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Integration arms receiver
with low noise floor

A measurement receiver that combines the features of a sensitive power meter, a
modulation analyzer, and an audio analyzer performs power measurements down
to — 127 dBm. Some new tricks were needed fo keep the noise at bay.

Mike McNames, Developmant Enginear, Hewlell-FPackard Co,, 1620 Sianal Dr., TAF C-34, Spokane. WA 92220

The moded BI02A Measuring Recesver
offers an alternative 10 the exisling ave-
fues ol low-bevel power messurement, I
handies input signals from 150 kHz 10
1300 MHz and combines the features of
& wide-dynamic-range (157-dB} power
meter, a tuned modulation anatyzer, and
ar-asdio analyzer

Such an imstrumenl = udetd in e varnk
aty of applcations. The B302A's prima-
fy purpcse B fo calibrate signal gener-
ators, but its combinalon of funchions
allows it to replzuce Brgar, more comgiex
multicomponent syslems. It can also
serve a5 BN attenuation measuramen
center with a8 127-dB dynaméc range. Its
refative power Measurament accuracy s
mal lirnited by the need 1o maka an ab-
solute reiarence calibration. And In
transmifler testing, 1he model BS024
can replace many o the components
typically usad to messure power, modu-
laticn, and audic distortion

Parfaps the most valksbla teature of
the B902A is its tuned AF level mea-
suremeni capability, which aliows poswer
readings to be taken down e — 137
dBm (0.1 g\ into 50chms), with linearity
petter than 0.5 dB. The tundamental
measurament BCCURACY darives from &
mode 436A type power meter which &
Integrated into the circultry of the mea
suring receiver,

& model B901A modulaton anatyzer
has alsa been integrated Into the BA02 A
It measures AM depihs 10 99 percent at
rates as high as 108 kHz The modu-
lation analyzer can alsc measure FM de-
viations as high as 400 kHz at rales up o
200 kHz, both with an acouracy ol bei-
ter than + 1 percani. The third type ol
maduiation handlad by the moduialion
analyzer section is phase. al poak oov-
ations up 10 400 radians and rates up 1o
20 kHz. with an accuracy of £ 3 per-
cent. Demodulated signals are supglied
ta frent-panel RF connecior for further
[rrOCassing

Audio measurements of gither 1he da-
modulaled AF signal or an external input

e

1. The 8302A Measuring Recelver works in comjunction with the 717224 senscr
madile fo make powss measwrements down fo — 127 dBm,

can be made with the audio anabyzer
seciion. This section features audio lre-
gquency counting ol signeis at beller
tham B0-kHz rates, with st-digit resciu
tion, It provides foe trua AMS level mea-
gurements of signals up fo B0 kHz In
addition. it has the capability of analyz-
ing distortion levets down o —54 dB at
the standard calibration frequencies of
400 and 1000 Hz

Single-conversion receiver

The BB02A is basically a single-
comersion recelver with detegtors al
several key locetions (Fig. 21 In mos!
cases, a measurement is made by cone
necting a moded 117224 sensor module
to the signal under test, The sanscr
module containg a thermooouplea sans-
tive to relative power levels, an inpul

signal can be routed into this thermo-
couple or, throwgh a specially designed
AF cable, into the inpul section of the
B202A, Once in the Measuring recaner,
the sagnal is attenuated ar amplified 1o
an optimum tevel far downconyersion o
an IF of aither 455 kHz of 1.5 MHz.

Saveral measurements are made mn
the receiver's IF saction, A signal s =
multaneousty ampitude and frequancy
{or phase) demodulated, and the recov-
ered audio signal is made available a1
front and rear panal output ports. High-
pass and low-pass fillers, as well a5 -
clable de-emphesis fillers, can be
switched = when signal processing i
required. And depending on the mes
surament, poak, BMS, and average de-
tectars are avallable.

