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Technical Data WATKINS-JOHNSON

May 1996 - - -

Compact Digital HF Receiver

TheWJ-8710A isafully synthesi zed, general-purposeHF Features

receiver for surveillanceand monitoring of RFcommunications 0 Frequencycoveragefrom5kHzto30MHz in1-Hz

from5 kHzto30 MHzwith 1-Hztuning resolution. Theblank- steps

front-panel unitispackagedinanenclosurethat measures O Highdynamicrange: +30dBm3rd-order intercept,

approximately 11.5x 7.5x 2.5inches(29.21x19.05x 6.35¢cm), typical

and utilizesthesameRFand Digital printedcircuit boardsasthe O Digital filtering provides66 | FBWsupto 16 kHzwith

WJ-8711A. By combininganaloganddigital signal processing exceptional shapefactor

(DSP),theWJ-8710A achieveshighperformanceat|ow cost. O SandardAM,SAM,FM,CW,USB,LSB& ISB

TheWJ-8710A isoperatedremotely viaoneof twoselectable detectionmodes

serial interfaces. Withtheexceptionof audiooutput level and Fast, flexiblescanningwith 100memory channels
remotecontrol modeselection, all receiver parametersare Compact 11.5x7.5x2.5in(29.21x19.05x6.35 cm)
controllableandaccessibleviaanRS-232remoteinterface. In configuration

Ood

lieuof theRS-232interface, an operator canenableaCarrier D' Noiseblanking& passbandtuning

SenseMultipleA ccesswith CollisionDetection(CSMA ) witha 0 TunablelF notchfilter

limitedinstructionsetinterface. Theenabled CSMA controlsthe D' Optional speechenhancement

WJ-8710A by usingacommandprotocol similartoseveral D Internal switchablePreamplifier & Attenuator
O InternallyselectableRS-232or CSMA remote

popular consumer receivers. Selectionof theactiveinterfaceis _ _
viaaninternal switchsetting or by front panel entry. Contactthe control (optional multidrop485)
factory for adetailedlist of remotecontrol commands,inorder to Extensivebuilt-inselftest
eliminateany confusionover theextent of theavailablecom- Optional digital dataoutputs
mandsincludedineachtypeof interface.

Ood

Height 2.5in (6.35cm) Depth  11.5in(29.21 cm)
Width  7.5in (19.05 cm) Weight <7 Ibs (<3.17 kg)

All International sales of WJ equipment are subject to USA

700 Quince Orchard Road, Gaithersburg, Maryland 20878-1794 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.

Phone: (800) WJHELPS or +(301) 948-7550
FAX: +(301) 921-9479 Email:  wj.helps@wj.com Website: www.wj.com
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WJ-8710A Functional Block Diagram

Inadditiontofixed-frequency tuning, theWJ-8710A
provides afast, flexiblescanning capability. Threescan
modesareavailable: channel scan, F1-F2 scanandF1-F2
scanwithlockouts. For all scanmodes, thedwell timecan
besetfrom0.5to20secondsorinfinite. Inchannel scan
mode, 100programmablememory channelsareavailable.

Functionssuchasnoiseblanking, tunablenotchfiltering,

| Ffiltering, Automatic-Gain Control (AGC),
demodulation, andBesat Frequency Oscillator (BFO) are
accomplishedthroughtheuseof DSPtechniques. Filters
withsuperioramplitudeandgroupdelay characteristicsare
achievedwithdigital stability andrepeatability. Thereare
66 sl ectablel FBandwidths(IFBWs) rangingfrom50Hz
to16kHz(TableC). Availabledetectionmodesare--
SynchronousAM (SAM),AM,FM,CW,USB,L SB,and
ISB. AtunableBFOisadjustablein 10-Hz stepsovera
+8000Hzrange. Passbandtuningisavailabletofurther
enhancethereceptionof CW signals. Gaincontrol is
accomplishedmanually orautomaticaly, withfast,
medium, anddow AGCmodesavailable. A variableAGC
threshol d canbeenabledtoforcethereceverintomanual
gainwhensignal dropsbel ow auser-specifiedlevel. The
squelchthresholdisadjustablefromOto-135dBm, or it
canbedisabled. Enablingthenoiseblankingfeature
effectively eliminatestheadverseeffectsof impulsive
noise. A tunablelFnotchallowsanoperatortotunea
Digital NotchFilterthroughtheselected IFBW, inorderto

eliminateundesiredsignal swithinthel FPassband. Typica
notch 3-dB bandwidthis10to 20 percent of thesel ected
IFBW andprovides50dB of rejection(typical). Thenotch
filterisanonlinear phasel IR Filter and should notbeused
whenflat group-delay responseisrequired. Thenotchfilter
isnotavailablein CW detectionmode.

