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various analog and digital integrated circuits and related electronic compon-
ents to enable accurate level analysis of a broad range of analog signals
including noise and/or electromagnetic waves which constitute radio frequency
interference. The overall design and system goals were to be able to adequately
sample an analog signal, classify it, convert the classification to digital

data and provide outputs to be logged either by manual or magnetic tape means.
The]design and construction efforts efficiently and economically achieved these
goals.
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I. INIRODUCTION

Why is there a need to design and ccnstruct a Level
Density Aralyzer System for use in shipboard measurement of
Badic Preguency Interference?

The relatively newv technology of satellite
ccemunicaticrs has fprompted the Navy tc implement the
developmert and installation of a viable and effective Fleet
Satellite Ccmmunication System. A satellite communication
systen affcrds several advantages that have keen
unrealizakle in the past, and the most irpcrtant advantage
is the akility to communicate 1long range to Iemote
geographical G[fositions throughout the wcrld. In the past
lcng range ccasunications has depended on the HF spectrum in
which radic signals are subject to the effect of ruaserous
variations and disturkances in the propagaticn channel. The
perturbations in the propagation channel result frcz such
effects as sunsgot cycles, ionospheric density variaticas,
weather activity, san-made background noise levels and radic
freguency interference (RFI) caused by the vast numter of
emitters sharing the high frequency spectrum. In addition

‘effective lcng range communications was generally maintained

cnly by use of relatively high powered transmitters and
physically large antenna sites. ihe intrcduction c¢f an
crtital satellite relay station, on the other hand, has made
long range ccamunications pcssible with lover power
transaitters and correspendingly smaller antenna
installaticns radiating modulated signals in the UHF and SHF
kacds.

Communications via satellite, however, is not without




prckless. Tke uvse cf lower pcwer tranmsitters at UHF and SHF
results ir very small power densities at the antennas cf the
ccamunicatiors receiver systems. The 1large distances
involved in the prcpagation channel (ground to satellite and
satellite tc ground) plus the effects c¢f atmosgheric
scattering and attenuvation greatly challenge the design of
sensitive receiver and signal processing systems. With
these inherent [froblems at the receive terminals the
presence cf RADIO FREQUENCY INTERFPERENCE is detrimental to
the effectiveness cf the satellite communications sjysteam.
The sources and/cr eoffects of RPFI must ke controlled or
recuced tc increase and maintain the quality and reliatility
of the cosrunications systea. This prcktlem is of even
greater isrortance when the ground receive terminals are
located in tke <closed environment of Navy ships which are
equipred with a 1large number and variety of emitters
operating at freguencies throughcut the radio spectrus. 1In
additicn the close proximity of motors, generators and cther
electrical ané mechanical systems add to the potential of
radio frequerncy interference. All of these electrcmagnetic
field (EM) scurces potentially combine to prcduce undesired
intermodulaticn products, high order harmonmics and increased
backgrcund ncise 1levels which reduce the effectiveness of
the receiver systes.

The G[prcktlem then is to develop procedures and hardware
to reduce the effects of radic frequency interference; and,
just as in any ©prcblem solution, the first step is to
carefully define the problem and all cf the .relating
Farameters. Therefore the electromagnetic envircnment of
ships at sea and in port must be accurately characterized
within the radio frequency spectrum of interest. The
frequency tacd available for Navy satellite communications
is in the UHF spectrum from 240 to 400 MHz. The
characterizaticn of the shipboard electrcmagnetic
envircomert in this band must include determination of
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kackgrourd ncise levels, the statistics of impulse noise
levels and their rate of occurence, the effects of
intermodulaticn prcducts, the effects of specttun splatter
due to radar and other coamunicaticns eguipment ard the
pcver levels of HF and VHF higher crder haramcnics within the
UHF Lkand. The characterization must be further divided

to include the EM environments of several selected and
regresentative classes of Navy ships.

This wcrk reports on the design, contruction, testing,
applicaticn and wmaintenance of an instrumentaticn system
designed to fprcvide a source of data for the statistical
analysis c¢f ispulse noise levels, background noise levels
and ispulse cccurrence rate. The system is defined as a
LEVEL DENSITY ANALYZER, hereafter referred tc as anmn °'LLA'.
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Figure 1. EKEPI Measurement System Blcck Diagranm.




The LLA was designed to interface with a complete RFI
Measurement System illustrated in block diagram fcra in
Figure 1. Fcllowing through the block diagram, signals in
the 24C-40C MHz Dband are received by a ccnical lcg spiral
antenna and passed through one of five landpass filters
which are selectakle by remote control frcm a fDeck Ccntrol
Box'.! 1The selectakle bands are 240-272, 272-304, 304-336,
3:€-368, and 368-4900 MHz. The signals from one cf the
filters are ccupled tc the RF preamplifier where they are
amplified and catled to the RFP/Blanker System.2 In the BF
system the signal is processed to provide a tlanking fpulse
to the BHF channel wvhenever a large amplitude pulse-like
signal is received. The RF system alsc receives an input
frcm an exterpnal lccal oscillator which is mixed with the RF
signal tc prcvide an IP signal for the blanking circuitry
and the IF Asplifier System. The local oscillator which is
a synthesizeé signal generator is normally set 30 MHz below
the inccming RF signal to produce a 30 MHz IF. The signal
frcm the RF/Elanker System is ccnnected to the input of the
IF Amaplifier/Detector Systen3 which frovides final
prccessing of the signal before being connected to the 1DA.
In the IF system the signal is amplified and rpassed thrcugh
cne of three randpass filters--3 KHz, 10 KHz or 30 KEz--to
tte dingut c¢f a logarithmic amplifier. This amplifier
detects the signal and provides a tand limited signal with a
very broad dynamic range to the LDA System.

Pictcrial infcrmation related to the ILevel Density
Apalyzer System including photos and schematic diagrams is
contained in Appendixes C and D.




The develcpment of a system to provide data fcr the
statistical analysis of an electromagnetic environment has
mandated the fcllowing criteria to achieve the desired
design gcals. The system signal processing bad to furction
on a video signal which was processed by the log amplifier
cf the IF system and connected to the LDA in the form of a
Laseband signal with a bandwidth of 1.5 KHz to 15 KHz and an
amplitude dynasic range of from 0 to 7.5 volts peak. The

signal bad to be sampled and accurately aerplitude
classified, and the classification had to emcompass a - wide
dynamic racge frpm 0 up to approximately 50 4B in
predeternined increments of either 3 4B or 10 dB. A wide
range cf selectaktle sampling time periods from 1 tc 1000

seccnds sas required, and the syster sampling process Lkad to
have prcvisicrs for an automatic 'run' feature. At the end
cf the saspling cycle resultant data output from the systenm '
had to Lte 1lcgged by a digital tape recording system. The |
physical parameters of the system had tc be such that the
instrument fackage was 1light in weight, sgzall in physical
size, and immune to the effects of RFI and power
interrurtions. The desired electrical characteristics

included 1lcw power consumgtion, noise and interference
imzunity, reliability, maintainability and ease of
Ooperation. The system £finally had to electronically
interface uwith the IF/Cetector Signal Processing System and
the KF Blanking System which reduced the effects of high
angplitude pulse interference such as a high power radar by
developinc fpulses to 'blank' the RF channel of the RFI
Measurement System and to be counted by the LDA System.




the
the input aralog signals for a selected pericd of tinme.

During

signal enable a series of fixed period counters. The
effect was tc count the actual percentage cf the time period
that the analog input signal was determined to ke within

specified level increments. For example if the input signal
a ccnstant level of -50 dBm throughcut the saspling
period, it wculd be expected that the counter associated
with the
100% of the saspling period. The sampling feriods vwere to

was

be

percentage readout and an indication of the prckakility
density cf tte input signal characteristics. Either 3 4B or h
1C dB increme¢uts of dynamic range were to ke =selectakle by

external
result

Referring to the 1DA systes blcck diagras in Figure 2
specified basic operation of the systeam was to saample

Figure 2. level Density Analyzer Blcck Diagram.

this period of time each sample was to be classified
by amplitcde, and each classification was tc generate a

integer fpcwers of ten in order to fprovide a direct

ccntrcl, and the dual selection capability would
in five discrete levels of input signal
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discrimicaticn for each of the selectakle dynamic range
increments thus providing an overall discrimination of ten
different discrete signal levels.

At the terxination of a sampling period the accumulated
data and tlke actual time of completicn of the cycle s«as to
be provided as output data both to a digital tape recorder
and a visuval display which provided a means for verification
cf proper system opreration and a source of data for 1lcgging
by hand sktculd the recording systes fail.

Initiaticn of subsequent =sampling pericds could Le

igplemented wmanually or automatically witk provisices for
halting cr resetting the system cycle at any point.

10
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III. ANALOG SYSTEM DESIGN
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Figure 3. Differential Input Amplifier.

The C tc 15 KHz logarithmic bandlimited input signals
are susceptitle to BFI, power line noise and ground 1lcops
which sight drastically reduce the effectiveness and
efficiency c¢f the system signal processing; therefore
extreme care was exercised in designing a ltuffer
preasglifier to amplify the input signal frea the
I1F/Letectcr Systes. The parameters required for input
tuffering were high ¢ommon mode rejection, relatively 1large
tandwidth, fast slew rate, and good =supply vcltage
re‘ection. Tke device chosen for this function vwas a
National Sesiconductor LH318 precisicn high speed

n




operatioral asplifier which cffers typical specificaticns of
a S50 vcltyusec slew rate, 100 dB commcn mode rejection
ratio, 8C d2 power supply rejection ratio and a 1 MHz large
signal frequency response characteristic. The 1M318
applicaticn onctes* were utilized to develop the input
buffering differential amplifier circuit shcwn in Figure 3.

The gain cf an inverting differential amplifier wunder
ideal conditicns is given by:

AO = = — (1)

where R1 is the infput resistance of the amplifier and E3 is
the feeckack resistance, and because the operaticnal
amplifier inberently tends to amplify the difference Letween
the inverting and noninverting inputs; signals such as
induced EFI which are common to both inputs are amplified omn
the crder c¢f 100 dB less than a signal apgplied to only one
ingut cf the operational amplifier.