Ancther component in the IF sectian
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I3 a new fracking synehronous detector.
It provides very linear relative level mea-
surernents under exiremaly noisy condi-
fiona. The delector has a wide dynamic
ramge, using 60 dB of varable IF gain as
well as the avaiable RF galn and atten-
ualian 1o achieve that renge,

The 455-kHz frequency of the BI02A
was chosen 10 abow the use of common
components and elecironic switching.
Az a result, & high degres of accuracy in
the IF gain steps was possible, andg i1
wis achieved without expensive, elabo-
rate attenuation standards.

Al meazuwrements perlormed by the
BAO2A are ultimately made by the fre-
quency counter section. The RF fre-
quency is Indirectly read by counting
Ihe LD and IF signals and determining
the: ditferenice frequency, LO — IF. The
frequency counter, together with a
voltage-to-tima converter, doubies as a
voltmeter, measurmg the cutpuls of the
internal deteciors. The voflages are
converied inlo a result that is displayed,
with the apprapriate unit: of mea-
suramand. on the 8802A's front panel.

The dynamic range of the BS024 is
broken down Into several measurement
ranges. Two measuremant modes are
usad: AF power (which refies on the
power sansor in the moded 11722A) and
tuned AF keval {which depends on the IF
tracking synchronous detector). The
calibration factars for the sensor in the
11722A module are printed on the back
of the device. These can be entered into
the memory of the BO02A for avtomatic
corection of power sensor fraguency
MESpOnsa.

The internal power mealer is sel to the
zero poind and calibeated by confesting
the 11722A 1o a 0-dBm power refer-
ence cutput from the B02A'S front
panel, When an operator presses the
"zero” key, the 117224 dsconnects the
poweer sansor and the B002A subtracts
any offset in the power matering circuit-
¢ unmder zero-input conditions, When
e operator presses the “caliprate”
key. the power sensor is switched inand
thie ralerence cutput is lumed on, When
e “save cal” key is engaged, the out-
put woitage from the power maetering cir-
cuitry & read by the measuring re-
cefver's internal voltmeter, and the in-
trumnent confroller sguates that valtage
1o & power lavef of 0 dBm. From that
on, all readings will ber compared
this rederence calibration point, and
Bl subsequent measurements can be
1o this Inltlal calibration. [This ac-
i essentially equal to that of the
| 4364 powor misler.)

rely on TSD

The tuned RF kevel ranges raly on the
i defectes (TSD)
ach range is obtained by extending the

Poasid soraar!

Inpet mwitch
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2. The main

of the 85024

Receiver are shown teve. The

componenis Measuring
newly develaped Iracking synchronous dedector appears in the cenfer,

TSOr's basc 15-d8 range via 60 dB of IF
gain in 10-0B steps. The three owver-
lapping ranges result from thies ditfer-
anl gan/atienuation configurations in
the AF section; The range come-
sponds to 50 dB of RF atenuation, the
middhe range 1o 10 d8 of attenuation,
and the lowes! range represents 24 dB
of AF gaim. This gam is achieved with a
broadband, thick-film mécrocircuil am-
pifier specifically designed for kow input
SWR or high input refurn loss and min-
imum noise figure.

A high' degree of relative accuracy =
maintained within each rangs. The non-
limearity over the 15-08 range of the
TSD Is only about 0.003 dB, while the
10-dB IF gain step accuracy is approxi-
malely = 0.02 dB,

The ovestapping of 1he AF and tunad
AF bands allows for cross-calibration
between the ranges. This calibration in-
formation & used to mchieve absolule
calibration to the 0-dBm reference.

