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ABSTRACT

One of the most important agpects in designing a
VHF receiver is the system constraints that are im-
posed by the envirenment that the receiver must op-
erate in, A systematic technique for designing a
receiver as an integral part of an overall system has
beendeveloped. Thistechnique allows straightforward
receiver design considering all the pertinent system
constraints. The maior design considerations are;
{a) all pertinent existing system constraints, (b} opti-
mizZation of the received 5/N forgivenintermodulation,
dynamic range, and bandwidth, {c¢} ease of operation,
and (d) ease of maintenance. A resuliing polarization-
diversity VHF receiver for a specilic application was
built using this technique.
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A POLARIZATION DIVERSITY VHF RECEIVER

INTRODUCTION

The VHF receiver to be described was designed to operate with a special-purpose
receiving system. A simplified block diagram of this system is shown in Fig. 1. The
antenna is two orthogonally polarized yagi arrays with horizontal and vertical elements.
Two matched preamplifiers are remotely located on an antenna tower to overcome line
loss and determine the system noise figure (NF)., The signal environment is such that
the optimum receiving polarization is constantly changing. The incoming signal ig .
amplitude-modulated with sine-wave-type information at rates varying from 4 kHz to
20 kHz. :

HORIZONTAL|  PRE- LINE woLTI— [HORIZONTAL
AMPLIFIER] |LOSS RECEIVER
VERTICAL VERTICAL
RE- LINEl | coupLER
|aMPLIFIER]  [Loss

Fig. 1 - Simplified diagram of the system with which the
receiver was designed to operate

DESIGN GOALS

The three main design goals considered are {a) optimization of the received signal-
to-noise ratio (S/N} for given intermodulation, dynamic range, and bandwidth, (b) ease of
operation, and {c) ease of maintenance, ST

There are only a limited number of ways to optimize the received S/N, The trans-
mitted signal level and bandwidth are fixed and cannot be improved upon by the receiver,
However, by minimizing the noise added by the receiving process and optimizing the re-
ceived signal the received S/N can be maximized. The S/N is maximized in this re-
ceiver by (a) minimizing the noise figure of the receiver by using a low-noise RF:-ampli-
fier in the front end, {b) providing proper gains through the system, (c) prefiltering the
incoming RF signal to minimize intermoedulation, crossmodulation, and spurious-impulse
signal response, (d) using polarization diversity to insure the maximum available $/N
while still retaining operational reliability, (e) using optimum bandwidths which have
sharp-rolloff characteristics, (f} using a proper IF frequency, and well designed circuitry

which will keep interfering signals to a minimum, and (g) providing a stable local
oscillator.

This receiver must perform with minimum operator adjustment and monitoring 24
hours a day. Hence any operator adjustments which can be eliminated add to the overall
system efficiency, Experience has shown that operators have varying degrees of train-
ing and motivation, which means that system efficiency increases toward a constant -when
the human operator interface is decreased. Therefore this receiver uses automatic
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polarization diversity, automatic gain control, wetl lighted and labeled front-panet
awitches, and digital tuning of the receiver.

When designing equipment for use in an operational environment, special emphasis
must be placed on reliability and ease of maintenance. Generally reliability is more im-
portant than performance in an operational environment. Equipment should be designed
so that a failure can be isclated and remedied guickly, Hence this receiver is completely
solid state, has modular construction with easily accessible modules for fast replace-
ment, has troubleshooting aids designed into it, has fault detection cirecuitry with warning
lights on the front panel for easy problem recognition, and has conventionai field-tested

cireuits.

HORIZONTAL s
—-——‘ _ TnomzonTal
NPUT CHANNEL

VERTICAL

FILTER
l——"-——’,,éPUT [FILTER | r

LOCAL OSCILLATOR i

RF
CIRCUITRY [ CIRCUITRY [T5CAL DSCILLATOR

1-MHz
INPUT

VHF RECEIVER PORTION

VIDEQ
.

O compaaToR | YIZEC UTPAT
VERTICAL VIDED c AY
CHANNEL | agt IRCUTRY 153010 QuTPUT

DiGITAL

16-19-MHz OUTPUT

—ag—i

FREQUENCY SYNTHESIZER

Fig. 2 - The polarization diversity VHF receiver

Fig. 3 - The receiver with the module drawers pulled out
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GENERAL DESCRIPTION

This receiver is a digitally tunable, dual-channel, single-conversion superhetero-
dyne that is connected to receive horizontal polarization on one channe! and verticat po-
larization on the other for polarization diversity. The polarizations are combined by a
sharp-selection diversity combiner; thereiore the theoretical discussions will need cover
only single-channet effects. A block diagram of the receiver is shown in Fig, 2, Figures
3, 4, and 5 show the completed receiver. This receiver is of meduiar construction, so
that twa of the three major parts are accessible withoat removing the receiver from the
rack in which it is mounted, The three major portions of this receiver are: the VHF
receiving portion {left-hand drawer), the digita! frequency synthesizer (right-hand
drawer! the comparator circuitry (at the left rear). Table 1 ig a brief summary of the
receiver characteristics, The design of each of the three major parts of this reeeiver
will be disecussed individually,