Allrecelverinputsand outputsareavailableonthefront
panel of theunit. Antennaand externa referenceinputs, as
well asthesigna monitor and predetected | Foutputs, are
availableonBNC connectors. Speaker anddual-balanced
lineaudiooutputsareavailableonaterminal stripalong
withdc-coupledaudio, RSS| andsquel choutputs,anda
mutecontrol input. TheRS-232interfaceisavailableona
25-pinD-shell connector. TheCSMA interfaceisprovided
viaaminiaturephonejack.

TheWJ-8710A operateson+12V oltpower inputat
1.5 ampstypical without options.

AsillustratedintheWJ-8710A block diagramthe
WJ-8710A isdividedintofourfunctiona subsystems: RF,
DSP, IF/AudioOutput,andControl. A functional block
diagramof theRF Subsystemisprovided. The5kHzto30
MHzRFsgnal isappliedtothereceiver’ santennainpuit,
lowpassfiltered, andtheneither amplified, attenuated, or
routedtothenormal through-pathbased onuser selection.
Thesignal isthenmixedwiththefirstlocal oscillator (LO),
whichtunesfrom40.455t070.455MHzin1-kHz steps, to
produceafirstIFof 40.455MHz. ThefirstIFfilter limits
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WJ-8710A RF Subsystem Functional Block Diagram

thebandwidthof thesignal toapproximately 30 kHzbefore
mixingitwiththe40-MHzsecond L Otoproduceasecond | F
at 455 kHz. A sasmpleof thissecondIFisprovided onarear
panel for connectiontoasignal display unit. After passing
throughthesecondIFfilter, thesignal ismixedwiththe430-
kHzthirdLOtoproducethethird | Fcenteredat 25kHz.

AllLOsarederivedfromaninternal 10-MHzoscillator that
canbelockedtoanexternal referenceinput 1, 2,50r 10
MHz. TheWJ-8710A automatically sensesand switchesto
theexternal referenceuponapplicationof signa. All critical
timingsignalsusedintheDSPand| F/AudioOutput Sub-
systemsarealsoderivedfromthisreference.

TheD SPSubsystemperformsthemajority of thesignal
processingfunctionswithinthereceiver. ThethirdIFsignal
fromtheRF Subsystemisdigitizedto 16-bitsresolutionata
samplingrateof 100kHz. ThisdigitizedI Fsignal isapplied
toaprogrammableD SPchipthat performsthefollowing
functions, based onoperator selectionof thereceiver’ s
parameters.

. Noiseblanking
. Finetuningto1-Hzresolution

. IFfiltering

. Tunablenotchfiltering

. Gaincontrol (A GC-fast,-medium,-d ow, ormanual)

. Signd strength& squelchfunctions

. Signa demodulation& BFO

. Generationof amultiplexeddigital data-stream contain-
ingoneor twodemodul ated audio-channels& apost-
filteredIFsigna

Thel F/AudioOutput Subsystem performstheanalog
reconstructionof thel Fandaudiosignalsprovided by the
DSPSubsystemindigital form. Theanalogaudiosignals
areroutedthroughtwodistinctsignal pathsto
accommodatel SB detectionmode. Inall other detection
modes, both pathscontai nidentical audiosignals. These
twoaudiopathsareprocessedto provideatwo-channel
headphoneoutput, two balanced 600-ohmlineaudio
outputs, andan 8-ohm speaker output containingoneor
bothaudiochannelsinl SB mode. Afteranalog
reconstruction, thel Fsignal isupconvertedto455kHz,
passedthroughabandpassroofingfiltertoremovemixer
products, buffered,androuted
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WJ-8710A
Specifications
FrequenCyRaNge ..o 5 kHz to 30 MHz (tunable to 0 Hz, degraded performance
below 500 kHz)
TuNINGRESOIULION ... 1Hz

