Assuring Accuracy in Modulation

Measurements

by Leslie E. Brubaker

making very accurate measurements of AM depth

ar FM devialion is calibrating the measuring in-
strument. A praciselv modulated signal must be generated
o serve g g calibration standard. Option 010 for the 8901 A
Modulatlon Analyzer solves this problem for the user
by providing bullt-in peecise AM and FM modulation
standards. The calibrators built intoe an BA01A that has
Option 010 cen also ba used to calibrate other 8001As that
o not have this eption.

The Ak standard iz ganerated by summing two identical
10.1-%Hz signals, When one of the signals i swilched on
and off at a 10-kHz rate, the result is 33.33 percent AM
depth, By internally measuring® any slight difference inthe
levels of tha 1001-MHz signals the analyzer is able to detar-
mine the actual depth to =0.1 percent accuracy, To further
improve e medulation envelopa, the rise and fall transi-
tinns are smoasthed to eliminate ringing that might other-

0 ME OF THE MOST DIFFICULT PROBLEMS in

= Comparalars

wige pccur in the 8801 A% sudio filters when this signal 1=
mpasured.

The FM standard is generated by square-wave modulat-
ing a VOO with a nominal 33-kHz paak deviation. By using
the internal counter to measura® the upper and lower fre-
quency of this signal, the actual peak deviation is deter-
mined to =01 percent accuracy. To prevent ringing, the
square wave is modified to 8 round-edged trapeznid.

Omnce the actual AM depth and FM deviation have besn
caleulated and stored, the medulation analyzer can be
calibrated. With the calibration signal applied to the
analyzer's RF input port, the intemmal demodulators mea-
suee the signal being applied, and a pair of percentage
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accuracies are determined using the caloulated values of
AM and FM as references. For example, if the measured
value of AM or FM deviates from the calculated value by
—01%, the display shows 99.60%, The two percentage
accuracies, one for FM and one for AM, may be stored and
iegpd a8 scale factors to correct subsequent readings. IF
commanded to do so by means of a special function com-
mand, the analyzer will correct ifs readings automatically,

Because the modulation standards are internal to the
analyzer. there 15 little nead for metralogy labomatories to
purchase separate calibration standards. Also, because of
the technique used, it is sasy toverify that the calibrtors are
eperating proparly. The two levels in AM and the two
[requencies in FM are very accurately determined in a
nonmedulating mode. By analyzing the circuit perfor-
mance, it is possible o show that the amount of modulation
generated is the same as that Indicated by knowing the
nonmodulated states. The error analysiz will follow the
circuit description,

FM Calibrator

The FM calibralor cireuit diagram appears in Fig. 1, The
main portions of the circuilane the 10.1-¥Hz YOO (7)) and
the differential amplifier made up of Q5 and 06 with its
emitter current source 114 and Q4. The oscillator is g
varactor-duned Colpitts type with a tapped inductor for
signal extraction. The 10,1-MHz signal 15 removed by the
differential amplifier made up of Qu and 09, The collectar
of (8 drives the input to the AM calibrator, which looks Hke
a through path to the front-panel output when in the FM
calibration mode, The collector of Q8 drives a line raceiver
with TTL output. This stage acts as a lavel converter for
driving the B801A's internal counter and provides revarse
izolation that keeps counter nojse from modulating the
VCO. The collector bias of 7 also supplies hase hias for the
differential amplifier and reverse bias far the varactor
diode. This blas partially temperature compensates drift of
the varactor capacitance, Low drift is roquired to improve
accuracy when calculating the deviation of the FM calibra-
tlom signal, since any drift will directly add 1o or subtract
from the difference measurament.