To achieve unity gain according tc egquation (1)
resistors E1 through R4 were chosen to be of the same value.
R1, R2 and E4 vwere available 7.68 Kohm precision metal film 4
resistors which have minimal temperature cceficients. R2
and R4 were chosen to have the same value as R? and R3 in
acccrdance with operational amglifier application notes¢ to
reduce the effects of input offset current. R3 was chcsen
to be a variakle 20 turn potentiometer to enable setting in
the system gain. Bypassing the feedback resistor prcvided
an effective lcw pass filter in the feedback circuit which
tended tc decrease the gain with an increase in freguency
reducing the potential of interference from high freguency
noise. C1 had a value of 820 pf to provide a flat freguency
resgonse for the asplifier from 0 to 26 KBHz. C2 was a

1 -
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manufacturer reccmmended value of 10 pf to provide asplifier
feedtack ccagensation.

INPUT By
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Figure 4. Summing Differential Alplifier.

The input differential amplifier was cascaded with a
seccnd differential unity gain amplifier. The purpcse of
this differential function was to enable sumaing cf the
ingut signal with an externally controlled LC bias vcltage
which ccntrclled the LDA threshold during ncrmal ogeration.
Further reference to the Bias Control and its functior are
found ir Apgpendices A and B. The parameters of the second
asgplifier were the same as those cf the differential
asplifier at the input, thus the circuit shown in Figure 4
was designed utilizing the LM318 applicaticn notes.*

Again all resistor values were chcsen to be the
available 7.€8 Kche metal film resistors, and the feedktack
cagacitor ard ccapensation capacitor had the same ncmirnal
values of €20 pf and 10 pf respectively. Actual circuit
performance was siajlar to the input differential amsplifier
vith the added capability to set the DC outfput level at any
pcint withir the dynamic range ¢f the operational amglifier

13
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ty means cf an external 1000 chm potentiometer which had the
wiper arm «ccnnected to the noninverting input of the
amplifier and the end terminals connected to the 12 volt
pcuer supjlies resgectively.

B. ANAICG IEVEL DETECTION

To classify tbke level of the input signal withir the
dynamic rance c¢f the preset level intervals the output of
the differential amplifier was parallel cconnected tc the
inverting inputs of five analog voltage ccomparators each
with a =sgecified calibrated switching threshold. A
necessary gquality of the analcg voltage ccaparatcrs was a
higk switchirg speed to enable rapid state changes for aay
analcg signals within a 15 KHz bandwidth. Assuging a
sinusoidal input represented by:

V(t) = A sin wt (2)

the maxizum rate of change of signal voltage is given Ly the
first derivative cf the function with respect to time as:

V! (t) = wed sin wt (3)

Bvaluating this function at t=0 and £f=15 KHz the aaxiaua
slev rate of the irput signal is approximately 94.2 volts
per seccnd cr .0942 avV/usec. Assuming, therefore, that the
sinimum ccagarator threshold interval Letween adjacent
ccRparatcrs was aprroximately 168 aV, a change of cof .0942
aV is only .C56% of each windowv. Thus a ccaparator with a
suitching tise on the order of one micrcseccnd was adegquate.
The circuit element chosen on this basis was the Fairchild

14
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uA734 precisicn vcltage comparator.Ss

Figure S. Analog Voltage Ccmparator.

This ccaparatcr was specified to have a typical switching
time of 320 nsec with a 2 mV overdrive and was thus suitable
fcr ccnversicn rates well in excess of 15 KHz. Utilizing
puktlished ccaparatcr applicaticn notes® the circuit shcwn in
Pigure S was designed to [frovide calitrated analcg to
digital ccnversion of the input signals, and it included
'hysteresis' fcr added noise immunity in the ccaparator
circuits.

A voltage ccmgarator simply answers the guestion: 1Is the
input signal current greater than or less than the value of
the reference current? The comparator circuit shown
prcduces cne output level (0 volts) when I3 is positive and
a different cutput level (7 volts) when I3 is negative.
Since the «circuit changes state with the change of sign of
I3 the ccaparison pcint (threshold) occurs when I3 = 0.
Assuasing tie summing juncticn potential is 0:

I1 =12 + I3 (4)

15




E1l Vref
— 12 + (5)
R1 R2
an¢ when I3 = 0
E1 Vref B1
-_—= or E1 = Vref — (6)
B1 R2 R2

Equation (6) thus frovided a simplified means of detersining
necessary ccsgcnent values for any combinaticn of reference
and signal vcltages. There is an error caused by vcltage
cffset due tc input differential current offset that may be
recuced to almost 2zero at a given temperature by €nsuring
that the value of resistance from the noninverting input to
grcund is egual to the resistance frcm the inverting input
tc grcund. Fcr circuit design R1 ia parallel with R2
closely apprcximated the value of K3 in parallel with E4.

To prcvide a reasonable load fer the input differential
amplifier and also maintain an input imgedance muct less
than the differential impedance cf the comparator, precision
resistors with the value of 11.5 Kohms were chosen fcr R1,
and the values <¢f R2 vere variable tc¢ allow circuit
threshold calitration at any level desired. Increased
system flexitility was realized by switching betweer two
different values cf R2. Thus the system was calibrated for
3 dB and 10 GE threshold intervals with external selection
centrel. Tte switching between different intervals vas
€asily acccsplished by utilization of miniature DIP relays
conpnected in a SPDT switching arrangement shcwn in Figure 6.
Tte choice ¢f wusing printed circuit mounted relays wvas
extremely desireable to obviate the need to intercopnect the
signal lices ty long wires to and from a frcant pamel switch,

16
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thus the <crly requirement to change comparator threshold
intervals sas wiring and a switch to ccnnect the relay coils
to the cperating wvoltage. The use of lcng signal wires
would have made the entire analog system very susceptille to
inéuced FFI and nbcise.

CALISARTION POTS

T T8 oy e SIS

EXTERNAL
SPOT SHITCH

Figure 6. Comparison Point Switching.

In additicn to offset voltage compensaticn resistors R3
and R4 in Figure 5 were utilized to provide a small cdegree
cf hysteresis to prevent circuit oscillaticns when iaput
signal 1levels were near the comparator threshold pcints.
For examgple, assume that the threshold cf one of the
ccmparatcrs was exactly 2.0 volts, and the level cf the
input signal was also very near 2.0 volts. Any noise ca the
input signal would then cause the ccmparator to randcmly
switch states with ncise 1level variations. The wuse of
gcsitive feedback (hysteresis), however prevents the

17




ccaparatcr ficm svwitching between the two cutput states at
€exactly the same level of input. If the high ccesgarator
Ouput state is seven volts, the level fed back tc the
nopinverting input in Pigure 5 is determined by:

7 o R3
R3 + R4

N

where 'e' is the voltage at the summing Jjunction ané¢ the
output vcltage is 7 welts.

The differential nature of the comparatcr circuit causes
both inputs to Le approximately egqual; and therefore the
bysteresis vcltage, e, will change the switching threshold
by that ascurt so the input signal must rise to the original
thresbhocld value plus ‘'e' before the cosparator switches
states. Once the output has changed states to 0 volts the
value of f‘e* decreases to O and the input signal =must then
decrease tc a value slightly below the actual threshold
vcltage tefore the ccmparator swvitches states again. It
shculd Le ncted that a tradeoff between the degree cf ncise
issunity and the accuracy of the comgarison [peocint is
required. A value of approximately 3 mV was experimentally
determined tc be¢ adequate to prevent 'chattering' caused by
systes ncise levels; and to realize a 3 maV hysteresis loop,
eqguation (7) was used to find values for BR3 and R4. In
addition tc the constraints of equation (7), the parallel
ccatinaticn cf R3 and R4 was forced to approximately egual
the parallel ccmbination of R1 and R2 to reduce the effects
of input cffset current, so the resultant values vwere 22
Mchas and 9.1 Kchas for B4 and R3I respectively. The
resultant hysteresis loop of each ccaparator circuit is
shcwn in Figctre 7.

The reference voltage for the ccmparator inguts was
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aprroximately -9 vclts which was obtained by use of standard
size resistcrs, a PNP transistor, a signal diode and a
Signetics LM 550 precision voltage regulator.

—4ml‘— oW STETE

Figure 7. Comparatcr Hysteresis.

The -9 vclt value for the reference voltage was chosen to
prcvide an cffset from the circuit input negative sugply ‘
vcltage, -12 vclts, by at least 3 volts in accordance with ;

marufacttrer specifications.? Also -9 vclts ensured an
adequate dynamic range of compariscn for the input signal i
level frcm C to 7.5 volts. The circuit design was taken
directly frcaz the device application notes? to convert an

input wvcltace of =12 volts ¢to a regualted output of -9
vclts. 1Tke regulated output, parallel connected to F2 of
each ccmparatcr circcuit provided a stable riprle free
vcltage reference for each ccamparator enabling precision
calibraticn c¢f each ccmparator threshold pcint. The circuit
configuraticr and component values for the vcltage regualtor
are illustrated in the circuit board schesatics in Appendix
C.
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The aralcg ccmparator input signal was also connected to
a low pass RC filter in parallel with the inputs tc the
vcltage ccngarators, and  the output of the £ilter was
cornected to a 0 tc 100 microammeter to indicate relative
signal levels. The meter was used to calitrate and orerate
the systes and is thoroughly discussed in Appendices A and B
and is illustrated in the schematic section.

The analcg input circuits, differential amplifiers,
ccesparatcrs and relay switches were contructed on a printed
circuit kcard which plugged intoc a standard 18 pin edge
ccnnector. 311 integrated circuits were aounted cn the
printed circuit board using standard DIP IC sockets for easy
rescval and replacenment. The circuit Lkoard and edge
cennector sere installed in a tightly covered aluminum bLox,
and all DC inputs and outputs were wired into the edge
connector thrcugh 1000 pf feedthrough capacitcrs throuch the
aluzinunm walls <c¢f the box thus ensuring maximug RFI
prctecticc fcr the sensitive analog circuitry. In addition
pcwer supply and bias voltage leads were coupled tbhrcugh
ferrite teads and capacitively filtered c¢n the [frianted
circuit kcard to further ensure the reducticn of power line
ncise. Thke aralog input and digital output signals were
coaxially cougled into and out of the aluminum box utilizing
segi~-rigid ccaxial cable and standard SMA cakle and Gfanel
mount fittirgs £fcr maximum RFI protecticn of the analog
signals. The aluminum box was mounted directly c¢p the
bottom <chassis of the system cabinet allowing easy removal
of the tcp ccver of the aluminum box and suksequent system
calikraticn and maintenance (see Figure 28, Appendix D).




