il requires a good stoul IF amplifier to delve 6,

The amplitude modulation percentage is the amplitude
of the AM detector audio cutput divided by the average
cacrier level times 100%, The average cartier level is also

ditected by the AM defector: it is labelad ¥y, . in Fig. 10
An AGE circoit ahead of the AM demodulator [Fig, 11)

provides a constanl-level 1IF signal 1o the demodulatar.

Ve sut 18 compared with a stable reference and an error

A New Type of FM Demodulator

by Russell B. Riley

‘Wa have called the wiceband low-nose FM demodulalor used n
the 83014 Moduation Analyzer a charge-count discrimmatar. The
biasic idea is 1o form puses of constant charge at a rale propational
to frepancy and then avarage these pulses to produce an output
walage proypantianal ta the ingus qu.sam;:lr

Theoperation of the charge-count dscrminato issimikr o thal of
tha more familiar pulse-count discriminalor, the basic difference
being the pulse shapes inworved. The typical pulse-count circud
foarnss i puise of corslant amplitude and constant duralion once par
cycla of the signalio be demodulated. Mote thal bolh the ampliude
wnd i durabon have 1o be confrolied with great accuracy and
stabiliby lor lingar, low-noise partormance. Inpracticeit is usually jther

4 10% @i”““

Thus the demodulater inganty depands on pESSIVE COMPOrEnts
and a slable wiiage &Y, The principal source of noise is ihe op-
amnp U, with resistor R and noiss on AV makng somawhat smaller
contrbutions.

The circui aciually used in the modulation analyzer includes same
rafiramenis. Forexample, rans iion 01 is also used, driving circuitrg
Similar to thet connectad to the collectior of Q2. The tvo culpuls ars
addad, with the resull that the demodulator trensfer function {aensitiv-
ity] is doubled and the output ripple freguency |8 doubled, making the
filtanng job easier A damped inductor is addad in serkas with C1 1o
irroduce & controlled amount of overshoot so that the stearing
diodes cut off claanly

.
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i Ihe pulse duration thal imils nose performance. In condrass, the
charga-count circull requires only ihel 8 de vollage be acourate and
stanie

In the circu & disgram [Fig. 1), diodes D1 and 02 clamg the el end
ol capecitor C1 fo & vollage swing of 15V plus two diode diops.
Charge-steering dides 03 and DA kit the right end of C1 10 a
voltage excursion ol two diode drops. Thus he charge thet llows
back and forth in G1 is well delned and is given by

Q=C1av
wiire 4V is 15V in this example. Sinca eurrent is given Dy the rae of
change of charge wih respact to tima the avarage current | flowing
i resistor A, throughthe action of the cherge-steering diodes and 1he
aparational amplifier U, is given by

g = O = C1F &N

whared & e number ol oyeles per second (fha requancy of the input
sl The avarage oulpul vollage Vo, is simply

Mivg = Rlyy = AGIT A¥

Fig. 1. Simohfied schernalic of (he
CREQE-COUT RRCTmimaror,
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vollage is developed to control the gain of the AGC
amplifier, The limiting factor in the design of the AGC
amplifier is the AM distertion goal of —60 dB harmonic
distortion. A special low-distartion phatoresistor is used as
{hu= gain control element in a feadback arrangement. The
approach works well, hut is not without pitfatls. The photo-
resislor Is a slow device with a low-frequency pole that
tends to move with the operating point. [t also has @ gain
factor thal is not very stable, In general it is not the kind of
alement a designer likes to have determining the dynamics
of a loop,

Toavaid these problems, the photoresistor is placed ina
contrel loop to sed its resistance [Flg, 11). A small doourrent
iz put through the photoresistor and an operational
amplifier senses the voltage across the photoresistor. The
op-amp changes the current through the light-emitting
diode that Hluminates the photoresistor until the voltage
actoss the photoresistor equals s pradeterminad valva. In
this way the dc current controls the resistance of the photo-
resistor and consegquently the gain of the AGC amplifier.
The pole of the photoresistor as well as its gain variations
are removied by the action of this local control loop. Since
the AM signal geing through the photoresistor is at IF and
the resistance-setting signal is at de, these zsignals do no
interfere with cach other,

The AGC loop can be modeled as & feadback [oop arournd
a multiplier (zee Flg. 12), The multiplication factor W,
is {lie gain of the AGC amplifier, so that ¥V, =V, = V..
The loop gain is GKAVdV =GRV, Thus the loop
gain iz proportional to the input level, Although this is
characteristic of an AGC loop, it is und esirable because the
Loop handwidih and response time are functions of the loop
aain. I the loop bandwidth is too high, the circuit will begin
to remove some of the amplitude information from the
slgnal, and ringing will occur for step BE inputs. [Mhe loagp
bandwidth is too small the response time will be very long.
Unless something s done to compensale for the changing
loopgain, oneor the olher of these effects cin be expacted o
OECUT.