Table 1
Receiver Specifications

Ttem Specification 1
Receiver type Single-conversion superheteredyne
Freguency range 136.0 to 130.0 MH=
Receiver noise figure 8 dB maximum
Minimum saturable dynamic range 45 4B
Local-oscillator frequency 166 to 165 MH=z
RF 3-dB bandwidth 5 MHz
Type of detector Quadratic envelope detecior
IF frequency 30 MEz [
IF bandwidth 8, 16, or 32 kHe
IF shape factor 3:1 at 8 kHz and 2:1 at 18 and 32 kHz
Method of frequency control Digitally tuned frequency synthesizer L
Stabitity 3 parts per miliion
Number of channels Twoivertical and horizontal polarization)
Spurious response 65 dB minimum
Image response 100 dB minimum E
Method of Instaliation Rack mountable E
Operating temperature range 30 to 130°
Video bandwidth 10 kHz
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DESIGN OF THE VHF RECEIVING PORTION
Theory
The thermal noise power can be found from
By = kTB,_ ,
where k is Bolizmann's constant, T is the noise temperature of the receiver, and B,

q
the equivalent bandwidth of the receiver. If B, < Byg, where B, is the video bandwidih
and B;p is the IF bandwidth, then o

o~ (BB -BH T Y

The noise temperature T of a system can be related to the noise figure NF and the therv-
modynamic temperature of the system T, (taken by convention to be 290°K) by

T = (NF-1) T,
or
NF = 1+ I
TO
For cascaded systems
T T T
Tz Ti4umd oo 4 b al
G, GG, G,G, .- Gyog
and
NF, -1 NF, -1 NFy - 1
NF = NF, + — b2 N
G, GG, G,G, ... Gy-y

where NF is the ratio of the signal-to-noise ratio of the source divided by the s1gna1 ~to-
noise ratio at the output:

5/N,
5,/N

NF =

0

System Constraints

The system constraints which must be defined at this point are the following:
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Maximum Typical Minimum
Antenna noise temperature 280°K
Preamptlifier power gain 25 dB 23 dB 21 dB
Preampilifier noise temperature 212°K 192°K 180°K
Line loss 6 dB 4 dB 3 dB
Multicoupler gain 6 dB
Multicoupler noige {emperature 435°K 200°K 280°K
Prefiltering loss 15 4B
Estimated recelver noise temperature 865°K 435°K 200°K
1F bandwidth 32 kH= B kHz
Video bandwidth = B_ 10 kHz
Detector sensitivity -35 dBm -40 dBm

Required Gain

The required gain can be calculated by first calculating the equivalent bandwidth B, &
the system noise temperature T, and the noise figure NF., As stated previously,

B, - (2B B p-BH' " Y
Thus
B, (min) = (2x 104 8x 10%- 108)'"?
= 0.78x 10*%
~ 8 Lz
and

B, (mex) =~ (2x 10%x 32x 103~ 108" "

= 23 kHz .

The minimum system noise temperature can be calculated using the minimum esti-
mated receiver noise temperature and the other appropriate values previously givem:

T
R .

T T
. el
G, GG

3 4
Z

+ ,

G,G,6,

where T, is the noise temperature of the preamplifier plus the noise temperature of the
antenna {180°K + 290°K = 470°K}, G, is the maximum gain of the preamplifier (25 dB =
380}, T, is the noise temperature of minimum line loss {290°K), G, is the minimum line
loss (3 dB = 0.5), T, is the minimum noise temperature of the multicoupler {200°K),

G, is the gain of the multicoupler (6 6B = 4}, and T, iz the estimated minimum receiver
noise temperature {230°K), so that
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290°K 4 290°K 290°K

T = 470°K + +
360  (360)(0.5) (360)(0.5)(4)

= 470°K + 0.80° + 1.60°K + 0.40°K

- 472.8°K
and
[+]
NF = 1+ T H2BR L o 63-4.24dB.
T 200°K

Note that a receiver noise figure in the range of 3 to 6 dB will not have a significant
effect on the system noise figure,

The tangential sensitivity T.S. by convention is a signal-to-noise ratio of '
§/N=8.5dB .
Since 8/N = 0 when the signal power P_ equals the noise power P_, or

s

P =P, =kTB, ,
then
T.8. = kTB,  + 8.5dB |

The minimum detectable signal in this system would occur when the system'noise
figure and bandwidth are a minimum, The power of this signal is calculated from

T.S. = kTB,, + 8.5 dB + NF ,

where kTB = 174 dBm for a 0-dB noise figure at 1 Hz, so that

kTBeq = 133 dB
for B, (min) ~ 8 kHz, and where
NF(min} = 4.2 dB
Hence the minimum detectable signal is
T.S. = -133dB + 8.5dB + 4.2 dB = 120.3 dBm .
The gain required to detect the calculated signal of power -120,3 dBm is equal to the

detector sensitivity minus the tangential sensitivity. This is the maximum gain G re-
quired in the receiving system: o

G .x = maximum detector sensitivity - T.S.