IV. DIGITAL SYSIEM LOGIC DESIGN

A. INIBCLUCTICN

To satisty tie requiremennts fcr lcw power dissipation,
light weight and small physical size, maictainability and
saximum EFI and ncise immunity the system digital logic was
designed witk CMOS (Complimentary Metal Oxide Semiconductor)
integrated circuit lcgic.® The result was extremely 1low
pcwer ccrpsugption, up to four volts cf ncise immurity and
€asily rerlaceaktle circuit elements consisting of socketed
dual inline integrated circuits. The only cther ccmgcnents
required in the dicital networks were resistcrs, capacitors
and diodes.

The beart cf tte digital logic system was the PFOSTEK
£0395 Six Lecade counter/display deccder 1Llarge Scale
Integrated (ISI) circuit. The LSI counter circuit included
features suct as single power supply, six decades of ug-down
ccunting, 1lcck ahead carry, multiplexed BCD and seven
segment <cutput, direct LED (light emitting¢ diode) segment
drive, and direct CMOS logic interface. Use of discrete
lcgic ccunter devices would have necessitated a single
ccunter, latch and decoder for each data digit, ané the
system cutput requirement was seven, eight digit ccunters.
Thes apprcximately 168 integrated circuit elements would
have been reguired. Use of the LSI circuit, on the other
hand, prcvided a means of cascading two six digit ccunters
together tc cbtain up to twelve digits cf cuetput requiring
cnly fourteer 1SI devices as opposed to 168 discrete 1logic
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elements to cktain seven counters.

The selection of the MK50395 LSI circuit dictatedé the
fcllowing general 1logic design specifications for planned
system cperaticn.

¥e Estaktlish an appropriate timing and freguency
reference.

2. Lesign 1lcgic circuitry to provide count eratle,
latch and reset capabilities.

3 Lesign 1cgic circuitry to interface the ccunter
inputs with lcgic lewvels from the amnalcg circuits.

4. Lesign 1lcgic circuitry to interface the ccunter
output data with a digital recording systen.

B Lesign logic circuitry to select apgropriate samfgle
periods and enable autcmatic or manual operations at the
systea frcnt panpel.

B. DIGITAL IXEUT CIRCUIT

The tasic logic element chcsen to interface the analiog
circuit cutput lcgic levels with the six digit counters was
the CC4013 Cual *D' Plip-Flop. The essential characteristic
of this device is the transfer of the 'D' input state to the
Q cutput at the time of positive tramnsition of the input
clcck signal. This element thus enabled latching the analog
ccaparatcr ottput state to the counter input gates fcr the
period c¢f cne clock cycle ensuring that the logic state was
stable durinc the time of counter operation (up-ccunt).
Each ccmparatcr output was tied directly tc the 'D' input of
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cne flip-flop. At the positive transition of phase 1 cf the
clcck signal each ccamparator output was then latched to the
Q cutput cf a flip-flop. PBach flip-flop Q output state wvas
then logical CRed with the adjacent flip-flcp Q' output, and
these OR gate cuputs were utilized to enable or disable
--éepending cn the output state-- six, twc input NCR gates
which in turnm coupled phase 2 of the clock signal tc¢ one
appropriate ccunter at a time. The logic is illustrated as
shcun in Figcre 8.
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Ficure 8. Ccmparator/Counter Interface Circuits.

At scme arbitrary level of the analog input signal, the
tbreshcld of frca 2eroc to five ccmparators will be exceeded
causing tke «ccmparator outputs to go to a low state. Pach
ccpparatcr cutput connected to the ‘D' input of five
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correspondin¢ flip-flops will be latched tc the Q cutput of
the flip-tlops at the time of positive trapsition cf the
clcck signal. The flip-flops connected to ccaparators that
have threshclds set telow the level of the input signal will
have a low state at the Q output, and the flip-flops
cconected tc ccagarators with a threshcld aktcve the level cof
the input =signal will bave a high state at the Q outgut.
The Q' output cf each flip-flop will be in the cprcsite
state. The ¢ output of each flip-flop is then logically
OFed witbh tke Q' «cutput of the adjacent f£flip-flcp as
illustrated in FPigure 8. To clarify this lcgic see Figure 8
and assume ttat flip-flop n-1 and n-2 are lcw--input =signal
level akcve ccamparator n-1 and n-2 threshold--ané that
flip-flcg n's ¢ output is high--ccmparator =n’s threshold
abcve the signal level. Under the assumed conditions it is
desired tbhat ccoly counter n-1 ircrement and the remaining
cotnter inputs be disabled. With the Q and Q' outputs of
adjacent f£flip-flops 1logically OBed together the cutput
states cf tkte OF gates (CD4071) are ORn-1, low and CRn-2,
high. Apalysis c¢f the 1lcgic illustrated in Figure 8
indicates that the OR ouput state will be low cnly when both
C and the ad-acent Q' are low. 1In other wcrds the level of
the input signal will be within some interval where the
ccaparatcr with a threshold above it has a high output (Q°
low) and the ccmparator with the highest threshold Lkelcw the
input signal level will be low. All other OR gates will be
high because cne of the inputs, Q or Q' , will be high. The
outputs cf tte OR gates each connected to cme input cf a
ccrresgonding NOR gate (CL4001) with the other input
connected to the same clock signal as used fcr latching the
flip-flops 11esults in a phase 2 clock signal at the cutput
when the cutput of the corresponding OR gate is 1low and a
steady lcw state output when the OR gate output is high. 1In
the examfple the n-1 NOR gate output is phase 2 of the «clcck
signal acd the n and n~-2 outputs are disabled and beld in a
low state. 1ke desired result is a stable ccunt increment
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ir counter n-1 «cnly. By sigilar analogy all six ccunter
inputs ccrresgonding to five flip-flops connected tc¢ the
ccmparatcr cutputs plus one flip-flop hard wired to a low
state operated with the same 1logic. The flip-flcp bard
wired ¢tc a lcw state is the 'catchall' flip-flop and serves
the important function of ensuring that input signals with
levels Lelcw the Jdcwest ccaparator threshold are still
acccunted fcr and thus classified to be inm a 1large level
interval letween aminus infipity and the lcwest threshcld of
any of the ccmparators. Sampling of the input signal in
this manner also ensured that every clock pulse that
cccurred during a sampling cycle would be ccunted by ome of
the ccunters. The choice of a phase 2 clock signal into the
ccunters sas made to prevent the input sigmal from changing
the ccmparatcr outputs and corresponding latch outputs at
the time cf the positive transition of the clock sigmal into
the counters. This condition would bave resulted in
mvltiple and erroneous count increments not representing the
actual ccnditicn of the icput analog signal. The latches
were set cn the first bhalf cycle and the counters were
incremented c¢n the second half cycle thus ensuring a stable
ccunt cycle and a predictable counter system output. The
susmaticn c¢f the numbers displayed in the six counter would
total tc a rfpredetermined value of the sample Feriod
(seconds) wmultiplied by the rate c¢f the clcck (100000 fulses
Fer seccnd). For example selection of a 10 second rferiod
would result in a total count (summaticn of all ccunter
contents) of 1€00000. Consequently during the process of
éata reducticn it would be easily detersmined if there was
any systes fault during the sample period.

It shculd be noted here that one additional counter, the
tlanker ccunter, received a signal input <through external
cocaxial ccnrections from the RF Blanking Systeam. The
tlanker systes operated in such a wvay as to prcduce an
cutput fulse each time the system blanked the RF amplifier
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chain as a result of an excessively large amplitude RP
signal. These pulses were connected directly to the input
of the blanker courter in the LDA to enable the countirg of
the Elacker [fpulses during each sample [feriod, apd the
resultant data represented a correlation to the statistics
of impulse ncise occurrence rate.

C. TLCIGITAL CCUNTEES

The beart cf the counter circuitry was the MOSTEK 50395
six digit ccunter/decoder. The significant inputs and
outputs cf tke LSI circuit were as follows.

(a) Inbibit --counter input is inhibited when high and
€natled wken 1low.

(b) Stcre--Data is continuously transferred to display
whep low and data is transferred and stored in the disglay
register wter high.

(c) Coupt--the six decade counter is synchrorcusly
incremented cn the positive transition of the court input

signal.

(d) Clear--resets all decades to zero when brought high
but dces nct affect the six digit display register.

(e) Set--when 1low forces the multiplex scan ccunter to
the mcst sigtificanf digit acd blanks the segment outputs.

(f) Scapn--clock reference input for internal divide by
six Jochnscn ccunter to amultiplex digit outputs.

(g) cCarry--goes high when the leading edge of the count
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input cccurs and when the counter contents egual 99999¢.

(h) BCI--binary coded decimal outputs internally
multiplexed ty a divide by six Jchason counter.

(i) Seven Segment--LED display outputs internally
sultiplexed ty divide by six Jchnscn ccunter.

(J) Eigit Epmatle-~-six strcbe outputs of internal divide
by €ix Jchnscn ccunter sequentially scanning from the most
significant digit to the least significant digit.

The specifications set for the counter operation were a
maxiaum c¢f eight digits of data out and a scan rate cf 500
digits Eer seccnd. Because cascading of the
counter/céeccders resulted in 12 digit outputs, the
requiremect tc extend the digit sultiplexing process Lecanme
sandatory. For exaaple: the external scan reference signal
ccnnected tc Loth cascaded counters simultaneously would
cause the six decade outputs of both IC's tc Lte scanned from
the most sigrificant digit to the least significant digit in
syochrcnisa. However to record the data it was desireable
to resynckrcrize and segquentially scan from Cigit 2 of the
'carry' ccupter (LSC counter) to Digit 1 of the input
ccunter, where the input counter (LSD counter) is the first
stage of tte counter circuit (digit 6 to digit 1) ampd the
tcarry' ccunter (MSD counter) is the second stage
representin¢ digits 12 through digit 7 in a normal cascading
configuraticn. PFigure 9a illustrates the timing sequence in
the unsycchrcnized mode of operation.