Chur solution 1= to make the gain factor K inversely pro-
portional to V.. Sioce K = dVdY, . we will have constant

Al nivaa E1T-FACKARD JOUAKSL HOWEMBEF 1878
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uigior, & fow-oNstovTio plforesis-
fov 45 Thi gan cosrol elament.

bandwidth if

[ S AV Ve
T

T TR T T T

Because the cireait is an AGC circuil, Vi, = Vg = con-
stant, Therefore we need

An exponential with ¥, o« «*** meets this requirament
In the 901A the exponential characteristic is approxi-
mated by the series combination of B and Rp in Fig. 11
Curvent | develops a voltage 1[E+Bp] across this series
combination. The centeol loop amplifier drives the photo-
rasistor to make this voltage equal to the reterence voltage
Vo, The AGC amplifier gain is

P dv,
= V= - e,
Gain =V, Rp IRV,  dv,

For the values used, the maximum gein ermor of this approx-
imaticn over a 24.dB IF input range is 2 dB. This 12-10-1
im provement allows us lo maintein both accuracy and re-
sponse time over the operating range of the circwit,

MuRtipiier

o

i v e
Vare

Fig. 12. AGC foop can be modeled 83 8 fersback (oop
arcund @ muiinier.
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Audio Section

The audinsection (Fig. 13] selects the output ol either the
A demodulator or the FM demodulator. generates a digi-
lal pesult proportional to the amount of modwlation, and
autputs the demodulated signasl to the front panel, In the
procass, the signal is filtered. amplified, de-emphasized,
deteécted and converted to digital format.

Three low-pass filter bandwidths and two high-pass filtar
bandwidihs are provided, along witha wideband filier rep-
resenting the unfilterad case The wide filter's 3-dB
handwidth iz a few tenths of one hertz at the low end to
about 250 kHz at the high end. The low-frequency cutots
had to be kept very low ba preseree FM stereo inlormation at
lenwe E'n-.u:!ul;:nl'.ir.s. Fear Eqn-d slereo 5::[_1:_1m|,ir:ln n|1|.}' sroaall
phase shifls betwesn the sudio tone and the 36-kHz sulbar-
rier are permissible. The lower cutoff frequency of 0.3 He
limits the maximum meagurable separation at 50 Ha to 50
dH.

This filter is required (o be Dat to 200 kHz for FM and o

Flg, 13, Aucko secion [Nocesses
ang medasuras he modalaiion
signal

100 kHz for AM, Separvate filters are used for the Fu and AM
inputs to minimize the problems associated with switching
betwean modulators. The actual switching throughout the
audio section is done al high-impedance points so that
switch impedance variations do not leed to gain varsiations,
The wide filters are designed to attenuvate the 1.5-MHz [F
sigual and i1 sidebands,

The two high-pass filters, 50 Hz and 300 Hz, represent
stendard frequencics a user might need,

The thrae low-pass filters are 3kHe, 18kHz, and =20 kHz.
The 15-kHz filter is a lve-pole Butterworth filter. It is de-
signed to attenvate the carrler when operating with o 150-
kHz or greater input frequency, The 3-kHz filter 1s an active
five-pole filter used for noise measurements. This filtes is
designed with many poles sothat noise that might be rising
with audin Frequency [typical in FA avaterns| will be fil-
tered enough to give meaningful sesulls. The =20kHz Filter
has a 3-dB bandwidth of abowl S0 kH2 bul has a Bescal
shiape, so that is is dewn about 2% at 20 kHz. [t iz optimized
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for minimum overshoot to a square wave input. This Flter
cin abso aflenuate the IF when operating at a 435-kHz IF,
Either this filter or the 15-kHz filtar may be uzed with the
455-kHz IF

Whan FM is selected there is a choice of de-emphasis
networks. These are required to reconstruct the modulation
gignal, since an FA transmitter typically has its Frequency
response pre-amphasized. When a de-emphasis network is
selected it is always switched in ahead of the demodulated
outpul, The display, however, can represent the modula-
tien either hefore or after de-emphasis. This allows either
deviation (withoul de-emphagis | ar fatness [including de-
eripliag i) measurements to be mada while maintaining the
cofrect [requency response at the demodulated outpul,
When the 7h0-us de-emphasiz network is selecled a gain of
i is autnmatically insertad. This gives the added resolo-
Lion often needed with this de-emphasis network because i
reduces the received noise so much [750 ws is equivalent to
a 212-Hz low-pass {ilar with one pole)

