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Technical Data

WATKINS-JOHNSON

May 1996

VXI HF Receiver
WJ-8721

TheWJ-8721isafully synthesized, general-purposeHF
receiver for surveillance, monitoringanddirectionfindingfor
RF communi-cationsfrom 5kHzto 30 MHz with 1-Hz tuning
resolution. Theunitispackagedinasingleslot C-size V X|

(VM EbusExtensionsfor Instrumentation) modulemeasuring
9.2x13.4x 1.2inches(23.37 x 34.04 x 3.05cm). The WJ-8721
isideal for applicationsrequiring high density and the highest
degree of integration. Placing thereceiver directly onastandard
instrumentati on and computing bussignificantly reduces
difficultiesin systemintegration.

Functionssuch asnoiseblanking, TunableNotch Filter, |IF
filtering, Automatic Gain Control (A GC), demodulation, and
Beat Frequency Oscillator (BFO) tuning areaccomplished
throughtheuseof Digital Signal Processing (DSP) techniques.
Filterswith superior amplitudeand group delay characteristics
areachievedwithdigital stability and repeatability. Sixty-six
sel ectablebandwidthsrangefrom56 Hzto 16 kHz. Available
detection modesareAM, FM,CW,USB,LSB,andISB. A
tunableBFO isadjustablein 10-Hz stepsover a+8000 Hz
range. Passband tuning further enhancesthereception of
available AGC modes. Thesquelchthresholdisadjustablefrom
0to-135dBm, or can be disabled.

Features
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HEIGHT 9.2in (23.37 cm)
WIDTH  1.21n (3.05)

Full HF receiver inasingle6U Csize VXI card
dot

Frequency coveragefrom5kHzto 30 MHzin
1-Hzsteps

Highdynamicrange: +30dBm3rd-order
intercept, typical

Digital filtering provides66 |FBWsupto 16 kHz
AM, FM, CW, USB, LSB & | SB detection modes
VXI message-based control

High-density packaging: upto 12HF receivers
inasingleVXI chassis

Master/Save phase-locked LOswhenusedin
multichannel applications

Digital |F data availableover the VXIbus
Built-inselftest

Suboctave preselector standard

Digital outputsstandard

In-phase& quadraturedigital outputsstandard

DEPTH  13.4in(33.53 cm)
WEIGHT <5 Ibs (2.26 kg)

WATKINS-JOHNSON COMPANY
700 Quince Orchard Road, Gaithersburg, Maryland 20878-1794

Phone: (800) WJHELPS or +(301) 948-7550
FAX: +(301) 921-9479 Email: wj.helps@wj.com Website: www.wj.com

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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WJ-8721 Functional Block Diagram

Inadditiontofixed-frequency tuning, theWJ-8721
Receiver providesfast, flexiblescanning. Threescan
modesareavailable; channel scan, F1-F2 scan, and
F1-F2 scanwithlockouts. For all scan modes, the
dwell timecan beset from 5 msec to 20 seconds, or
infinite. Inchannel scan mode, 100 programmable
memory-channelsareavailable. Sectorsof memory can
bespecifiedforindividual channel scans, allowingthe
availablememory to besubdividedinto multiplesearch
scenarios. Theoperator can specify certain channelsto
be skipped without having to deletethem from memo-
ry.Memory channelscan also besingle-stepped
manually. In both F1-F2 scan modes, thestep sizeis
user-selectablefrom1 Hzto 25 kHz. Upto 100 inde-
pendent frequency lockoutscan bestored.

TheWJ-8721isoperated remotely throughaV XI|
interface. Sincethereisno front panel control onthe
WJ-8721receiver, al receiver functionsexcept power-
on/off areaccessibleover thisinterface. Datais passed
toandfromthereceiver usingtheV XI-standard Word
Serial Protocol.

Besidesbeing used asastandalonereceiver, theV Xl
HFreceiverisdesignedfor applicationsemploying
phase-lockedlocal oscillator (L O) configurationssuch
asmultichannel Direction Finding. All threeL Osare
generated internally, and may belocked to an external
referenceinput. Inaddition, thefirst, second, and third
LO’sareprovided at thefront panel to beroutedina

daisy-chainfashiontoslavereceivers.