Exterral synchronization was accomplished by a two step
'SETI' operaticn using the SET inputs of both counters. The
scap reference signal was divided bty eight, differentiated
and inverted tc provide a negative pulse tc the scan input
cf the LSD ccunter, thereby driving tbe internal scan
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divider to the most significant digit every eight fpulses of
the scan input reference signal as shown in Figure 9b.
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Pigure 9. Digit Timing.

Synchronizaticn of the MSD counter digits was realized by
differentiating, diode clipping and inverting the dicit &
output strckte of the LSD ccunter and connecting it to the
SET input cf the MSD counter. Thus the scan divider of the
MSC ccunter vas also driven to the MSD every eight cycles as
alsc illustrated in Figure 9b. The timing sequences in
Figure St intuitively suggests that a logical gating cf the
multiplexed digit cutputs starting at digit 2 of +the MSD
counter and ccntinuing for an 8 cycle time period wculd give
a resultact scan of digits 2-1-6-5-4-3-2-1 and would provide
a contipuous and complete eight digit data output. All
ccunters sere synchrpnized in an identical manner with the
SET input «c¢f the LSD counters connected together with the




divided Lty eight scan output permitting the desigr of a
circuit tc prcvide an overall sequential scapn of ccunter #6
thrcugh ccunter #0 (tlanker ccunter).

To prcvide unicn of the data of the LSD and MSD counters
the digit 6 and digit 2 strobes of one of the LSD ccunters
vas utilized tc toggle a standard J-K flip-flop (CL4027)
configured tc switca states on every positive transiticn of
tke input signal (digit 6). Digit 2 was fed to the 'reset’
input of the flip~-flor ensuring that the phase relaticn of
the Q acrd (¢' outputs was maintained to correspond tc two
digits cf data froms the MSD ccunter and six digits cf data
frcs the ISC ccunter.

DET JK FLIP-FLOP

mrAC

1

b2 STRHE >

™

Figtre 10. LSD and MSD Counter Gate Circuit.
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} This circuit formed the second multiplex prccessing of the
| ccunter data
outputs sere toth utilized to AND gate two digits of data
MSL counter and six digits of data from thbe LSD
ccunter as illustrated in Pigure 11.
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Figure 11. 1SD and MSD Counter LCata Multiplexinc.

During tte
in Figure 10) the ECD data from the NMSD ccunter was AND
gated (CL4CE1) to the output stage of each counter circuit,
and during ttke high state of the LSD gate cutput (tke Q°
output ip Figure 10) the BCD data output cf the LSL ccunter

' (ne) 110 1 O —
v Q4RI (RD)
B 0
T0 mmAuT

g

o>
oI —JD\ cousei
- P~ 5 2
e/ 10 AT
v
D_ >
2{ -_—-D\ el
o :::>-—-'=n;nn
ol
T

- adl
vl F e e
- 0 mITRUT

high state of the MSD gate signal (The ¢ cutput
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was gated tc the output stage of each counter circuit. The
output stage for each counter circuit consisted of an
arrangement cf dual jnput OR gates (CD4071) to logically OR
the LSD and MSL ECD data to a single tus fcr each parallel
bit of the BCL data (1,2,4,8). The BCD data was then AND
gated tc the main systea BCD data buses by the ccunter
sultiplex signals described in the fcllowing ccntrol
section.

DIBIT N STRONE 6 DIGIT CRNTER DIBIT N~ STROBE
L & £

it

< < ms

.l

DIEIT N DISPLAY DIEIT M=1 DISPLAY

Do
a'ere

Figure 12. LED Display Multiplex Circuits.

The visual display circuitry derived fren the
ccunter/decoder seven segaent cuputs and multiplexed digit
enable cutputs was siamply realized by connecting each
segzent cuput thrcugh a current limiting resistor (15C cha)
1 directly to the =®atching a,b,c,d,e,f ancde elements of
three, parallel c¢onnected, four digit LED disglays
(BES082-7404). This arrangement provided twelve digits of
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disglay <f which ten were actually utilized. Usirpg ten
digits persitted a display of twc more sigpnificant digits
than were ncrmally required thus enabling visual indication
of any malfunctioa in the tising or counter circuitry. For
€xasple tbe @saxisua period wvas 1000 seconds resultingc in a
maxisums tctal counter accuamulation of 100000000 under normal
operation (1C00¢100000). An accumsulated ccunt greater than
10CC00000 wculd visually be displayed in the extra cre or
tuc digits ipdicating a circuit salfuactica.

The digits of the LED displays vere sequentially ecatled

by invertinc the [positive digit strobes of the MKS0395

: cotnters illustrated in the timing sequences in Figure 9.

; Pigure 12 illustrates a 7 segment digit display

' configuratico cf the seven segments and twc common cathcdes
of an LEL disglay.

! D. TIMIBG FCKCIIONS

The tisirg circuits design was a straightforward process
of divisicn cf the clcck reference signal bty several integer
values tc derive various desired timing =signals. The
fcllcwing reference frequencies wvere desired to acccsaplish
the overall timing of circuit functions.

(a) 100 KBEzeee Phase 1 of the 100 KHz signal was used to
latch tkte analog ccmparator outputs and enable ccunt
accumulation in the appropriate counters. Fhase 2 was used
as a direct cated input to each of the six, eight digit
counters to rerresent analog voltage sample ccunt..

(b) SCO Ezeee The balanced 500 Hz square wave signal
prcvided a scan cscillator input to all seven counters and
the systerm real tise circuitry. The unbalanced 50QHz (10%
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duty cycle) rrcvided the timing to the digital tape recocrder
systea.

(c) €2.5 Hzeee An unkalanced (10% duty cycle) pulse
train prcvided digit synchronizaticn to each LSD counter of
€ach courter circuit board enabling a digit 8 to digit 1
scan of the decoded counter output data (seven segment and
BCL) .

(d) 5C Bzeee A Lalanced square wave prcvided a stable
reference tc the time-of-day circuitry fcr accurate time
display and reccrding.

(e) €2.5 Hzeee An unbalanced square wave (25% duty
cycle) prcvided the time reference for sultiplexinc the
outputs c¢f the seven counter circuits during the data
reccrding cycle.

(f) 1 gppseee A Dbalanced square wave provided master
tising fcr sasgpling periods. The 1 pps signal was further
divided Ly 10, 100,and 1000 to increase the sampling feriod
range frcm 1 seccnd to 1000 seconds.

The tisming signals were all prccessed from a crystal
stakilized 1C0 KHz oscillator module, accurate to +.01% and
stakle cver standard temperature ranges encountered déuring
ncrmal operaticn. The crystal oscillator was packaged in an
oversize dual-in-line (DIP) package and was desigred to
interface directly with CMOS 1logic elements. The only
external inputs required were Vdd (+12 vclts) and signal
grcund. Figcre 13 illustrates the division rrocess designed
to oktaip the required timing signals for system oferation.
Tke 100 KBz kalanced square wave was divided by 10 with one
balf of a dual BCD 'ap! counter (CD4518) tc produce a 10 KHz
sguare vave cutput. This signal vas again divided by Z with
cce half cf a dual *'D* flip-flcp tc produce a 5 KHz talanced
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Square wave cutput. Further division Ly a decade «ccunter
with one c¢f ten decoded outputs produced a 10% duty cycle
500 pps wavefcrm fcr tape recorder timing and a balanced 500
Hz square +wave for digit scanning. The two different
outputs cf tke decade counter were chosen to prcvide a
tizing offset Letween the two 500 Hz signals.
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Figure 13. Timing Signal Circuits. :
The offset was egactly two periods cf the input

signal--apprcximately .4 msec, and the time difference é
| Eetween tke cutput scan and the reccrder time reference
5 ensured tkat the data outputs from the MK50395 counters were

statle before being 'written' into the wmagnetic reccrding
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systen. Piqure 14 1illustrates the relative timing cf the
tuc signals.

The btalarced 500 Hz signal was divided Lty 8 to grccéuce a
€2.5 Hz sicnal for counter digit synchrcnization. A
stapndard divide Lty 8 counter (CD4022) was utilized to
prcduce a talanced 62.5 Hz square wave which was
sutseguently differentiated, diode clipped and inverted to
prcvide a €2.5 Hz negative pulse train with pulse width
equal to appicximately 1 msec. The negative pulse train was
ccnnected tc the SET input of the MK50395 ccunfer/decoders
(LSC courters) causing the internal digit scan divider of
the ccunters to be driven to the MSD (digit 6) every 8
cycles cf the scan oscillator reference signal (50C Hz).
The 500 Bz scan input signal was also divided by the second
half of a dual BCD counter (CD4518) to give a S50 Hz talanced
square wave cutput for a tise reference fcr the digital
clcck.

am ]

.

.

Figure 14. Scan and Recorder Reference Offset.

The real time circuit was a National Semiconductor LSI
digital «clcck with both BCD and seven segment data outfputs
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apnéd six digit stroke outputs similar tc the MKS0395
countersdeccder outputs. The features of the MM5313 digital
clcck circuit were 50 or 60 Hz reference operation, 4 cr 6
digit disglay modes, 12 cr 24 hour time display fcrmat,
irternal asultiplex divider, single power supply, (of. [0}
ccmpatibility, fast and slow ‘'set' controls, hcld ccunt
centrol acrd a 1 pps square wave output for use with
peripheral 1lcgic éircuitry. The 50 Hz reference signal intc
the digital clcck was internally divided tc prcduce an
accurate hour, minute and second display, an equivalert BCD
cata output, and a 1 pps square wave output. The 5C0 Hz
scan input signal was also internally divided ky six to
prcvide digit enable scanning from unit seccnds (digit 6) to
ters of hotrs (digit 1). Note that the scan is Lackwards
frca the time display as normally read (left to right).

To inccrpcrate the digital clock into the system cesign
the circuit was configured to operate in the 50 Hz mcce by
leaving the 50,60 Hz select pin of the integrated circuit
unccnnected, and the clock was also ccnfigured to the 24
hour and € digit disgplay format Ly grounding the approfriate
select pins cr the digital clock. The choice ocf the ¥M5313
digital <clock LSI presented one problem relative tgo the
EKEC395 ccunter/decoders. The lcgic of the digi*al clock
circuit did not permit scan synchronization with the digit
strcbe outputs from the counters, therefore lcgic circuitry
had to ke designed to enable digital clcck output data
recording incéependent of the sysnchronized counters/decoder
outputs. Thus the secondary function c¢f the ccntrol
circuitry was to enable clock data reccrding withcut
sycchromizatico  to the ccunter/decoder circuit timing
references. Sgecific signals related to the digital clock
will bke discussed in more detail in the following ccantol
secticn.