= ~35dB - (-120.3) dB = 85.3 dB .

The receiving system must have thig amount of gain or it will be gain limited. TQ:T@_E_t,éI‘*T
mine how much of this gain is needed in the-receiver, a worst-case system analysis is
used: o
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Preamplifier gain 21 dB
Line loss -6 dB
Multicoupler gain 6 dB
Prefiltering loss -43.5 dB
Gain external to the receiver 20,5 dB

The gain needed in the receiver is then

= G - G = 85.3dB - 20.5 dB = 65 dB .

FEVF max ext

Cireuit Desgign

A block diagram of the receiving portion of the receiver ig shown in Fig. 6. Figure
7 shows a more detailed block diagram of one channel. Figure 8 shows one channel of
the aciual receiver, Figure 9 is the schematic diagram of this channel,

WPLIFIERS ;

HORIZDNTAL PRE- RF CRYSTAL AGC AMPLIFIER;
e — | L——q
I{NPUT FILTER CONVERTER FILTERS DETECTORS; ——

BFT AGC

TF AMELIFTERS;
WIDED
AGE AMPLIFIER 0

DETECTORS; ——m
EFQ AGc

VERTICAL PRE- RF CRYSTAL
o
INFUT FILTER CONVERTER FILTERS

Fig. 8 - VHF receiving portion of the system
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Fig. T - One channel of the VHF receiving portion
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] IF BUFFER
MIXER == AMPLIFIER (A3) -
{a2) o
— POWER L
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oy —~— 8, 18,32 KHz
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{aiz)

AGC AND VIDEQ

BFO (All] =t ™ DRIVER (AIQ

ATH IF AMPLIFIER,

IR0 IF AMPLIFIER v " DETECTORS {AS)

(AB)

| o] ST iF AMPLIFIER

2ND |F AMPLIFIER
N [(AB)

AGC STAGE (87)

Fig. 8 - One channel of the VHF receiving portion

The receiver gain distribution is:

RF converter 30 dB
Crystal filters -10 dB
IF amplifiers 45 dB
Total _G_S—dlg

The RF gain is needed to establish a reasonable receiver NF, but too much RF gain
causes unnecessary intermodulation distortion and eross products, If too much gain is
built into the IF or RF section, stability and dynamic range becomes a problem, The
crystal-filter loss is fixed. .
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The prefiltering is accomplished by a four-pole, high-0, iris-coupled filter. The
loss in this filter directly adds to the noise figure of the receiver; however it prevents
unwanted out-of-band signals from entering the receiver. I these gignals were to enter
the receiver, they and their intermodulation products would appear as noise-and decrease
the 'S/N of the wanted received signal, : X

Circuit Al is the RF front-end amplifier. This solid-state unit provides. sufficient
RF gain to offset the mixer noise and the noise contributed by the remainder of the re-
ceiver. This RF amplifier employs a 2N3371 transistor as a common-emitter amplifier =
with a matching circuit on the input and a parallel tuned output, The transistor-is biased
to minimize intermodulation distortion, which is 78 dB down from the main signal. The’
input matching circuit transforms the input impedance of the RF amplifier to match the.
output impedance of the input filter. The inductor in the tuned output provides a similar
matching into the mixer, circuit A2. e

The active mixer, circuit A2, is also a common-emitter amplifier. The transistor
is biased so as to take advantage of the nonlinear characteristic of the base emitter junc-
tion to provide mixing action. The local-oscillator and the RF signals are fed into the
base of this transistor. A high-side conversion is performed, giving a 30-MHz IF fre-
quency. The IF frequency appears at the parallel-tuned collector circuit, The inductor
provides the impedance transformation for matching into the buffer amplifier.

Circuit A3 is the IF buffer amplifier, which also employs a common-emitier ampli-
fier. This amplifier provides isolation between the mixer and crystal filters. 'The-out-
put of this circuit is taken off the resistive load that goes into a pi attenuator. This
attenuator provides a nonreactive 50-ohm source to drive the crystal filters.

The different bandwidth filters are switched in and out of the circuit by using coaxial
relays, which are packaged next to them. This switching is done via a switch on the front
panel of the unit., There are three selectable bandwidths: 8, 16, and 32 kHz, ‘

The input to the 1st IF amplifier, circuit A8, is through a pi-attenuator section which
presents a 50-ohm impedance to the output of the crystal filters. The 1st IF amplifier is
a common-emitier amplifier with a resistive load. Resistive loads are used in all the IF
stages except the 2nd IF amplifier and AGC stage, circuit A7, There is no video gain in
this unit, all amplification coming from RF and IF stages. This allows compact circuits,
but presents stability problems, To insure absolute stability, low-impedance resistive
loads were used instead of high-impedance tuned circuits which act as antennas, -