Antennalnput

Sensitivity (500 kHz to 30 MHz)

Internal Reference Stability ...,
External Reference FrequeNnCy ..........cccoveeiieenieenneenne

Synthesizer LOCKTIMEe .......oocoiiiiiiiiiiiieeeiee e

IMPEAANCE ......ooiiiiiie e
VSWR L.
Maximum INput Signal.........c.coooeriieieiiee e
CONNEBCION ...ttt

3rd-Order InterceptPoint ..........cccoeieeiiieiiie e

2nd-OrderInterceptPoint ..........cccooieeiiieiiie e
NOISEFIQUIE ...t
DeteCtioNMOUES .........cooieiieiieieeeeeee s

Better than 0.7 PPM (0 to 50°C)

Accepts 1, 2, 5 or 10 MHz (+1 PPM or better, 200 mVrms
into high impedance load); automatically switches to
external reference upon application of signal

<10 msec, typical

50 ohms, nominal

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

BNC, female

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

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

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

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 mode) 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 IF Bandwidth)

IF Shape Factors

500500 KHZ .....oeeniiiieiieeeee e
20050 KHZ ...
5T0 20 KHZ ..o

IFBandWIdths .........uuueiiiiieeeeevieevvevevvvrverevvsveeaeeeeaees

-113 dBm/0.5 mV typical for 16 dB S+N/N
-105 dBm/1.27 mV typical for 16 dB S+N/N
-78 dBm/28 mV typical for 16 dB S+N/N

See typical plots on page 8

3-dB Bandwidth Maximum Shape Factor Typical Group Delay Variation
(kHz) (3/60 dB) (100% of 3-dB bandwidth)
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 uS
USB/LSB/ISB (3.2) 1.25:1 30 us




Courtesy of http://BlackRadios.terryo.org

WJ-8710A
IF Filter Set (Nominal 3-dB Bandwidth in Hz)
56 113 225 450 900 1800 3600 7200 14400
63 125 250 500 1000 2000 4000 8000 16000
69 138 275 550 1100 2200 4400 8800
75 150 300 600 1200 2400 4800 9600
81 163 325 650 1300 2600 5200 10400
88 175 350 700 1400 2800 5600 11200
94 188 375 750 1500 3000 6000 12000
100 200 400 800 1600 3200 6400 12800

The 900 through 3200 Hz bandwidths are available in SSB detection mode.

IF Output

Center FrEQUENCY .....o.eeeee ettt

OUIPULLEVEI ...
OUPUL IMPEAANCE ......eeeiiiieiie e
CONNECLON TYPE ..ottt

Signal Monitor Output

Center FrEQUENCY ........eeee it
Bandwidth .........cooeeiiiiie
OUIPULLEVEI ...
OUPULIMPEAANCE ..ot
CONNECLON TYPE -ttt

GaiNnControlMOdES...........ooooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee,
AGC RANGE ... e
AGCThreshold.........coooeeeiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e,

AGC AHACK TIME ...t
AGC DECAY TIME ...eveeiieieeie e

Selectable Front-end Gain/Attenuation

Preamplifier Gain ...........ccoooieiiiiiie e
ATENUALION ... e

BFO

TUNINGRANGE ...
TunNINg RESOIULION ...

IMAageREJECHION ...
IFREJECHION ...t

LOPRASENOISE ....coeiiiiiieiie e
ReCIProCcal MiXiNg .......ccoceiiiiiaiie e

455 kHz (consult factory for additional IF center
frequencies)

-20 dBm, nominal

50 ohms, nominal

BNC, female

455 kHz, nominal (inverted)

30 kHz (-6 dB), min

30 dB above RF input, nominal
50 ohms, nominal

BNC, female

Manual, AGC-Fast , -Medium, -Slow

100 dB, min

Variable from -108 dBm (0.9 mV) in 16-kHz bandwidth
Variable from -125 dBm (0.12 mV) in 300-Hz bandwidth
(Threshold minimum is matched with IFBW & is typically
10 dB above noise floor)

5 msec, typical

Fast: 0to 100 msec

Medium: 100 msec to 1 sec

Slow: 1lto5sec

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

+8000 Hz

10Hz

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.
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WJ-8710A

Cross-Modulation ..o 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

(27 [0Te3 11 o [P 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.