The 1 gps cutput of the digital clcck was divided ty 10,
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10C, 100C respectively to'provide the timing for the MKSD395
counter/decoder ‘'count enable’ and 'count inhibit' inputs.
Standard CMCS divide by ten counters (CD4017) were uszd tc
prcvide a 1C% duty cycle 0.1, 0.01 or 0.001 pps signals and
each of tte fcur timing signals (1 pps to .001 pps ) +was
made selectakle with external front panel controls to set
tte desired sasple period during normal system operaticnm.

The digital recording system selected fcr 'data logging!
had characteristics vhich included an input data
btuffer/stcragce circuit which accumulated 1024 bits of data
Ericr to actual transfer of the data onto the magmnetic tape.
It was ccopverient therefore to provide data to the reccrding
systeas in 256 bit (1024/4) blocks. BCC data outputs
ccnsisted of four parallel bits for each serial dicit of
data. Tterefcre the system output consisted of seven
counters cf eight digits each for a total of 224 bits. The
digital clcck provided 6 digits of four bit data for a total
cf 24 bits. At this point the total data kit count was 248
bits, 8 Lkits short of the desired 256 bit blcck of dJata.

Two digits of additional data were designed iatoc the
systea data cutput. One digit Qas a frcnt panel selectable
BCLC CODE wutilized to represent any arbitrary digit wanted
for integration into the data lcgging process. Por ezxamrle
the 'CODE! digit (0-9) was utilized to represent tha zlagsed
éays during actual data collection tasks. The second digit
added to the system was a hard wired '1010' ECD code (tinarxy
eguivalent'ot decimal 10) to permit synchrcnization <¢f the
éata during the replay of the magnetic tape into a coaguter
system (the EE9830 calculator used for data reduction reads
a '1010' ccde as a special character). Kecording of two
additional digits cf output signal was integrated intc the
real time reccrding format of the digital clcck outfut, thus
the format cf the digital clock output was modified to
provide a scan of the hardwired 1010 digit, the 'code' digit
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and then seccnds, sinutes and hours; and the resultanat
mcdificaticn increased the total data count to 256 bits.

E. CONTECL FUNCTICNS

The desicn of the controel circuitry centered arocund
three dual J-K flip-flops (CDu4027) utilized to provide ccunt
inhibit/erakle ccntrpol, digital time data eultiplexing and
ccunter d¢ata wmultiplexing for interfacing with the digital
recording systenm.

The J and K inputs of each flip-flop were each ccnnected
in a specific feedtack arrangement designed to allcw the
flip-flogs tc toggle to a single output state coaktination
and then hold that ocutput state until the prescribed circuit
function was coafpleted. Each circuit was then reset in
sequential crder depending on its function. This fprccedure
of allowing c¢nly one state for each 'tcggle' and then a
suksequent resetting enabled easy circuit isolation when
performing trcubleshooting and maintenance.

To skcw the ccuanter enables/disable and record cycle
ccntrol functicns assume the following 'idle' circuit states
in Figure 15. Here 'idle' refers to the system condition of
no sasplicg cr reccrding events in process.

of ICSa--high
of ICSb-<high
of IC6a--low
of IC6b--low
of IC7a--low
Q of IC19b=--high
Manual Reset--0ff

0 0 © O ©
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Auto/Manual--Manual

Under these ccnditions three, three input ANL gates, IC9a,
E, and ¢ (CL4073) are all gated off and have a zero cutput
state, anéd the reccrder time reference output and the BCD
data froa tlte digital clock are gated off.

The external 'Manual Start' switch is ncw held depressed
aprlying +12 vclts to one input of the three input AND gate,
Ic9a. A seccnd input coming frcam IC19b is high; therefore
the AND gate assumes a ‘ready' condition. The 1 pps cutput
of the digital clock is differentiated by B1 and C1 ané the
negative [pcrticn of the differentiated wave is clipged by
dicde D1. TLke resultant positive pulse provides the third
input to the AND gate, IC9a. When the positive spike cccurs
the output of IC9a follows énd resets IC5a causing its Q
outgput tc gc 1lcw. This Q output is connected to the count
enable ipputs cf all of the counters and tc the reset pins
of the ‘pericd' dividers. At this point the counters can
increment ané the 1 pps output of the digital clock also
cconected tc the clock input of the 'pericd' divider chain
can ke divided by 10, 100, or 1000 depending on which geriod
has been eaternally selected. The divider outguts are
cconected thcugh an external SE4T PERIOD switch to the clock
input cf 1CSa, and the J-K feedback arrangement of ICS5a will
perait a positive transitionm of the clcck signal tc toggle
the flip-flcp to the original state--Q high. When the feriod
divider chair bas appropriately divided the 1 pps input, and
thbe divide by 10 output of the selected period divider
transiticcs tc a high state ICS5a will toggle causing the Q
output tc go hich. This pcsitive transition of ¢ of ICSa
will in tcrn toggle ICS5b to cause its Q' output to gc¢ 1low,
which in turn remcves the reset condition froam IC6a putting
it into a ' ready' condition. The clock inprut of 1IC€a is
ccnnected tc the digit 4 strobe (tens of minutes) cf the
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digital clcck. The digit strcbe signals c¢f the digital
clcck are 1cgical zero pulses with a width equal to one
period of the S00 Hz scan signal and have a period of 500
divided Lty 6. Therefore at some unsynchrcnized tise the
digit 4 strcke output will tramsition to a lcgic one after
the completicn of the digit 4 logical zerc pulse, and this
postive tranmnsition will toggle IC6a causing the Q! cutput of
IC6a to gc lcw. This Q' output is connected'to one infput of
a dual input NOR gate (CD4001), IC12a, enabling the cutput
to follcw the inversion of the other gate input which is the
digit 5 stroke from the digital clock. The digit 5 strcbhbe in
a low state causes the output of the NOR gate to go high for
cne pericd cf the scan reference signal. The digit 5 fulse
output is ccnnected .(hard wired) to the apprcpriate data bus
OB gates (CD4C71), IC13b and IC13d4, to provide a 1010 BCD
code durinc digit 5 time to the output BCD data bus. Q' of
IC6a is alsc connected to one input of a seccnd dual input
NOE gate, IC1zk, with the other input connected to the digit
6 strobe cf the digital clock; again the result is a single
Ecsitive fpulse with a pericd of omne cycle of the scan
reference signal. This out ¢ .s connected toc an external
BCL CODE suitch which provides a 0-9 BCIL output fcr the
previously mentioned code data. When Q' of IC6a goes to the
low state, ty being ccnnected to the K input of IC6L, it set
ICEE in the ‘'ready' condition. Then on the Fositive
transitior of the digit 6 strchbe IC6b is tcggled causing its
Q' output tc go low just at the start of the seconds through
hours digit scan. This output enables the BCD data cutput
gates frcm tte digital clock, IC10a,b,c and d, and during
this 1low state time data is ccupled to the BCD data cutput
bus. The peit positive transition of the digit 4 strobe
toggles 1C6a to its original state, and the next pcsitive
transitico c¢f the digit 6 strobe toggles IC6b tc its
criginal state. The switching action ensures one and cnly
cne '1010' digit ard code digit per recording cycle, 2and a
single scan cf the BCD seccnds, minutes ard hours data to
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enakle reccrding cf that data cnce during each

cycle.
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During tke digital data scan the 'write' signal tc the
digital reccrder is gated cn for exactly 8 periods cf the
50C pps recorder time reference signal. This is
acccaplished Lty connecting the Q outputs cf IC6a anc¢ Lt to
the inputs cf the 2 input OR gate, IC11b. The output cf the
OR gate, a r[fpulse with a period of 8 scan cycles, is
ccnnected to a 3 input AND gate IC9b which epables this gate
tc output the reccrder time reference sigral connected to a
seccnd input--the third input is hard wired to the G[fositive
supply vcltage and is not used. The resultant output is
exactly € reccrder 'vrite' pulses which are connected to OR
gate IC11¢ fcr final cutput buffering and gating.

The ECD cata and the hard wired 1010 code are ccnnected
tc the data cutput bus via NOE gates IC10 and OR gates IC13.
Tbe BCD data is outputted for exactly six gperiods of the
scan reference signal by the long period pulse froam IC6Lt Q!
output. The 1010 code is outputted during digit 5 time and
the digit 6 pulse is connected to the external BCL ‘'code’
switch tc result in a sequential output of the hard wired
1010 code, selectable BCD ‘'code' digit and unit seccnds
thrcugh tens cf hours time data in that order for a tctal of
8 digits cf 4 bit BCD data. This data and the counter BCD
data are all ccmbined (OR logic) in the Data Qutput Circuit
as descrited in the Recorder Data Output section.

