Developmental Specification

April 1996

WATKINS-JOHNSON

Digital HF Receliver
WJ-8723

Description

TheWJ-8723isafully synthesized, general-purpose HF
receiver that monitorsRF communicationsfrom5kHzto
30MHzwith 1-Hz tuning resolution. Theunitispackaged
inal.75x19.0x 20.0inch (4.44 x 48.26 x 50.80 cm) full-
rack enclosurewith ablank front panel, and utilizesthe
same RF and Digital printed circuit boardsasthe
WJ-8711A. By combininganaloganddigital signal pro-
cessing (DSP), theW J-8723 achieveshigh performanceat
low cost.

TheWJ-8723 operatesremotely makingitideal for com-
mercial frequency management system applications.
Receiver parametersarecontrollableand accessibleviaan
RS-232 multidrop remoteinterface.

Inadditiontofixed-frequency tuning, theWJ-8723 provides
afast, flexiblescanning capability. Threescanmodesare
available: channel scan, F1-F2 scan, and F1-F2 scanwith
lockouts. For all scanmodes, thedwell timecanbesetfrom
0.5to 20 secondsor infinite. In channel scan mode, 100
programmablememory channel sareavailable.

Functionssuch asnoiseblanking, tunablenotchfilter, IF
filtering, Automatic Gain Control (AGC), demodulation,
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Features

O Freguency coveragefrom5kHzto30MHzin
1-Hzsteps

O Highdynamicrange: + 30dBm3rd-order
intercepttypical

O Digital filtering provides66 | FBWsupto
16 kHzwithexceptional shapefactors

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

0 Fast, flexiblescanningwith 100memory
channds

1.75in(4.44cm), full-rack configuration
Noiseblanking& passbandtuning

Tunablel F notchfilter

Inter nal switchablePreamplifier & Attenuator

Multidrop RS-232high-speedremoteinterface
300t019.2kBaud

0 Extensivebuilt-inselftest

I

HEIGHT ~ 1.75in, (4.44cm) *DEPTH 20in, (50.80 cm)
WIDTH  19in, (48.26cm)  WEIGHT <12 Ibs, (5.5 kg)

*Excluding connectors & cabling

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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Functional Block Diagram

and Beat Frequency Oscillation (BFO) are
accomplishedthroughtheuseof D SPtechniques.
Filterswith superior amplitudeand group del ay
characteristicsareachievedwithdigital stability and
repeatability. Thereare 66 sel ectablel Fbandwidths
(IFBWs)rangingfrom60Hzto 16 kHz (Table2).
AvailabledetectionmodesareAM, synchronousAM
(SAM),FM,CW,USB, L SB, andISB. A tunable
BFO canbeadjustedin 10-Hz stepsover a+8000 Hz
range. Passbandtuningfurther enhancesthereception
of CW signals. Gain control canbeaccomplished
manually or automatically, withvariablefast,
medium, andslow AGC modes. Whenthesignal
dropsbelow auser-specifiedlevel, avariable AGC
thresholdforcesthereceiverintomanual gain. The
squelchthresholdisadjustablefrom0to-135dBm, or
itcanbedisabled.

A tunablelF notch allowsan operator totunea
Digital Notch Filter throughtheselected IFBW, in
ordertoeliminateundesired signalswithinthel F
passband. Typical notch 3-dB bandwidthis10to 20
percent of thesel ected IFBW and provides50dB of

rejection (typical). Thenotchfilterisanonlinear phase
IR Filter and should not beused whenflat group-delay
responseisrequired. Thenotchfilterisnotavailablein
CW detectionmode.

All receiver inputsand outputsareavail ableontherear
panel of theunit, withtheexception of thefront-panel -
mounted headphonejack and associated volume
control. Theantennaand external referenceinputs, are
availableonBNC connectors.

TheWJ-8723 mountsinastandard 19-inch (48.26 cm)
equipment rack occupying 1.75inches(4.44 cm) of
vertical rack space. Theinternal power supply accepts
9710253 Vac (47t0440 Hzlinepower) and automat-
ically adjuststotheinput linevoltage. Total power
consumption of the unitislessthan 20 watts.

Functional Description

TheWJ-8723isdividedintofour functional
subsystems: RF, DSP, IF/Audio Output and Control.
The5 kHzto30 MHzRFsignal isappliedtothe



WJ-8723

CF=40.455
MHz

455-kHz
SMO

CF=455 _
CF=25
kHz KHz

—
e > foo——ot—o ()R- >z

40.455 to 70.455
PAD 1-kHz STEPS

1STLO
SYNTHESIZER

\

40 MHz 430 kHz

2ND LO 3RD LO
MULTIPLIER SYNTHESIZER

TCVCXO

%ﬁ,

EXTERNAL
REFERENCE
SENSE

EXTERNAL N
REFERENCE >_|Z
INPUT

10-MHz REFERENCE

RF GAIN CONTROL

RF Subsystem Functional Block Diagram

1.0 dB/DIV 50 .000 pSEC

receiver’ santennainput, lowpassfiltered, andthen
either amplified, attenuated, or routedtothenormal

through-path based onuser selection. Thesignal is
thenmixed withthefirstlocal oscillator (LO), which

tunesfrom40.455 MHzto70.455MHzin1-kHz
steps, to produceafirst IF of 40.455MHz. Thefirst