The 2nd IF amplifier and agc stage, circuit A7, is forward acting through control of
the emitter current, The emitter current is controlled by varying the voltage on the
base of the transistor. The SE5055 transistor is used because of its linear gain-versus-
emitter-current characteristic. ' '

The 3rd and 4th IF amplifiers, circuits A8 and A9, are common-emitter amplifiers
with resistive loads, 2N2884 transistors are used because of the power-handling capa-
bility and good power gains, The output of the 4th IF has de~coupled to it the signal de-
tector and the agc detector. The time constant of the age circuit is controlled by the age
detector. The agc amplifier and driver is in circuit A10, The gain of the age loop is
controlled by the operational amplifier in this circuit, The emitter-follower stage sup-
plies the necessary drive capability, The drive for the video output is also suppliéd b
an emitter follower in A10, o

The beat-frequency oscillator (BFQ), circuit All, is a crystal-controlled oséill‘afbr
that oscillates at 30MHz, the IF frequency. The transistor has a parallel-tuned ¢ircuit
in the collector. The positive feedback necessary to sustain oseillation is provided from
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the collector through the small capacitor to the emitier. The output is taken from the
collector tank circuit, with the inductor acting as the impedance transformer. The output
of the BFQ is injected into the base of the 4th IF stage,

DESIGN OF THE FREQUENCY SYNTHESRIZER

The {reguency synthesizer containg the necessary digital and analog circuitry for the
accurate control and generation of the local oscillator for the VHF receiving portion of
the receiver. This unit also contains the necessary circuitry {o detect a malfunction in
the oscillator control circuitry and light an indicator lamp on the front panel., The two
main parts of this unit, the RF and digital circuitry, will be considered separately for
simplicity, even though they are contained in a single modular unit of the receiver. Fig-
ure 10 is a bloek diagram of the frequency synthesizer, Figure 11 is z photograph of
this section in the receiver,

\66-189-MHz | | BUFFER |56 169-MHzZ
w70 MIXER CIREWT AZ
vfgn MIKER | IAMPUIFIER FILTER TO MIXER CiREU
182) t83) (84}

92~ MHz “ie- |
22-MHz B-tg-Muzl | pcpec 18- 18- MHz

MIXER FILTER
escm_A;ré):] - (86} 7] ‘—l

THUMB- DIGITAL- | [ o
WHEEL pLHéGsEIT TO-ANALOG tef | MPJHER
SWITCH CONVERTER]

BCD PRESET
L COUNTERS SAMPLE-AND—

L g1AND Eﬂﬂege HOLD
DETECTIN '
it i CIRCUITRY

4

I

4 MHz INPUT REFERENCE Lu UNLICK LiaHT on
= INTERVAL INDICATING
GENERATOR CHRCUITRY FRONT PANEL

Fig. 1 ~ Frequency synthesizer

RF Circuifry

The RF circuitry that generates the local osciilator for the receiver is showm in
Fig. 12, and a schematic diagram of this section is shown in Figure 13. This part of the
receiver contains the voltage~controlled osciilator that the digital portion of the fre-
quency synthesizer cantrols, a erystal-controlled conversion osgcitlator, two mixers, and
asspciated drivers and filters,

This circuitry supplies the 16-{o-19-MHz signal to the digital portion of the synthe-
sizer and a 166-t0-169-MHz signal as the local osgcillator to each chamnel of the VEF re-
ceiving part of the system. These signals are generated in the two mixers according to

fca * fvge = flo iz)
and

fcg = fvco - fs * f3)
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Fig. 11 - Frequency synthesizer

5K

Fig. 12 - RF portion of the frequency synthesizer
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where f., (crystal oscillator) is 92,000 MHz, f, ., (voltage- controlled oscillator) is 74
to 77 MHz, f,, (receiver local oscillator) is 166 to 169 MHz, f_ (frequency supphed to
asynthesizer) is 16 to 19 MHz.

As can be seen from Fig. 10 the two signals are generated by mixing the:two oscil- '
lators and using both the sum frequency, Eq. (2), and the difference frequen_cy;.‘, _ ;‘_ (3).

Circuit Bl in Fig. 13 is the voltage-controlled oscillator. The frequencygof osc1lla-
tion is determined by the tank circuit in the collector formed by L2, C3, C4, 3 ‘
VR1. VRl is a varactor or voltage controlled capacitor., Thus when a dc vo age_apphed

and the frequency of oscillation changes. This de control voltage is derlved in the digital-
to-analog converter and is generated in such a way as to bring the VCO to the desired
frequency, Two pi-attenuators are impedance-tapped on inductor C2 to provide.a VCO
output to the two mixers, circuits B2 and B5, It also provides some isolation betWeen
these two outputs.