Inerder to calibrale fhe funed AF leval
ranges for meagurements to =137
dBm, the foflowing procedure is prac-
ticed, First, the RF power measurement
range is calibrated with the 0-dBm rafer-
ence outpuf. Then, the source under
fest, perhaps a sagnal generaloy, is sol
1o the frequency of interest at a lovel
lylng In the overlag region between the
AF powser range and the first tuned. AF
ranga. Maxt, the 117224 sensor moduke
I connected to the sounce under tes),
and the tuned BF level mode is salactad
The B902A will automatically tune (o the
signal. The operator a1 this poimt press-
&5 the "calibrate”™ key, which switches
the 8302A to the RF power mode, It
takes a calibrated lavel reeding using
the power sensor, swilches back to the
tuned RF level mode, and takes another
level reading using tha tracking syn-
chronous detectes. [Through all this, the
sourca wider 1est showd be maintained

al a constant oulpul power level) The
B302A then defines the Iracking de-
tBeCior outpul [o corespond ta the pow-
er level juat read by 1he power sansor.
Now, thee first tuned AF level range &

absclutely calibrated All abeolute RF
and |F |osses are effectively calibrated
aut af that frequency. In addition, any
mismatch emara due 1o complex impad-
ance differences between the two intar-
nal configurations of the power sansor
mdule are also calibrated out.

The other tuned RF ranges sre call-
brated similarly. Each time a lower
range i calibrated, the source under
test is simply eet 1o an output lavel that
carresponds to the overfap reglon be-
tween the twa ranges of inferest.

The caliration data that are obigined
by this method are valid for signaks with-
in b percent of the calibration fre-
CRMINCY.

Considering instrument ngise

Attempis fo accurately medswre sig-
nal levalg ag low as =127 dBm ara in-
variably compiicated because of the de-
gradation of {he predetaction signal-o-
neise ratio (SNA) by thermal naise. Fig-
ure 3 illustrates the major noise-
influencing componants: of the BE0ZA
recelver. The basic level of kTB nolse
power &t — 174 dBm/Hz results in an
inputl SHR of 4T dB In a 1-Hz band-
width. This SNR decreases by the
BO02A's double-sideband noise figure
of 10 dB, which includes noise from 1he
frant end as well g5 image noise from
the single-Dalanced rmixer. An edquiv-
alent noise bandwidth of 30 KHz in the
IF further decreases the SNA by a value
of 10ogi30 kHz) or 45 dB. As 8 resull,
the SNR In the IF is —B dB.

Becausa the SMA = 50 low, standard
algnat detection methods are meandng-
ez For this reason, the synchromous
detector unit was developed 10 provice:

feontined on nier pagal
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INTEGRATION PROVIDES LOW NOISE FLOOR feontinasd from . 03]

followig example. Supposs that the -
Pl signal has- 8 small amownt of -
nusnidal pulse modulation al a rate of
Uy, Weilh @ pesak deviation of @ radians,
Ralying on an analyss simiar 1o that
which led 1o Eq. 1, the synchranouws da-
tector output can be shown lo be

velt) = 2% cos [dcosuyt — #eosiu,t
+ 0]+
higher frequency tarms {4)

where 8 s the equivalent peak LO
phase ceviation in radans, and 4 is the
phase error batwesn the two inputs. I
wy 1% rmizch fesg than the PLL band-
widhth, tha WGO will track the input signal
almost perlecily. This ideal case pro-
duces & synohronous detector output af
W.fr.

When iy, Is much geeales than the
PLL bandwidih, the VGO will track very
ligtle of the incaming phase modulstion,
and the detector output can be approg-
imated by:

with=214 cos (hoosntl  (5)

This can be expandsd with the Bessel

cog {xoosp) = Jy(x) — 2ddxcose +

2d0x) cos 8. (6}

which yigids

valth = 2V [,08) — 20.(Bc08Rnt
+..1 m

whera the J ferms are Bessel coefii-
chante .

