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Technical Data

WATKINS-JOHNSON

May 1996

Digital HF Receliver

WJ-8712A

TheWJ-8712A isafully synthesized, general -purposeHF
receiver for surveillanceand monitoring of RF communica-
tionsfrom5kHzto 30 MHz with 1-Hz tuning resol ution.
Theunitispackagedina3.5x 8.25x 20inch (8.89 x 20.96
x 50.80 cm) half-rack enclosurewith ablank front-panel,
and utilizesthesame RF and Digital printed circuit boards
astheWJ-8711A. By combininganaloganddigital signal
processing (DSP), theWJ-8712A achieveshigh perfor-
manceat low cost.

TheWJ-8712A isoperated remotely viaoneof two sel ect-
ableserial interfaces. With the exception of audio output
level and remote control modeselection, all receiver
parametersare controllableand accessibleviaan RS-232
remoteinterface. Inlieu of theRS-232interface, an
operator can enableaCarrier SenseMultiple Accesswith
CollisionDetection (CSMA) withalimitedinstruction set
interface. Theenabled CSM A controlstheWJ-8712A by
usingacommand protocol similar to several popular
consumer receivers. Selection of theactiveinterfaceisvia
aninternal switch setting or by front panel entry. Contact
thefactory for adetailed list of remote control commands,

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

Printed in the U.S.A.
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Frequency coveragefrom5kHzto30MHzin
1-Hzsteps

Highdynamicrange: + 30dBm3rd-order
intercepttypical

Digital filtering provides66 | FBWsupto 16 kHz
withexceptional shapefactors

AM, SAM, FM, CW, USB, LSB & |SBdetection
modestandard

Fagt, flexiblescanningwith 100memorychannels
3.5-in(8.89cm) high, half-rack configuration
Noiseblanking & passbandtuning

TunablelF notchfilter

Inter nal switchablePreamplifier & Attenuator
Internally-selectableRS-232 or CSMIAremote
control

O Extensivebuilt-inselftest

|

HEIGHT 3.5in (8.89 cm)
WIDTH 8.25in (20.96 cm)

Numerousoptionsincluding: |IEEE-488or
multidropRS-485remotecontrol, suboctave
preselector, digital dataoutput, speech
enhancement

DEPTH 20 in(50.80 cm)
WEIGHT < 12 Ibs (5.5 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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WJ-8712A Functional Block Diagram

inorder to eliminateany confusion over theextent of
theavailablecommandsincludedineachtypeof
interface.

Inadditiontofixed-frequency tuning, theWJ-8712A
providesafast, flexiblescanning capability. Threescan
modesareavailable: channel scan, F1-F2 scan, and
F1-F2 scanwithlockouts. For all scan modes, thedwell
timecanbesetfrom0.5to 20 secondsor infinite. In
channel scanmode, 100 programmablememory
channelsareavailable.

Functionssuch asnoiseblanking, tunablenotchfilter, | F
filtering, Automatic-Gain Control (A GC), demodu-
lation, and Beat Frequency Oscillator (BFO) are
accomplishedthroughtheuseof D SPtechniques. Filters
with superior amplitudeand group delay characteristics
areachievedwithdigital stability andrepeatability.
Thereare66 sel ectablel Fbandwidths(IFBWs) ranging
from60Hzto 16 kHz (Table2). Availabledetection
modesareAM, synchronousAM (SAM),FM,CW,
USB, LSB,andISB. A tunableBFO canbeadjustedin
10-Hzstepsover a+8000Hzrange. Passbandtuning
further enhancesthereception of CW signals. Gain

control canbeaccomplished manually or auto-
matically, withvariablefast, medium, andslow AGC
modes. Whenthesignal dropsbel ow auser-specified
level, enablingthevariable AGCthresholdforcesthe
receiver intomanual gain. Thesguelchthresholdis
adjustablefrom0to-135dBm, oritcanbedisabled.

A tunablel Fnotch allowsan operator totuneaDigital
NotchFilterthroughtheselected IFBW, inorderto
eliminateundesired signalswithinthel F passband.
Typical notch 3-dB bandwidthis10to 20 percent of
thesel ected |FBW and provides50-dB of rejection
(typical). Thenotchfilterisanonlinear phasel IR Filter
and should not beused whenflat group-delay response
isrequired. Thenotchfilterisnotavailablein CW
detectionmode.