Circuit B8 in Fig. 13 is the 92,000-MHz crystal oscillator. This oscillator also em-
ploys a tuned collector, with positive feedback provided from this output tank c-':-'- it -
through capacitor C3 to the emitter, Two pi~attenuators are also nnpedance-t
inductor L2 of this circuit to provide the oscillator output to the two mixers; B

Circuit B2 in Fig.13 is the sum frequency mixer. This active mixer, whosé:collec-
tor is a parallel resonant circuit tuned to the Ssum irequency of the crystal and voltage
controlled oscillaiors, supplies the 166-to-169-MHz local oscillator through the baffer
amplifier and bandpass filter to the receiver. The two oscillators provide the input to
the base of the transistor. The nonlinear base-emitter characteristic produces the sum
frequency at the coliector of the mixer,

Circuit B5 operates in the same manner as B2, except that the collector circuit is a
resistive load and the difference frequency appears there. This supplies the 16-to-19-
MHz signal for the buffer amplifier and bandpass filier,

Circuit B6 is the 16-to-19-Mhz buffer amplifier. This is an RC-coupled amplifier
used to amplify the 16-to-19-MHz signal to a level that is sufficient for the digital cir-
cuitry to operate. This circuit is a basic RC~coupled amplifier with some frequency-
response shaping done with the emitter-bypass capacitor CI. The output of the buffer
amplifier drives a bandpass filter, circuit B7.

The 16-to-19-MHz bandpass filter, circuit B7, is a four-section linear phase Buiter-
worth filter. This filter is used to filter the unwanted harmonics from the 16-to-19-MHz
signal generated in the mixers. This provides a low-distortion signal for the digital cir-
cuitry to operate on.

Circuit B3 is the 166-t0-169-MHz buffer amplifier, This is a common- em1tter am-
plifier, This is a common-emitter amplifier with a parallel resonant tuned coll 'ctor.
This amplifier provides isolation hetween the mixer circuitry and the bandpass-
eircuit B4, Inductor L1 in the collector circuit forms a transformer, so that an 1mped-
ance match is achieved between the amplifier output and the filter 1nput :

Circuit B4, the 166-t0-169-MHz bandpass filter, is a four-section linear phase But-
terworth filter. This circuit is used to filter all the unwanted harmonics generated in
the mixing process and feed a low-distortion signal to the local oscillator, The pi~-
attenuators at the input and output of the filter provide impedance matching, and they
also serve to reduce the local-oscillator signal level to a point where optimum mixing
action occurs. The output of this filter is splif and drives the mixer circuits in both .
channels of the receiver portion, '
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Digital Part of the Frequency Synthesizer

General Block Diagram — Figure 10 shows a block diagram of the frequency synthe-
sizer, Figures 14 and 15 show the digital section, Thig circuitry basically invoives a
set of thumbwheel switches, preset logic, a five-stage BCD preset counter, a reference
interval generator, error-detecting circuitry, sample-and-hold circuitry, and a de am-~
piifier.

Fig. 14 - Card locations in the digital portion
of the frequency synthesizer

The reference interval generator consgists of a series of counters which count down
the 1-MHz clock signal. This interval generated is basically as stable as the 1-MHz
clock signal,

The five-stage BCD counter is preset from the thumbwheel switches through the
preset logic shown in Figs. 16 and 17. The counter is preset in such a way that if the
voltage-controlled oscillator {VCO) were oscillating at the frequency necessary to tune
the receiver to the setting of the thumbwheel switches, the BCD preset counter would
reach @& count of 89999 in exactly one interval of time as generated in the reference in-
terval generator,
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Fig. 15 - Back-plane wiring in the digital part
of the frequency synthesizer

If the frequency of the VCO were too high, the five-stage BCD counter would.:fill up
(reach 99999) before the end of the reference interval. The error-detecting circuitry
would detect this error, generate a correction voltage in the sample-and-hold circuitry,
and through the dc amplifier send this voltage to the VCO in such a way that the VCO*
would become tuned to the desired frequency. This process would be repeated at the:
reference interval rate until the VCO became stabilized at the desired frequency. A
similar sequence of events would occur if the frequency of the VCO were too low; the
difference is that the counter would not be filled up in one reference interval;-one. error _
detecting circuit would sense this and create a correction voliage in the du'ectiori )
bring the VCO to the proper frequency.

Detailed Operation — The four thumbwheel switches, which are located on the front
panel as the right-hand four digits, are BCD swiiches.

preset logic. The output of the preset logic is used to preset the five- stage BCD‘ count_er
in such a way that if the correct frequency f, were applied to the synthesizer, the five-
stage BCD counter would reach the 93999 stage in one reference interval, The counter
reads one cycle or one zero of the input crossing-signal frequency as one count; the
number of counts the BCD counter reads in one reference interval is then e
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Since the circultry actually detects when the BCD counter reaches 99999, the counter
is preset to the compliment of the number. The one-count ambiguity is made up in
gating~circuit delays,

Using the following information, an expression can be derived relating the actuat RF
frequency on the thumbwheel switches to the decimal number the five-stage BCD counter
is preset to:

counts - f_ X {reference interval),

Since the circuiiry actually detects when the BCD counter reaches 99999, the counter
ig preset to the compliment of the number, The one-count ambiguity is made up in
gating~cireuit delays,