Ther vscillator tuning veltage is generated by switching a
constant cuseent on and off with 05 and Q6. Suppose that
Q6 is fully on and QF is fully off, All the current from Q4
flows through Q6 and none through 5. This makes Vi
=l;k. Since this causes greater reverse bias on the varacior,
the frequency is increased o ;. which is counted and
stored, IT Q5 then is turned on and 06 is off, all of I5 Flows
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Fig. X Currend wavelarnm in fha FM caibraree ditferential
ampoliver. The FM cadbrghon .'frem_.eﬂf,:,- iT psporioral o this
cwram, The rounded Gomers reveni ringwag n I BO01 4's
Ao fikars

Sligmal

Maoise

Flg. 3. Eftective noize ouring peak gefechon,

theough Q5 and none through Q6. Then Ve = 0V, and 4
lower frequancy f_is generated and counted. The peak FM
deviation is Yaify,~ £ ). If Q5 and Q6 are allowed 1o switch at
a 1kkHz rate, we then have an BF signal madulated at o
10-kHz rate with a precisely known peak deviation, This is
the signal that is used to calibrate the #9014 FM demod-
ulateor,

The remaining portion of the calibrator consists of con-
Irol and reference circuits. A very stable voltage source i3
used &s 4 reference for the tuning current snd a bias curren|
ilg). U4 Integrates the output voltage of & CMOS Mip-Aop
and causes 08 to be switched on and off, The cutput of the
integrator is sensed by two comparators that control the
state of the flip-flop. When in the modulating mode, this
circuit causes o trisngle waveform at the U3 output, The
comparlson points are 0% and — 10V, Iy flaws through thres
resigtors to generate the —10V, There is a vollage tap ai half
of the — 104 that sets the hias of 2% and O and the reference
for the integrator. Thus €5 and Q6 are always bissed halt-
wiry batween the comparison paints even if 1y drifis. This is
necassary because otherwize the ares above and below the
enidway point would change, making the indicated plus peak
deviation different from the minus peak deviation. The
poak-to-peak deviation would st be correct, but it would be
more difficult to set the demodulator gain sceurately,

To prevent ringlng in the audio filters (finging would
result in an improper indication from the 890147 prak
detector], it was necessary to modify the transfer charac-
terigtic of the 05-08 differential amplifiee. The lirge {1 kil
emitter rasistors glve the stage a gain of 1.3 and cause the
transistors to furn on and off with rounded, rather than
sharp corners (sce Fig. 2). The rounding also causes a redac-
ton in high-frequancy compeonents that would atherwise
have to be handled by the svstemn.

FM Error Analysis

Amang the errors inthe Fy calibrator, several sources are
niegligible: the drift of the VOO with time. the change of the
VO tuning constant with temperature, and the change of
in the current source and differential amplifier trans istors.
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The counter introduces uncertainty in the meassured fre-
quency differsnce: a tesolution of 2 Hz and accuracy of 1
count gives .01% error for 30-kHz deviation, The varactor
dindes require BF bypassing at the collector of O6, giving
rize oo an BC time constant that must be short compared to
the modulation period. Eight time constants are allowead for
settling to the final value, giving 0.03% error, Finally, the
residual FM of the unmodulated carrier causes an Uncers
tainty it the peak indication fsee Fig. 3). When random
nobse alone 1s applied to a peak detectar, the output voltage
will build wp to a particular level, If signel alone is applied
1o the detector, the detector outpud will tise to the peak of
the input. When signal and noiseare applied together, some
amplitudes of the noise will nol be large enough to pat
additianal charge onto the holding eapacitor, so the sffac-
tives amount of noise 1z reduced. Analysis of the BA01A
clecuits yields a noise reduction factor of 0.7, and we know
{hat factor with & cortainty that will introduce lese than
0.025% arror. Adding 0.7 times the peak residual FM to the
ratenlated value of the FM from the calibrator gives the
correct amount of deviation that the 8901 A should indicate
when meazuring the calibratinon signal with its FM demaod-
ulator. Some of these errors are random while others are
always inone direction, By appropriately combining errors,
wa ¢an arrive at an uncertainty of 0.06%, in determining the
actual modulation. This is well within the 0.1% specified
ACCULACY.