BecausetheWJ-8721 digitizesthelFsignal for
internal DSP, thisdigital data-streamisavailablefor
applicationswhereexternal processorsarerequiredto
perform high-throughput signal processingsuchas
Fast Fourier Transforms(FFTs). Digital In-Phaseand
Quadrature-Phase(1& Q) dataisavailablefrom both
theV Xlbus, aswell asadigital output located ona
connector onthefront panel.

All receiver inputsand outputsare available onthe
front panel of theunit. The RF, IF, External Reference
and Signal Monitor Output signalsareavailablevia
SMA connectorsonthefront panel. Thefirst, second,
andthird LOinputsand outputsareavailablevia
mixed layout D-subminiatureconnectorsfor M aster/
Slaveapplications. Digital-audioand -1 F datais
availableonahigh-speeddifferential TTL serial
interface. Finally, ahost of anal og audio and control
lines, such asmute, are also availableon thefront
panel.

TheWJ-8721ismountableinany standard V XI
chassis. Upto12receiversfitinasingle 19-inch
(48.26 cm) rack. Oneslot must bereserved for the
slot-Ocontroller. A variety of system controllersbased
onlntel, M otorolaand Hewlett Packard processorsare
available. Thesecontrollersareabletorun UNI X,
DOS, and Real-TimeOperating Systems.
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WJ-8721 RF Subsystem Functional Block Diagram

Functional Description

TheWJ-8721 canbedividedintofour functional
subsystems: RF, DSP, | F/Audio Output and Control.

A functional block diagram of the RF Subsystemis
provided. The5kHzto 30 MHz RF signal isapplied
tothereceiver’ santennainput, whichisimmediately
followed by an 11-band suboctavepresel ector, and
then by alowpassfilter. Thesignal isamplified,
attenuated, or routed to thenormal through-path,
based on user selection. Thesignal ismixed with the
first LO, whichtunesfrom40.455t070.455 MHzin
1-kHz steps, to produceafirst | F of 40.455 MHz. The
first IFfilter limitsthe bandwidth of the signal to
approximately 30 kHz beforemixingitwiththe
40-MHz second L O to produce asecond | F at 455
kHz. A sampleof thissecond | Fisprovided onthe
front 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-8721 automati-
cally sensesand switchestotheexternal reference
uponapplicationof signal. All critical timingsignals
usedintheDSPand|F/Audio Output subsystems
arealsoderived fromthisreference. Whenthe
receiver isusedinmultichannel applications, signals
presented at theexternal first, second, and third LO
input connector may be sel ected by softwarecontrol.

An11-band suboctave presel ector isstandard onthe
WJ-8721. Thepreselector filtersthe RFinput
spectrumto reducebroadband signal energy intothe
receiver, andto enhancethesecond-order
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intermodul ation performance. Each of the11 filter
bandscover asegment of the overall tuning range.
Presel ection canbebypassed, if desired.

TheDSP Subsystem performsthemajority of the

signal processingfunctionswithinthereceiver. The

third IF signal from the RF subsystemisdigitizedto

16-bitsof resolution at asampling rate of 100 kHz.

Thisdigitized | F signal isappliedtoaprogrammable

DSPchipthat performsthefollowingfunctionsbased

onoperator-sel ection of thereceiver’ sparameters:

. Finetuningto 1-Hzresolution

. IFfiltering

. Tunablenotchfiltering

. Gaincontrol (AGC Fast, AGC Slow or Manual)

. Signal strength & squelchfunctions

. Generation of aMultiplexed Digital Data-Stream
containing 1 or 2 demodul ated audio channels& a
post-filtered IFsignal

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 detectionmode. Inall other

Receiver Connectors

detection modes, both pathscontainidentical audio
signals. Thesetwo audio pathsare processed to
provideatwo-channel headphoneoutput and two
balanced 600-ohm lineaudio outputs. After analog
reconstruction, thel Fsignal isupconvertedto

455 kHz, passed through abandpassroofingfilter to
removemixer products, buffered and routedtothe
front panel | F output connector.