Using the following information; an expression can be derived relating the actual RF
frequency on the thumbwheel switches to the decimal number the five-stage BCD counter
is preset to:

fep = 136,000 to 139,000 MHz — RF receiver range,

-
I}

79.000 to 82.999 MHgz — voltage-controlled oscillator,

._.3
1l

82.000 MHz — crystal oscillator,

166,000 to 169.0060 MHz — receiver local oscillator,

"~
b

n

30,000 MHz — receiver IF frequency

._..‘
1l

14,601 to 19,000 MHz — synthesizer frequency,
Reference interval = 5 x107°% sec,

The following equations relate the various frequencies in the receiver to each other:

frp = 1o = f1p s

£y, F = £

o co veo

€ o= f - f

s ca vea

The following relationship can be derived from the above:
Presei number = (f . X3%X1073) - 7.3 X105,

Figure 18 shows the five-gtage BCD counter, the all-9's gating, and the shaping
Schmitt trigger. Transistors Q; and @, form the Schmitt trigger that drives the counter,

ICY through ICH form the five-stage BCD preset counter, The counter is preset to
the BCD number appearing on pins 3, 4, 10, and 11 of each decade, These BCD numbers
are strobed into the five-stage counter with gignal PS {preset strobe) generated in the
reference interval generator, The counter js disabled during the preset t{ime by gate 1C8,
Each IC is a divide-by-10 counter,
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IC6, ICY, and ICE form the gating that detects the all-9's condition in the five-stage
counter. IC8 is a JK flip-flop used to generate signals SAMPLE and SAMPLE. These
signals are used in the sample-and-hold eireunitry {o generate the error or correction
voltage signal. This flip-flop is normally reset; but when the ali-9's condition is de-
tected, the flip-flop is set-enabled and is then set on the next clock pulse from the
Sehmitt trigger, The flip-flop is then reset enabled by the signal-preset strobe and reset
on the next clock pulse, The preset-gtrobe signal is generated in the reference interval
cireuit,

Figure 19 shows the circuitry that generates the reference interval and the preset-
strobe signal, This circuitry is basically two divide-by-18 counters, followed by syn-
chronous divide-by-5 and divide-by-11 counters.

The reference interval is thus generated by counting down the stable, external
i1-MHz clock signal to the reference interval, which is a signal that has a 5.5 msec pe-
riocd and a 500-yusec pulse width, This gives the reference interval a time of 5.0 msec.

As seen from Fig. 19 the 1-MHz shaping network is made up by Q, and Q,. The
network transforms the sine-wave inpuf into a sguare-wave signal, suitable for operation
of the logic circuitry. This network requires a minimum signat level of 3 volts peak to
peak into 50 ohms to operate properly. IC3 and IC4 are nonsynchronous divide-by-10
counters., These circuits divide the 1-MHz gignal to 100 kHz and then to 10 kHz.

As seen from Fig, 20, IC8, IC1Q, and IC11 form a synchronous divide-by-5 counter,
The gating in IC1 in Fig. 20 merely changes the duly cycle of the 10-KHz signal from
1C4 in Fig. 19, The 100-kHz signal is used for the clock signal in the divide-by-5 and
the divide-by-11 counter., In Fig, 20, IC5, IC6H, and IC7 along with the four-input gate of
IC3 and the two-input gate of IC-2 form the divide-by-11 counter, The output of this
counter provides the REF and REF signals (see Fig, 21 {or the timing of these various
signals).

The preset-strobe signal is formed with the four-input gate IC3, The preset-sirobe
signal PS is made to occur 10 meec before each 5.0-msec reference interval, This pre-
sets the counter to the new number and allows the counter to start counting as soon as
the preset-sircbe signal goes down,

As Fig. 19 shows, C3, R1, SW1, and the two four-input gates in IC2 form a network
that insures that the eouniers and flip-flops in the reference interval generator come on
in the proper states when the system is energized, If SWi, normally closed, is opened,
the preset strobe line is held up so the five-stage BCD counter can be continuously pre-
set for testing purposes.

In the previous discussion on the five-stage BCD counter, the SAMPLE and SAMPLE
signals were generated, As will be recalled, in the earlier discussion it is the timing of
the reference interval of REY and REF signals and the SAMPLE and SAMPLE signals
that generates the error signal and ultimately the VCO correction voltage,

Figure 22 shows the sample-and-hold circuitry, IC5 and 1/4 IC1 perform the gating
of the sample and reference signals generating the error signal. The timing of this gat-
ing arrangement i8 gshown in Fig, 23. Figure 23A shows the case where VCO frequency
is too high and the five-stage BCD counter reaches the all-8's condition before the end of
the reference interval and consequently the sample signal is not coincident with the ref-
erence signal, Thus the error signal, when the VCO frequency is too high, is made up of
of SAMPLE - REF, This signal occurs on the output of 1/4 IC1 or at TP3 in Fig, 22,
Figure 23B illustrates the case where the VCO frequency is too low and the BCD counter
is not filled up to the all-8's condition during the reference interval. Again the sample
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and reference intervals are not in coincidence, Thus, the error signal in this case is
made up of REF . SAMPLE and is inhibited by the preset strobe signal PS in order to
prevent corrections from being made during presetting of the BCD counter, ‘

It is well to note that when the VCO frequency is correct, the sample a.nd _rjeﬁéi::énc.e.
signals are coincident and no output occurs at either of the two error-signal lines:de-
scribed above.