All receiver inputsand outputsareavail ableontherear
panel of theunit, withtheexception of thefront-panel -
mounted headphonejack and associated volume
control. Theantennaand external referenceinputs, as
well asthesignal monitor and predetected | F outputs,
areavailableon BNC connectors. Speaker and dual -
balancedlineaudio outputsareavailableonaterminal
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WJ-8712A RF Subsystem Functional Block Diagram

stripalongwithdc-coupled audio, RSSI and squelch
outputs, andamutecontrol input. TheRS-232inter-
faceisavailableona25-pin D-shell connector, andthe
CSMA interfaceisprovidedviaaminiaturephone
jack.

TheWJ-8712A ismountableinastandard 19-inch
(48.26 cm) equipment rack occupying 3.5inches

(8.89 cm) of vertical rack space. Thestandard configu-
rationistwo unitsmounted side-by-side. Usingan
optional blank rack (WJ-8712/BR) allowsthemount-
ing of asingleunitinthe19-inch (48.26 cm) rack. The
internal power supply accepts97t0253 Vac(47to
440 Hzlinepower) and automatically adjuststothe
input linevoltage. Total power consumption of the
unitislessthan 30 watts.

Functional Description

AsillustratedinWJ-8712A functional block diagram,
theWJ-8712A isdividedintofour functional
subsystems: RF, DSP, IF/Audio Output and Control.
TheWJ-8712A RF Subsystem functional block
diagram providesablock diagram of theRF
Subsystem. The5 kHzto 30 MHz RF signal isapplied

tothereceiver’ santennainput, lowpassfiltered, and
theneither amplified, attenuated, or routed tothe
normal through-path based onuser selection. Thesignal
isthenmixedwiththefirstlocal oscillator (LO),which
tunesfrom40.455 MHzto70.455MHzin 1-kHz steps,
toproduceafirstIFof 40.455MHz. ThefirstIF filter
limitsthebandwidth of thesignal to approximately

30 kHzbeforemixingitwiththe40-MHz secondLOto
produceasecond I Fat 455kHz. A sampleof the
second | Fisprovided onarear panel for connectionto
asignal display unit. After passing throughthesecond
IFfilter, thesignal ismixedwiththe430-kHzthirdLO
toproducethethirdIFcenteredat 25kHz.

All LOsarederivedfromaninternal 10-M Hz oscillator
thatislockableto an external referenceinputof 1,2,5
or 10MHz. TheW J-8712A automatically sensesand
switchestotheexternal referenceuponapplication of
signal. All critical timing signalsusedintheDSPand

I F/Audio Output Subsystemsareal soderivedfromthis
reference.

TheD SP Subsystem performsthemajority of thesignal
processingfunctionswithinthereceiver. ThethirdIF
signal fromthe RF Subsystemisdigitized to 16 bitsof
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resolutionat asamplingrateof 100kHz. Thisdigitized
IFsignal isappliedtoaprogrammableD SPchipthat
performsthefollowingfunctions, based onoperator

selection of thereceiver’ sparameters:

Noiseblanking
Finetuningto 1-Hzresolution
Tunablenotchfiltering

IFfiltering

Gaincontrol (AGC-fast,-medium, -slow, or manual)

Signal strength and squelchfunctions

Signal demodulationand BFO

Generationof amultiplexed digital data-stream

containing one or two demodul ated audio channels
andapost-filtered IF signal

Thel F/AudioOutput Subsystem performstheanal og
reconstructionof thel Fand audio signalsprovided by
theDSP Subsystemindigital form. Theana ogaudio
signalsareroutedthroughtwaodistinct signal pathsto

IF Filter Specifications

accommodate| SB detectionmode. Inall other detec-
tionmodes, both pathscontainidentical audiosignals.
Thesetwo audio pathsare processedto provideatwo-
channel headphoneoutput, two balanced 600-ohmline
audio outputs, and an 8-ohm speaker output containing
oneor both audio channelsin| SB mode. After analog
reconstruction, thel Fsignal isupconvertedto 455 kHz,
passed through abandpassroofing-filter toremove
mixer products, buffered, and routed totherear-panel

I Foutput connector.

Themicroprocessor-based Control Subsystem per-
formsthereceiver’ sinternal control and providesa
remotecontrol functionthrough either theRS-232 or
CSMA interface. The Control Subsystemaso monitors
hardwarestatuswithinthereceiver and, whencom-
manded, performsabuilt-intest sequencethat isol ates
circuitfaultstothemodulelevel.