Far small @ deviations, the &yn-
chionous detector output can be ap-
proximated Dy the fiest two terms shawn
above, a OC and an AG term. Since 1he
term Jofd) is less than or equal to 1,
which mdicates that suppressson of the

DG term s faking place, there will ba

ermors for inpuls with phass modulation,
as shown in Fig. &

If ther phase errors &5 & parcentage of

DC outpu! were constant, they would
cance in any relative measurement. Un-
forfunately, the percentege ol error
Changes with the input 1evel, Becauss of
the dasign ol the PLL phase deteclar,
1he equivalent locp bandwidth I8 pro-
portional 10 (ke input level This chang-
ing bandwidih causes diflerent amounts
ofinput phase mogudlion to be fracked
oul by the VOO as the input level
changes, Assuming that the input sig-
nil's spectral parity remains conelant as
Thie signal level varies, thi change in PLL

tracking produces a change in the per-
cent arror in Ing synchronous detector’s
DC outpul, The end resull s a non-
lingarity in relative level measuremeants,
Thie seluticn adopted in the BE02A for
these phase-induced nonlingarilies was
taimplarnent the PLL filter shown in Fig,
3.& E:‘q : '::.'h rda"_lﬂl.raly standard,

th the exception that the AG gain path
has beer mads variable, 'aarriﬂh BEE
Iroded by a multiplying degital-to-anaio
mﬂ&rmdﬂwg the eflective val-
ue of resistor Rz, | capaciior G & lage
enaugh, the transter function of this
toop filter will be;

His) = —[Ef + a}m] (8)

This loop ther allows the PLL bang-
width 1o be held constant, regardiess of
input signal hevel, thareby eminating
the PM-inducad error. The sscond ma-
jor problem thai must be overcome
whan using & fracking symohionous oe-
tactor is additve naise al the inpul. This
erfer will ocour regardless of the spec-
tral purity of the input carrier. It depends
anly an the NPl addidve noise level,
The erfod increases a3 the npal SNA

Additive noise errors are caused by
phase madulation ol the VOO In &

feanfinued on mert naned




INTEGRATION PROVIDES LOW NOQISE FLOOR feonlinued from p #57)

mathematical analyss, assume that the
Input with the additive nolse looks like

wit) = Wicaswt + mithoosect —
Aol tsinut 19
while the VCO signal appears as
Zeinfuwet + 95000

Since the phase getector i3 essentially a
switching mixer like the synchronaus
detector, the phase delectar oulput can
bt gitven by

velth = Wosinfo{thy = witksind 1) —
ngltesds(t) (1)

which does not include higher-
frequency terms removed by the locp
liltzr, In crder o find the error cauged by
tha WCO's phase modulation, 1he term
.0ty must be determined. Un-
fortunately, dus 1o intermodulation (i)
in the PLL between the VGO phase
modultation quadrature Sdebands, and
in-phase and quadrature components
on the incoming additive notse, this de-
termination {2 nol straightfarward. Tha
pest solution lies in a stalshical repre-
saritation of the magnatede of 8,(t). Pre-
wiows anafvsas hava shown that 8 ore-
laticrship exists betwesn A0t and the
SNR in the kep':

-"atw—ﬁ'ﬁﬁ 111

whara SMA is defined as 2EI F, |5 the

sighal power, i isﬂ'ﬂ-ﬁOIEE EpBGT.Tal den-
gity, and B)_ is the equivalant PLL band-
width.

In ceder o understand acditive Input
ricise, agsume that the W00 phase mod-
ulation & reprasaniod by fpith By defind-
tian, this phase modulation = 0 phase
quadrature with the WOO carreer signal
The phase-modulated signal mixes In
the synchronous detector with the in-
coming signal and addifive paise, I e
VGO noise were correlated with the in-
coming quadrature naise component, a
DS component at the synchronous de-
fectar's gulpu] would result. This com-
ponent weukd add fo the DO output
caused by the VGO carrier mixing with
1he incoming ¢arrer, causing a positive
DC errar.