AM Calibrator

Fig. 4 is the block diagram of the AM calibrator, The
unmaodulatad 10.1-MHz signal from the FM calibrator goes
through a limiting stage and then is split into two identical
paths eontaining a buffer, an BRI modulator and & commaon-
hase stage, The two signalsare joined again by summing the
collector currents of the commeon-base stages. From them:
the signal goes to the front-panel output as the AM calibra-
tion signal and to an BF leval detector. The output of the
detector is monitored by the microprocessor both directly
and after 10% amplification for Incressad resnlution on the
Add calculation,

The technique of generating AM is simllar to that of
generating Fi, Two known states ans precisely determined
in a nonmodulating mode, and we then switch betwean
thase lwo states at an audio rate. Assume that lg iz off and
that [, is on. Also, assume that ¥ 1 is large enough Lo tom on
1M and turn off D2, All of 1, will flow through D1 causing Ve
= 0, When V1 causes [ to be off and D2 to be an, Ly will
cause a vallage (% ] at tha emitter of Q1. In this fashion &
square wave of voltage at the RF rate will appear at the
pmitter of 1 with amplitude ¥, Notice thal this amp-
litude depends only an the impedance at node A and the
value of the de current source Iy, not on ¥1 or the disdes
[as long as the diodes are belng switched on and off by V1),
The output of Q1 is amplified and detected. An ideatical
operation voours [or the B modulator when 1 is onand, 1=
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Fig. 4. AM pakbratar circoil thagram. The 7001 -MHz sigoal frorm e FMcalbrator s SE] A e
ideniicalpaths. Thesigralinome path is swichad on and of, ard the twa Baihs S8 then summed.
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off. thus generating V. IFhoth |, and 1z areon, then the sum
of the two voltages appears at Vg AM is generated by
turning on |y continuously but switching ly onand off at an
audio rate {see Fig. 8). For one-half period, the output is ¥,
und for the ather half period itis Va = V. ForVy = V=V,
the modulation index is m = 143, The expression for m is:

v — W
m = I_m!!-_m
Vs + ¥k
v ¥, 4
S L | i 1

= [‘-’_q. 5 .Lru! + .'MIA = :I_-l- 2|1I'rﬂ- i 1"‘31"‘?!

We have sdded the 10 amplifier for WV, and Vy to get
nereased resolution on the Vy - Y measurement. This
mpression shows that, as V, and Vg become sgual, any
imeertainly in measoring Y, and Vg becomes insignificant.
[his removes stringent requirements for the BF detector to
1 highly linear or to make highly accurste ghsolute mea-
urEments.

Thee shaping of the Iy current drive 1o the B modulator is
iweomplished by driving a corrent through a parallel RC
wtwark using U2 (see Fig. 4). Assume that 1y has been off
ined that there is no charge on C, There is also no current in
L Mow let 1y make o step Increase to its maximum value. Al
i Ig flaws through © and starts to build up charge. Since the
‘vitage helween the + and — terminals of the operational
implifier must be zero, 4 curtent is forced through K, de-
reloping & voltage that will squal the veltage on . This
arrent is the emiller current of Q3. and It reduces the
mrrent through €. This process continuss until all of 1
levwes i 3. The current in (33 Iollows a simple ex pnnantiat]'
ise. When Iy is turned off, Csupplies the curmrent to B giving
n exponential decay. Since the size of the square waves of
i developed al node B are directly proportional to by, the
¥ waveform also has an exponential rlse and decay,

AM Error Analysis

Unee again it is necessary to verify that the amount of
maodulation generated in the switching mode is the same as
that calculated from messurements in the statlc mode. The
first errors that need 10 be considered are in determining the
RE level, The factore involved: are the nonlinearity and
offsel voltage of the RF detector and the internal digltal
voltmeter, the resclutien of the digital voltmeter, and the
gain uncertainty of the 10 amplifier, A list of magnitodes
and their influence on the uncertalnly in knowing m is
glven below:

AL Wonlinearity of RF detector = 0.07% for 3% change of
RF level

B. Dffset vollage of RF detector = 15 mV = V,

C. Galn uncertainty of 10> amplifier = 0.5%

[, Nonlinearity of DVA <0.1%

E. Offset vollage of I1VM =1 mY [0.05% for 2V input)

F. Rasolution of DVM = 1 Bit (10.05% for 2V input},

Lert

X, = % error in knowing ¥, = 100%
Xg = % arror in knowlng ¥, - Vg
=007 + 0.5 + 0.1 + 2{0.06) = 0.77%
sy
Xy = % erorin knowing Vg = —1-; — X

]
= (1.8 5%

100 + 2{0.05)

Then the uncertainty in knowing m becauze of the detoctor
ErTors is

Xy + | %] + 230

For example, let ¥ be within 3% of Vg. Then:

Va-W¥
.,ﬂu__“ =004
-]

and

.'.'i;'n
m

W test the value of (V4 = VgV for loss than 3% dif-
forence during each calibration evele and halt if the test
failz. This insures that there will never be more than 0,047%
arror because af the detectors,

Since the AM calibration technique depends on adding
twa signals to got a peak value that is the sum of the two
signals, the peaks of the waveform must be coincident,
Therefore the d iffaren) ia] phase shifl between the two mod-
ulatar paths must be small. A typical phass differenca of 12°
resulis in approscimately 0.001% ermor,

Since the modulators are ot idesl and have stray capaci-

live coupling around the diodes, they donot totally shat off
the signal tothe summing amplifier when [ = 0. The level of

this fescdthrough is about 60 dB down from the desited RF
Level, But ginees i is ol an angle of 907 it has negligible sffact
on the magnitude of the resultant signal.

= —i (003} [0n75 « (L7 + 0.85) = 0.047%
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Another source of erfor comes Tromm gmaeratlng an axpao-
nential leading and trailiong edge on the mod ulating current
source, Thero must be snough time for the exponential to
reach the same final value as was measured statically, Ap-
proximately nine fime constants acour from the start to the
enid of each half period, resulling in 0.012% error

The chanpge of « in the current sowrce transistors also
affects the AM calculation, but in this case it is not negligi-
ble becauze ol higher power digsipation, When measaring
V. O3 dissipates 35 mW. but when modulating, Q3 has
only & 50% cureent duty cycle, so the dissipation is only
17.5 mW. For the tranaistor used this results in a 6°C temp-
erature change and a change in o of 0.03%.

Finally, the residual AM measurement must be modified
tesincluda the atfects of peak-detecting a signal plus noise.
The effective peak noise is 0.7 of the measured peak noise,
as in the FM case. There s an additional factor (o be con-
siden=d in e AM e becrose ol AGC action in the Ag01 A's
AM demodulator, The AGC loop adjusts te gain ol an ame-
plifier 1o malintain the same average 1F level into the de-
maodulator, When Vi alone is applied the gain is 1.5 times
higher than when the modulated signal is applied. NMotice
that the modulated signal goes betwesn Vg and vV, + Vg,
rlz:sulting in a hiﬂl‘lﬂr average RE level, The redection of
wain while modulating also reduces the noise applied 1o
the demeodulator by a factor of 0.8, so the actual amount of
noise affecting the calibration is (.56 times the peak noise
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mueasured with Vg only, We know the factor of .56 to an
AECUrACY that givess (L025% unoertainky Lo the calibration.
During calibration, the #901A should then indicate the
witlues thist is ealoulated in the AM calibrator plus 0056 timeas
the peak noise,

Comblning the above erraors results in 0.07% uncertainty
inthe Ab calibration. Thizis within the ), 1% 5p|ec:ifics|1iun.