The transition of IC6b to its original state causes the
Ecsitive transiticn of the Q' output to toggle IC7a. The Q
output of IC7a is connected to the reset input of ICSt and
the set inpet of ICS5a. Connection to the set input ensures
that the ¢ cutput pof ICS5a remains high, and thus the
counters resain disabled, and the connection to the reset
input of ICSFk causes a logical one output frca IC7a to reset
ICS5t and in turn ICba. The Q' cutput of IC7a is also
cconpected tc the reset input of a divide by eight




deccders/ccunter (CD4022) used for multiplexing the ECL data ,;
frcm each cf the seven counters. When Q' cf IC7a gces 1low ‘
it enakles the counter allowing the MSC gate signal from
ICTE to incresent the counter. The deccded cutputs of the
ccunter sequentially enable the BCD data gates at the cutput
of each cf tle seven counters as shown in the timing diagrams
of Pigure 16. The outputs of the counter used for this
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Figure 16. PFipnal Output Multiplex Signal.

function are the '1' through '7' decoded outruts. The *0°¢
is the bhigh output during the reset ccndition <c¢f the
counter, so when the counter output returns to a '0°¢
ccndition after counting 8 MSD gate pulses the '0' ocutput is
differentiated by B2 and C2 and «clipped Ly diode [2 tc
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prcvide a reset for IC7a, thus the Q' output of IC7a remains
at a logical C for a period eguivalent to a scan cf 56
digits. Luring the scan of the 1 through 7 outputs the ‘0!
output is low and is inverted by IC12c and ccnnected tc one
input of 1IC9¢c a three input AND gate. Cne input of this
gate is pnct used and is connected to +12 volts, ané the
cther input is ccnnected to the 10% duty cycle 500 Hz
recorder time reference signal (‘'write' signal). The cutput
of the ANC gate is connected to the second input of 1IC11b,
and thus during 'time' recording and counter multiplexing
exactly €4 ‘'write' pulses are outputted as desired, and
during this fericd (recording cycle) 256 bits of data are
sritten intc the tape recorder buffer. The '7' output from
the divide ty eight counter is also connected to one input
of a dual input OR gate with the other ingut connected to
either grcund or ¢12 volts through an external RESET switch.
The high '7' cutput or a depression of the reset pushiutton
suitch causes a high cutput from IC11c which prcvides a
reset level to all seven counters and a 'set! fulse to
IC19b. 1Tke set to IC19b causes its Q output to go to a high
state and thus Gputs IC9a in a ready condition for a next
sukseguent cycle cf operation. If the external Auto/PFanual
suitch is in the ‘'Auto' position the next T[fositive
transiticc c¢cf the 1 pps output will autcamatically start
ancther cycle of operation. Note that all sampling cycles
start and stcp in syachronisam with the 1 pps output fulse,
and all recording cycles which start unsynchronously after
the termiraticn of a sample cycle occur between the 1 pps
cutput pulses.

Visual display of the digital clock time was desigped by
ccnnecting thke seven segment outputs of the digital clock
thrcugh current liamiting resistors (150 ohms) directly to
two HPS5082Z-74C4 four digit displays of which six digits were
used to disglay hours, minutes and seconds. The cathode
€elements were enabled by the internally multiplexed digit
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strchbe outputs of the clock connected through a noninverting
EEX buffer (CLU4050) to provide the sink for the LED current.

F. BECOELER LATA CUTIPUT

The ECD data wmultiplexed frocm the ECL CODE switch,
digital clock and control circuits and the seven ccunters
was combined Lty logical OR gates in the data cutput circuit.
The cverall purpcse of this circuit was to gate the 25€ Lits
of data fxcs separate outputs cnto four outgut data buses
regresenting the 1, 2, 4, and 8 bits of the ECD code. These
buses were then catled directly to the input buffer of the
digital reccrding system and to a digital data test circuit
bcard (see Cata Test Circuit Design in section G). The
stages cf tbhe cutput circuitry consisted of eight, four
input OF gates (CD4072) and eight, 2 input OR gates
(CL4071) . Each bit of the BCD data from the counters,

QW72 (OR)
CTR §  eccem—)
Cm 4 -
pre== QU871 (OR)
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Figure 17. Circuitry for One Bit of LCata Outfput.

dicital clcck and the BCD 'ccde' switch wvas connected to
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one input cf two, 4 input OR gates or the two inputs cf a
twc input OE gate which is ccnnected to the remaining input
cf one cf the 4 input OR gates. Two of the 4 input OF gate
outputs were combined with a second 2 input OR gate to
prcvide a single kit of the data output. Illustration cf a
single bit cctput is shown in Pigure 17 where the eight
inputs tc twc, four input OR gates are the 1's kit of
ccunters 1 threcugh 6, the blanker counter, the ORed cutput
of the digital «clock, and hard wired 1010 code arnd the
output of the BCD 'code!' switch. The outputs of the tso, U4
ingput OF gates are simply combined together with a 2 imput
OF gate tc provide a single bus output of the '1' bit data.

The c¢akle carrying the BCD data tc the input tuffer of
the recording system 1located in the ‘'Deck Contrcl Eox'
included a conductor for the 'write!' pulses (recorder time
reference signal) and a conductor for each kit of +the BCD
data. A separate three conductor cable provided +12 ard -12
vclts and sicnal ground for the recorder and deck ccntrol
suktsystess. The pcsitive 12 volts was utilized for powering
the tape reccrder systes and tke positive anrd negative 12
vclts was vutilized to power ‘'‘drive' mctors for the remote
turable tandgpass and notch filters 1located between the
antenna and the preamplifier circuits of the RFI
Classificaticn Systes.

G. OUTPUT LATA TEST CIRCUIT

The ECD data connected at the input to the input kuffer
of the tage recording system was also parallel connected to
the input c¢f a test circuit designed to periodically check
the data that was being inputted to the tape recorder. This
circuit thus enabled a periodic check and a provisica for
trcukleshcoting the overall data output circuits of the LDA
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systea. For example observaticn of erronecus data in this
circuit +would prcvide the observer vith the lcgic
informaticn to enable circuit card and/or coagonent
reglacement tc repair any system wmalfunction pricr to
recording wmany hours of erroneous and unusable data onto
magnetic tape. Inakility to repair the system would also
cue the ocperatcr to revert to a hand-reccrding method of
data logging directly froma the ccunter disglays.

- The circuit memory feature was designed around four, 64
kit shift recisters (CD4031). The shift registers bad a
direct input and a recirculating mode of cperatiom allowing
input data tc be stored permanently and circulated around
tbhe register or to be continuously updated by suksequent
reccrding cycles cf the LDA systenm.

Bach bit (1, 2, 4, 8) of data was connected to a
respective shift register,and an external (circuit card
mounted) SPDT switch selected the circulate cr direct serial
input @mcde cf oferation of the shift registers. The
recorder timing reference signal was utilized to clcck the
c¢ata intc thke registers just as the signal clccked the data
into the tape recporder buffer. At the terminaticn cf the
record cycle the stift registers then contained all 25€ Lits
of data cf the BCD data output of the LDA system. After the
data was stcred in the shift register, it was cycled digit
by digit to tke output connection by sequentially toggling a
'tcunceless! switch. The shift register contents vwere
displayed on a =single digit seven segment display (MAN4)
enabling visual observation of each digit of data stcred in
the four shift registers. The bounceless switch also
tcggled a prcgrammable divide by 10 down ccunter (CL4029)
which prcvided a second digit visual display to assist the
cperator keep track of the data location during the display
cycling. The programmable counter was designed to ccuat
down frca 8 tc 1.
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The tounceless svitch was designed with a cross-ccupled
pair of dval input Schaidtt Trigger NAND gates as shown in
Figure 1€. Tte 1logic of the svitch works in the following
sacpner. Gith the fpushbutton switch (circuit board mounted)
undepressed the normally closed (NC) connection agplies a
grcund tc one input of one of the NAND gates. A logical O
at the input of a NAND gate ensures a logical 1 at the
cutput which is connected to one input of a second NAND
gate. 1te other 3input to this NAND gate was coannected to
412 volts thrcugh a resistor thus ensuring that the cutput
of the gate was a logical 0. The 0 output connected to the
second input cf the first NAND gate thus ensured a statle 1
ané 0 at the outputs of the gates. Lefpressicn cf the
pushbuttcn switch interchanged the +12 vols and the cround
between the inputs of the NAND gates causing the outputs of
€ach tc switch states. This transition provided a
mechanically operated clock to toggle or shift the data in

the registers and to toggle the divide by eight and divide
Ly ten ccunters.

As each fcur bit digit of data appears at the serial
outgut cf the focur shift registers it is connected to the
input of a ECL to seven segment converter/driver (CD4S511).
The ccr:espcdding seven segment data is directly ccanrected
through 2.2 Kchm resistors for current limiting to the anode
elements cf the MAN4 ‘'Data'’ display. The common cathode
element cf thke display is grounded thus each digit of data
is displayed as the bounceless switch is toggled.

One cutput of the bounceless switch is also parallel
ccnnected tc tte clock inputs of a divide by 8 ccunter
(CC4022) and a programmable divide by 10 ccunter (CDU029).
The divicée by 8 counter provides the programming input to !
tbe decade ccunter through a monostable multivikrator |
(CD4047) . The '0' output of the octal counter is ccnnected
to the pcsitive clock input cf the aultiviktrator. Cn the
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Fositive transiticn of the '0' output of the octal ccunter
the ouput of the mcnpstable goes high for a period of atcut
\ 5 wmicrcseccnds. This output is connected to the '€' Jam
input of the decade counter which drives the ccunter cutput
to a 1000 BCL code (decimal 8).
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Pigure 18. Output Data Test Circuit.

The BCD cutputs of the decade counter are also connected to
a second ECL to seven segment decoder and the outputs cf the
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decoder are cconnected directly tc tha anode segments of a
seccnd MAN4 digit display. The resulting display after a
'jam' input to the decade counter is a decimal '8!, As the
cycle switch is tcggled the decade counter counts dcwr from
8 tc 1 as the cctal counter counts from 0 tc 7.

Initializing the counters is acccamplished by usirg the
‘write' signal to reset the octal counter which in turn
Fresets the decade counter to a decimal 8 cutput. The write
signal is tuffered and inverted at the input by a two input
NAND gate. Eoth inputs of this gate are cconected together
ané the cutput is coanected to the input of a seccnd NAND
gate  where the Ltuffered clock signal is NANDed with the
Ecunceless switch signal to provide an OR gating c¢f these
two signals to the clock input of the shift registers. Thus
during the rececrd cycle there is a means fcr the ‘write!
signal tc reset the octal counter and clock in the data, but
at the ccepletion cf the record cycle a lcgical 0 is gglaced
cn the reset input of the octal counter enakling the ccunter
to incresent wity, the bounceless switch.

Tc cperate the test circuit the printed cir iit Lboard
was plugged into an 18 pin edge connector receptacle cr the
rear panel cf the Recorders/Deck cContrcl Box. Power is
applied tc the circuit board whenever power is applied to
the tape reccrder by the toggle suitch alsoc located cn the
rear panel of the Deck Contrcl Box. After the LDA has gone
through a sample and subsegquent record cycle data is
registered in the test board shift registers. To display
the data on the 'DATA' LED display the 'CYCLE' pushlkutton
switch must re pushed and released 64 times to sequentially
display the =stored digit data. At the same time that the
CYICLE svitch is pushed the DIGIT LED display indicates the
relative 1lccaticn of the *'prushing' cycle by counting down
frcm 8 tc 1 a total of eight times. The displayed data is
then correlated with the visually displayed data of the LDA
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to check for proper system operation. It should ke noted
that the bhard wired 1010 code which is the first dicit of
data out cf the LLCA system is ccnverted to a klank output by
the BCL tc seven segment decoders, thus the initial disglays
after the reccrding cycle will always be a ‘'blanked' DATA
digit apd an '8' on the DIGIT display.