When @M is selected the FM signal is Integrated to form
b = [1dt. The phase moduolation capability assumes wide-
deviation phase modulation, with readings to 400 radians.
Modulation schemes that df.-|.||e|1|| LN 8y raclians |::||::i;|:p|;
the same a8 2 radians will mause erroneous readings, and
phase modulation with incidental AM much greater than
f0% may also cause incorrect readings. The O demod -
ulator works very well with analog phase modulation and
is useful with some types of digital PSE | phase shift keving).

Average and Peak Detectors

Twao delectors are provided in the sudio section. The
average-responding detector, similar 1o that found In
high-guality voltmeters, is included mainly to messore
naoize. The peak detector is used mainly 1o measure
maximum modulation. An amplifier that can ba program-
g to o gainef +1 or — 1 precedes the peak detactor so that
aither +pk or - pk readings can be made, The performance
af the peak datector Is key to the aperation of the modula-
tion memsurenents and moch effort want into its develop-
ek,

As simpla as the peak detector is (see Fig. 13), it has very
good petlormance. Its maximun allowable eeror far 100-
kEHz audio rates @5 §,15% on our production line. A& sine
wave I within 0.15% af peak velue for only 1.7% of the
time, or only 170 ns at 100 kHz. This requires o very [ast
cirouil, For this TEAS0TL, o hJsII.-H-EJIﬂ:EI:I coamparatoris used as

+
gt i
|
-
5 Butier
===, AAA—O —+
To
BDC
s Hold
Capacitor
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the basis of the ciccuit, Af the other end of the spectrum, for
# S0-He input the sample capacitor must retain its charge for
20 ms. With a maximum of 0.15% dischare allowed, this
reprasents a time canstand of 13 seconds. To maintain this
longtime constant given the levels and inpot hiaz currant in
the comparator, the sampling capacitor is large (4pF). This
Inng lime constant also requires that the circuil be actively
discharged to maintain reasonable messurement speed
The vircuit is cycled automatically 1o messure o new peak
value 10 timas a second,

The current that charges the sample capecitoris large so
that tha datector is able to respond ta complex signals, such
azs bwio simultanecus tones. In this case, which is typical of
avionics signals, peaks occur only at the difference fre.
nuency hatween the fwo lones, vat the widths of the peaks
are propotional (o the highest frequency. The problem herne
is to charge the sam ple capacitor fully while the two inputs
#re smming (0 a maximum. On the other hand, the higher
the charge current. the greater the polential overshool, The
charge current level is chosen so that this ovarshoot is less
tham one least significant digit.

After the poak sample has been taken, the resull is trans-
fereed to a held capacitor and buffered for the snalog-to-
digital canverter. If 5, in Fig, 14 is held closed for a sufti-
cient length of time, then nearly all the valtage on (2 is
transferred to the smaller . However, il same post-peak-
detection filtering iz required, then 5, is cloged fora shorter
time. In this way & fraction of the voltage difference between
Cy and Cy is transferrad for pach time period. The result is




g fime-samplad approsimation to an ideal one-pole post-
datection filter, The advantage is that it is programmable
and i1 does not add much hardware—just two resistors plus
the latch and translstor that change the timing o the type-
555 limer thal sequences the peak detector.

If the timer is turned off and S, is lefl closed, then any
signal that comes along will be captured. This is called peak
hobel: it is implomanted with digital storage to provide
ind elinite retention of maximum levels of peak modulation.

The analog-to-digital converter is used to rend many volt-
ages inside the modulation analvzer. Readings are made b
determine the result and validity of sach measurement, The
ADC can make measurements as fast as 10 ms, has resolu-
tion of 1 part in 40,000, and has only one adjustmeant and
inharently no offsel,

The canvarter is a single-slope converter (Fig. 15]. When
it receives & start fransition. it generates a ramp by integral-
ing @ precision cureent. When the rmmgp exceeds the inpul
voltage. o comparator changes state, A clock is counted
between the star transiticn and the comparator state
change, The number of counls is proportional to theanalog
volage,

Instead of starting at ground, the ramp starts one diode
drogs below ground, and goes up to about 5 volts, Onee per
messirement cyele a reading of a grounded input is taken
and stored. The input voltageis than computed as the signal
reading minus the grovnd rerding. Offsel is not a problem
because ground is actually measwred, Temperature drifi in
the integration capacitor is compensated by a temnperature
poafficient introduced into the voltage reference for an
overall effect of less than 30 ppim™C.

