Technical Data

WATKINS-JOHNSON

May 1996

Digital HF Recelver

WJ-8711A

M

=
o

|«

TheWJ-8711A isafully synthesized, general -purposeHF
receiver for surveillanceand monitoring of RF communica-
tionsfrom 5 kHzto 30 M Hz with 1-Hz tuning resol ution.
By combininganaloganddigital signal processing (DSP),
theWJ-8711A achieveshigh performanceat|ow cost.

Functionssuch asnoiseblanking, IFfiltering, AGC,
demodulation, Beat Frequency Oscillator (BFO) and
passband tuning areaccomplished through theuseof DSP
techniques. Filterswith superior amplitudeand group delay
characteristicsareachieved with digital stability and
repeatability. Standard selectablel F bandwidths(66inall)
areshowninTablel. Availabledetection modesareAM,
SAM,FM,CW,USB,LSB andISB. A tunableBFOis
adjustablein 10-Hz stepsover a+8000 Hz range, and
passband tuningisavailableto further enhancetherecep-
tionof CW signals. Gain control isaccomplished manually
or automatically, withfast, medium, and slow AGC modes
available. ThesquelchthresholdisadjustablefromOto
-135 dBm, or it can be disabled. Enabling the noise blank-
ing featureeffectively eliminatestheadverseeffectsof
impulsivenoise.

Inadditiontofixed-frequency tuning, theWJ-8711A
providesfast, flexiblescanning. Threescanmodesare
available: channel scan, F1-F2 scan and F1-F2 scanwith
lockouts. For all scan modes, the dwell time can be set from
0.5t0 20 secondsor infinite. In channel scan mode, 100
programmablememory channel sareavailable. Sectorsof
memory can bespecifiedforindividual channel scans,
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Features

O Frequency coveragefrom5kHzto 30 MHzin
1-Hzsteps

O Highdynamicrange: + 30dBm3rd-order
inter cept typical

O Digital filtering provides66 | F bandwidthsup
to 16 kHzwith exceptional shapefactors

0 AM, SAM, FM, CW, USB, LSB & | SB Detec-
tionModesStandard

O Fast, flexiblescanningwith 100 memory
channels

0 LargereadableLED displays& user-friendly
controls

0 3variable AGC decay settings

O Noiseblanking & passbandtuning

0 TunablelF Notch Filter

O Internal switchablepreamplifier & attenuator

0 Standardremoteinterface(optional
Multidrop RS-232, RS-485, RS-422, CSMA,
or |IEEE-488)

O Built-inselftest

O Optional Suboctave Preselector

00 Optional Digital DataOutput

HEIGHT 5.25in(13.36cm)  DEPTH  20.0in (50.80 cm)
WIDTH 19.0in (48.26cm)  WEIGHT 15 lbs (6.78 kg)

All International sales of WJ equipment are subject to USA
export license approval.

This material provides up-to-date general information on
product performance and use. Itis not contractual in nature,
nor does it provide warranty of any kind.

Specification subject to change without notice.
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allowingthesubdivision of availablememory into
multiplesearch scenarios. Theoperator can specify
certain channel sto be skipped without havingto
deletethem from memory. Memory channelscanalso
besingle-stepped manually. Inboth F1-F2 scan
modes, the step sizeisuser-selectablefrom 1 Hz to 25
kHz. Upto 100independent frequency lockoutscan
bestored.

Anoperator can control theWJ-8711A locally viathe
front panel or remotely viatheserial interface.
Measuring 5.25x 19 inches, (13.34 x 48.26 cm), the
microprocessor-controlled front panel providesauser-
friendly operator interfacewith dedicated, logically
arranged controlsandlarge, easy-to-read LED
displays. Figure lillustratestheorganization of the
front panel and highlightssomeof thefeatures
availabletothelocal operator.

A majority of theWJ-8711A operator-sel ectable
parametersarecontrollableand accessibleviaan
RS-232remoteinterface. RS-485, RS-422, and
|EEE-488interfacesareoptional.

All receiver inputsand outputsareavailable onthe
rear panel of the unit with the exception of thefront-
panel-mounted headphonejack. Theantennaand
external referenceinputs, aswell asthesignal monitor
and predetected | F outputs, areavailableonBNC
connectors. Speaker and dual-balanced lineaudio
outputsareavailableonaterminal strip along with

IF Filters (Nominal 3 dB Bandwidth in Hz)

dc-coupled audio, RSSI and squel ch outputs, and a
mutecontrol input. TheRS-232 interfaceisavailable
ona25-pinD-shell connector.

