigns. world limes.

- iI shortwave listening frequencies. coax losses.
crcss de ta ils. conversio ns. cons truction

plans. emergency information. etc.

133 pages . $14.95

Send check or money o rder plus $3.50 shipping & handling 10 :

O mega Sales
".0. Box 376
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n A perfect travelling companion. TIle Mapbook
, Repea ter

I , ;l. l apU....k ' contains localions o f hundreds upon hundreds of
. I
IL ":'I( '= open repeaters throughout the U.S., Canada and

:1.1 ~;:j Mexico.These detailed maps show all highwaysllJ :: and major cities in each stale , If yo u travel
ff~! anywhere in the Uniled Slates, this Maphook
• I will he the best investment you ever made !- $9.95

cuu provide meaningful measure ments and
reasonably good resu lts.

The noise head used in th is syste m is not
c heap either. as a good noise head to 18 Gl il
can run from $400 at used surpl us dea lers
to $ 1300 new. Keep your eyes open. as they

Fig. 1. Noise figure meta testing a microwave cO/lverter with /45 MH:..IF output. Gain
lIot required at 30 .\III:. as converter has high tevet al 1.J5 Mil:.. IF output. Converter
f rom 1.J5 MIf::-28 .\I1f:: 1I.{e.{ RF mixer and 116 MH::. LO crystal oscillator. The 1I0iu
figure of the microwave cO/werter is 11011' being measured.
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