Serviceability

Several features were included inthe design of the BS01A
to make servicing essier, These start with the powar-up
saquence and with four dedicated troubleshoofing 'O pins
an oneal Bemicroprocessor chips. Four lights on the top of
the contraller board are associated with thess four pinz, If
all 15 wall these lights quickly go through a flashing se-
fuenca on power-g, then all stay on. 1f any other pattarn of
these lights s displayed it means that one of the power-up
checks has failed. Aftor the poiver-up sequence is completa,
tweo of the lights are used to indicale inteerupts (keyboard
and HP-1E), and one light flashes to indicate that the con-
troller ks Tunning.

tany [teme are checked during power-up, Firsl a
checksum is made on gach of the nine read-only-memory
chips to insurd thot the program is all fight. The checksum
|5 compared against @ value stored inoone of the ROMs. The
codetorun this program 18 located enticely i the Tivst ROM,
so that & had ROM will tend 1o show up before it has any
effect on the validity of whal is being done. Next all of the
reactwrite memory [RAM] is checked by srlting all zeros,
then all ones, and verifying that the same patterns are meod
back

An axclusive-DR gate lied 1o the output of one of The 1O
data latches forms a parity check on that latch and is read
hack to chack that the instrument U i working. The
kevhoard is scanned to make sure a key is not stuck down
and an error light is turned on i a stuck key is dotected.
Finally, o test is run on the local ascillator to verity that it is
working properly, Tested are its frequency ranga, loop

gains. and [ock stability, The L0 tasts arc done in segquence
1o help izolate any problem. A special lusction command
fram the keyboard produces a readout that indicates what
test number failed. At the baginning of the porwer-up lests. a
sean of 1he four service pins already mentioned is made (o
sew il nne i groundad, A grounded pin ndicates that the
wger wants the instrument to go into one of ils signature
analysis® routines,

To trowhleshont the micmprocessor, 4 special extender
hoard 15 used that allows “no-operation” instructions to be
foreed onto the processor contral bus. IF all is going well the
processor will increment [t program counter and step
theough all of memory. The signature analysis probe will
recognize characteristic signaturas in address lines, mem-
ory decoders, and memory chips, allowing easy identilica-
tion of problem parts.

Thie kevhoard assembly is also troublashot using signa-
ture analysis. The routine scans exch key and outputs a1 or
0 far each key to oneof the four troubleshooting pins on the
microprocessor board, Thers is a signatume for no key down
and a unique signature for each key. There is also & signa-
tuare for each pair of keys, and soon. 11 a fault is found, the
board ilself can be probed until the problem is isolated toa
particular component. Also, by correlating patterns of koy
Failures with the aeganization of the keyboard matrix, many
cluas can be obfained sven withoul going onto the board.

The software-conirelled counter circuits also have a sig-
nalure analysis routine io exercise them. The varicus
latehes are located and cleared and the counters allowed to
count. By comparing signatures with the axpoctod signa-
tures on a schematic, one can isolate & fault to s particwlar
part.

The remaining digital circuits and the varioos 10 latches
are not testad by signature analysis, The controller part of
the PO circuitry is tested automatically on power-up. Totest
a particular latch centrolling some function on & board
another set of special functions is included. These func-
tions allow the service person to write any desired data to
any latch in the instrument, The contraller then presents
stable data and addressing lines to the particular Latch and
continucusly strobes 1ts clock or latch input. By examining
the outputs and comparing them with the inputs, the fault
can ba isclated, This approach offers some advantage aver
sigmature analysis. First if one is leoking at a particular
latch there is probably reason to believe that at least the
function controlled by that lateh dsn't working, Also, be-
cause a latch is, in general, controlling analog hardware,
probing need not stop when the TTL levels stop. Thus ane
can set up a command word and follow it ontoa board, into
a latch, into a level translator, and to an FET switch, The
problem may be well out of the intecface hardware, and this
function allows one to set up a stable siate of the analog
hardware, which is sometimes necessary toisolale the prob-
]Hll'l.

Some of the inputs to the voltmeler and countar are thene
for sarviee, The voltmatar is able to measore the lnsim-
ment's five power supply voltages 1o verify their operatbon.
The counter is able to count the internal and external time
bases and thus (L can ba verified which time baseis actually
haing used [the swilchover (2 automatic toan external time
base wheon one is conoected).
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