Anoperator canusetheWJ-8711A asatabletop
receiver or mountedinastandard 19-inch (48.26 cm)
equipment rack occupying5.25inches(13.34 cm) of
vertical rack space. Theinternal power supply accepts
9710253 Vac (47to 63 Hz) line power and automati-
cally adjuststotheinput linevoltage. Total power
consumption of theunitislessthan 35 watts.

A tunablel|F notch allowsan operator totunea
Digital Notch Filter throughtheselected | F Band-
width(IFBW), inorder toeliminateundesiredsignals
withinthel F Passband. Typical notch 3-dB band-
widthis10to 20 percent of the selected IFBW and
provides50-dB of rejection (typical). Thenotchfilter
isanonlinear phase IR Filter and should not be used
whenflat group-delay responseisrequired. Not
availablein CW detection mode.

Options

Thestandard Digital HF Receiverisavailableina
varity of mechanical configurations. Continuous
product improvementshaveal so produced significant
enhancementsand awidearray of options. See
separateWJ-871Y OptionsM atrix datasheet for
details.

56 113 225 450 900
63 125 250 500 1000
69 138 275 550 1100
75 150 300 600 1200
81 163 325 650 1300
88 175 350 700 1400
94 188 375 750 1500
100 200 400 800 1600

1800 3600 7200 | 14400
2000 4000 8000 | 16000
2200 4400 8800
2400 4800 9600
2600 5200 10400
2800 5600 11200
3000 6000 12000
3200 6400 12800

The 900 through 3200 Hz bandwidths are available in SSB detection mode.
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REMOTE CONTROL
BY RS-232 OR CSMA/CD

DEDICATED CONTROLS
FOR SCANNING AND
MEMORY FUNCTIONS

MOST FREQUENTLY USED
FUNCTIONS CONVENIENTLY LARGE LED FREQUENCY
NEAR THE TUNING KNOB READOUT TO 1 Hz RESOLUTION

ILLUMINATED SIGNAL
STRENGTH METER
CALIBRATED IN dBm
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RF INPUT PRE-AMP SQUELCH LEVEL
OR ATTENUATION
INDEPENDENT SPEAKER ACCESS TO ADDITIONAL ERGONOMICALLY DESIGNED
AND HEADPHONE CONTROLS FEATURES LIKE KEYPAD AND TUNING KNOB FOR
PASSBAND TUNING EASY FREQUENCY ENTRY

AND BUILT-IN TEST

WJ-8711A Front Panel Features

Input/Output Connectors

Ie] Function Type

Input Antenna BNC
External Reference BNC
Power IEC 3-pin
Mute Terminal Block

Output Signal Monitor BNC
IF BNC
Line Audio Output A & B Terminal Blocks
Speaker Terminal Block
DC-coupled Audio Terminal Block
Squelch Terminal Block
Headphone Standard 0.25-in (0.63 cm) stereo jack
Received Signal Strength Terminal Block
Indicator

Bidirectional CSMA Remote Interface 0.12-in (0.30 cm) miniature stereo jack
RS-232 Remote Interface 25-pin female D-shell
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REMOTE CONTROL

FRONT
PANEL

CONTROL FRONT

PANEL -,.HEADPHONE
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WJ-8711A Functional Block Diagram

Functional Description

Figure2illustrateshow theW J-8711A isdividedinto
four functional subsystems: RF, DSP, IF/Audio
Output and Control. Figure 3 providesafunctional
block diagram of the RF Subsystem. The5 kHzto

30 MHzRF signal isappliedtothereceiver’ santenna
input, lowpassfiltered, and thenamplified, attenuated
or routed to the normal through-path based on user
selection. Thesignal isthen mixed withthefirstlocal
oscillator (LO), whichtunesfrom40.455 MHzto
70.455MHzin 1-kHz steps, to produceafirst | F of
40.455 MHz. Thefirst IFfilter limitsthebandwidths
of thesignal to approximately 30 kHz beforemixing
itwith the40-MHz second L O to produce asecond | F
at 455 kHz. A sampleof thissecond IFisprovided on
arear panel for connectionto asignal display unit.