H. MISCEILARECUS CIRCUITS

1. Scap Signal Buffer

Tc prcvide adequate buffering and reduce the fanout
requirements of the scan frequency divider circuit, the scan
output of the CD4017 divide by ten counter IC referred to in.
Figure 13 was connected in parallel to the inputs of fcur 2
ingut OF gates. Each OR gate output was then connected to

two of the required eight scan inputs of the seven ccunter
and one digital clock system.The buffer is physically
lccated on tke Digital Input circuit board.

2. Jest Oscillatcr

Tc provide a test signal for 'in-system' trcubleshcoting, a

LMS66 functicn generator integrated «circuit was used to
design a 12 KHz signal generator which prcvided a square 3
wave and a triangle wave output to a BNC fpanel connector on
the rear cf the LLCA cabinet. The circuit was configured in
accordance with @manufacturer application notes® ard is
schematically illustrated in Appendix C. The test circuit
is operated Ly ccannecting the test signal sgquare or triangle
wave cutput to the positive LDA input connector on the rear
of the IIA cabinet. Power is applied tc the circuit (+12
vclts) by turning the 'TEST SIGNAL' toggle switch on the
frcnt <ccntrcl fpanel of the LDA to the 'CN' positicn. The
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test oscillatcr is also located on the Digital Input circuit
koard.

52




V. PBOWER SUBPLY CESIGN

The tasic power to the LDA and the tape recorder systems
was r[provided by a @manufacturer designed dual tracking
regualted $1Z vclt power supply module capakle of a S ampere
output with an overlpad shutdown capability. The only inpput
required was 115V/€0Hz AC line voltage. The positive supply
vcltage rowered all of the circuits cf the LDA system and
the magnetic tape recorder with a tctal 1lcaé of
approximately 2.75 amps. The negative supply wvas only used
in the LIA system for the analog vcltage ccaparators acd the
input oferational asplifiers which provided an apgrozimate
50 ma lcad. As previously noted the negative power =supply
vas also used in peripheral equipment of the RFI measurement
system tc prcvide power for remote tuning of a tunable
tandpass and nctch filter.

The seccpd part of the pouwer systea (backup power) uas
10 series-ccnnected nickel-cadmium cells rated at a ncminal
1.25 volts each tc provide a +13.8 volt backup power source
for the digital circuits of the LDA and the tape reccrder. s
The backup pcvwer ensured that the time circuits and the tape
reccrder remained stable and operating in the event of loss
of normal pcwer. The battery package was capable c¢f an
approximate 2.0 amp-hour output which provided a relatively
leng time backup power source for the +12 vclt 1load. The
overall design cf the power system is illustrated in Figure
19. Both the Lkattery source and the +12 vclt source were
ccnnected thrcugh series diodes to a main +12 volt LC bus
which supgpled +12 volts to the tape reccrder and the LDA
circuits.
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A trickle current for battery charging was sugplied
directly tc the Fkattery terminals through a 680 oha series
drcpping resistor and a series diode from a [fperipheral +36
vclt power supply rhysically lccated in the Leck Contrcl Box
with the lattery system. To ensure that the trickle charge
actually charged the battery and did not fprcvide curreant to
the +12 vclt lcad, three diodes vwere connected in series
with the Lattery and the +12 volt bus. During roramal
operation the 12 volt power supply output was apprcxisately
12.5 volts, and the voltage was dropped to 11.8 volts Lty the
amcunt of the 0.7 volt drop across the diode in series ith
the power supply, consequently with 11.8 volts c¢n the
cathode element and 13.8 volts on the ancde element the
three series diodes are not tiased in the fcrward direction
and battery current to the DC bus in minimal. In the event
of an AC power failure or inadvertant system shut-off at thke
frcot papel the battery supplied approximately 11.7 volts to
the DC Ltus, and the diode in series with the +12 vclt power
sSurply prevented excessive lattery discharge througk the
ECwWer surrly.

The fipal additipn to the power system was a 1lcgic
circuit tc provide a signal tc the LDA that there was am AC
power interupt during a sampling cycle. The «circuit vwas
designed with a DIP relay to provide a reset pulse tc the
counter circuits during a power interuprt. The reset signal
was only ccnnected to the ccunter circuits, and it did not
in any way interupt or reset the remaining LDA +timing and
control <functionms. The reason for this procedure sas to
enakle the determination that a power interugt had cccurred
by analysis of the recorded output data during data
reduction. If a [power interupt occurred at some point
within a sasple cycle the counters would be held reset
during the time cf the interupt, and subseguent totalization
of the cctnter contents would then indicate that an
incomplete samgle period had been executed because the total
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of the ccunters wculd not have been the predetermined tctal
as previcusly indicated in the Counter Lesign secticn. The
circuit to¢ [frovide the reset voltage was designed by
ccnnecting the ccil of the relay to the +12 vclt output of
the power supgly. The noramally open contact of the relay
was left cpen and the normally closed contact was ccnnected
tc the +12 volt DC bus. The pole connection of the relay
switch was ccnnected through a series resistor tc the
ccunter reset line. During normal operaticn the energized
relay would te in the 'NO' pcsition and no vcltage wculd be
applied to the reset line. If the power supply (+12 vclt)
decreased Lelow the relay holding voltage (aprroximately 10
vclts) the 'NC' contact would connect the 12 volt DC Lus to
the reset lire, and the counters would be held reset until
ncrmal circuit functicns were restored.
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Figure 19. Power System Wiring acd Logic.
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The 1logic circuit (relay) was mounted on a small printed
circuit Loard which wvwas Lolted to the tack panel cf the
frinted circuit bocard card cage. The required connections
were thep sade by direct wiring into the +#12 volt buses and
the ccunter reset line as shown in Figure 19.
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VI. PHYSICAL CCNSTRUCTION

The assesktly of printed ciruit card hclders and wiring
betveen circuit bcards and panel contrcls was acccaplished
with consideration for analcg and digital isolation, RFI
issunity, maintainability, and operability.

All digital circuits discussed in the Design secticn
were constructed on easily remcvable gprinted circuit (2C)
bcards which plug directly into standard edge connectcrs.
The seven ccunters plug into 18 pin edge ccnrectors and the
cther three circuit boards--Control, Reccrder Data Outfut,
and Digital Input--plugged into standard 40 pin edge
ccnnectors. All EC board edge connactor ccntacts uere gold

S A

Flated tc reduce pctential high ohmic contact between the .?
edge conrectcr scckets and the PC board. The printed @f
circuit tcards were jnstalled in a single aluminum enclcsed §z

card cage with frcnt access for easy removal or easy
extensicr with constructed 18 pin and 40 pin printed circuit
extender bcards designed to enable access to the circuit
bcard comgcnents from the outside of the card cage (see
Pigures 27 and 29, Appendix D). This allowed easy
measurement cf voltages and/cr logic levels directly or the
printed circuit ltoard while the circuit was in ncrmal
operation. All that was required for test equipment to
check each circuit was a CMOS logic clip which conpected
directly cn each integrated circuit, a standard voltmeter
and an oscillcscpe when reguired.

i o SRR SRS SOSAANLS 5

The EC bcard edge connectors kolted on the rear cf the
card cage vwere interconnected with wiring ktundles scldered
directly to the edge connector contacts. Each bundle group |
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vas securely wrapped and bound to the card cage to decrease
the possikility of vibration or mechanical scvement of the
wires cr sclder ccnnectionms.

The alusinum card cage container was a Specially
constructed bcx with removatle top and frcant panel ccvers.
The top was removable to provide access tc the
interconnecting vire bundles and the actual EC card
retainers and edge connectors. The front panel was a bhinged

docr prcviding access to the PC boards for resoval or
extension during troubleshooting and maintenance operaticas.
The panel dccr was constructed and gasketed with an RFI
webking material tc ensure a good RFI seal when clcsed and
fastened with 13 screws that secured the front parel door
directly tc the card cage and the main frame front panel of
the LLCA cabinet.

Tc prcvide visibility of the ccunter and digital clock
visual disglazys which were mounted on their corresponding PC
bcards with vertically mounted right angle DIP sockets the
front panel door was constructed with twc windows in it.
The windcus were cpvered with BRPI screened red filter
plexiglass that erhanced the visibility of the LED disglays
and provided good RFI filtering to protect the digital
circuits frcm excess noise and/or RFI.

All ircterccnnections made between the analog and digital
circuits, tte frcnt panel switches, and external fanel
acunted ccnnector fittings were made by either connecting
individual wires tp feedthrough capacitors or to SMA fpanel
connectors fcr coaxial cable connectionms. Coaxial catles
were used fcr connections between the analcg and the digital
circuits toxes and between the period divider chain, the
external SFUT ‘'perjod' selector switch and the ccunter
enables/disable circuitry discussed in the ccntrol section.
Twc additicarl ccaxial connections were made from the test
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function generator circuit constructed on the Digital Input
PC board tc BNC fittings on the outside rear panel cf the
LLA catkinet.

The infut power supply voltages and the tape reccrder
tising signal and ECD data output jack were ccnnected tc the
digital circuits through 1000 pf feedthrough cagpacitors
which deccupled the lines and ensured saximum BRFI and noise
protectica.

The labeled frcnt panel switches and panel meter of the
LDA are shcun in the system photos in Apgpendix D, acd the
wiring diagrams in Appendix C illustrate the siring
interccnnecticns cf the switches, meter and circuits.

59




APPENDIX A

CALIBRATICN PROCEDURES

Because the 1IDA is prisarily a digital systen,
calikraticn requirements are both ainisal and easy to
acccmplish. The majcr goal of the LDA system calibraticn is
to wmatch tke LLCA analog circuit operating levels to the RFI
Measurement System which provides the processed and detected
signals to the LDA. The general relation cf the LLA to the
RPI Measurement System is illustrated in the systes block
diagras in tte Introduction.