IF filter limitsthebandwidth of thesignal to
approximately 30 kHz beforemixingitwiththe40-

sampleof thesecond | Fisprovided ontherear panel

for connectiontoasignal display unit. After passing
throughthesecond I Ffilter, thesignal ismixed with

the430-kHzthird LOto producethethird I F centered
at25kHz.

AllLOsarederivedfromaninternal 10-MHzoscilla-

tor that islockableto an external referenceinput of
1,2,50r 10MHz. TheWJ-8723 automatically senses

MHzsecond L OtoproduceasecondIFat455kHz. A /4 ‘LJ

|

and switchestotheexternal referenceuponapplication
of signal. All critical timing signalsusedintheDSP

| |

and | F/AudioOutput Subsystemsareal soderivedfrom
thisreference.

CENTER 455 000.000 Hz SPAN 5 000.000 Hz

Typical SSB IF Filter
Group-delay & Passband Ripple
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TheDSP Subsystem performsthemajority of thesignal
processingfunctionswithinthereceiver. ThethirdIF
signal fromthe RF Subsystemisdigitized to 16 bitsof
resolutionat asampling rateof 100kHz. Thisdigitized
IFsignal isappliedtoaprogrammableDSP chipthat
performsthefollowing functions, based on operator
selectionof thereceiver’ sparameters:

. Noiseblanking

. Finetuningto1-Hzresolution

. Tunablenotchfiltering

. IFfiltering

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

. Signal strength and squel chfunctions

. Signal demodulationand BFO

. Generationof amultiplexeddigital data-stream
containing one or twodemodul ated audio channels
andapost-filtered IFsignal

IF Filter Specifications

Thel F/AudioOutput Subsystem performstheanal og
reconstruction of theaudio signalsprovided by the
DSPSubsystemindigital form. Theanalogaudio
signalsareroutedthroughtwaodistinct signal pathsto
accommodate| SB detectionmode. Inall other detec-
tionmodes, both pathscontainidentical audiosignals.
Thesetwo audio pathsare processedto provideatwo-
channel headphoneoutput.

Themicroprocessor-based Control Subsystem per-
formsthereceiver’ sinternal control and providesa
remotecontrol functionthroughtheRS-232interface.
TheControl Subsystem alsomonitorshardwarestatus
withinthereceiver and, whencommanded, performsa
built-intest sequencethatisolatescircuit faultstothe
modulelevel.

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
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 9000
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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Specifications

FrequenCy RaNge ...........ccoviviiiiiiii e 5 kHz to 30 MHz (Tunable to 0 Hz, degraded
performance below 500 kHz)

TuniNg RESOIULION ..o 1Hz

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

External Reference FreqQUENCY ............ccccccvviiiiiiiiiiiiiiieee, 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 .......uuuiiuiiiiiiiiiiiiiiiiiiiiiieeeeenenenennennenne <10 msec, typical

Antenna Input

4] 0 T=To L= q T = 50 ohms, nominal

VWSWR Lo eittiiiiitieiiiteieeeeeeeeeeeeeeeeee et eeeeesesesessssnsnseenssnnnnnes 2:1, max at receiver’s tuned frequency
Maximum INPUt SIgNal ......ccooeiieiiieeieeeeee e +30 dBm

CONNECLON <. BNC, female

3rd-order INtercept POINT ...........uuuuiuiiiiiieieiiiiiieeieeeenenenneneennes +30 dBm typical
+25 dBm, min (for signals separated by 50 kHz, min)

2nd-order INntercept POINt .............ueviiiiiiiiiiiiiiiiiiiiieneeeeieneennn +60 dBm, typical

NOISE FIQUIE ...coeiiiiiiiiiiie 14 dB, max (11 dB, max with Preamplifier engaged)

DeteCtiON MOUES .......oeeeieeeee e SAM, AM, FM, CW, USB, LSB & ISB

Sensitivity (500 kHz to 30 MHz)
IFBW S+N/N Without Preamp
Modulation (kHz) (dB) Min dBm/(uV)
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)