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
See typical plots on pages 7 & 8.
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.
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WJ-8712A
Specifications
Frequency RaNge ... 5 kHz to 30 MHz (Tunable to 0 Hz, degraded performance
below 500 kHz)
TUNING RESOIULION ...eiiiiiiiiiiiiieiiiiiiiiieeieeeeeeeeeeeeeeeeeeeeeeeaeneeeeees 1Hz
Internal Reference Stability .............cooe e, Better than 0.7 PPM (0 to 50°C)
Better than 0.2 PPM (0 to 50°C) with REF option
External Reference Frequency .........ccccccveiiiiiiiiiieececeeeeee 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 .......coovvviiiiiiii >10 msec, typical
Antenna Input
1] 0 T=To L= g = PPt 50 ohms, nominal
VSWR o 2:1, max at receiver’s tuned frequency
Maximum INPUL SIgNal ..........euueeeeeeeeiiieeieieeeeeeeeeeeeeeeeeeneneeene +30 dBm
CONNECLON ...t BNC, female
3rd-Order Intercept Point .........cccoovviiiiiiiiieee +30 dBm typical
+25 dBm, min (for signals separated by 50 kHz, min)
2nd-Order Intercept POiNt ...........coovvvviiiiiiiiieeeee +60 dBm, typical
NOISE FIQUIE .o 14 dB, max (11 dB, max with Preamplifier engaged)
DeteCtioN MOAES ... SAM, AM, FM, CW, USB, LSB & ISB (Consult factory for

additional modes)
Sensitivity (500 kHz to 30 MHz)

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 kHz to 500 kHz, without Preamp
(0.3-kHz IF Bandwidth)
50 10 500 KHZ ....eviiiiiiiiiieiiiieiieeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeneeenenes -113 dBm/0.5 mV typical for 16 dB S+N/N
200 50 KHZ ....eeeeiiiiiieeiieieeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenneeneenes -105 dBm/1.27 mV typical for 16 dB S+N/N
50 20 KHZ ...ttt eennneenenes -78 dBm/28 mV typical for 16 dB S+N/N
IF Output
CeNter FTEQUENCY ......vvvveeeeeeeeeeeeneeeneeeeennenneeeennnnnnnennnnnnnnnnnes 455 kHz (consult factory for additional IF center
frequencies)
OUIPUL LEVEI .eeiiiiiiiiieiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeneeeennnes -20 dBm, nominal
OUPUL IMPEAANCE .....eveveeeeeiiiiieeiieeeeeeeeeeeeeeeeeeeeeeneeeneennnnnnnnes 50 ohms, nominal
(O0] 0 T=Tox (o) B 1Y o1 TP BNC, female
Signal Monitor Output
CeNtEr FTEQUENCY ....vvvvveeeeeeeeeeeeeeeeeeeeeeeneeeneenennnnnnnnnnnnnnnnnnnes 455 kHz, nominal (inverted)
Bandwidth ... 30 kHz (-6dB), min
(O U1 o 11 |l 1= = PSPPI 30 dB above RF input, nominal
OUPUL IMPEAANCE .....vvveeeeriiiiiiieieieeeeeeeeeeeeeeeeeeeeeeeeennennnnnnnnes 50 ohms, nominal
(670] gl g =Tex (o] gl 1Y/ o[- SRR BNC, female
Gain CoNtrol MOAES .......oeeieeeeeeeee e Manual, AGC-Fast, -Medium & -Slow
AGC RANGE ..o 100 dB, min
AGC Threshold ... Variable from -108 dBm (0.9 mV) in 16-kHz
bandwidth

Variable from -125 dBm (0.12 mV) in 300-Hz
bandwidth (Threshold minimum matched with
IFBW & is typically 10 dB above noise floor)
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WJ-8712A
Y T O Y 1 2= o] G 1 = 5 msec, typical
AGC DECAY TIME ..iieeeieieeeeaeeeeeeeea e e e e es e e e e s e e e e e e e e s e aaae e aeeas Fast: 10 to 100 msec

Med: 100 msec to 1 sec
Slow: 1to5 sec

Selectable Front-End Gain/Attenuation

Preamplifier Gain ... 10 dB (+2 dB)
2N 1 (= g1 7= Lo o 15 dB (+2 dB)
BFO
TUNING RANQE ...eeiiiiiiiiiiiiiiiiiiieieieeeeeeeeeeeeeeeeeeeeeeeeeeennenenennnnes +8000 Hz
TunNINg RESOIULION .....eveiiiiiiiiiiiiiiiiiiiieieieeeeeeeeeeeeeeeeeeeeeeeeeeeees 10 Hz
1stImage REJECHION ......uuveiiiiiiiiiiiieiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeees 90 dB, min
| = LY 1T o 0 o PSPPI 85 dB, mimn(>90 dB, typical)
LO Phase NOISE ......uuuuuuuueieeieiinenieeeeeeeeneneenennnenennnnnnnnnnnnnnnnnnnes -110 dBc at 1-kHz offset, typical
RECIProCal MiXiNg ........uuuueuuueeeeeeeeeeeeeeeeeeeeneneeeeennnnnnnnnnnnnnnnnnnes With a desired signal of 25 mV in the 3.2-kHz IFBW, the

desired SNR ratio is >20 dB, when an undesired signal
70-dB higher in amplitude & 35-kHz removed in frequency
is present