The first step in calibrating the system is a rather
arkitrary G[presetting of the #2 analcg vcltage ccsparator
threshold. This step is perfcrmed by utilizing the (1)
Level Meter, (2) external Level Adjust and (3) the circuit
koard calitraticn potentiometer of the #2 comparatcr to
establish a baseline reference for subsequent =<system
calitraticn, tkat is the 1lowest coamparator threshold is
matched to a kncwn signal 1level input and a fixed level
meter reading. The result is that measurements which are
taken will le accurately interpretted by knowinc the
taseline reference level for the #2 comparatcr threshold.

The IIA calibration steps are as fcllowus.

A. FEemove the top panel froa the LDA cakinet.

B. BGemove the top cover of the analog circuit bcard box
which is lccated to the rear of the cabinet on the bottoa of
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the chassis.

C. Cconect the IP/Detector system LDA OUTPUT tc the
input cf the LLA.

D. Ccpnect a known signal level to the input of the
1F/Cetectcr system 1log amplifier. Note: -60 dBa was
deterained tc be the smallest signal that would ever be
present at the input to the log amplifier, so this ievel of
signal frcm an HP €640b signal generator was used for 1LDA
calikraticn.

E. With the meter input selected to LEVEL position the
LEVEL ALCJUST potentiomenter for a reading of 19.5 microaaps
cn the LEVEL neter.

F. Select the MANUAL positicn of the AUTC/EANUAL
switch, '100C*' on the PERIOD selector switch, and [fust the
START puskkuttcn tc begin a 1000 second saapling period.

G. Adjust calikration pot #1 on the analcg circuit Lkcard
£C that 11 and #2 counters are bcth countirg at
approximately the same rate. Deteramination of an
approximately equal count rate may be accomplished by
resetting and restarting the ccunt cycle a nuaber cf times
while cEkserving the numbers displayed in the #1 and #2
ccunter disglays.

H. With the '3 dB' level interval selected increase the
signal generator output level by 3 dB steps and adjust the
ccaparatcr threshclds of the remaining ccaparators sc each
consecutive pair of counters--2 and 3, 3 and 4, 4 and S, 5
and 6--are Lkcth cpunting at an equal rate. For each pair
adjust caliktation pots #2, #3, #4, and #5 at input signal
levels cf -57 dBe, ~-54 d4dBm, =51 dE® and -~4€ dBa
resgpectively.
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I. With thke *10 dB* level interval selected increase the
signal generator output level by 10 dB steps relative to the 1
initial value, -€0 dBm. Adjust calibraticn pots #2', #3°,
#4°' and #S' at signal levels of -50 dBm, -40 dBm, -3C dBm
1 and -2C0 dEm respectively for the counter indications
] described in step H.

e

J. The gain of the IDA analog rfpreamplifier was
rreadjusted tc ke aprroximately equal to '1'. Therefcre to
ensure tte capability of circuit board replacement, the
seccnd (spare) circuit board should be calikrated at the
sase time with thke same reference level (-60 dBa) that was

used with the primary circuit bcard. With the output from
tke signal generator set to -60 dBm and the LEVEL ADJUST
control wundisturked from the position used durinc the
calitratcn c¢f the primary circuit board, change circuit
boards and adjust the gain ccantrol potenticameter for a 19.5
aicrocaap reading oo the LEVEL meter. This epsures that roth
tte prisary and spare circuit bcards have the same reference
threshold.

K. Eroceed with calibration as in steps F through I.

L. After the analog circuit bcard is calibrated the LDA
meter is adjusted to shift the base 1line reference apmeter
reading to 2 pore convenient value of 20.0 microamps. This
is acccaplisted by disconnecting the input from the LDA and
sherting the input terminals together to 'zeroize' the input
to the LIA. Then set the 'LEVEL ADJUST' ccntrol sc Loth
counters #1 and #2 are counting and adjust the 'METER ZEERO'
cn the face cf the meter to obtain a meter reading c¢f 20.0
Eicroamgs. This adjustment may also Lte made whenever
necessary during ncrsal systes operation.

The =stegs above provide a general calitration procedure
fcr the ILA systea, but to effectively deduce the meaning of
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the cutput data the thresholds of the ccmparatcrs aust
correlate with scme actual signal power level at the antenna
tersinals of the BRPFI Classification Systeam. If the IDA is
calikrated with a -60 dBm signal connected tc the input of
the IP/Letectcr lcg amplifier circuitry, the questicn asked
is: What is the power level of the corresgonding signal or
ncise at tke antenna terminals that would cause the taseline
reference ccunters, #1 and #2, to both count? The ansser to
this questicn is determined by the seasuresent and
calibraticn cf the RP and IP system parameters, but ir any
case the final L1DA system calibration aust be the full
utilizatico c£ the RFP/IF systema gain, ncise figure, Y
factor, and correction factors to provide an absolute pover
laktel for tte thresholds set in the LDA system. It should
be noted tkat different inputs such as Gaussian ncise and
unmscdulated CW signals result in different 1levels of
detected signal at the output of the 1lcg amglifier,
therefore final Laseline reference labeling aust also
include correcticn factors for different types of signals
and their bardwidths as well as various system gair and
frequency ccnfiguraticns.
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! APPENDIX B

i ' OPERATING PROCEDURES

The cgerating procedures for the LDA are gquite =simgle

and in ceneral require only lisited experience and general
LCA systes krcwledge from the operator. The LDA systes may
be operated in either a manual or automatic mode and either
ccnfiguraticnr requires minimal control manipulaticr and
adjustament. The system configuration in general is at the
discreticn cf the operator and where pertinent is governed
by the characteristics of the signals to be analized Lty the
LLA. The grrccedures outlined in this Appendix are
applicaktle to the BFI Classification System for which the
OCA has been designed, and thus fcllow guidelines
established Ly experience gained during initial systes test
trials.

The fcllcwing pperating procedures are set forth to
perform tke amalysis cf a narrow band cf sigrals wvwithn one
of the sub-tands cf the 240 MHzZ to 400 MHzZ spectrum. Refer
to the Introcucticn for overall system hookug and the signal
Frccessing flcw.

A. Tupe all filters utilized in the RFI Measurement
System ccnfiguratiom to the frequency Ltand of interest.
This 1includes centering the manual and remotely tuned
tandgass filters (if wused) at the center frequency and
tuning the ma2nual and remotely tuned notch filters (if used)
away frce the center frequency or on an interfering signal |
to te notched cut cf the RP systen.

64 |

—_— — - ' — .“




B. Turn the IF system attenuation to 0.0 4B and select
the desired 1F system filter bandwidth (30,10 or 3 -KBHz).
Set the IF gain as required to obtain the desired signal
level.

C. Select the appropriate bandwidth for the RF systenm
(1 cr 10 ¥Hz) cn the RF/Blanker box. Select the approgriate
BF channel cn the 'Deck Control' box.

D. Set the synthesized 1local oscillator fregquency
output tc 30 EHz kelow the RF center frequency of interest.
Note: Tke IF system bandwidth is 30 MHz at the input to the
IF amplifier.

E. 1Terminate the input antenna terminals with a 5C cha
lcad by selecting NOISE DIODE ensuring that the noise diode
power is CFF.

F. Rith the meter input selected to LEVEL set the LEVEL
ACJUST ccontrcl on the LDA to oktain a 20.0 microamp reading
on the IEVEL METEE.

G. Returr the antenna terminals to the ANTENNA pcsition
on the T[Leck Ccntrol Box. At this point the reception of
signal ané/cr noise should be indicated in the form of a
greater reedle deflection on the level meter.

H. Select an amount of attenuation on the IF Lkcx to
reduce tke ILA 1IEVEL meter reading to approximately 20.0
sicroamps. Thkis step ensures maximum dynamic range (ccunter
2 through 6) for subsequentranalysis of the input signals
with the 1ILA. Note: Do nct readjust the LEVEL ADJUST
contol cn the LDA after the original setting was established
in step F.

I. Select the desired LDA PERIOD (1, 10, 100 or 1000
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seccnds) fcr tbe desired sampling time. Select the 36B or
10 dB 1level ipterval as desired c¢r as dictated ty the
dypamic range of the input signal.

J. Select the desired LDA CODE digit--this selection
has no effect cn the amalysis results.

K. Set up the tape recording system for 1lcgging
cperation as fcllows. Turn on the power to the tape
reccrder, cata Test Circuit 2nd the battery charging circuit
by flippirg the small toggle suyitch 1located on the rear
panel of the Ceck Control Becx to the ON pcsition. At tkis
tiee the HEL pcwer light will be illuminated on the £front
panel of the tape recorder. Access to the front ranpel is

gained by lcwering the hinged door on the frcnt panel cf the
Deck Ccrtrcl Box. After access has been gained to the

reccrder frcrt panel a cassette tape may be inserted into
the <cartridce slct in the recorder. Approximately 18
seccnds after the cartridge is inserted the READY light on
the front fpamel of the recorder will illuminate. Lcgging
operation may tegin at this pcint and the reccrder will 1log
several hcurs of data (approximately 2 million bits).

L. Fcr eutcmatic operation select AUTC, and the systean
will sasrle and record automatically with a period equal to
the selected FERIOD plus one second (all functions start and

stop in ccincidence with the changes of unit seconds cn the
digital clcck).

M. Fcr manual cperation select MANUAL and at the desired
tize push tte START pushbutton and hold it in fer at least
one second. The system will sample fcr the selected fperiod
of time, reccrd and then halt in an idle state.

N. The system may be stopped at any point in the
sagpling cycle ty depressing the RESET pushtutton. Houever,
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if AUIC bhas leen selected the system will start a suktsegquent
count cycle within one second after the reset buttcn is
released. If the manual mode is being used the systes will
reset and resain in an idle state until the START buttcn is
ptshed again.

O. At this point the actual LDA function has Leen
performed, tut it is mandatory to log all pertinent system
configuraticr data. System gain (attenuation), center
frequencies, filter bandwidths, lccal oscillator
frequencies, 1LA perjods, LDA level intervals and the tinme
of the evert should be appropriately logged to ensure that
the analysis data may by reduced to a wmeaningful signal
density classificatipn.
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APPENDIX C

EEINTED CIRCUIT BOARD SCHEMATIC LCIAGRAMS
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Figur 21. Counter Circuit Board Schematic.
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APPENDIX D

SYSTEM PHOTOS
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Figure 28, LDA Cabinet Interior.
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