After passing throughthe second I Ffilter, thesignal
ismixed with the430-kHz third L O to producethe
third IF centered at 25 kHz.

AllLOsarederivedfromaninternal 10-MHz
oscillator that can belocked to an external reference
inputof 1,2,50r 10 MHz. TheWJ-8711A auto-
matically sensesand switchestotheexternal refer-
enceupon application of signal. All critical timing
signalsusedintheDSPand | F/Audio Output
Subsystemsareal soderived fromthisreference.

TheDSP Subsystem performsthemajority of the
receiver'ssignal processingfunctions. Thethird I F
signal from the RF Subsystemisdigitizedto 16 bits
of resolution at asampling rate of 100 kHz. This
digitized IF signal isappliedtoaprogrammable
DSPchip that performsthefollowing functions




WJ-8711A

IN

PRESELECTOR
(OPTIONAL) <~ CONTROL

ouT

40.455-MHz CF

455-kHz
SMO
N

25-kHz CF

i l Y ﬁ& " 455-kHz CF
> oo (DA NN R

1STLO
SYNTHESIZER

40.455 10 70.455
PAD 1-kHz STEPS

40 MHz 430 kHz

2ND LO 3RD LO
MULTIPLIER SYNTHESIZER

EXTERNAL
REFERENCE m
INPUT

EXTERNAL
REFERENCE
SENSE

10-MHz REFERENCE
TCVCXO

RF GAIN CONTROL

WJ-8711A RF Subsystem Functional

based on operator selection of thereceiver’'s
parameters:

Noiseblanking

Finetuningto 1-Hzresolution

IFfiltering

Gaincontrol (AGCFast, AGCMedium,AGC
Slow, or Manual)

Signal strength and squelchfunctions

Signal demodulationand BFO

Generation of amultiplexed digital datastream
containing 1 or 2demodul ated audio channelsand
apost-filtered IF signal

ThelF/audio output subsystem performstheanal og
reconstruction of thelFand audio signal sprovided by
the DSP subsystemindigital form. Theanalogaudio
signalsarerouted through two distinct signal pathsto
accommodate | SB detection mode. In all other

detection modes, both pathscontainidentical audio
signals. Thesetwo audio pathsare processed to
providea2-channel headphoneoutput, two balanced
600-ohm lineaudio outputsand an 8-ohm speaker
output containing one or both audio channelsin ISB
mode. After analog reconstruction, thelFsignal is
upconvertedto 455 kHz, passed through abandpass
roofingfilter toremovemixer products, buffered and
routed to therear panel | F output connector.

Themicroprocessor-based control subsystem per-
formsthereceiver’ sinternal control, actsasan
interfacewith thefront panel, and providesaremote
control functionthrough either theRS-232 or the
optional RS-485, RS-422, or IEEE-488interfaces.
Thecontrol subsystem also monitorshardwarestatus
withinthereceiver and, when commanded, performsa
built-intest sequencethat isolatescircuit faultsto the
modulelevel.
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Specifications

FrequEeNCY RANGE ........uuuiiiiieiiiiiiiiiiiieneeeeeeenneneneeeeenennnnnnnnnnnnes 5 kHz to 30 MHz (tunable to 0 Hz, degraded performance
below 500 kHz)

Tuning ResOIUtiON ......cooviiiiii 1Hz

Internal Reference Stability ..........ccccccciviiiiiiiiiiiiiiiiiiiiiiinnns Better than 0.7 PPM (0 to 50°C)
Better than 0.2 PPM (0 to 50°C) with REF option

External Reference FreqUENCY ..............ceeeeeveeveeeeeemenennenennnns Accepts 1, 2, 5 or 10 MHz (+1 PPM or better, 200 mV rms
into high impedance load); automatically switches to external
reference upon application of signal

Synthesizer LoCK Time ..oooooiioiiiiiieeeceeeeeeeeeeeeeeeee e <10 msec, typical

Antenna Input
Impedance
VSWR
Maximum Input Signal
Connector

3rd-Order Intercept Point

2nd-Order Intercept Point

Noise Figure

Detection Modes

Sensitivity 500 kHz to 30 MHz

50 ohms, nominal

2:1, max at receiver’s tuned frequency
+30 dBm

BNC, female

+30 dBm, typical
+ 25 dBm, min (for signals separated by 50 kHz, min)