In practice, however, aimoesl the op-
posite occurs. The synchronous de-
tector s OC output is actually lower than
hal lor &n incoming shonal of the sama
lewal with no addifive noles. Due to the
I that ceours i the PLL, the WCO
phase modulation is uncomeiated with
the incoming quactaiure noize, and the
synchronous  detector's input phasarg
appear much a3 they do m the right-
hand side of Fig. 5 D fo the relative
[inter between the phases of 1ha Two Syn-
chronous deteclor inputs, the everage
datecior DG outpul & suppressad.
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BW = B,

B. This is one lechnigue for correcting additive noise errors /o fhe synchronous
delectar. i refiss an using an AMS defactor a5 ar enalog compuler,

Since the detector’'s DG culpul is pro-
portional 1o the awerege cosine projec-
tion of the input phasor on the WoO
phasor, the detector autpul srror can be
celculated fram the SNA in ke loop,
The procedure is a5 follows:

ol 1) oo CoEl D) = oSl 112}

i, - - \/_T' {13}
G \/”a" FENR

Error (dB) = 20 "-"-'EI 008 fopye =

20 log eos [——=] 114}

b4 ESNR
I 1k arror wire & constant percentags
of the mput sigral level, it would cancel,
sinGe the level measuremsnts ara ralax
five. Howewer, the error Is 8 function of
12 SNR. which varies with changes in
1he inpui level, resulting in 8 syn-
chranous defector cudput nonénearity. If
fhis SHA could be determined. it would
then be paseible (in the softwang) b0 cor-
rect the error via Bq. 14.

The errar can also De cofrecled Dy
wsing an RAME detector in an analog
computer, ag shown in Fig. B, This de-
tector is based on the known syn-
chiomaus u:letectnr nutpur of

Maoe '“'sCﬂB ity = '*"sﬂﬂﬂsnnm

F'f'—*{;‘f' (15)

mEﬁan;g: ¢

It i possible to maka the following sukb-
afifution:

——— n i
VoGOt = ¥y [1—Memue®) = Wa

1= 2 (16)
Bait it must be remermbered thak

Bt = §ﬂ1ﬁ
s,

a 1
Vo = v:.[1 = (ENF;)] {17
By substitafing
nLl L
ShR = E-Prﬁl

the following equivalancy is oblaifed:

B 1
“H e
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Building upon this equation, the AME
detector input {] can De written A&

'wB
Vi = Vo + Vag — Va1 = E124)

I
+ Vs :E':' {in Byl
T . —ﬂ "
Vi = (DG + AGF
= D2 + ACE + 20G-AC

= DCE + A= (19)
where the synchronaus detectar A in-
put {the noise vollage) is represented Dy
W.,. By substituting the AC and DG wol-
age terms inte (s iest equation, the
following 1nrm resulls

VE = U2 - il ¢
L
W,

5
AL e e %QP',J'?}]
+ V2 Tlin Byl

2

i o 3
=V 1= -11—%'-] +

where P i3 the average power.
Since
F.(in By) _ Power In Woise Out OF S0
'."".' i 2 ¥ Py In Tha IF
3 218y
2P,
by substituting into Eq. 20, the final re-
sUll appears as:
2qBy

e 20 P 2
2 Y = Y o A
WS =gl ﬁ-&ﬁ a ﬁi'

S el O

21

A
AT R L T
5 B
This last equation shows that by setling
By = By tha Ias1 w0 1erms will cancel,
lisirving W7 = .5 =0 that the eror dus
1o additive naise has bean eflactialy
cancelled. OFf coursa, this technigue re-
ligs cma tixed walug of By . Still, this has
been already guaranteed Dy the fech
nigue used 10 cormect for phase modu-
laton cn the sourca,
feowoluded om g 1790

June 1983




| INTEGRATION PROVIDES LOW NOISE FLOOR (confinued from p. 108)

In viewing this lechnigue gualitatively,
inote that the VCO power is constant.
| When the PLL transfers phase noise on-
tethe VOO, the power in the WCO carrier
i reduced by the amount of power that
goes inlo the phase noise sidebands.
since the synchronous detector output
i proportignal only to the VGO carrer,
the output will be suppressed by this
amaount. If By = By, the RMS datector
will add a voltage based on the same
amount of noise power that was taken
from the VGO carrier line, P&A: 82024,
§21,000; 117224, £1900; S0 days. In-
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