500 500 KHZ ... -113 dBm/0.5 mV typical for 16 dB S+N/N
2010 50 KHZ .. -105 dBm/1.27 mV typical for 16 dB S+N/N
B0 20 KHZ .. -78 dBm/28 mV typical for 16 dB S+N/N
IF Output
CeNtEr FIEOUENCY ....ieeeeeeeeeeeaeeeaeeeee e e aa e s e e s as s e e e e e e s a e e e aeae e eeas 455 kHz (consult factory for additional IF center
frequencies)
(@ UL o 10 1= = -20 dBm, nominal
(@ UL o1 1 aq] o= To F-T g Lo - 50 ohms, nominal
(0] 0T TTox (o) g 1Y/ o1 2 BNC, female
Signal Monitor Output
CeNtEr FIEOUENCY ...uieeeeeeeeeeeaeeeeeeeee e e e e s e s e s se e s e e e e e e e e aaaee e eeas 455 kHz, nominal (inverted)
BandWidth ............eeeeeiiiiiiiiiiieiiiiiiiiiieeiiieeeeeeeeeeeeeeeeeeeeeeeeeeeee 30 kHz (-6dB), min
(@ UL 01U 1= 30 dB above RF input, nominal
(@ UL o T 1 aq] o= To F=T g Lo - 50 ohms, nominal
(©0] 0T TTox (o) S 1Y/ o1 2 BNC, female
Gain CoNtrol MOAES .......oeeeeeeeee e Manual, AGC-Fast, -Medium & -Slow
AGC RANQGE ....oiiiiiiiiiiie e 100 dB, min
AGC Threshold ..........cccccciii Variable from -108 dBm (0.9 pV) in 16-kHz bandwidth

Variable from -125 dBm (0.12 pV) in 300-Hz bandwidth
(Threshold minimum matched with IFBW, typically 10 dB
above noise floor)
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Specifications (Continued)

AGC AACK TIME ...eeeiiieieiieieiiiieeieeeeeeeeeeeeeeeeeneeeeeeeeeeennnnnnnnes 5 msec, typical

AGC DECAY TIME ..eeeeeieeeeeeeieeeeeeeeeeeeennennneennnnnnnnnsnsnnnnnnnnnnnnes Fast: 10 to 100 msec
Med: 100 msecto 1 sec
Slow: 1to5sec

Selectable Front-End Gain/Attenuation

Preamplifier Gain ..............uuvuueuieiiieiieiiiiiineeeeeeeeenneennenenenenne 10 dB (+2 dB)
N1 (=] a1 = Lo o PPt 15 dB (+2 dB)
BFO
TUNING RANGE ..o +8000 Hz
Tuning RESOIULION ....ccceiiiiiiicc e 10 Hz
IstImage REJECLION ......ccovviiiiiiiiie 90 dB, min
IFREJECTION oo 85 dB, mimn(>90 dB, typical)
LO Phase NOISE .....ccovviiiiiiiieeee -110 dBc at 1-kHz offset, typical
Reciprocal MixXing .......ccoovvviiiiiii With a desired signal of 25 pV 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 frequen-
cy is present

Cross-MOAUIAtION .........uueeiiiiiiieiiiiieieieeeeeieeeeeeeeeeeeeeeeeeeeeeneeeee With a desired signal of 10 pV, 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 SPUrioUS .......coovviiiiii <-114 dBm referred to the RF input

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

Line Audio Outputs
NUMbEr Of QUIPULS .....uvveiiiiiiiiiiiiiiiiiiiiieiieeeeeeeeeeeeeneeenennnenees 2 center-tapped, balanced
ISB mode: USB & LSB on separate
All other modes: audio signal common to both outputs
(@ U)o 10 | 1= =, 0 dBm, nominal into 600-ohm load
(0] a1 TTox (o) g 1Y/ o1 2, Screw terminals
Headphone Output
NUMbDEr Of QUIPULS .....uvveieiiiiiiiiiiiiiiiiieieiieeeeeeeeeneeeneeeeenenenees 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
(@ U1 o 10 | 1= = Adjustable up to 10 mW into 600-ohm load
(0] 01 TTox (o) g 1Y/ o1 2, Standard 1/4-in stereo jack
Remote Control ... Multidrop RS-232, up to 8 units
R S23 e 3-wire serial interface; hardware address & baud select
Baud RAtES ......cceiieieieeeeeeeeee 300 to 19,200 baud (selectable by internal switches)

Environmental Specifications

Operating TEMPEratUre .....ccooeeeeieeeeeeeeeee e 0to +50°C

Storage TeMPEFatUre .........ocooeeuiiuiiieeae e e e a e -40to +70°C

o 10 101 o L1 Y2 PPPPPPPN 10 Cyclic days (240 hours); procedure 11l for continuous
exposure to 95% RH (non-condensing)

A 111 (0 Lo PP PPRPPPRPPNE 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
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Environmental Specifications (Continued)

..................................................................................... In excess of 13,000 hours (Estimated in accordance with
MIL-HDBK 217E for ground fixed)
+40°C environment

Power Requirements

Power Consumption ... <20W
Receiver 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 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 RS-232 Remote Interface 25-pin female D-shell
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Typical 300-Hz IF Filter Amplitude Response Typical ISB (USB/LSB) IF Filter Amplitude Response
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