Cross-Modulation ........ccooeeeioiiiieeeeec e 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
INtErNal SPUMIOUS .....vviiiiiiiiiiiiiiiiiiieiiieeeeeeeeeeeeeeeeeeeeeeeeeennennnenes <-114 dBm referred to the RF input
12 (o Yo 4| o [PPSR 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
Number of QULPULS ......oooiiiiiieiee e 2 center-tapped, balanced
ISB mode: USB & LSB on separate
All other modes: audio signal common to both outputs
OUIPULLEVEI oo 0 dBm, nominal into 600-ohm load
(0] 1 TTox (o) g 1Y o1 TR Screw terminals
Speaker Output
Number of QULPULS ......oooeiiiiie e 1
ISB mode: USB & LSB selected individually, or combined
Bandwidth ... 100 Hz to 13 kHz
OUIPULLEVEI oo 1 W, nominal into 8-ohm load
Total Harmonic DiStOrtion ............cooeviiiiieereiiniiiiiiieee s <3%at1WwW
(©0] g T=Tox (o) g 1Y o1 TP Screw terminals

Headphone Output
Number of QULPULS ......cooiiiii i 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

OUIPULLEVEI i Adjustable up to 10 mW into 600-ohm load
CONNECION TYPE oviiiiiiiiiiiiieeeee e Standard 1/4-in stereo jack
RemMOte CONrOl ........cooiiiiiiiiiiie e RS-232 or CSMA (selectable by internal switch)
RS-232 e Full-duplex, 3-wire serial interface (Rear-panel 25-pin
female D-shell connector)
CSMA Half-duplex, rear-panel miniature phone jack
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WJ-8712A
Environmental Specifications
Baud Rates (Both Interfaces) .........cccccccovvvviiiiii 75, 150, 300, 600, 1200, 2400, 4800 & 9600 (selectable
by internal switches)
Operating TEMPEIATUIE ...........uueeeeeeeeeeeeeeeeeeeeeeenennnnnnnnnnnnnnnnes 0 to +50°C
Storage TeMPEerature ...........ooiieeeieiiiiie e -40 to +70°C
HUMIAITY oo 10 Cyclic days (240 hours); procedure Il for continuous
exposure to 95% RH (non-condensing)
ARTUAE oo 50,000 ft (15,240 meters) non-operating
24,000 ft (7,315 meters) operating
15 5 (o 1] PSPPI Bench handling (field service) 8 drops total onto a horizon-
tal hard wooden surface - operating
M B e e In excess of 13,000 hours (Estimated in accordance with
MIL-HDBK 217E for ground fixed)
+40°C environment
Power REQUIrEMENTS ........ccoevviiiiiiiieieeeeeeeeeeee e 97 to 253 Vac, 47 to 440 Hz
Power CONSUMPLION ........ccoviiiiiiiiiiieieeeeeeee e <30 W, typical with options
. | ’,r'w \
Options (‘ s\
I

TheWJ-8712A Digital HF Receiverisavailablein ,'

avariety of configurations. Continuousproduct J
improvementshaveproduced significant enhance-
mentsand awidearray of optionsfor the product

line. SeetheWJ-871Y Option Matrix for current

optionavailability.

il aaaln g A WMMAA LIS TR |

CENTER 455 000.000 Hz SPAN 2000 000.0 Hz

WJ-8712A Typical SSB IF Filter

Receiver Connectors Group-Delay & Passband Ripple
I/O 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 Terminal Block
Line Audio Output B Terminal Block
Speaker Terminal Block
dc-coupled Audio Terminal Block
Squelch Terminal Block
Headphone Standard 1/4-in jack
Received Signal Strength Indicator Terminal Block
Bidirectional CSMA Remote Interface 1/8th-in miniature stereo jack
RS-232 Remote Interface 25-pin female D-shell
Control Interface Test Port 25-pin D-shell
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1.0 dB/DIV 50.000 pSEC
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CENTER 455 000.000 Hz

WJ-8712A Typical 300-Hz IF Filter Amplitude Response

10 dB/DIV

SPAN S 000.000 Hz
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GENTER 455 000.000 Hz

WJ-8712A Typical ISB (USB/LSB) IF Filter Amplitude Response

SPAN 10 000.0 Hz
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