+60 dBm, typical
14 dB, max (11 dB, max with preamplifier engaged)

AM, SAM, FM, CW, USB, LSB & ISB (consult factory for
additional demodulation modes)

(Minimum)
IFBW S+N/N Without Preamp
Modulation (kHz) (dB) Min dBm/(mV)
AM (50% mod. at 400 Hz) 6.0 10 -103/(1.58)
FM (4.8 kHz dev. 400 Hz mod) 16.0 17 -99/(2.50)
USB/LSB/ISB 3.2 10 -112/(0.56)
CW 0.3 16 -116/(0.35)
CW Sensitivity 5 to 500 kHz, without Preamp (0.3 kHz IFBW)
50 to 500 kHz -113 dBm/0.5 mV typical for 16 dB S+N/N
20 to 50 kHz -105 dBm/1.27 mV typical for 16 dB S+N/N
5to 20 kHz -78 dBm/28 mV typical for 16 dB S+N/N
IF Output
Center FIEQUENCY ......covvviiiiiiiiiiieeeeeeeeeee et 455 kHz, nominal (see factory for additional frequencies)
12.5 kHz w/IFDS option
OUIPULLEVE ..o -20 dBm, nominal
OUPUL IMPEANCE ......oevviviiiiiii e 50 ohms, nominal
CONNECIOr TYPE i BNC, female

Signal Monitor Output
Center Frequency
Bandwidth
Output Level
Output Impedance
Connector Type

455 kHz, nominal; inverted

30 kHz (-6dB), min

30 dB above RF input, nominal
50 ohms, nominal

BNC, female
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Gain Control Modes
AGC Range
AGC Threshold

AGC Attack Time
AGC Decay Time

Selectable Front End Gain/Attenuation
Preamplifier Gain
Attenuation

BFO
Tuning Range
Tuning Resolution

First Image Rejection
IF Rejection
LO Phase NOISE .......uuiiiiiiiiiiiiiiiieee ettt
Reciprocal Mixing

Cross Modulation

Internal Spurious
Blocking

Line Audio Outputs
Number of Outputs

Output Level

Connector Type
Speaker Output

Number of Outputs

Bandwidth ...
Output Level
Total Harmonic Distortion
Connector Type
Headphone Output
Number of Outputs

Output Level
Connector Type

Remote Control

Manual, AGC Fast, Medium, Slow

100 dB, min

Approximately -108 dBm (0.9 mV) in 16-kHz BW
Approximately -125 dBm (0.12 mV) in 300-Hz BW
(Threshold matched with IFBW, typically 10 dB above
noise floor)

5 msec, typical

Fast: 10 to 100 msec, variable
Medium: 100 msec to 1 second, variable
Slow: 1 to 5 seconds, variable

10 dB (+2 dB)
15 dB (+2 dB)

+8000 Hz
10 Hz

90 dB, min

85 dB, min (>90 dB, typical)

-110 dBc at 1-kHz offset, typical

With a desired signal of 25 mV in the 3.2-kHz IFBW, the
desired signal-to-noise ratio (SNR) is >20 dB, when an
undesired signal 70-dB higher in amplitude and 35-kHz
removed in frequency is present.

With a desired signal of 10 mV, an undesired signal 86-dB
higher, 30% AM modulated produces <10% cross modulation
for frequency separation of >50 kHz in the 1-kHz IFBW.
<-114 dBm referred to the RF input

An unwanted signal 1 mV separated 20 kHz from a desired
signal of 1 mV will not cause the IF output to fall by more than
3 dB.

2 center-tapped, balanced outputs

ISB mode, USB & LSB on separate outputs

All other modes, audio signal common to both outputs
0 dBm, nominal into 600-ohm load

Screw terminals

One output. For ISB mode, USB & LSB can be selected
individually or combined. (Internal speaker optional).
100 Hz to 13 kHz

Adjustable up to 1 W into 8-ohm load

<3%atlWwW

Screw terminals

2, unbalanced

ISB mode: 1 output contains USB (left channel), 1 output
contains LSB (right channel)

All other modes, audio signal common to both outputs
Adjustable up to 10 mW into 600-ohm load