Themicroprocessor-based Control Subsystem per-
formsthereceiver’ sinternal control and providesthe
interfacecontrol withtheV X1 bus. The Control
Subsystem also monitorshardwarestatuswithinthe
receiver and, when commanded, performsabuilt-in
test sequencethat isolatescircuit faultstothemodule
level.

Digital and Audio I F arestandard outputs, provided
viathefront panel interface connector. Duetothe
modular design of theWJ-8721, andtheinherent
flexibility of DSPtechniques, WJcan support
multireceiver subsystemsand many other specific
customer requirements. Contact factory todiscuss
additional or alternativel F bandwidths, detection
modes, I/0 Control, digital | & Q outputs, etc.

I/1O Function Type
Input Antenna SMA
External Reference SMA
Mute Multipin D
Output Signal Monitor SMA
IF SMA
dc-coupled Audio Multipin D
Squelch Multipin D
Headphone 3.5-mm stereo jack
Line Audio A Multipin D
Line Audio B Multipin D
Digital IF Multipin D
Digital Audio Multipin D
Bidirectional 1st, 2nd & 3rd LO D-subminiature mixed
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Frequency RANQE ........oooiiiiiiiiiiiee e 5 kHz to 30 MHz (Tunable to 0 Hz, degraded
performance below 500 kHz)

TuningResOIUtIoON ... 1Hz

Internal Reference Stability ..., Better than 0.7 PPM (0O to 50°C)

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

Synthesizer LOCK TIMe ... < 5 msec, typical

Antenna Input

IMPEAANCE ...oveiiiei e 50 ohms, nominal

VSWR e 2:1, max at receiver’s tuned frequency
Maximum Input Signal ... +30 dBm

160] 0] 1 =T o1 (o] TP P PP PP PP PPPPPPPPPPPP SMA female

3rd-Order Intercept PoOint ... +30 dBm, typical
+25 dBm, min (for signals separated by 50-kHz
minimum)

2nd-Order Intercept Point ...........ccccoeeeiiiiii, +60 dBm, typical

NOISE FIQUIE ..o 14 dB, max
11 dB, max with preamplifier engaged

Detection MOAES .....ccooooiiieiicce e AM, FM, CW, USB, LSB & ISB (Consult factory for

Sensitivity (500 kHz to 30 MHz)

additional demodulation modes)

IFBW (Minimum) Without Preamp
Modulation (kHz) S+N/N (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 (SINAD) -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)
50 to 500 kHz
20 to 500 kHz
5 to 20 kHz

IF Output

Center FIEQUENCY .....cccuvuieiiiiiieeeeeie e
Output Level
Output Impedance
Connector Type

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

-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

455 kHz, nominal (Consult factory for alternate IF
center frequencies)

-20 dBm, nominal

50 ohms, nominal

SMA female

455 kHz, nominal; inverted

30 kHz (-6 dB), min

30 dB above RF input, nominal
50 ohms, nominal

SMA female
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Standard IF Bandwidths (kHz)*

3dB Maximum Shape Factor Typical Group Delay
Bandwidth (3/60 dB) 100% of 3-dB BW (ns)
0.3 1.35:1 50
1.0 1.40:1 30
3.2 1.25:1 30
6.0 1.25:1 40
16 1.25:1 60
USB/LSB/ISB 1.25:1 30

*See typical plots in Figures 4, & 5

IF Filter Set (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.