Line Audio Outputs
NUumMber Of QUIPULS ......ooeieeiieiiee e 2 center-tapped, balanced
ISB mode: USB & LSB on separate outputs
All other modes: audio signal common to both outputs
OULPUL LEVEL ... 0 dBm, nominal (into 600-ohm load)
CONNECTON TYPE ..ottt Screw Terminals
Speaker Output
NUumMber Of QUIPULS ......ooeieeiieiiee e 1
ISB mode: USB & LSB selected individually or com-
bined
BandWidth .......ccoooviiiiiii e 100 Hz to 13 kHz
OUIPULLEVEL ... 750 mW, nominal (into 8-ohm load)
Total Harmonic DIStOrtion ............cccvvereereereenienie e <3%
CONNECION TYPE ittt Screw terminals
Headphone Output
NUmMber Of QUIPULS ......ooeiiiiieiiee e e 2, unbalanced
ISB mode: 1 output contains USB (left channel), the
other contains LSB (right channel)
All other modes: audio signal common to both outputs
OUIPULLEVEL ... Adjustable up to 10 mW (into 600-ohm load)
CONNECION TYPE ettt Standard 1/8-in stereo jack
RemOote CONLIOl .......ccuiiiiiiiie e RS-232 or CSMA (selectable by internal switch)
RS-232 s Full-duplex 3-wire serial interface
Rear panel 25-pin female D-shell connector
CSMA e Carrier Sense Multiple Access with Collision Detection;
half-duplex; rear-panel miniature phone jack
BaudRates (BothInterfaces) ..........cccoceveeieeneeneeneeneenne. 75, 150, 300, 600, 1200, 2400, 4800 & 9600
(selectable by internal switches)
Operating TEMPEIAtUIe .......ccc.eiiieeeiie e 0 to +50°C
Storage TEMPErature ..........occeeeiiiiiieeiieee e -40to +70°C
HUMIAILY .o 10 Cyclic days (240 hours) Procedure Il for Continuous
Exposure to 95% RH (Non-condensing)
AlLTUAE ... 50,000 ft (15,240 meters) non-operating
24,000 ft (7,315 meters) operating
SNOCK e Bench handling (field service) 8 drops total onto a
horizontal hard wooden surface - operating
MTBE . In excess of 13,000 hours; estimated in accordance
with MIL-HDBK 217E for Ground Fixed; +40°C environ-
ment
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WJ-8710A
Environmental Specifications
PoOWerReqUIrEMENTS ........coceiiiiiiiieeiee e +11to +16 Vdc
Power CoNSUMPLION ........c.ooiiiiiiiiiie e <20 W, typical (without options)
Options
The WJ-8710A Digital HF receiver is available in a variety
of configurations. Continuous product improvements
have added significant enhancements and a wide array
of options to the product line. See the WJ-871Y Option
Matrix for current option availability.
Receiver Connectors
I/1O Function Type
Inputs Antenna BNC
External Reference BNC
Power 3-pin LEMO
Mute Terminal Block
Outputs Signal Monitor BNC
IF BNC
Line Audio Output A Terminal Block
Line Audio Output B Terminal Block
Speaker Terminal Block
dc-coupled Audio Terminal Block
Squelch Terminal Block
Headphone Standard 1/8-in stereo jack
Received Signal Strength Indicator Terminal Block
Bidirectional CSMA Remote Interface 1/8-in miniature stereo jack
RS-232 Remote Interface 25-pin female D-shell
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WJ-8710A Typical SSB IF Filter Group
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WJ-8710A Typical 300-Hz IF Filter
Amplitude Response

10 dB/DIV

Delay & Passband Ripple

|

4|

i

o

SPAN 10 000.0 Hz

CENTER 455 000.000 Hz

WJ-8710A Typical ISB (USB/LSB) IF Filter Amplitude Response
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