Standard 0.25-in (0.63 cm) stereo jack

RS-232 or CSMA,; selectable by internal switch or front panel
entry

Full duplex, 3-wire serial interface; rear-panel 25-pin female
D-shell connector

75, 150, 300, 600, 1200, 2400, 4800 & 9600; selectable by
internal switches or front panel entry
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Environmental Specifications

MIL-STD-810D Test Method
A.  Low Temperature ........ccccccevvevieiiieeeeeeeeeeeeee Test Method 502.2
B. High Temperature ..........cccccoiiiiiiiinininiiinnn. Test Method 501.2
C. HUMIIY ..oooiiiiiiiiiee e Test Method 507.2
D. AltUdE ... Test Method 500.2
E. Vibration ........ccccoiiiiii Test Method 514.3
F. ShOCK oo Test Method 516.3
Operating TEMPEratUIe .........ccovvvviiiiiiieieeeeeeeeeeee e 0 to +50°C
Storage TeMPErature ..............ooiieeiiiiiiiiiaea e eeeeenn -40 to +70°C
HUMIAITY oo 10 cyclic days (240 hours); Procedure 11l for continuous
exposure to 95% RH
N 111 (T 50,000 ft (15,240 meters) non-operating
24,000 ft (7,315 meters) operating
Vibration®
A. Basic Transporation (secure cargo)
Category 1 ..oovvvviiiiiieee Random vibration 1.04Gs non-operating (2 hours)
B. Ground mobile (wheeled or
tracked vehicle) Category 8 ...........cevvvveveennns Random vibration 6.0Gs operating (15 minutes)
C. Marine (shipboard vessel not
specified) Category 9..........uuuuveeeereeeeeeeeenennnnns Random vibration 1.0Gs operating (2 hours)
D. Environmental stress
(NAVMAT-P-9492) ......ccovviiiiiiiiiiiiiiieeeeee Random vibration 6.0Gs operating (15 minutes for design
qualifications) 3.06Gs nonoperating [10 minutes for
production screening (ESS)]
SHOCK® e Bench handling (field service) 8 drops total onto a horizon-
tal hard wooden surface, operating
Y I =] TSR In excess of 10,000 hours; estimated in accordance with
MIL-HDBK 217E for Ground Fixed; +40°C environment
B o EN50081-1 (radiated & conducted emissions to EN55022,
Class B)
EN50082-1 (including IEC 801-2:1984, IEC 801-3:1984
& IEC 801-4:1988)
EN55020 (Immunity for Receivers)
Safety .o IEC 1010-1:1990+A1/EN61010:1993
Power REQUIrEMENTS ......coooiiiiiiiieeeee e 97 to 253 Vac (47 to 440 Hz)
Power CONSUMPLION ......cooiiiiiieiieeeeeceeeee e 35 W, typical with options

IF Filter Specifications

(Maximum) (Typical)
3-dB BW Shape Factor Group Delay Variation
(kHz) (3/60 dB) (100% of 3-dB BW)
0.3 1.35:1 50 uS
1.0 1.40:1 30 us
3.2 1.25:1 30 us
6.0 1.25:1 40 uS
16.0 1.25:1 60 uSs
USB/LSB/ISB (3.2) 1.25:1 30 us
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WJ-8711A-3 Configuration

Specifications

The WJ-8711A-3 configuration is the same as the standard WJ-8711A with the following

exceptions:

OPLIONS .. REF & PRE standard
Detection MOAES .........cooviiiiiiiiiiieeeieiieeee e includes FSK

IF REJECHION .. -90 dBm

Operating Temperature Range ...........c.coccvvveeeeen. -5to +50°C

In addition, an operator may use the RS-232 remote interface to output the string message
AXXXXXXXX + BXXXXXXXX + CR (Where XXXXXXXX is the receiver frequency) upon activation
of the A or B front-panel button. These push-button functions become especially useful when the
WJ-8711A-3 acts as an RF front end for certain DF applications.

All International sales of WJ equipment are subject to USA
export license approval.

This material provides up-to-date general information on
product performance and use. Itis not contractual in nature,
nor does it provide warranty of any kind.

Printed in the U.S.A. Specification subject to change without notice.
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700 Quince Orchard Road, Gaithersburg, Maryland 20878-1794

Phone: (800) WJHELPS or +(301) 948-7550
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