Gain CoNtrol MOAES .......oeeeeeeeeeeeee e Manual, AGC, Fast & Slow
AGC RANGE .o 100 dB, min
AGC Threshold ... Approximately -108 dBm (0.9 mV) in 16-kHz bandwidth

Approximately -125 dBm (0.12 mV) in 300-Hz bandwidth
Threshold is matched with IF bandwidth & is typically
10 dB above noise floor
AGC AACK TIME .o 5 msec, typical
AGC DECAY TIME oo Fast: 25 msec, typical
Slow: 4 seconds, typical

Selectable Front-End

Gain/Attenuation
Preamplifier Gain ... 10 dB (+2 dB)
ALENUALION ..o 15 dB (+2 dB)
BFO
TUNING RANGE .. +8000 Hz
TuNINg RESOIULION ... 10 Hz
IMage REJECHION ... 90 dB, min
L LY [=ox 1 (o o 85 dB, min
>90 dB, typical
LO PRASE NOISE ....oneeeeieeeee e -110 dBc @ 1-kHz offset, typical
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Reciprocal MixXing ... With a desired signal of 25 mV in the 3.2-kHz IF bandwidth,
the desired signal-to-noise ratio is >20 dB, when an unde-
sired signal 70-dB higher in amplitude and 35-kHz removed
in frequency is present.

CrosS-MOAUIALION ........uueieieiieiiiiieiieeieeieeeeeeeeeeeeeeeeeenennennee 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

BIOCKING ..oiiiiiiiiiiii A 1 W signal produces <5% distortion at the Line Audio & IF
outputs

Line Audio Outputs

Number of QULPULS ......oeeviiiiiiiiie e 2 center-tapped, balanced outputs
ISB mode: 1 output contains USB (left channel), the other
contains LSB (right channel)

All other modes: audio signal common to both outputs

Output Level (programmable) .............eeeeeeeeeeveeeeenneeneennnnnnns -20 to +10 dBm into 600-ohm load

CONNECIOT TYPE .evvveeeeeeeeeeeeeeeeeeennennneeenennnennnnnnnnnnnnnnnnnnnnnnnes Multipin D

Headphone Output
Number of Outputs

Output Level (programmable)
Connector Type

VXI Interface
Protocol Supported
Device Type
(O 10 ST TP PPPPPPRt
S o) S U 7= PSP PPPRRt
Data Transfer Handshake
Data Transfer Capability
EMI Shielding

Shared Memory Configuration

Operating Temperature

Storage Temperature
Humidity

Altitude

Power Requirements

Power Consumption

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

-20 to +10 dBm into 600-ohm load

Standard 3.5-mm stereo jack

Word-Serial Protocol, IEEE-488.2
Message-based device, VXI servant
VXlbus C-size module

1 Slot

Normal Transfer Mode

A24, D16 circuitry provided
Completely enclosed module

32 kwords, static
0 to 50°C

-40 to +70°C

10 Cyclic days (240 Hrs)
Procedure Il for Continuous Exposure to 95% RH

50,000 ft (1525 meters) non-operating
24,000 ft (730 meters) operating

Bench Handling (Field Service) 8 drops total onto a
horizontal hard wooden surface (non-operating)

In excess of 14,000 hrs (Estimated in accordance with MIL-
HDBK 217E for Ground Fixed; +40°C environment)

+5V +12V -12V -5.2v -2V
11w 7.2W 516 W 0.89W 0.05W

21 W, typical
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Sensitivity (500 kHz to 30 MHz)

IFBW (Minimum) Without Preamp
Modulation (kHz) S+N/N (dB) Min dBm/(nV)
AM (50% mod. at 400 Hz) 6.0 10 -103/(1.58)
FM (4.8 kHz dev. 400 Hz mod) 16.0 17 (SINAD) -99/(2.50)
USB/LSB/ISB 3.2 10 -112/(0.56)
CW 0.3 16 -116/(0.35)

All International sales of WJ equipment are subject to USA
WATKINS-JOHNSON COMPANY
700 Quince Orchard Road, Gaithersburg, Maryland 20878-1794

export license approval.

e (T g i This material provides up-to-date general information on
SR () ) i) . . product performance and use. Itis not contractual in nature,
FAX: +(301) 921-9479 Email: wj.helps@wj.com Website: www.wj.com . . .
nor does it provide warranty of any kind.

Specification subject to change without notice.

Printed in the U.S.A.
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