With reference again to Fig, 22, when the VCO is either too high or too low infre-
quency, the appropriate error signals are generated and applied to IC6, This is:a-dual-
FET analog switch that is used to charge or discharge capacitor C15 through resistors
R4 and R5. As described earlier, when the VCO frequency is low, a positive error signal
is generated and applied to the input of the analog switch IC6. This causes a positive
5-volt signal to charge capacitor C15 through resistor R4, The capacitor will esgentially
hold the value it is charged to until the next error voltage is generated at the next sample
interval. When the VCO frequency is high, an error voltage is generated on the other

input to the analog switch. This generates a negative 5-volt signal to discharge Cl5
through R5,

It is well to note that the amount that capacitor C15 is charged and discharged is di-
rectly proportional to the width of the error signals. The time constants are arranged in
such a way that the synthesizer will lock into the proper frequency in less than 200 msec.

The correction voltage generated in this fashion is basically now a dc level. This dc
level ig isolated by a high-input-impedance voltage-follower amplifier IC7, This ampli-
fier has unity gain and serves merely to isolate the time constant of C15 from the other
circuitry. This dc level is then fed to the de-amplifier eircuitry. The d1g1tal-to-analog-
converter circuit also provides a voltage to the dc-amplifier circuit.

Figure 24 is the schematic diagram of the digital-to-analog converter. Th
of this c¢ircuitry is to provide a coarse-tuning voltage to the VCO through a buffes
fier and the dc amplifier. Thus, as the thumbwheel switches are tuned from 136,000.MHz
to 139,000 MHz, the BCD output of these switches is converted to a de level that coa.rsely

tunes the VCO to the approximate frequency. The sample-and-hold circuit then provides
the fine tuning of the VCO to the exact frequency.



i3
PSS ISﬂT——-—*-‘
REF. I5"1'T"*§]—|
SAMPLE I7-1~I»---:-

REF Iﬁﬂll-*——j‘

SR

SAMPLE [9‘*1-'—-—5—‘7

+4%v DC Y

+5v DC 2|

+15v DC 3

-5 bC 4

TR2

TO PIN |4
(ALL IC'S)

J VEH
(X0

+13 .6V

UNLESYS OTHERWISE INTHCATED
REGISTORS ARE IN OHMS, |/8w
CAPACITORS ARE MICROFARADS

Fig. 22 - Sample-and-hold circyitry

9e

ATIVM 30 NVA GNY A01ud



NRL REPORT 7139 27

TT

J.- L

SAMPLE -
L4
SAMPLE « REF .
BRI
, A.SAMPLE SIGNAL EARLY
Fig. 23 - Timing of sigunals in the REF fuco FREQUENCY LOW
generation of the error signal — fs FREQUENCY HIGH
?
S L
L9
EF — __.__I—
SAMPLE - I
L
REF « SAMPLE * PS .
S

B. SAMPLE SIGNAL LATE
fyco FREQUENCY HIGH
fg FREQUENCY LOW

Not all the bits from the BCD thumbwheel switches are used in the digital-to-analog
converter., The first bit on the most significant decade, the first and second bits on the.
next most significant decade, and all four bits on the third most significant decade are
the only bits used to feed the digital-to-analog converter, IC1 in Fig., 24 operates.on the
three most significant bits to provide two actual bits to the digital-to-analog ¢onverter.

Transistors Q, through Q, form the actual six-bit digital-to-analog ladder conver-
sion network, These transistors are used as switches, normally open or not ¢onducting,
They are actuated by the positive-going signal on the base. This effectively places the
collector resistor of the switching transistor in parallel with any other transistors in the
ladder that are conducting and in series with R13 and R14, Thus the digital-to-analog
ladder conversion network, equivalent circuitwise, is a variable voltage divider made up
of R13 and R14 forming the fixed part and the ladder network forming the variable por-
tion, So, as the thumbwheel switches are tuned from 136.000 MHz to 139,000 MHz, the
resistance of the ladder network is continuously decreased, causing the voltage of TP1 to
decrease in a continuous fashion,

IC1 in Fig. 24 insures that the three most significant bits from the thumbwheel :
switches also present a linearly changing (increase or decreasing) bit pattern to the lad-
der network. The output of the ladder network is fed to the dc amplifier through the buf-—
fering voltage follower IC2,

Figure 25 shows the dc-amplifier schematic. This amplifier provides the proper.de
gain in the feedback loop from the error circuitry and digital-to-analog converter, to.the
control voltage for the VCO, This circuit has two signal inputs: one from the digital-to-
analog converier and v_,, from the sample-and-hold cireuitry. R19 provides gam adjust-
ment for the dc amphﬁer.
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Figure 26 shows the unlock indicating circuitry, This circuitry performs two func-
tions: it indicates whether the 10 kHz from the 1-MHz countdown reference generator is
functioning, and it indicates whether the error signals that are being generated are being
caused by frequency errors in excess of 1 kHz,

The 19-kHz or 1-MHz indicating circuitry receives a 10-kHz signal generated in the
reference-interval generator by dividing the 1-MHz signal by 100. This signal is hiifs
fered by two inverfers of IC-1 and then peak-detected by diode CR1, capacitor C4, and
resistor R6. A dc level is generated at this point which, when compared to the refer-
ence signal on the other input to the voltage comparator {IC8's output) is held high, and
the lamp driver Q3 is not turned on. If the 10-kHz or 1-MHz signal is removed, the volt-
age at the output of the peak detector drops and the output of the voltage comparator falls,
causing Q3 to conduct and the unlock lamp to come on.

Transistor @3 is driven by nor gate IC1 to allow two functions to activate the unlock
lamp, The second function that can activate the unlock lamp is the error-detecting cir-
cuitry. This circuitry, also shown in Fig, 26, is basically a pulse-width diseriminator
and two decade counters, The two inputs to th1s circuit are the two error signals de-
scribed earlier formed by REF - SAMPLE and REF - SAMPLE « PS. These 51gn :
nor-gated together, and the output is sent to a pulse-width discriminator.

As stated earlier this circuitry is designed to detect frequency errors in the synthe-
sizer of greater than 1 kHz; this corresponds to an error pulse width of appro:umaisely
330 msecfrom the error- detectmg circuitry, Consequently when the input to the pulse-
width discriminator is a pulse of width greater than 330 msec, the first decade counter
ICS is mcremented When this counter reaches the count of e1ght two JK flip-flops of

L V- ISR R A
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msec. So the unlock light will blink on and off at this rate, When the 1-MHz or 10-kHz
signal is removed, the unlock light will be activated continuously.

DESIGN OF THE COMPARATOR CIRCUITRY

The comparator portion of the receiver must decide which of the incoming polariza-
tions has the best SN and switch the receiver output to look at the proper polarization
or channel. In this receiver the decision is based on the agc voltages of the two chaimnels,
Figure 27 is a block diagram of the comparator circuit, Fig. 28 is a schematic: diagram,
and Fig. 29 is a photograph, The comparator is a separate module to fac111tate mamte-
nance. :

LAMP |
DRIVERS
HIRIZONTAL AGC
COMPARATOR |-»{GATES

VERTICAL AGC -

HORIZONTAL VIDED VIDEO

FET | OUTPUT :
VERTICAL VIDEO » VIDEO
] SWITCH OUTPUT. "_.

AUDIO AUDIO
AMPLIFIER L—’OUTPUT'

Fig. 27 - Comparator

With reference to Fig. 28 the agc voltages are decoupled by L1, C1, and C5 and L2,
C2, and C6, This eliminates any ac that may have been picked up. The two agc voltages
are compared by the UA710 comparator, The 180-kilohm or feedback resistor gives.2
dB of hysteresis to the comparator. The output of the comparator controls the DG144L
metal-oxide-semiconductor FET switch. This IC acts as a SPDT switch, switching the -
output to the desired video input. The output of the comparator also controls light driv-
ers which activate lights located on the front panel of the receiver. This allows an .oper-
ator to visually check for correct operation. The video output of the switch goes: to a -
driver which drives the output connector on the back panel and the single-ended push-pull
audio amplifier. This video amplifier amplifies the audio signal, and the output is fed to
a connector on the rear panel of the receiver,

ACKNOWLEDGMENTS

The authors are grateful to Lee Hammarsirom for reviewing the manuscript and"
making valuable suggestions and to Paul Oesterling and Vito Navarro for their help in.
constructing the prototype unit.



PRICE AND VAN DE WALLE

32

aopeaedwony ~ g "By

HEE Moo 1o
Iy 80 P
" R L .
ASE  AGE 1GeNI ,.i_mm
LAALAG CIONY S 3 4= ¥
gz Mz
91 E;o‘oyL o
0T €0
P o U,
A2+ urlge
¢
G+
L.
ANl OITIA S . -
| Eiley
u,maoo g
B o
ﬁ arze
HOLINOW ’ wiB0 27
LN BIYy - |
YIAIZIIY TYILLEIA
Wou4 Da01A
o L0aNI
YIAITITY IVLNOZINOK
WO O3aIA
HOLNOW
104100
WIAIZIEY TWMLNOZIHOH

NOOBLNG

W3YL 030N 2ezeNg
0
WA wa_a W_mw
Al ol i -
WOMS QAMA mmmmam




NRL REPORT 7139 - 33

Fig. 29 - Comparator
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